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Background: Over 44,000 women are diagnosed with breast cancer annually in the UK. The research
comprised three workstreams (WSs) focused on older women.

Maximising survival: WS1 – to identify the role of older women’s and surgeons’ preferences in cancer
treatment decisions and whether comorbidity or fitness for surgery has an impact on survival.

Minimising complications: WS2 – to assess multifrequency bioimpedance (BEA) compared with
perometry in identifying women predisposed to develop lymphoedema after axillary node clearance (ANC)
surgery. WS3 – to assess, in women at risk of lymphoedema, whether or not applying compression
garments prevents the onset of lymphoedema.

Design: WS1 – a prospective, consecutive cohort of surgical consultations with women aged ≥ 70 years
with operable breast cancer. Interviews and questionnaire surveys of surgeons’ and women’s perceptions of
responsibility for treatment decisions (Controlled Preference Score), effects related to survival and secondary
outcomes. WS2 – women undergoing ANC for cancer in 21 UK centres underwent baseline and subsequent
BEA, and perometer arm measurements and quality-of-life (QoL) assessments. WS3 – a randomised controlled
trial testing standard versus applying graduated compression garments to the affected arm, for 1 year, in WS2
patients developing arm swelling.

Setting: Breast outpatient clinics in hospitals with specialist lymphoedema clinics.

Participants: WS1 – patients aged ≥ 70 years with newly diagnosed, operable, invasive breast cancer.
WS2 – women with node-positive cancer scheduled to undergo ANC. WS3 – WS2 participants developing
a 4–9% increase in arm volume.

Interventions: WS1 – observational study. WS2 – observational study. WS3 – application of graduated
compression garments to affected arm, compared with standard management, for 1 year.

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

v



Outcomes: WS1 – self-report and clinically assessed health, QoL, complications and survival. WS2 –

perometer and bioimpedance spectroscopy (BIS) measurements, QoL and health utility; and sensitivity and
specificity of BIS for detecting lymphoedema compared with perometer arm measurements; in addition,
a health economics assessment was performed. WS3 – time to the development of lymphoedema
[≥ 10% relative arm-volume increase (RAVI)] from randomisation.

Results: WS1 – overall, 910 women were recruited, but numbers in the substudies differ depending on
consent/eligibility. In a study of patient/surgeon choice, 83.0% [95% confidence interval (CI) 80.4% to
85.6%] had surgery. Adjusting for health and choice, only women aged > 85 years had reduced odds of
surgery [odds ratio (OR) 0.18, 95%CI 0.07 to 0.44]. Patient role in treatment decisions made no difference
to receipt of surgery. A qualitative study of women who did not have surgery identified three groups:
‘patient declined’, ‘patient considered’ and ‘surgeon decided’. In a survival substudy, adjusting for tumour
stage, comorbidity and functional status, women undergoing surgery had one-third the hazard of dying
from cancer. Serious complications from surgery were low and not predicted by older age. In a substudy of
the effect of surgical decision-making on HRQoL, 59 (26%) received preferred treatment decision-making
style. In multivariate analyses, change in HRQoL was associated neither with congruence (p = 0.133) nor
with receipt of surgery (p = 0.841). In a substudy of receipt of chemotherapy in women aged ≥ 65 years,
adjusting for tumour characteristics, health measures and choice, women aged ≥ 75 years had reduced
odds of chemotherapy (OR 0.06, 95%CI 0.02 to 0.16). WS2 – lymphoedema by 24 months was detected
in 21.4% of women by perometry (24.4% sleeve application) and in 39.4% by BIS. Perometer and BIS
measurements correlated at 6 months (r = 0.61). Specificity for sleeve application was greater for perometry
(94% CI 93% to 96%) at 24 months, as was a positive predictive value of 59% (95% CI 48% to 68%).
Lymphoedema diagnosis reduced QoL scores. Sleeve application in the absence of RAVI of > 9% did not
improve QoL or symptoms. A composite definition of lymphoedema was developed, comprising a 9%
cut-off point for perometer and self-reported considerable swelling. Diagnostic accuracy was ≥ 94% at 6, 12
and 24 months. WS3 – the PLACE (Prevention of Lymphoedema After Clearance of External compression)
trial recruited 143 patients, but recruitment was slow and closed early on the advice of the Independent
Data Monitoring Committee. A qualitative substudy identified a number of barriers to recruitment.

Conclusions: Half of older patients felt that they influenced decisions about their treatment. No relationship
between decision preference being fulfilled and HRQoL in elderly patients diagnosed with cancer occurred,
and older age did not predict complications. Primary surgery reduced the hazard of dying of cancer by
two-thirds, independent of age, health and tumour characteristics. Women aged ≥ 75 years have reduced
odds of receiving chemotherapy. Lymphoedema (along with a BMI of > 30 kg/m2, cigarette smoking and
chemotherapy) reduces QoL. Changes in arm volume of > 9% predicted lymphoedema requiring and
benefiting from sleeve application. The PLACE trial qualitative work provides a number of insights into
problems of recruitment that were specific to this trial (stigma of compression garments) but that are also
generalisable to other RCTs.

Limitations: Both WS1 and WS2 were large, multicentre, UK cohort, observational studies. The WS3
PLACE trial has not reported yet but closed with approximately half of the patients originally planned.

Future work: Research producing objective measures for sleeve prescription in the NHS is required.

Trial registration: Current Controlled Trials ISRCTN48880939.

Funding: This project was funded by the National Institute for Health Research (NIHR) Programme Grants
for Applied Research programme and will be published in full in Programme Grants for Applied Research;
Vol. 7, No. 5. See the NIHR Journals Library website for further project information. Additional support
for WS1 came from a Breast Cancer Campaign Grant and a NIHR Postdoctoral Fellowship. ImpediMed
(Carslbad, CA, USA; www.impedimed.com) provided bioimpedance L-Dex® machines and electrodes for
the study and Sigvaris provided the external compression garments free of charge for the (PLACE) trial.
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Plain English summary

Annually, over 44,000 women are diagnosed with breast cancer in the UK. Many older women do not
receive appropriate management and a disproportionate number of deaths (6500) occur among

elderly patients. Patients who are cured can suffer complications of treatment, such as lymphoedema
(gross swelling of the arm).

Complications could be avoided by better identification of patients which takes account of variation in risk
of recurrence and susceptibility to complications.

To understand the management of older patients, a study of surgical consultations from newly diagnosed
patients with operable cancer attending breast units asked who made their decisions about need for
surgery, and their subsequent survival was studied.

Risk of arm swelling (lymphoedema) after armpit surgery for breast cancer was studied in a 1100-patient
multicentre study, and a trial was undertaken that looked at the benefit of compression garment sleeves to
prevent lymphoedema developing in patients after surgery.

Decisions about surgery were made by the surgeons; patient fitness did not predict surgery or complications
of treatment. Surgery was associated with a 70% reduction in cancer deaths. Older women were less likely
to receive chemotherapy.

Arm swelling was common after surgery, but only 24% of women developed lymphoedema. Women
developing lymphoedema had a reduced quality of life up to 2 years after surgery. Baseline measurements
and monitoring identified those women most likely to develop lymphoedema.

The PLACE (Prevention of Lymphoedema After Clearance by External compression) trial has not yet
reported its results.

Older breast cancer patients need optimal management. Individualised monitoring after surgery allows
treatment of arm swelling to improve quality of life.
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Scientific summary

Individualising breast cancer treatment to improve survival and
minimise complications

Over 44,000 breast cancers are diagnosed in the UK and 12,000 women die from the disease annually.
Many older women do not receive appropriate management, and a disproportionate number of deaths
(6500) occur among elderly patients. Many patients who are cured suffer complications of treatment, such
as lymphoedema (gross swelling of the arm). Complications could be avoided by better identification of
patients that takes account of variation in risk of recurrence and susceptibility to complications. We could
then target preventative interventions to reduce complications. Such an approach will maximise survival
while minimising complications, thus providing high-quality long-term survival.

Maximising survival

We aimed to:

1a. identify the extent to which older women’s receipt of suboptimal management is a result of surgeons’
rather than patients’ preference.

Minimising complications

We aimed to:

1b. investigate the extent to which primary surgery for older women with early-stage breast cancer is
effective, increases survival and health-related quality of life (HRQoL)

1c. investigate follow-up adjuvant treatment (radiotherapy and/or chemotherapy post surgery) for older
breast cancer patients regarding:

i. the extent to which adjuvant treatment is effective, increases survival and HRQoL
ii. the extent to which lack of adjuvant treatment can be explained by patient health and choice

2a. prospectively assess the new health technology of multifrequency bioimpedance (BEA) with early
ipsilateral arm-volume changes to identify women who are likely to develop lymphoedema after
axillary node clearance (ANC) surgery

2b. identify a model to predict which women would develop lymphoedema
2c. develop a composite index to better define lymphoedema
3. determine whether, in women at high risk, applying external compression garments prevents the

onset of chronic lymphoedema compared with standard management.

Methods

Workstream 1
Workstream 1 was a prospective cohort study of surgical consultations with women aged ≥ 70 years
[mean age 77.01 years, 95% confidence interval (CI) 76.5 to 77.5 years] consecutively identified from
newly diagnosed patients with operable cancer attending breast units. Data on surgeons’ perceptions of
responsibility for the surgical decision for individual consultations were collected using the Controlled
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Preference Score (CPS) during brief post-consultation interviews. Women’s preferences were collected
using the CPS within 30 days of diagnosis.

Workstream 1b
As part of the research funded by the Breast Cancer Campaign (BCC), National Institute for Health
Research (NIHR) Fellowship and this programme, we planned to identify predictors of surgical risk using
multivariate modelling and develop these predictors into a pre-treatment health assessment/screening tool
to assess risk of adverse outcome (i.e. ‘fitness for surgery’). Once we had developed the tool, we planned
a feasibility trial following the Medical Research Council complex intervention framework and guidelines
(Medical Research Council. Developing and Evaluating Complex Interventions New Guidance. London:
Medical Research Council; 2008). However, our modelling revealed no significant strong predictors of
surgical risk; therefore, we were not able to build a viable screening tool, and so could not proceed
to conduct the planned feasibility RCT. We obtained approval from the programme board for further
follow-up of our cohort of 910 women (IMPACT study) and several additional data analyses to investigate
outcomes so that we could examine the impact of lack of treatments on older breast cancer patients in
the UK. An analysis looking at the relationship between congruence (the patient getting the treatment
decision-making style she preferred) and HRQoL at follow-up was undertaken, as was a qualitative study of
women who did not receive surgery.

Workstream 2
Women (n = 1100) undergoing ANC for breast cancer in 21 centres across the UK underwent baseline
(preoperative) and subsequent monitoring, including perometer arm measurements. The primary end point
of lymphoedema was defined as a ≥ 10% relative arm-volume increase (RAVI) compared with the
contralateral arm by perometry (Lavelle K, Todd C, Moran A, Howell A, Bundred N, Campbell M. Non-standard
management of breast cancer increases with age in the UK: a population based cohort of women > or = 65
years. Br J Cancer 2007;96:1197–203). Comparison of the diagnostic accuracy of BEA with perometer in the
diagnosis of lymphoedema was assessed. Quality of life (QoL) and the effect of a diagnosis on QoL were
studied prospectively. Demographic and treatment factors that predicted the subsequent development of
lymphoedema were analysed to build a predictive model of the risk of developing lymphoedema.

Workstream 3
Workstream 3 was a randomised controlled trial testing (1) standard management versus (2) an intervention
comprising application of graduated compression garments to the affected arm, together with standard
management, for 1 year in patients in WS2 with arm swelling of a 4–9% increase from baseline. With
approval from the programme board, we conducted a nested qualitative study of recruitment to the trial.

Workstream 1: older women’s access to services – results

In our studies of preference, 800 women were included, of whom 83.0% (664) had surgery (95% CI 80.4%
to 85.6%) and 48.0% had a Charleson comorbidity score of > 1 (95% CI 44.5% to 51.5%); 34% were aged
70–74 years, 30% were aged 75–80 years, 19% were aged 80–84 years and 17% were aged > 85 years.
In total, 473 had a surgeon and patient CPS referring to the same index consultation and 249 cases both
selected the same option regarding the patient’s role in the surgical decision (52.6%: κ = 0.261). In the
univariable analyses, increasing age predicts not undergoing surgery from the age of 75 years, compared with
70- to 74-year-olds. Adjusting for health measures and choice, only women aged > 85 years have reduced
odds of surgery [odds ratio (OR) 0.18, 95% CI 0.07 to 0.44]. Each point increase in activities of daily living
score (worsening functional status) reduced the odds of surgery (OR 0.23, 95% CI 0.15 to 0.35). Patient role
in treatment decisions made no difference to whether or not they received surgery. Women who were active/
collaborative were as likely to get surgery as those who left the decision to the surgeon. In our qualitative
study of women who did not receive primary surgery for their operable breast cancer, we identified three
approaches: ‘patient declined’, ‘patient considered’ and ‘surgeon decided’.
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Older age did not predict complications. Several health measures were associated with complications in
univariable analysis, and were included in multivariable analyses, adjusting for type/extent of surgery and
tumour characteristics. In the final models, pain predicted a higher count of complications [incidence rate
ratio (IRR) 1.01, 95% CI 1.00 to 1.01; p = 0.004]. Fatigue (OR 1.02, 95% CI 1.01 to 1.03; p = 0.004), low
platelet count (OR 4.19, 95%CI 1.03 to 17.12; p = 0.046) and pulse rate (OR 0.96, 95% CI 0.93 to 0.99;
p = 0.010) predicted serious complications. We therefore conclude that the risk of serious complications
from breast surgery is low for older patients. Surgical decisions should be based on patient fitness rather
than on age. We were unable to build a pre-treatment risk screening tool on the basis of these results and
had to rethink the second phase of the work to focus on further follow-up of our cohort.

Of the 759 women in the survival study (mean age 75.99 years, 95% CI 75.53 to 76.44 years), 48 died
of breast cancer and 65 died of other causes. The number of observed cancer deaths exceeded those
expected for participants whose tumours were of higher grade or stage and steroid receptor negative,
and who did not undergo surgery and warranted chemotherapy. Adjusting for tumour stage, comorbidity
and functional status, women undergoing surgery had one-third the hazard of dying of breast cancer.

Of the 225 patients in the subsample investigating the effect of surgery on HRQoL, 59 (26%) achieved
congruence (i.e. they got the treatment decision-making style they preferred). Change in HRQoL was
associated neither with congruence (p = 0.133) nor with receipt of primary surgery (p = 0.841) either in the
univariate analyses (t-tests) or in a multiple linear regression analysis adjusting for the effects of each other
(p = 0.135 and p = 0.729, respectively).

We investigated if lack of chemotherapy and radiotherapy can be explained by patient choice or health
in patients recruited from 22 English breast cancer units. The primary outcomes were curative adjuvant
treatment, radiotherapy or chemotherapy, within 12 months of diagnosis. A univariable analysis of
688 women aged ≥ 65 years demonstrated that women aged ≥ 75 years have lower chemotherapy and
radiotherapy rates than women aged 65–69 years. Adjusting for tumour characteristics, health measures
and choice, women aged ≥ 75 years still had reduced odds of receiving chemotherapy (OR 0.06, 95% CI
0.02 to 0.16), but age did not alter the radiotherapy rates of older women. Lower chemotherapy rates in
older women cannot be explained by either health or patient choice.

Workstream 2: multifrequency bioimpedance study results

Overall, 1100 patients entered the study (minimum 24-month follow-up). Their mean age was 56 years
(range 22–90 years), 47.0% had a mastectomy and ANC, 91% were node positive and the majority
(80.6%) were estrogen receptor positive. Eighty-three per cent of patients received postoperative
radiotherapy, 67.3% received chemotherapy and 82.4% were given endocrine treatment.

Using time to diagnosis of lymphoedema by a RAVI of ≥ 10%, Kaplan–Meier estimates of those
developing lymphoedema by each time point, 14.6% were diagnosed by 12 months and 21.4% were
diagnosed by 24 months. Lymphoedema by 24 months was detected in 39.4% by BEA. A correlation
between perometer and BEA was found at 6 months (r = 0.61). Using sleeve application as the clinical
definition of lymphoedema meant that a RAVI of ≥ 10% had a specificity of 94% (95% CI 93% to 96%)
with BEA of 80% (95% CI 79% to 83%), and a positive predictive value of 59% (95% CI 48% to 64%)
with BEA of 34% (95% CI 28% to 40%). The negative predictive value was similar and sensitivity did not
differ significantly. The sensitivity and specificity values for BEA fell below the percentage of 95% required
according to the study protocol.

Among women developing a RAVI of > 5% to < 10% by 6 months, 35% required lymphoedema treatment by
24 months, whereas a RAVI of < 3% was associated with an 8% lymphoedema rate at 24 months (p < 0.001).
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For a RAVI of ≥ 10%, univariate analysis that revealed body mass index (BMI) (p < 0.002), number of nodes
involved (median 2 nodes, range 0–41 nodes; p < 0.001), and largest RAVI change by 6 months [p < 0.001;
hazard ratio (HR) 5.58 for ≥ 5% to < 10% vs. < 3%, 95% CI 3.61% to 8.62%] and a BIS of > 10%
(p < 0.001) all predicted lymphoedema development after 6 months up to 2 years.

Multivariable analysis included RAVI change by 6 months (p < 0.001; HR 5.22 for ≥ 5% to < 10%,
95% CI 3.22 to 8.47), number of nodes involved (HR 1.05, 95% CI 1.02 to 1.07), adjuvant chemotherapy
(HR 1.61, (95% CI 1.01 to 2.55), a BMI of > 30 kg/m2 (HR 1.87, 95% CI 1.16 to 3.02) and a BIS of > 10%
(p = 0.069) in the model for predicting lymphoedema development after 6 months up to 2 years.

Quality of life, as measured by Functional Assessment of Cancer Therapy – Breast Cancer, version 4
(FACT-B+4), declined in all patients over the first 6 months related to the effects of adjuvant chemotherapy,
but increased above baseline values in patients who did not develop lymphoedema. QoL deficits [especially
in the Functional Assessment of Cancer Therapy – Breast Cancer (FACT-B) Trial Outcome Index (TOI) and arm
subscale] were significantly greater when lymphoedema developed and persisted to 24 months. Additionally,
in a multivariate analysis QoL was reduced by smoking, high BMI and age. A general estimating equation
analysis that included an interaction term between lymphoedema status by 6 months and time showed
that TOI varied over the time period (p = 0.003), those with lymphoedema by 6 months had significantly
lower TOI overall (p = 0.028) and the interaction between time and lymphoedema status was significant
(p < 0.001). There was a difference in the pattern of change over time between those with and those
without lymphoedema. QoL, an important outcome for women, appears to be detrimentally affected by
development of lymphoedema.

Predictive models for risk of lymphoedema from 1 and 6 months post surgery have been developed, with
the 6-month model having a receiver operating characteristic (ROC) analysis area under the curve of 0.80,
which comprises RAVI percentage, number of positive nodes, lymphoedema checklist heaviness score and
FACT-B arm subscale. A composite definition of lymphoedema has also been developed.

Patients with a sleeve applied who had ‘considerable’ self-reported swelling had a higher RAVI, at > 9%,
and their QoL scores significantly improved after treatment, whereas in the absence of ‘considerable’
swelling, sleeve treatment did not improve QoL.

Workstream 3: PLACE trial results

A total of 143 patients were randomised (74 to no sleeve and 69 to compression sleeves) between
1 October 2010 and November 2015. Because of slow recruitment, the number of centres were increased
from 7 to 21 by November 2013 and a qualitative study commenced to understand the reasons behind
the poor recruitment.

As well as identifying positive reasons why patients were motivated to take part in the trial, the qualitative
study identified some potential reasons for slow recruitment. Key themes were identified from the focus
group and interviews that reflected the main reasons why recruitment rates were low. Issues included patient
motivators (altruism and potential personal advantages), patient barriers (focus on getting through treatment,
stigma of compression garments) organisational barriers (staffing issues and turnover, network staff not being
accountable to research team), procedural issues (staff failure to follow research protocol), lack of training/
confidence (misunderstanding of trial and incorrect explanation to patients), and audit, trial management
and staffing issues (despite audit, follow-through at site level was not always optimal; staff turnover).

From staff interviews it was clear that (1) wait and see culture, (2) conflicting roles, (3) misunderstanding
the trial arms, and (4) paternalism/gatekeeping versus shared decision-making with patients all played
important roles. These are all lessons for future trials.

Overall, lymphoedema rate in the trial is 40%. The final results from this trial will not be available until all
patients have had a minimum 2-year follow-up (November 2018).

SCIENTIFIC SUMMARY
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Conclusions

Workstream 1
Surgeons decide treatment options (with little patient input) in a great many elderly breast cancer patient
consultations.

Surgery for older cancer patients reduces the hazard of breast cancer death by two-thirds, independent of
age, comorbidity and tumour characteristics, and this needs to be explained clearly to elderly cancer patients.

The risk of serious complications from breast surgery is low for older patients. Surgical decisions are based
on patient fitness, rather than on age.

Lower chemotherapy rates in older women cannot be explained by health or patient choice.

Workstream 2
Perometer measurement of arm-volume changes from the pre-surgery baseline is the optimal diagnostic
tool for lymphoedema, and an early increase in arm volume of > 5–9% by 9 months is associated with a
44% risk of lymphoedema by 24 months.

Lymphoedema is associated with significant and lasting QoL deficits.

Sleeve application without either a RAVI of > 9% or self-reported arm swelling is ineffective.

Workstream 3
The PLACE (Prevention of Lymphoedema After Clearance by External compression) trial results await longer
follow-up. Embedded qualitative substudies should be commenced in future RCTs from the start to provide
insight and help rectify any issues in recruitment.

Research recommendations

Trials of interventions to optimise elderly breast cancer treatment are required.

Investigation of factors influencing the application of compression sleeves in the absence of objective arm
swelling are required.

Trials of weight loss and exercise after ANC surgery should investigate effects on lymphoedema.

Trial registration

This trial is registered as ISRCTN48880939.

Funding

Funding for this study was provided by the Programme Grants for Applied Research programme of the
NIHR. Additional support for WS1 came from a Breast Cancer Campaign Grant and a NIHR Postdoctoral
Fellowship. ImpediMed (Carslbad, CA, USA; www.impedimed.com) provided bioimpedance L-Dex®

machines and electrodes for the study and Sigvaris provided the external compression garments free of
charge for the PLACE trial.
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SYNOPSIS

Individualised care aims to improve outcomes, maximising the effectiveness of therapy while minimising
its toxicity, taking account of patient variability in terms of recurrent risk (high or low) and patient

phenotype (more or less susceptible to complications) and patient choice. In line with the priorities of the
NHS Cancer Reform Strategy,1 we addressed current inequalities of care for older women and how to
identify and reduce instances of common complications to improve quality of life (QoL). Improved survival
has been achieved for most patients aged < 70 years. Undertreatment is common in older patients
because practitioners remain concerned about the risk of complications of therapy. Undertreatment is
associated with early death within 1 year for patients aged ≥ 70 years and with early recurrence within
5 years.

We investigated perceptions of the surgical decision-making process in order to predict complications
and assess the value of surgery for improved survival in the treatment of elderly breast cancer patients in
a prospective cohort study in Greater Manchester. In addition, we analysed survival and complication rates
in relation to baseline, treatment and process variables to identify the role of age, health status, choice and
treatment, etc., in outcome. The elderly patient project was complementary to a Breast Cancer Campaign
(BCC) and National Institute for Health Research (NIHR) Fellowship project, focusing on patients’ perceptions
of responsibility for surgical discussion in women attending breast units across Greater Manchester and the
North West. Two elderly patient cohorts were put together for the subsequent survival data generated at
4 years. This allowed us to understand whether the woman received standard or non-standard treatment,
whether this decision was the patient’s or the surgeon’s, and whether it had an impact on her overall
survival. It has allowed us to try to identify predictors of surgical risk, which would provide a tool to assess
the risk of adverse outcome (fitness for surgery) as part of a complex intervention. Surgery reduced the risk
of death [hazard ratio (HR) 0.3] and improved cancer-free survival (regardless of underlying comorbidity).

Multifrequency bioimpedance (BEA) electrical analysis, also referred to as bioimpedance spectroscopy (BIS),
is believed to identify lymphoedema development when a 10-fold change (standard deviation from
baseline) is detected after axillary node clearance (ANC) surgery. It is claimed to predict lymphoedema by
up to 10 months earlier than arm swelling in a small study. We assessed patients’ BEA in 1100 women
compared with arm measurement (perometry) for the prediction of lymphoedema and found a positive
predictive value (PPV) of 54% but were unable to confirm that BEA monitoring was helpful technology in
the prediction of development of lymphoedema. We found a higher risk of lymphoedema in patients
developing early arm swelling (4–9% increase on perometry), along with the number of metastatic nodes
removed and QoL subscale scores at surgery. A predictive scoring index for lymphoedema has been
developed based on these variables.

The PLACE (Prevention of Lymphoedema After Clearance by External compression) trial aimed to prevent
lymphoedema after axillary node clearance by applying external compression garments in patients with
early arm-volume increase (4–9%). We recruited 143 patients, but recruitment was slow and the IDMC
recommended that the trial close to further recruitment while maintaining follow-up of participants,
as the rate of lymphoedema in the study was 40% (lower than anticipated).

The rate of lymphoedema in BEA was also lower than expected on follow-up, which we have attributed to
the reiterative information and explanation given to patients to protect the arm, combined with the simple
lymphatic massage and drainage that the patients were taught after surgery. We intend, however, to
continue to follow up patients in the PLACE trial to assess the outcomes on lymphoedema development.
Eligible women for our studies were identified preoperatively in nine study sites across the UK initially, but
this was increased to 21 sites to improve and expedite recruitment.

During the project, a number of changes occurred, both in staff and to the work planned. The initial
Programme Grant co-ordinator was Charlotte Stockton, who left after 36 months and was replaced
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by Sarah Ashton. Sarah Ashton left after a further 18 months and was replaced by Donna Watterson.
Initially, seven NHS sites were planned, but, to improve recruitment to workstream (WS) 3, 14 more sites
were added (Figure 1).

Workstream 1

The elderly patient study was a prospective cohort study assessing the role of the surgeon and the patient
and their agreement as to who made decisions about the use of surgery for their early breast cancer in
an elderly population > 70 years of age. It was planned that predictors of surgical risk identified from this
study, in terms of either patient fitness or other health parameters, would allow us to develop a screening
tool and that we would then conduct feasibility randomised controlled trial (RCT) to determine whether
more, appropriate, surgery occurred when assessment of surgical risk took place.

As no predictors of surgical risk were identified, the planned feasibility study could not go ahead and was
replaced by further follow-up of the cohort, with several additional analyses of the data as per board approval
in January 2016, including outcomes and overall survival in proportion to health risk factors. A comparative
analysis with previous work from 1999 and subsequent years was considered, but after a meeting with the
NIHR to review, it was agreed that there was greater clinical utility in extending the congruence analysis,
to indicate whether desired treatment decision-making had an effect on post-surgical health-related quality
of life (HRQoL) (see Appendix 6), and the impact on non-surgical and surgical patients, on the surgery in
terms of overall survival Appendix 7. These data have now been published (see Appendix 5).

Workstreams 2 and 3

There was a 6-month delay in the start of recruiting to WS2a and WS3, due to the staggered opening of
all initial seven sites and the delay in research and development in certain sites to approve the BEA device,
even though it was an external diagnostic device.

Workstream 2a

Comparing bioimpedance with perometer recruited 1100 patients.

Workstream 2b

The diagnostic test accuracy analysis protocol was requested at a NIHR stakeholder meeting in January
2016 to establish the diagnostic test accuracy of bioimpedance, compared with perometry, for the
diagnosis of arm lymphoedema and to explore composite measurements to develop a clearer working
definition of lymphoedema and implications of alternative definitions. Two hundred and sixty-six patients
had a compression garment fitted for lymphoedema in the study (221 by 24 months) and an analysis was
performed to understand how this intervention was triggered. Changes in personnel at the Clinical Trials
Unit (CTU) also contributed to delay in statistical analysis as a result of data checking, management and
cleaning issues within the unit.

Workstream 3

The PLACE trial had a target of 270 patients, but recruitment was slower than anticipated. The PLACE trial
was opened at 14 additional centres including King’s Mill Hospital, Macclesfield; Russell Hall Hospital,
Dudley; Singleton Hospital, Swansea; Royal Albert Edward Infirmary, Wigan; Homerton University Hospital,

SYNOPSIS
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Recruitment

• Eligible patients identified via MDTs
• Researcher prepares letter from consultant
• Consultant signs letter and researcher posts with PIS

Telephone follow-up

Patient does not want
to take part

Patient gives
verbal consent

No response

Non-surgical:
• telephone follow-up

(100% survival)

No further
contact

Response

No Yes

Researcher
contacts to

arrange written
consent/T1

patient interview

Participation

Research nurse attends breast clinics and works with the breast
team to identify consenting patients being seen at clinic

Research nurse confirms with surgeon that a
consultation with regard to a surgical decision has 

taken place

Research nurse asks surgeon to identify perceived role
in surgical decision immediately post consultation

Surgical:
• face-to-face follow-up

at next clinic visit
(100% survival)

Estimated lymphoedema rates

Prospective monitoring of axillary clearance points,
n = 1000 over seven centres (after consent)

Arm measurement assessment

Discuss the PLACE trial

Randomised to the
PLACE trial

Total lymphoedema estimated at 18 months, n = 210 cases

WS3: early intervention after ANC to prevent chronic lymphoedema

WS2: comparison of multifrequency bioimpedance with
early arm-volume increase in predicting lymphoedema

WS1: management of elderly breast cancer patients

Compression sleeves
for 1 year 
(n = 125)

Lymphoedema at 18 months
Estimated rate ??

Control
for 1 year 
(n = 125)

Lymphoedema at 18 months
Estimated rate, n = 63 (50%)

Arm-volume increase
4 – 8% at 1, 3 or 6 months

Estimated, n = 460

Arm-volume increase
< 4% at 1, 3 or 6 months

Estimated, n = 330

Arm-volume increase
≥ 10% at 1, 3 or 6 months

Estimated, n = 210

Breast clinic:

Offered treatment
sleeves

Follow up for 2 years

FIGURE 1 Kaplan–Meier curve for breast cancer-specific survival for patients treated with and without breast surgery. Survival in 910 early breast cancer patients in an elderly
population according to surgical treatment.
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London; Macclesfield District General Hospital; Bronglais General Hospital; Peterborough City Hospital; and
the George Eliot Hospital, Nuneaton. We explored several other centres, and some of these later centres
were open to recruitment only with the addition of tape measurements to assess arm-volume increase. We
allowed patients who had had a sentinel node biopsy and who had an arm-volume increase of 4–9% to
be recruited to the study (see Appendix 18), as an American study looking at only sentinel node biopsy
patients2 reported that these patients had a very high risk of lymphoedema when an arm-volume increase
of 4–9% was seen after sentinel node biopsy within 6 months. To provide insight to improve recruitment,
a qualitative study was carried out by Karen Spencer, Research Associate, who came into post in August
2015. A number of findings were made that could help improve recruitment procedures, but before we
could initiate those findings, the Independent Data Monitoring Committee (IDMC) recommended that as
BEA recruitment was complete, and the PLACE trial had recruited only 121 patients, we should close the
study to further recruitment as it would not reach its target of 270 patients. In the event, recruitment
stayed open until all patients who had been approached to take part in the PLACE trial through BEA
decided whether or not to go in the trial. In total, 139 patients were recruited and remain on follow-up.
The overall risk of lymphoedema in the study (control and sleeve arm) is 40%, but the IDMC’s decision
was taken with data from 65 patients with 2-year follow-up, informed by the CTU statistician (without any
chief investigator input). In the light of the extended review of the data (not yet fully quality checked by the
CTU) on 139 patients, it is clear that the trial needs to complete follow-up of all patients for 2 years and that
the data need to be reviewed. Initial statistical power calculation was that if the difference in lymphoedema
was 40% in a control arm and nil or 1% in the sleeve arm, there would be a statistical difference
demonstrated with 125 patients.

Additionally, Taghian A et al. (Massachusetts General Hospital, 2016, personal communication) are
running a randomised trial of compression sleeves in patients with 4–9% arm increases after sentinel node
biopsy or ANC, in Boston, Massachusetts, and have agreed to meta-analyse their data with this study’s
data. They currently have around 50 patients recruited to their trial, and it may well be that between the
two studies we will have sufficient power to answer the question when follow-up is finished. We have
provided the data from WS1, and the publications associated with it, as well as a report, which includes
short-term (3.8 years) survival and effects of congruence on QoL, and the finding that having surgery
reduced the risk of death from breast cancer by 30%. Data queries from all PLACE trial patients have been
updated to allow the PLACE trial data to be finally analysed 2 years after the last patient was randomised
in November 2016 (i.e. November 2018).

The number of patients recruited to BEA means that the data permitted us to provide insight into the
diagnostic accuracy of BEA, and were presented to the National Institute for Health and Care Excellence
(NICE) as part of a Medical Technologies Evaluation Programme in January 2017 for the selection and use of
L-Dex® (Carslbad, CA, USA; www.impedimed.com) for detection of lymphoedema (see Report Supplementary
Material 1). The NICE review panel appreciated the quality of the evidence and have reported their findings.

SYNOPSIS
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Workstream 1: management of elderly
breast cancer patients

In line with the priorities of the NHS Cancer Reform Strategy,1 WS1 on the management of older breast
cancer patients sought to address inequalities of care for older women. Over recent years, improved

survival has been achieved for most patients aged < 70 years. Our earlier work revealed undertreatment
to be common in older patients, and practitioners remain concerned about the risk of complications of
therapy. Undertreatment is associated with early recurrence and death;3,4 therefore, we proposed to
complement our work investigating patient views by investigating surgeons’ perceptions of the surgical
decision-making process for the same consultations as those reported by patients. We also planned
to develop a risk screening tool based on follow-up of our cohort, which could be administered pre
treatment to predict the risk of complications allowing optimisation of treatment for elderly patients with
breast cancer.

Study design

In the original application to NIHR, this WS comprised two studies complementing studies funded by BCC
and a NIHR fellowship. The original plans had to be modified during the lifetime of the programme
(see below).

Study 1
This study complemented the BCC project (protocol submitted to the NIHR with an original application
reference of 2008NovPR35) focusing on patients’ perceptions of responsibility for the surgical decision.
The BCC study was a prospective cohort study of 550 women aged ≥ 70 years consecutively recruited from
newly diagnosed patients with operable (stage I–IIIa) breast cancer attending breast units in Greater
Manchester over 21 months. The BCC study collected data on women’s preferences through an interview
conducted at home. Study 1 complemented the BCC work by measuring surgeons’ perceptions of who
made the treatment decision for the same index cases and related to the same consultations. Thus, we
were able to collect a measure of agreed responsibility for treatment decisions. Regardless of whether an
older woman received standard or non-standard treatment, we were able to establish whether this decision
was a result of the patient’s or the surgeon’s choice. Data on surgeons’ perceptions of responsibility for the
surgical decision for individual consultations had to be collected by brief, immediately post-consultation
interviews, a resource-intensive method.

Study 2
As part of the research funded by the BCC, NIHR Fellowship and this programme, we planned to identify
predictors of surgical risk using multivariate modelling of data from our cohort. For study 2, we planned
to develop these predictors into a pre-treatment health assessment/screening tool to assess risk of adverse
outcome (i.e. ‘fitness for surgery’). Once we had developed the tool, we planned a feasibility trial following
Medical Research Council complex intervention framework and guidelines. However, our modelling
revealed no significant clinically novel predictors of surgical risk and therefore we were not able to build a
viable screening tool, and hence could not proceed to conduct the planned feasibility trial (see Modelling
surgical risk). We thus consulted with programme board and proposed and received board approval for
further follow-up of the cohort (IMPACT study) and several additional analyses of the data to investigate
outcomes so as to investigate the impact of lack of treatments on older breast cancer patients in the UK.4

In addition, we undertook an analysis looking at the relationship between congruence (patient getting the
treatment decision-making style she preferred) and HRQoL at follow-up.
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Workstream 1, aim 1 studies: does patient choice or poor health explain
lack of surgery?

The results of study 1 are reported in Lavelle et al.’s5 paper.

In this first study we investigated whether the lack of surgery for older patients can be explained by patient
choice/poor health in a prospective cohort study of 800 women aged ≥ 70 years diagnosed with operable
(stage I–IIIa) breast cancer at 22 English breast cancer units in 2010–13 by using interviews and case note
review. The outcome measure was surgery for operable breast cancer (stage I–IIIa) < 90 days from diagnosis.
Logistic regression adjusting for age, health measures, tumour characteristics, sociodemographics and
patients’/surgeons’ perceived responsibility for treatment decisions was undertaken.6–9

In the univariable analyses, increasing age predicts not undergoing surgery from the age of 75 years,
compared with 70- to 74-year-olds. Adjusting for health measures and choice, only women aged
≥ 85 years have reduced odds of surgery (OR 0.18, 95% CI 0.07 to 0.44). Each point increase in activities
of daily living (ADL) score (worsening functional status) reduced the odds of surgery by over one-fifth
(OR 0.23, 95% CI 0.15 to 0.35). The patient’s role in the treatment decisions made no difference to
whether or not they received surgery; those who were active/collaborative were as likely to get surgery as
those who were passive, that is, they left the decision up to the surgeon. Lower surgery rates among older
women with breast cancer are unlikely to be due to patients actively opting out of having this treatment.
However, poorer health explains the difference in surgery between women aged 75–84 years and younger
women. The lack of surgery for women aged ≥ 85 years persists even when health and patient choice are
adjusted for, revealing that inappropriate undertreatment persists in old age.

To understand these results more fully, we undertook an in-depth qualitative interview study of a group
of women who did not receive primary surgery to try to identify how the decision not to have surgery
was arrived at.10 Twenty-eight in-depth interviews were conducted with women aged > 70 years who had
operable breast cancer but were receiving primary endocrine therapy (PET) as their primary treatment and
had not received, and were not scheduled to receive, surgery. The interviews focused on their perceptions
of why they were being treated with PET rather than surgery. Interviews were transcribed verbatim and
were analysed using framework analysis. The explanations given varied, but based on reasons for proffered,
patients could be divided into three groups: ‘patient declined’, ‘patient considered’ or ‘surgeon decided’.
The ‘patient declined’ group ruled out surgery to treat their breast cancer as they were not interested in
maximising survival and rejected surgery citing age or concerns about impact of treatment on level of
functioning. The ‘patient considered’ group had considered surgery, but chose PET. These patients viewed
this as offering them two options; if PET failed, then they could have surgery. The ‘surgeon decided’ group
was started on PET by the surgeon and in most cases the surgeon asserted that the patient’s comorbidities
were incompatible with surgery.

We conclude that older women are a diverse group and have various reasons for forgoing surgery.
Discussions about breast cancer treatment should be patient centred and adapted to differing patient
priorities. This issue of patient centeredness is particularly important when we consider the congruence
between women’s preferences for involvement in treatment decision-making and their actual involvement,
which was addressed in study 2 and is reported below.

As can be seen in Appendix 5, there is little congruence between patients’ preferred and actual roles in the
treatment decision-making process, as revealed by their Controlled Preference Score (CPS) scores. Only 163
out of 673 patients (24%) actually received their preferred role in the decision-making, and the vast majority
(125; 77%) of these were when they indicated that they wanted decision to be made by the surgeon and
indicated this to be the case in actuality. Using Cohen’s kappa, we identify there is only a ‘slight’ level of
agreement (κ = 0.039) between preferred and actual role in decision-making.11 The majority of patients
indicated that their actual role was more passive than they would have preferred (442 patients; 66%);
only 68 patients (10%) indicated that their actual role was more active than they would have preferred.

WORKSTREAM 1: MANAGEMENT OF ELDERLY BREAST CANCER PATIENTS
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These data strongly suggest that it is the surgeon (or at least the surgical team) that is steering the
decision in most cases. As revealed by data reported in Lavelle et al.5 (see Table 3), patients are far
more likely than surgeons to indicate that treatment options were not discussed during the consultation.
In 112 out of 473 consultations, the patient and surgeon agreed that they did not discuss treatment
options. In only 24 out of 136 (17.6%) consultations scored by the surgeons as treatment options not
being discussed did patients indicate otherwise; on the other hand, of the 267 consultations scored by
patients as not including discussion of treatment options, the surgeons indicated differently in 155 (58%).

Modelling surgical risk

The original plans to identify surgical risk factors create and test a risk assessment tool could not be
followed up, because in the final models the novel risk factors proved not to contribute significantly or,
if significant, increased the odds only fractionally. These results are reported by Sowerbutts et al.10 © The
Authors. Psycho-Oncology published by John Wiley & Sons Ltd. This is an open access article under the
terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited.

In brief, the ability of pre-treatment health measures to predict complications was investigated in a
prospective cohort study of a consecutive series of 664 women aged at least 70 years undergoing surgery
for operable (stage I–IIIa) breast cancer at 22 English breast units between 2010 and 2013.12–14 Data on
treatment, surgical complications, health measures and tumour characteristics were collected by case note
review and/or patient interview. Outcome measures were all complications and serious complications within
30 days of surgery. One or more complications were experienced by 41% of patients, predominantly seroma
or primary or minor infections. Complications were serious in 6.5% of patients. More extensive surgery
predicted a higher number of complications, but not serious complications. Older age did not predict
complications. Several health measures were associated with complications in univariable analysis, and were
included in multivariable analyses, adjusting for type/extent of surgery and tumour characteristics. In the final
models, pain predicted a higher count of complications [incidence rate ratio (IRR) 1.01, 95% CI 1.00 to 1.01;
p = 0.004]. Fatigue (OR 1.02, 95% CI 1.01 to 1.03; p = 0.004), low platelet count (OR 4.19, 95% CI 1.03 to
17.12; p = 0.046) and pulse rate (OR 0.96, 95% CI 0.93 to 0.99; p = 0.010) predicted serious complications.
In conclusion, the risk of serious complications from breast surgery is low for older patients. Surgical
decisions should be based on patient fitness rather than on age. Health measures that predict surgical risk
were identified in multivariable models, but the effects were weak, with 95% CIs close to unity. They were
therefore judged not suitable for building a clinically useful risk screening tool.

Workstream 1, aim 2 studies: impact of lack of treatments on older
breast cancer patients in the UK

Introduction
For these studies we used our established cohort of patients aged ≥ 65 years and diagnosed with early-stage
invasive breast cancer in 22 trusts in England from 1 July 2010 to 31 March 2013. The extent to which lack
of surgery is explained by patient health and choice has been investigated using a range of pre-treatment
health measures, tumour characteristics and demographics collected prospectively from patient interview and
case note review.1 However, follow-up of subsequent adjuvant treatment (radiotherapy and/or chemotherapy
following surgery) and the impact of lack treatment on survival and long-term HRQoL were not within the
remit, resources or timescale of this previous work.

Background
Older women in the UK experience the highest incidence and worst survival for breast cancer, and are less
likely to have standard treatment.1,3,4 The impact of lack of treatment on older patients’ survival needs to
be investigated. There is good evidence that poor survival is a particular problem for older breast cancer
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patients in the UK. Møller et al.4 found that the 5-year relative survival for women aged ≥ 80 years is 61%
in the UK, compared with 74% in Norway and Sweden. They conclude that this ‘leads to important
questions about the adequacy of care provided for the oldest patients’. However, Møller et al. did not
investigate access to treatment on survival. Moreover, the proportion of patients with comorbidities/frailty
and later-stage breast cancer increases with age, and both of these factors also affect survival, and so
these variables should also be investigated/adjusted for.

Treatment for breast cancer is based on clinical trials that excluded older women. Moreover, recent trials
specific to older patients have closed as a result of failure to recruit.13 The deficit of evidence on the
risks/benefits of treatment for the age group most affected by breast cancer remains. Given the increasing
proportion of older people in our population,11,14,15 this presents a growing problem, and studies of older
women’s response to therapy are required in order to provide patients, physicians and policy-makers with
evidence on which to base decisions about treatment. Surgery is the mainstay of treatment for early breast
cancer and yet rates reduce among those aged ≥ 75 years. Omission of surgery leads to lack of local
control, particularly at 2 years post diagnosis.16 Although the only previous trial investigating surgery versus
no surgery for older breast cancer patients planned to investigate costs, it closed as a result of failure
to recruit.6

Aims
Workstream 1 set out to address the following research aims in the second set of studies:

l to investigate the extent to which primary surgery for older women with early breast cancer increases
survival and HRQoL and is effective as measured by quality-adjusted life-years (QALYs)

l to investigate follow-up adjuvant treatment (radiotherapy and/or chemotherapy post surgery) for older
breast cancer patients regarding:

¢ the extent to which adjuvant treatment increases survival and HRQoL and is effective
¢ the extent to which lack of adjuvant treatment can be explained by patient health and choice.

Methods
Table 1 and Figure 2 (see Appendix 1) summarise the outcome variables, explanatory variables and main
methods for each of the above aims, along with a flow diagram specifying the logic and numbers of
patients in the specific analyses performed. Data on our established cohort of 944 women aged ≥ 65 years
consecutively diagnosed, from 1 July 2010 to 31 March 2013, already include a wide range of health
measures, patient choice, tumour characteristics, demographics and hospital resource variables collected at
diagnosis via pre-treatment patient interview and case note review. Follow-up of the cohort involved a
further case note review (up to 3 years following diagnosis), postal survey (at 3–4 years post diagnosis –
ideally all patients would be surveyed at 3 years, but timings are fixed by diagnosis dates of cohort) and
mortality flagging (Figure 19).

Only patients recruited/diagnosed from 1 July 2010 to 31 December 2012 are included in this study
(n = 910) because recruitment was phased out in the final 6 months of the project, with the majority
of sites stopping recruitment from 31 December 2012. Only another 34 out of the 944 patients were
recruited from 31 December 2012 to 31 March 2013. The inclusion of these final 34 patients in this study
is not necessary to support the analyses and would have increased study costs substantially, as it would
have required a further wait of 3 months (with concomitant staff salaries, etc.) before the analysis could be
conducted with only 34 more patients included (see Appendix 1).

We conducted further case note reviews to follow up each of the included 910 participants up to 3 years
post diagnosis, recording adjuvant treatments received. The pro formas for collecting data from case notes
were developed and piloted in consultation with clinicians and a health economist (to ensure the correct
cost allocation for various procedures). Inter-rater reliability and data quality checks were undertaken on
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10% of cases. Pro formas satisfied kappa > 0.6, showing substantial to perfect agreement and data input
errors of < 0.3%.11

The HRQoL survey undertaken at diagnosis was repeated. Ideally, this would have been at 3 years in
all women, but timings are fixed to diagnosis date and the first woman was recruited into the study on
1 July 2010. As participants have already consented to further follow-up, ethics approval only required a
substantial amendment to specify the follow-up instruments, etc. Patients who did not return the survey
were followed up by telephone and reposting 2 weeks later and offered telephone support or a face-to-face
interview to complete the survey.

TABLE 1 Baseline characteristics by observed and expected for breast cancer-specific deaths (n = 910; 71 breast
cancer-specific deaths)

Variable Category n Per cent

Deaths (n)
Log-rank testa

p-valuebObserved Expected

Primary surgery Yes 772 84.8 49 61.99

No 138 15.2 22 9.01 < 0.001

Age group (years) 65–69 136 15.0 6 11.14

70–74 265 29.1 18 21.78

75–79 225 24.7 13 17.94

80–84 148 16.3 14 10.89

≥ 85 136 15.0 20 9.26 0.001

Grade 1 168 18.5 7 13.28

2 489 53.7 28 38.70

3 183 20.1 32 13.36 < 0.001

Missing 70 7.7 4 5.67 < 0.001

ER or PR positive Yes 774 85.1 50 60.77

No 81 8.9 17 5.90 < 0.001

Missing 55 6.0 4 4.33 < 0.001

Tumour stage I 403 44.3 19 32.06

II and IIIa 507 55.7 52 38.94 0.002

Charlson Comorbidity Index 0 473 52.0 38 37.98

1 268 29.5 21 20.53

≥ 2 169 18.6 12 12.49 0.985

Functional status Independent (1–2) 758 83.3 55 60.38

Dependent (3–4) 148 16.3 16 10.38 0.061

Missing 4 0.4 0 0.24 0.153

Total 910 100 71 71

ER, estrogen receptor; PR, progesterone receptor.
a The log-rank test tests the equality of survivor function across groups.
b p-values for each variable for complete data reported first followed by data including missings if relevant.

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

9



The Office for National Statistics mortality flagging via NHS Digital provided information on both date and
cause of death. This enabled analyses of breast cancer survival, the primary outcome of interest.

Outcome/dependent variables
The following outcome measures were specified a priori:

l aim A (extent to which primary surgery increases survival, HRQoL and is effective)
l aim Bi (extent to which adjuvant treatment increases survival and HRQoL and is effective)
l survival to 3 years post diagnosis
l HRQoL at 3–4 years from diagnosis (see above and Appendices 5–7 for explanation of timings)
l QALYs at 3–4 years post diagnosis
l aim Bii (extent to which lack of adjuvant treatment can be explained by patient health and choice)
l receipt of radiotherapy in addition to primary surgery
l receipt of chemotherapy in addition to primary surgery.

Explanatory variables
Explanatory variables include measures of health, patient choice, tumour characteristics and demographic
variables. Adjusting for these in the analyses enabled us to account for case mix, health status and
preferences of older women. Health measures have been selected based on ease of administration, validity,
reliability, acceptability to older people, availability of normative data and prediction of non-standard
management and/or treatment outcomes.3,11,15,16 Tumour characteristics have been selected on the basis of
management guidelines including TNM stage, grade and steroid receptor status. Choice was determined
using the CPS, which has been selected as a validated measure of patient choice.6–8,14

No surgery
Surgery

Number at risk
No surgery
Surgery

129 (14%)
761 (86%)

114 (13%)
734 (87%)
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710 (88%)
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689 (89%)
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FIGURE 2 Kaplan–Meier breast cancer-specific survival curve for patients not treated with surgery vs. treated with
surgery for breast cancer.
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Analyses

Aim A
The impact of surgery on survival and HRQoL and its effectiveness was investigated in the full sample
of 910 women (see Figure 2). For aim Bi, the impact of the adjuvant treatments of radiotherapy and
chemotherapy in addition to surgery on these outcomes was tested within a subsample of 759 patients
who had surgery (Figure 3). Cox (proportional hazards) regression was used to examine the effect of
surgery and adjuvant treatment on survival, adjusting for age, tumour stage, steroid receptor status,
comorbidity and functional status. The impact of treatment on difference in HRQoL at diagnosis compared
with 3–4 years was adjusted for age, health, choice and tumour characteristics by multiple linear regressions.
As recommended by NICE, effectiveness was measured by the difference in QALY gain of treatment
adjusted for various age, health, choice and tumour variables (QALY gain of treatment = quality of life
lifetime with treatment – quality of life lifetime without treatment). To calculate QALYs, the Short Form
Questionnaire-6 Dimensions (SF-6D) utility measure was derived from the SF-12v2, generated using
preference weights obtained from a sample of the general population in the UK and following the
procedures described at www.sheffield.ac.uk/scharr/sections/heds/mvh/sf-6d (accessed 29 April 2019).

Aim Bii
To assess the extent to which lack of adjuvant treatment can be explained by patient health and choice,
surgical patients were included in a logistic regression analysis of receipt of adjuvant chemotherapy and
radiotherapy (Figure 20), adjusting for health measures, patient preference, tumour characteristics and
demographic variables. Tumour characteristics include those used to determine chemotherapy status in
clinical guidelines (steroid receptor status, tumour stage and grade).13,17 As clinical guidelines indicate
that radiotherapy is necessary after lumpectomy but not always necessary following mastectomy,13,17

multivariate logistic regression predicting receipt of radiotherapy was also limited to the number of
patients in the cohort receiving lumpectomy.

Results

Aim A
To investigate the extent to which primary surgery for older women with early-stage breast cancer
increases survival and HRQoL and is effective.

Sample
All 910 participants could be included in the survival analyses (see Figure 2). Of these, 643 returned the
survey at 3–4 years (mean 3.3 years post diagnosis, minimum 3.0 years, maximum 4.4 years), giving an
overall response rate of 71%. However, of the 910 participants in the overall sample, 839 completed the
Short Form questionnaire-12 items (SF-12) at baseline, of whom 617 returned the survey at 3–4 years,
including 501 completed SF-12 surveys. Only those returning completed SF-12 surveys at baseline (diagnosis)
and 3–4 years post diagnosis could be included in the analyses of difference in HRQoL from baseline to
3–4 years post diagnosis (n = 501). However, those participants who did not return a survey at 3–4 years
because they had died could be included in the QALY calculation and, thus, in the cost-effectiveness analyses
(n = 640). Survival results are presented in Appendix 4.

In short, of the 910 women in the study, 178 died before the end point of the study: 71 of breast cancer
and 107 of other causes (Table 2 relates to breast cancer deaths only). Patients who had primary surgery
(vs. those who did not) had 0.36 times the hazard of dying of breast cancer (95% CI 0.20 to 0.66; p = 0.001)
adjusting for other factors. In univariate analysis, women aged ≥ 85 years had an increased hazard of breast
cancer death compared with those aged 65–69 years (HR 4.02, 95% CI 1.61 to 10.01; p = 0.003). However,
when adjusted for surgery, tumour characteristics and general health, this was at best only borderline
significant at the 5% level (p = 0.053). Surgery for older breast cancer patients reduces the hazard of breast
cancer death by two-thirds, independent of age, comorbidity and tumour characteristics.
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Health-related quality-of-life results
The average age of the 501 participants in this sample was 75.6 years [standard deviation (SD) 6.4 years].
Their mean SF-6D utility scores (0–1, increase = better health) at diagnosis (0.75, SD 0.15) were higher
than 3–4 years later (0.70, SD 0.14), indicating reduced HRQoL for participants over this time (paired t-test
p < 0.001). The average decrease in the utility score was –0.05 (SD 0.14). Of the 501 participants, 461
(92.0%) had primary surgery and 40 (8.0%) did not. Although the decrease in utility appears greater for
those having surgery (mean –0.06, SD 0.14) than for those not having surgery (mean –0.02, SD 0.16),
this difference was not significant (t-test p = 0.175), indicating that having primary surgery does not affect
HRQoL in the 3- to 4-year term. This result was confirmed by multiple regression analyses (Table 3) in
which only functional status at diagnosis predicted changes in HRQoL. Participants dependent in ADL at
diagnosis experienced an increase in HRQoL compared with those who were independent, possibly due to
having additional help from supportive services.

TABLE 2 Multiple regression of difference in HRQoL (SF-6D) 3–4 years post diagnosis from baseline (n = 501)

Coefficient SE t p> t 95% CI

Primary surgery

No (ref)

Yes –0.012 0.024 –0.47 0.636 –0.060 to 0.036

Age group (years)

65–69 (ref)

70–74 –0.015 0.018 –0.81 0.420 –0.050 to 0.021

75–79 0.020 0.019 1.04 0.301 –0.018 to 0.058

80–84 –0.015 0.022 –0.67 0.504 –0.059 to 0.029

≥ 85 –0.004 0.027 –0.17 0.867 –0.057 to 0.048

Grade

1 (ref)

2 0.004 0.017 0.26 0.794 –0.029 to 0.038

3 –0.019 0.021 –0.88 0.382 –0.061 to 0.023

Missing 0.019 0.028 0.67 0.501 –0.036 to 0.073

ER or PR positive

Yes (ref)

No –0.012 0.024 –0.51 0.613 –0.059 to 0.035

Missing 0.032 0.029 1.1 0.272 –0.025 to 0.089

Tumour stage

I (ref)

II and IIIa –0.002 0.013 –0.17 0.866 –0.028 to 0.023

Charlson Comorbidity Index

0 (ref)

1 0.009 0.015 0.61 0.545 –0.020 to 0.038

≥ 2 –0.030 0.018 –1.65 0.101 –0.066 to 0.006

Functional status

Independent (1–2) (ref)

Dependent (3–4) 0.108 0.023 4.77 < 0.001a 0.064 to 0.153

ER, estrogen receptor; PR, progesterone receptor; ref, reference; SE, standard error.
a These values are statistically significant.
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Quality-adjusted life-years
As recommended by NICE, effectiveness was measured by the difference in QALY gain of treatment adjusted
for various age, health, choice and tumour variables (QALY gain of treatment = quality of life × lifetime with
treatment – quality of life × lifetime without treatment). QALYs were calculated using the standard procedure
described by Manca et al.18 Lifetime was defined as the time from completion of the SF-12 at baseline
(diagnosis) to completion of the follow-up survey 3–4 years later or time to death. Adjustment for baseline
HRQoL was made within multiple regression analyses.

TABLE 3 Multiple regression of QALY gain from primary surgery (n = 640)

Coefficient SE t p> t 95% CI

Primary surgery

No (ref)

Yes 0.393 0.089 4.43 < 0.001 0.219 to 0.567

Age group (years)

65–69 (ref)

70–74 –0.038 0.081 –0.47 0.637 –0.198 to 0.121

75–79 –0.096 0.086 –1.12 0.263 –0.264 to 0.072

80–84 –0.350 0.095 –3.69 < 0.001 –0.536 to –0.164

≥ 85 –0.420 0.106 –3.98 < 0.001 –0.627 to –0.212

Grade

1 (ref)

2 0.019 0.074 0.26 0.796 –0.126 to 0.164

3 –0.117 0.090 –1.3 0.193 –0.293 to 0.059

Missing 0.123 0.120 1.02 0.306 –0.113 to 0.360

ER or PR positive

Yes (ref)

No –0.260 0.095 –2.73 0.007 –0.446 to –0.073

Missing –0.209 0.117 –1.79 0.074 –0.439 to 0.021

Tumour stage

I (ref)

II and IIIa –0.026 0.055 –0.47 0.637 –0.134 to 0.082

Charlson Comorbidity Index

0 (ref)

1 –0.108 0.063 –1.73 0.084 –0.231 to 0.015

≥ 2 –0.158 0.075 –2.11 0.035 –0.305 to –0.011

Functional status

Independent (1–2) (ref)

Dependent (3–4) –0.072 0.096 –0.75 0.454 –0.260 to 0.116

Baseline utility (SF-6D) 2.149 0.207 10.36 < 0.001 1.742 to 2.556

ER, estrogen receptor; PR, progesterone receptor; ref, reference; SE, standard error.
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The average age of the 640 participants in this sample was 76.5 years (SD 6.8 years). Of these participants,
558 (87.2%) had primary surgery and 82 (12.8%) did not. The average QALY gain was significantly
greater for those who had primary surgery (2.08, SD 0.76) than for those who did not (1.32, SD 0.84)
(t-test p < 0.001). In the multiple regression analyses, surgery increased QALYs gained by 0.39 (95% CI
0.22 to 0.57), adjusting for baseline utility score as well as age, comorbidity, functional status and tumour
characteristics (p < 0.001) (see Table 3).

Aim Bi
To investigate the extent to which adjuvant treatment (radiotherapy and/or chemotherapy) increases
survival and HRQoL and is effective for older breast cancer patients undergoing primary surgery. The results
reported in this section are more fully explored in Appendix 3.

Sample
Of the 910 participants, 896 had their case notes reviewed and 759 had primary surgery and so could be
included in the survival analyses (see Figure 3). Of these, 574 returned the survey at 3–4 years (mean
3.3 years post diagnosis, minimum 3.0 years, maximum 4.4 years), giving an overall response rate of 76%.

However, of the 759 participants in the overall sample, 718 completed the SF-12 at baseline, of whom
555 returned the survey at 3–4 years, including 454 completed SF-12s. Only those returning completed
SF-12 surveys at baseline (diagnosis) and 3–4 years post diagnosis could be included in the analyses of
difference in HRQoL from baseline to 3–4 years post diagnosis (n = 454). However, those participants who
did not return a survey at 3–4 years because they had died could be included in the QALY calculation and
thus the effectiveness analyses (n = 640).

Survival results
The primary end point is breast cancer-specific mortality, which was defined as time from diagnosis to death
due to breast cancer based on underlying cause of death provided by NHS Digital.19 Participants who died of
other causes were censored at their date of death. Participants were classified as having adjuvant treatment
if they received this within 12 months of diagnosis. Therefore, treatment had to be followed up for a
minimum of 12 months post diagnosis. Participants who moved away or whose care was transferred to
another hospital within 12 months post diagnosis were censored on the date of their last breast clinic visit.

Of the 759 women in the study (mean age 75.99 years, 95% CI 75.53 to 76.44 years), 113 died before
the end point of the study (5 February 2016): 48 of breast cancer and 65 of other causes. The mean
follow-up time was 3.68 years (95% CI 3.59 to 3.77 years). The baseline characteristics of the sample are
detailed in Table 4.

The number of observed breast cancer deaths significantly exceeded those expected for participants whose
tumours were of higher grade or stage and steroid receptor negative and warranted chemotherapy and
mastectomy [vs. wide local excision (WLE)] (see Table 4). As the number of events (48) per degree of
freedom from explanatory variables needs to exceed five in the final model (26), the maximum number of
variables could not exceed nine. Therefore, in addition to adjuvant therapy, only variables significant at the
5% level in the univariate analyses were entered into the Cox’s proportional hazards model (Table 5). In this
multivariate analysis, breast cancer survival was determined more by tumour characteristics (i.e. grade and
receptor status) than by receipt of chemotherapy and radiotherapy.

Health-related quality-of-life results
The average age of the 454 participants in this sample was 75.1 years (SD 6.2 years). Their mean SF-6D
utility scores (0–1, increase = better health) at diagnosis (0.76, SD 0.15) were higher than at 3–4 years
(0.70, SD 0.14), indicating reduced HRQoL for participants over this time (paired t-test p < 0.001). The
average decrease in the utility score was –0.06 (SD 0.14). Of the 454 participants, 66 (14.5%) had
chemotherapy and 313 (68.9%) had radiotherapy.
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The difference in utility from diagnosis (baseline) to 3–4 years later does not differ significantly with receipt
of chemotherapy (t-test p = 0.188) or radiotherapy (t-test p = 0.221), indicating that having these adjuvant
therapies does not affect HRQoL in the long term. This result was confirmed by multiple regression analyses
(Table 6) in which only functional status at diagnosis predicted changes in HRQoL. Participants dependent in
ADL at diagnosis experienced an increase in HRQoL compared with those who were independent, possibly
because of additional help from supportive services.

TABLE 4 Baseline characteristics by observed and expected breast cancer-specific deaths (n = 759)

Variable Category n Per cent

Deaths (n)
Log-rank testa

p-valuebObserved Expected

Chemotherapy Yes 99 87.0 11 6.27

No 660 13.0 37 41.73 0.043

Radiotherapy Yes 491 64.7 27 31.54

No 268 35.3 21 16.46 0.167

Type of surgery Mastectomy 353 46.5 34 21.63

Wide local excision 406 53.5 14 26.37 < 0.001

Age group (years) 65–69 129 17.0 6 8.20

70–74 244 32.2 17 16.24

75–79 188 24.8 7 12.10

80–84 121 15.9 10 7.07

≥ 85 77 10.1 8 4.39 0.137

Grade 1 142 18.7 3 9.09

2 397 52.3 17 25.71

3 158 20.8 26 9.13 < 0.001a

Missing 62 8.2 2 4.07 < 0.001a

ER or PR positive Yes 631 83.1 28 40.37

No 77 10.1 17 4.43 < 0.001a

Missing 51 6.7 3 3.21 < 0.001a

Tumour stage I 358 47.2 13 23.24

II and IIIa 401 52.8 35 24.76 0.003a

Charlson Comorbidity Index 0 421 55.5 33 26.87

1 216 28.5 10 13.54

≥ 2 122 16.1 5 7.59 0.202

Functional status Independent (1–2) 679 89.5 42 43.1

Dependent (3–4) 77 10.1 6 4.76 0.555

Missing 3 0.4 0 0.14 0.780

Total 759 100% 48 48

ER, estrogen receptor; PR, progesterone receptor.
a The log-rank test tests the equality of survivor function across groups.
b p-values for each variable for complete data are reported first followed by data including missings if relevant.
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Quality-adjusted life-years
As recommended by NICE, effectiveness was measured by the difference in QALY gain of treatment
adjusted for various age, health, choice and tumour variables (QALY gain of treatment = quality of
life × lifetime with treatment – quality of life × lifetime without treatment). QALYs were calculated using the
standard procedure described by Manca et al.18 Lifetime was defined as time from completion of the SF-12
at baseline (diagnosis) to completion of the follow-up survey 3–4 years later or time to death. Adjustment
for baseline HRQoL was made within multiple regression analyses.

The average age of the 548 participants in this sample was 75.6 years (SD 6.4 years). Of these participants,
15.0% had chemotherapy and 363 (66.2%) had radiotherapy. The average QALY gain was not significantly
different for those who had chemotherapy (t-test p = 0.844). Participants having radiotherapy did appear to
have significantly greater QALYs (2.17, SD 0.70) than those who did not (1.93, SD 0.85) (t-test p = 0.001).
However, this gain did not persist in the multiple regression analyses, adjusting for baseline utility score as
well as surgery type, age, comorbidity, functional status and tumour characteristics (Table 7).

TABLE 5 Cox’s proportional hazards regression of breast cancer-specific survival of patients undergoing
surgery (n = 759)

Coefficient SE t p> t 95% CI

Chemotherapy

No (ref)

Yes 0.891 0.322 –0.32 0.749 0.439 to 1.809

Radiotherapy

No (ref)

Yes 0.979 0.335 –0.06 0.951 0.501 to 1.913

Surgery type

Mastectomy (ref)

WLE 0.475 0.185 –1.91 0.056 0.221 to 1.019

Grade

1 (ref)

2 1.604 1.012 0.75 0.454 0.466 to 5.524

3 4.822 3.087 2.46 0.014a 1.375 to 16.910

Missing 0.930 0.878 –0.08 0.939 0.146 to 5.916

ER or PR positive

Yes (ref)

No 2.720 0.949 2.87 0.004a 1.373 to 5.390

Missing 1.785 1.133 0.91 0.361 0.515 to 6.194

Tumour stage

I (ref)

II and IIIa 1.502 0.527 1.16 0.246 0.756 to 2.987

ER, estrogen receptor; PR, progesterone receptor; ref, reference; SE, standard error.
a These values are statistically significant.
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TABLE 6 Multiple regression of difference in HRQoL (SF-6D) at 3–4 years post diagnosis from baseline for surgical
patients (n = 454)

Coefficient SE t p> t 95% CI

Chemotherapy

No (ref)

Yes –0.007 0.021 –0.33 0.742 –0.048 to 0.034

Radiotherapy

No (ref)

Yes –0.016 0.019 –0.86 0.392 –0.054 to 0.021

Surgery type

Mastectomy (ref)

WLE 0.016 0.019 0.84 0.400 –0.021 to 0.053

Age group (years)

65–69 (ref)

70–74 –0.020 0.018 –1.11 0.269 –0.057 to 0.016

75–79 0.019 0.020 0.92 0.356 –0.021 to 0.059

80–84 –0.024 0.024 –1.00 0.316 –0.072 to 0.023

≥ 85 –0.015 0.030 –0.49 0.623 –0.074 to 0.044

Grade

1 (ref)

2 0.008 0.018 0.42 0.673 –0.028 to 0.043

3 –0.017 0.023 –0.75 0.452 –0.063 to 0.028

Missing 0.014 0.029 0.48 0.629 –0.043 to 0.071

ER or PR positive

Yes (ref)

No –0.011 0.025 –0.44 0.658 –0.060 to 0.038

Missing 0.025 0.029 0.84 0.400 –0.033 to 0.082

Tumour stage

I (ref)

II and IIIa 0.002 0.014 0.16 0.869 –0.026 to 0.031

Charlson Comorbidity Index

0 (ref)

1 –0.005 0.015 –0.35 0.724 –0.036 to 0.025

≥ 2 –0.031 0.019 –1.60 0.111 –0.069 to 0.007

Functional status

Independent (1–2) (ref)

Dependent (3–4) 0.107 0.026 4.17 < 0.001 0.057 to 0.158

ER, estrogen receptor; PR, progesterone receptor; ref, reference; SE, standard error.
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TABLE 7 Multiple regression of QALY gain from adjuvant chemotherapy and radiotherapy (n = 548)

Coefficient SE t p> t 95% CI

Chemotherapy

No (ref)

Yes –0.038 0.087 –0.44 0.659 –0.210 to 0.133

Radiotherapy

No (ref)

Yes 0.033 0.076 0.43 0.669 –0.117 to 0.183

Surgery type

Mastectomy (ref)

WLE 0.107 0.076 1.41 0.158 –0.042 to 0.257

Age group (years)

65–69 (ref)

70–74 –0.041 0.081 –0.51 0.609 –0.200 to 0.117

75–79 –0.063 0.088 –0.71 0.478 –0.237 to 0.111

80–84 –0.349 0.101 –3.46 0.001 –0.547 to –0.151

≥ 85 –0.419 0.120 –3.49 0.001 –0.654 to –0.183

Grade

1 (ref)

2 0.017 0.078 0.21 0.832 –0.137 to 0.170

3 –0.198 0.096 –2.06 0.040 –0.388 to –0.009

Missing 0.093 0.123 0.76 0.450 –0.149 to 0.335

ER or PR positive

Yes (ref)

No –0.213 0.094 –2.25 0.025 –0.398 to –0.027

Missing –0.201 0.117 –1.72 0.087 –0.431 to 0.029

Tumour stage

I (ref)

II and IIIa –0.011 0.061 –0.17 0.862 –0.130 to 0.109

Charlson Comorbidity Index

0 (ref)

1 –0.091 0.065 –1.39 0.164 –0.219 to 0.037

≥ 2 –0.074 0.081 –0.92 0.358 –0.233 to 0.085

Functional status

Independent (1–2) (ref)

Dependent (3–4) 0.011 0.116 0.09 0.927 –0.218 to 0.239

Baseline utility (SF-6D) 2.327 0.214 10.89 < 0.001 1.908 to 2.747

ER, estrogen receptor; PR, progesterone receptor; ref, reference.

WORKSTREAM 1: MANAGEMENT OF ELDERLY BREAST CANCER PATIENTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

18



Workstream 1 summary

In overview:

1. The studies of preference reveal that in about half of consultations the patient and surgeon both chose
the same person as making the surgical decision, but the actual agreement between the surgeons and
patients is low. In univariate analyses, increasing age predicts not undergoing surgery from the age of
75 years, compared with 70- to 74-year-olds. Adjusting for health measures and choice, only women
aged > 85 years have reduced odds of surgery. Patient role in treatment decisions makes no difference
to whether or not they receive surgery. Women who were active/collaborative were as likely to get
surgery as those who left the decision to the surgeon. The qualitative study of women who did not
receive primary surgery revealed three approaches: ‘patient declined’, ‘patient considered’ and
‘surgeon decided’.

2. Older age did not predict complications, and the risk of serious complications from breast surgery is
low for older patients. Surgical decisions should be based on patient fitness rather than on age, even
though age seems to be a factor taken into account by surgeons, especially for the ‘oldest old’ group
as revealed in our study of choice. We were unable to build a pre-treatment risk screening tool as
originally planned.

3. In our study of survival, the number of observed cancer deaths exceeded those expected for participants
whose tumours were of higher grade or stage and steroid receptor negative, did not undergo surgery
and warranted chemotherapy. Adjusting for tumour stage, comorbidity and functional status, women
undergoing surgery had one-third the hazard of dying of breast cancer. Given these findings, it is hard
to see on what basis surgery should be withheld from older women who are fit for surgery.

4. Following surgery, changes in HRQoL were not associated with getting the treatment decision-making
style they preferred. Thus, it seems that the outcomes of consultation with the surgeon in terms of
preferences were not detrimental per se to the women’s QoL in the longer term.

5. Many older women do not receive chemotherapy and radiotherapy following surgery, even though they
may benefit from these therapies. Can this lack of chemotherapy and radiotherapy be explained by
patient choice or health? We demonstrated that women aged ≥ 75 years have lower chemotherapy and
radiotherapy rates than women aged 65–69 years. After adjusting for tumour characteristics, health
measures and choice, women aged ≥ 75 years still have reduced odds of receiving chemotherapy,
whereas age has no impact on the radiotherapy rates of older women. Therefore, lower chemotherapy
rates in older women cannot be explained by health or patient choice.

Overall, although over the last decade there have been improvements in the access older women have to
breast cancer services, there are still substantial gains to be made by ensuring that treatment decisions are
based on ‘fitness’ and ability to benefit, rather than on age.
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Workstream 2: comparison of
multifrequency bioimpedance with
early arm-volume increase in predicting
lymphoedema by 18 months

Sentinel lymph node biopsy staging reduces the need for axillary node clearance (ANC), but 30% of
breast cancer patients are node positive and require ANC to remove diseased nodes.18,20

Lymphoedema (gross swelling of the arm) occurs when the lymphatic system is unable to keep up with
the normal demands of tissue homeostasis, resulting in fluid accumulating in the interstitial spaces of the
subcutaneous tissue.21–23 If excess protein in the interstitial fluid (that causes the oedema) is allowed to persist,
chronic inflammation can lead to fibrotic, thickened skin and tissues and progressive lymphoedema.21–23

Up to 40% of patients report arm swelling by 18 months post ANC.20,22,24

The consequences of lymphoedema are multidimensional and can involve physical and psychosocial
morbidity. Recurrent infections of the arm (cellulitis) may occur, causing progression of the lymphoedema by
further damage to the lymph vessels.23,25,26 Patients report the limb being heavy and painful, experiencing
impaired limb function and reduced shoulder mobility.21–23 A clinical end point of a > 10% increase in
ipsilateral arm volume (vs. contralateral arm) is an accepted criterion for a diagnosis of lymphoedema.21–24,27

Most women present with established lymphoedema 1–2 years after surgery.21–23,28 Its management is
calculated to cost £350 per patient per year and £10M per annum to the NHS budget, including the cost
of treating recurring infection with antibiotics and more intensive treatments when acute exacerbations
occur.23 Intervention before arm swelling becomes chronic may prevent the complications of lymphoedema
after ANC. Recent evidence from a prospective cohort study in which preoperative perometer monitoring
identified 43 women after ANC with an early RAVI of > 3%, in whom provision of compression garments
prevented any further RAVI at 6 months’ follow-up (no lymphoedema developed), has led to claims that
the standard of postoperative care should routinely include prospective arm measurement to intervene
in the development of so-called ‘preclinical’ lymphoedema. However, this lacks a robust evidence base
and the proposed intervention has never been tested in a multicentre randomised trial setting.29

An alternative definition of lymphoedema is the application of compression sleeve garments, as some
women develop hand or lower arm swelling that does not reach the overall 10% arm-volume increase but
represents clinical practice by lymphoedema practitioners.

Multifrequency bioimpedance electrical analysis is a non-invasive technique to measure total water content,
which involves passing extremely small electrical currents through the body and measuring the impedance
(or resistance) to the flow of these currents. In recent years the BEA technique has been refined to measure the
impedance over a range of frequencies from 4 to 1000 kHz. By mathematically modelling the measured data,
the impedance at zero frequency (i.e. the impedance of the extracellular fluid alone) can be determined.22,30,31

BEA is used to quantitatively compare the degree of fluid accumulation in the arms using a leg as the reference
limb, and a 3SD change in BEA is claimed to accurately diagnose lymphoedema. Small single-centre prospective
studies in Australia have claimed that BEA predicts lymphoedema development up to 10 months ahead of
arm-volume changes with a sensitivity of 98% and a specificity of 100%.30,31

Bioimpedance electrical analysis can be measured with a handheld device and is marketed as safe, accurate
and diagnostic for lymphoedema (in the absence of confirmed arm swelling of > 10%) to justify early
treatment intervention in women after axillary surgery. BEA correlates with arm measurement in lymphoedema
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patients, but is reported to be more sensitive than and equally as specific as arm circumference measures,
particularly in women whose ANC involves the non-dominant arm lymphatics.30,31

We assessed BEA monitoring compared with perometer arm measurements in women after ANC.
BEA monitoring during the study was used to determine its value in predicting response to compression
garment therapy.22,23 Within the study we assessed reproducibility of both methods across all centres and
robustly established both intra- and interobserver error rates for both methods in the study population.

Training in the use of L-DEX U400 BIS devices was provided for all centres with the appropriate software
and electrodes to carry out a health technology assessment (see BEA protocol).32,33

All women undergoing ANC in the UK breast units underwent preoperative 1-, 3-, 6-, 12- and 18-monthly
bilateral arm measurements with a perometer (Pero-Systems 350S) and circumferential arm tape
measurements as well as perometer measurements.

All centres monitored women undergoing ANC from pre-surgery baseline with perometer measurements
and BEA to compare the sensitivity and specificity of both techniques for predicting chronic lymphoedema
development. Identifying the most sensitive and specific method for detecting chronic lymphoedema would
enhance selection of patients for intervention with arm sleeves should the intervention prove cost-effective.

Study design

Women undergoing ANC for breast cancer were approached for baseline (preoperative) and subsequent
BEA monitoring, along with perometer arm measurements, in initially seven centres with an increase to
21 across the UK (see flow diagram in protocol34). First, a comparison of the sensitivity and specificity of BEA
versus perometer measurement was made in women who developed arm swelling of > 10% by 6 months
[based on the ALMANAC (Axillary Lymphatic Mapping Against Nodal Axillary Clearance) trial, we estimated
this in advance at 210/1000 (21%) of the initial group]. Second, women with an arm-volume increase of
4–8% at 1, 3 or 6 months where effectively the BEA 6 months readings were to be compared with final
18-month perometer scores to assess the prediction of lymphoedema at 18 months by BEA. Third, women
with a < 4% perometer arm-volume increase up to 6 months were to be used to determine the sensitivity
and specificity of BEA 6-month measures compared with the perometer 6-month measurement in predicting
the 18-month outcome.

Sample size calculation
We were required to screen 1000 patients to enrol enough women into the PLACE trial using perometer
measurements, which allowed us to determine if BEA had a > 80% sensitive and a > 80% specific accuracy.
Currently the specificity of arm swelling measured by perometer is 87% specific for subsequent
lymphoedema at 18 months with a sensitivity of 54% (assessed from ALMANAC data).34

Older age, increases in body mass index (BMI) and postoperative radiotherapy are claimed to increase
lymphoedema development.21–23,28–31 We built a multivariate model predicting lymphoedema from the
following potential predictor variables: BMI, dominant limb, postoperative radiotherapy, previous sentinel
node biopsy, cigarette smoking, weight gain and age. This allowed us to identify what factors, as well
as early arm-volume changes or BEA, predict subsequent development of lymphoedema. Although we
anticipated 1000 patients recruited by 24 months of the programme to allow us to build a multivariate
model, delays to sites opening meant that 1100 were recruited by June 2015. Multiple logistic regression
modelling techniques were used to identify significant predictors of lymphoedema at early (18 months)
and late time points (24 months) in the participants.
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Workstream 2 multifrequency bioimpedance study: results of a
multicentre prospective study

Among the 1100 women recruited to the trial undergoing ANC surgery for breast cancer from nine
centres in England, the median age was 56 years (range 22–90 years). They have undergone preoperative
and subsequent regular measurements post surgery (1, 3, 6, 9 and 12 months, then 6-monthly) of arm
volume by perometry (Perometer 350 NT; www.pero-system.de) and multifrequency BIS (L-Dex® U400;
www.impedimed.com) and currently have a minimum 24 months’ follow-up surveillance. Change in arm
volume was calculated using relative arm-volume change (RAVI).

The primary end point of lymphoedema was defined as a ≥ 10% limb volume change, compared with
the contralateral arm, by perometry.24,29 BIS L-Dex change of 10 was considered the diagnostic criterion
for lymphoedema. There is considerable variation in the definitions of lymphoedema and methods of
measurement, ranging from the more conservative ≥ 10% limb volume change by perometry, through
volume increases of 200 ml by perometry, to the more liberal increase of 2 cm in circumference.20,24

For the purposes of this study, we used a > 10% arm-volume increase (RAVI) since baseline (compared
with the contralateral arm) as measured by perometer on at least two occasions to identify women with
lymphoedema secondary to ANC.29

We also used a clinical definition of compression sleeve application (excluding patients who had sleeves
applied as part of the intervention arm in the PLACE trial). Lymphoedema determined by BIS was defined
as an increase of ≥ 10 units from baseline.

Arms were measured using a 350S perometer with standard perometer software supplied by Pero-System,
Wuppertal, Germany. The average of two perometer measurements was used at each visit to exclude
intraobserver variability. BIS intracellular fluid was measured using the L-Dex® U400 BIS devices on loan
from ImpediMed Ltd (Pinkenba, QLD, Australia).30,31

At least 50% of breast cancer patients gain weight in the first year after diagnosis, which is associated
with increased risk of lymphoedema. Nonetheless, if careful contralateral arm measurements are not
performed, weight gain, rather than lymphoedema, can lead to inappropriate fitting of compression
sleeves. BIS results are unaltered by weight gain and we tested whether the BIS results were sensitive
and/or more specific than perometer measurements in detecting early and later arm swelling.

Self-reported symptoms and quality-of-life measures
Patients were asked to complete a lymphoedema questionnaire, which used three items from the Lymphedema
and Breast Cancer Questionnaire about heaviness, numbness and swelling, and the Functional Assessment
of Cancer Therapy – Breast Cancer, version 4 (FACT-B+4) Questionnaire (www.facit.org/FACITOrg/
Questionnaires) and the EuroQol-5 Dimensions (EQ-5D) (www.euroqol.org/about-eq-5d.html) to assess
self-reported upper limb symptoms, physical functioning disease-specific QoL and health utility. All
questionnaires were completed preoperatively and then again at 3 and 6 months post surgery, with the
exception of the EQ-5D, which was not completed at 3 months post surgery.

Statistical analysis
Statistical analysis included sensitivity and specificity analysis of the BIS L-Dex score against the ‘gold
standards’ of perometer assessment at 6, 18 and 24 months (and subsequently clinical sleeve application)
using statistical techniques recommended by Bland and Altman.35 The BIS value cut-off level was checked
using receiver operating characteristic (ROC) analysis and confirmed using later results. An assessment of
the relationship between the two methods of measurement up to 2 years in predicting lymphoedema
was performed. The analysis for the current report involved comparison of the baseline and 6-, 18- and
24-month post-surgery measurements using paired t-tests, and comparison between groups defined
by lymphoedema status using independent t-tests, and data were described using means and ranges,
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sensitivity and specificity, and univariate and multivariate analyses. ROC analysis, Cox proportional hazards
regression, log-rank testing and generalised estimating equation (GEE) regression were performed for
univariate and multivariate analyses. The GEE regression was chosen as the inference was at the
population level so the GEE marginal effects were of interest. Descriptive methods were used for all other
data presented.

Results
Out of the 1100 patients entered into the study (median follow-up 36 months, minimum 24 months), the
mean age was 55.7 years (range 22 to 90 years), 47.0% had a mastectomy and ANC, 90.5% were node
positive, 70.9% had a histology of infiltrating ductal carcinoma and the majority (80.6%) were estrogen
receptor (ER) positive (Table 8). Eighty-three per cent received postoperative radiotherapy, 67.3% received
chemotherapy and 82.4% were given endocrine treatment. Fifty-eight patients (5%) had no post-1-month
perometer measurements. Overall, 497 patients have completed 60 months’ follow-up, 105 have died and
204 have been lost to follow-up (or withdrawn from the study).

TABLE 8 Multifrequency bioimpedance demographics (N = 1100)

Demographic n (%)

Age (N = 1088)

Mean (SD) [range] 55.7 (12.4) [22 to 90]

BMI (kg/m2) (pre-op) (N = 1071)

Median (IQR) [range] 27.3 (24.0 to 31.2) [16.6 to 60.0]

Weight gain at 3 months (as % of baseline) (N = 916)

Mean (SD) [range] –0.1 (4.0) [–12.8 to 24.2]

Side of ANC (N = 1096)

Right : left 550 (50.2) : 546 (49.8)

Dominant hand (N = 1096)

Right : left 998 (91.0) : 98 (9.0)

Smoking history (N = 1094)

Never 651 (59.5)

Ex-smoker 319 (29.2)

Current smoker 124 (11.3)

Previous SN biopsy: yes 368 (34.3)

Type of ANC surgery (N = 1089)

ANC 257 (23.6)

WLE + ANC 309 (28.4)

Mastectomy + ANC 512 (47.0)

Other 11 (1.0)

Histology (N = 1087)

Infiltrating ductal 771 (70.9)

Infiltrating lobular 125 (11.5)

DCIS 27 (2.5)
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TABLE 8 Multifrequency bioimpedance demographics (N = 1100) (continued )

Demographic n (%)

LCIS 2 (0.2)

Mixed invasive 91 (8.4)

Other 71 (6.5)

Pathological tumour size, (mm) (N = 1078)

Median (IQR) [range] 26.0 (18.0 to 40.0) [0 to 220]

Grade (N = 1080)

1 63 (5.8)

2 477 (44.2)

3 501 (46.4)

Ungraded 39 (3.6)

Number of nodes removed (N = 1088)

Median (IQR) [range] 17.0 (13.0 to 23.0) [1 to 56]

Number of nodes involved (N = 1088)

Median (IQR) [range] 2.0 (1.0 to 5.8) [0 to 46]

Node positive 985 (90.5)

ER negative : ER positive 208 (19.4) : 864 (80.6)

HER-2 (N = 1072)

Negative 811 (75.7)

Amplified 82 (7.6)

3+ 179 (16.7)

ER, HER–2 combination (N = 1066)

ER negative, HER-2 negative 152 (14.3)

ER negative, HER-2 3+ 56 (5.3)

ER positive, HER-2 negative 735 (68.9)

ER positive, HER-2 3+ 123 (11.5)

Post-operative radiotherapy: yes (N = 1062) 878 (82.7)

Post-operative chemotherapy: yes (N = 1060) 713 (67.3)

Post-operative endocrine therapy: yes (N = 1061) 874 (82.4)

Any disease recurrence: yes 134 (12.3)

Time (years) to first disease recurrence, median (IQR) [range] 1.44 (0.60 to 2.63) [0.05 to 5.04]

Time (years) in study (from definitive surgery) (N = 1072)

Median (IQR) [range] 3.00 (1.98 to 4.03) [0.06a to 5.51]

DCIS, ductal cancer in situ; HER-2, human epidermal growth factor receptor 2; IQR, interquartile range; LCIS, lobular cancer
in situ; SN, sentinel node.
a There were 17 patients who withdrew (or were lost to follow-up) from the study prior to (or on the date of) definitive

surgery and have negative values when using the surgery date as the start point.
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Lymphoedema assessment within the protocol was defined as the development of an arm-volume increase
(RAVI) of > 10% but, on reviewing the data, compression sleeves were being applied outside the protocol
indications. For some patients, significant swelling of the lower arm or hand or swelling of < 10% RAVI
but associated with symptoms led to the application of a compression sleeve by the lymphoedema
practitioner. We ascertained this by retrieving the perometer readings for all patients with a sleeve applied.
Compression garment application was another surrogate marker of lymphoedema and potentially a better
clinical marker. Time to lymphoedema for RAVI of > 10% at follow-up and that for sleeve application
are presented.

The median time to developing lymphoedema was 11.3 months (range 2.3–63.1 months). Lymphoedema
incidence (sleeve application and RAVI of > 10%) is shown in Tables 9 and 10. The incidence of lymphoedema
differed by the definition of either a clinical sleeve application by a lymphoedema nurse or the perometer RAVI
of > 10% after 24 months’ follow-up.

Using Kaplan–Meier estimates for time to diagnosis of lymphoedema, 14.6% using RAVI and 17.7% by
sleeve application were diagnosed by 12 months, and 21.4% and 24.4% were diagnosed by 24 months,
respectively (Figure 9).

There was clinical lymphoedema diagnosis/applied sleeve in 24.4% patients by 24 months, compared with
21.4% with RAVI of > 10% during follow-up. The majority of this difference appeared to occur between
6 and 12 months, when more sleeves were applied. This was partly due to the patients who were not eligible
for the PLACE trial but had a perometer value RAVI of > 9% and who therefore went on to compression
sleeves.

TABLE 10 Lymphoedema rates defined by clinical lymphoedema/applied sleeve

Follow-up date (months)

≤ 3 > 3 and ≤ 6 > 6 and ≤ 9 > 9 and ≤ 12 > 12 and ≤ 18 > 18 and ≤ 24

n at risk 999 928 856 789 697 622

Lymphoedema

During interval 29 48 46 43 31 24

Total number 29 77 123 166 197 221

Kaplan–Meiera probability
of event (%)

3.0 8.0 12.9 17.7 21.3 24.4

a 1–Kaplan–Meier estimates.

TABLE 9 Lymphoedema rates using perometer RAVI of ≥ 10% rate (primary end point)

Follow-up date (months)

≤ 3 > 3 and ≤ 6 > 6 and ≤ 9 > 9 and ≤ 12 > 12 and ≤ 18 > 18 and ≤ 24

n at risk 1001 925 848 798 722 647

Perometer RAVI of ≥ 10%

During interval 33 54 27 24 31 25

Total number 33 87 114 138 169 194

Kaplan–Meiera probability
of event (%)

3.4 9.0 11.9 14.6 18.2 21.4

a 1–Kaplan–Meier estimates.
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Lymphoedema by 24 months detected in 21.4% of women by perometry whereas using BIS definition in
39.4%. A moderate correlation between perometer and BIS at 6 months (r = 0.61) was found, with a
sensitivity of 76% (95% CI 64% to 84%), specificity of 85% (95% CI 83% to 88%) and PPV of BIS of
31% (95% CI 25% to 39%) (Table 11). Sensitivity remained similar at 24 months (75%, 95% CI 64%
to 83%), though specificity was higher (91%, 95% CI 89% to 93%), as was PPV of BIS (54%, 95% CI
44% to 63%). The sensitivity and specificity values for BIS fall below the percentage of 95% required
according to the study protocol.

Women who developed a RAVI of > 5 to < 10% by 6 months required lymphoedema treatment in 35%
of cases by 24 months, whereas a RAVI of < 3% was associated with an 8% lymphoedema rate at
24 months (p < 0.001).

The sensitivity and specificity of BIS and perometer were compared according to sleeve application using
sleeve application as the clinical diagnosis of lymphoedema, as well as against the protocol defined
perometer, RAVI of > 10%. There were 226 patients with an appropriately applied sleeve, which included
patients with a sleeve applied and patients who had > 10% lymphoedema and were offered a sleeve by
the lymphoedema nurse but declined it because they already had metastatic disease and were about to
die. In addition, 51 patients had their sleeve applied as part of the PLACE trial; nine patients contralateral
sleeve application and these patients were excluded from the analysis.

Perometer and bioimpedance spectroscopy comparison
After reviewing the perometer and lymphoedema nursing data from all patients with RAVI of > 10% or a
sleeve applied, 226 patients fitted the clinical lymphoedema definition of sleeve appropriately fitted or
RAVI of > 10%. There were 25 patients with sleeves applied who were deemed not to have clinical
lymphoedema because there was insufficient evidence in the notes; 29 patients did not have a sleeve
applied but were deemed to have clinical lymphoedema (predominantly localised lower arm swelling or
RAVI of > 10%).

TABLE 11 Sensitivity and specificity of perometer and BIS at 6, 18 and 24 months

No lymphoedema (perometer
definition: RAVI of < 10%)

Lymphoedema (perometer
definition: RAVI of > 10%) Total

By 6 months

BIS (< 10) 698 (82%) true negative 27 (31%) false negative 725

BIS (≥ 10) 153 (18%) false positive 59 (69%) true positive 212

Total 851 86 937

After 6 months up to 18 months

BIS (< 10) 600 (81%) 25 (32%) 625

BIS (≥ 10) 138 (19%) 53 (68%) 191

Total 738 78 816

After 6 months up to 24 months

BIS (< 10) 572 (79%) 32 (32%) 604

BIS (≥ 10) 150 (21%) 68 (68%) 218

Total 722 100 822
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Perometer by 6 months
The perometer by 6 months variable includes those women with lymphoedema at 3 or 6 months.

For those with lymphoedema according to the RAVI of ≥ 10% definition, the BIS value used is the one at
the time of the lymphoedema diagnosis. For those without lymphoedema according to the RAVI of ≥ 10%
definition, the largest BIS value at either time point was used (Figure 3).

At all time points BIS identified high numbers of false-positive patients with a lymphoedema diagnosis
(using RAVI of > 10%).

Relative arm-volume increase after 6 months up to 18 months
The RAVI after 6 months up to 18 months variable excludes those with lymphoedema up to and including
6 months.

For those with lymphoedema according to the RAVI of ≥ 10% definition, the BIS value used is the one at
the time of the lymphoedema diagnosis. For those without lymphoedema according to the RAVI of ≥ 10%
definition, the BIS value is the largest value from 9 to 18 months (Figure 4).

Relative arm-volume increase of > 10% after 6 up to 24 months (excludes those with
lymphoedema up to and including 6 months)
For those with lymphoedema according to the RAVI of ≥ 10% definition, the BIS value used is the one at
the time of lymphoedema diagnosis. For those without lymphoedema, the BIS value used is the largest
value between 9 and 24 months (Figure 5).

Clinical lymphoedema/appropriately applied sleeve from 6 up to 18 months
The clinical lymphoedema/applied sleeve between 6 and 18 months variable excludes those with
lymphoedema up to and including 6 months (see Table 12 and Figure 6).
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FIGURE 5 Comparison of RAVI and BIS after 6 months up to 24 months. Q1, RAVI only of ≥ 10; Q2, both ≥ 10;
Q3, neither ≥ 10; Q4, BIS only of ≥ 10. Sensitivity, 68% (15/22; 95% CI 58% to 76%); specificity, 79% (572/722; 95% CI
76% to 82%); PPV, 31% (68/218; 95% CI 25% to 38%); NPV, 95% (572/604; 95% CI 93% to 96%). NPV, negative
predictive value.
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At all time points, BIS would have resulted in more sleeves being applied than RAVI of > 10% incorrectly
with lower specificity (Tables 12–15). RAVI of > 10% was better at identifying patients who could be
reassured and did not need surveillance proving cost-effective to the NHS. It ruled out patients unlikely to
develop lymphoedema and has a higher PPV at 18 months.
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FIGURE 6 Comparison of RAVI of > 10% and BIS of > 10% with sleeve application. NB those with no clinical
lymphoedema or applied sleeve by 6 months may have had an applied sleeve at a later time point.

TABLE 12 Relative arm-volume increase change compared with sleeve/clinical lymphoedema

By 6 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

RAVI (< 10%) 820 (94%) 45 (60%) 865

RAVI (≥ 10%) 55 (6%) 30 (40%) 85

Total 875 75 950

Sensitivity, 40% (30/75; 95% CI 30% to 51%); specificity, 94% (820/875; 95% CI 92% to 95%); PPV, 35% (30/85; 95% CI
26% to 46%); negative predictive value, 95% (820/865; 95% CI 93% to 96%).

TABLE 13 Bioimpedance spectroscopy compared with sleeve/clinical lymphoedema

By 6 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 690 (80%) true negative 34 (46%) false negative 724

BIS (≥ 10) 170 (20%) false positive 40 (54%) true positive 210

Total 860 74 934

Sensitivity, 54% (40/74; 95% CI 43% to 65%); specificity, 80% (690/860; 95% CI 77% to 83%); PPV, 19% (40/210; 95% CI
25% to 39%); negative predictive value, 95% (690/724; 95% CI 94% to 97%).
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For those with lymphoedema, the BIS and perometer values used are those at the time of lymphoedema
diagnosis. For those without lymphoedema, the BIS and perometer values used are the largest value
between 9 and 18 months.

Up to 6 months: sleeve application in at least one-third of patients appeared to be as a result of a
composite of significant arm symptoms (swelling and heaviness) together with arm-volume increases.
The PPV for RAVI of > 10% at both time points is superior to BIS, although the negative predictive values
(NPVs) are similar (Figure 7).

Clinical lymphoedema/applied sleeve after 6 months up to 24 months
The clinical lymphoedema/applied sleeve after 6 up to 24 months variable excludes those with
lymphoedema up to and including 6 months.

For those with lymphoedema, the BIS and RAVI values used are those at the time of lymphoedema diagnosis.
For those without lymphoedema, the BIS and RAVI values used are the largest value between 9 and 24 months
(Table 16).

It is apparent that perometer is more specific (94–96%) than BIS (80–91%) at all time points. In other
words, RAVI measurement gets more diagnoses of sleeve application correct and fewer wrong, particularly
at 6 months. Thus, it is noticeable that at 6 months BIS of > 10 had 170 false positives, yet identified only
40 out of the 74 sleeves that were applied, whereas perometer identified 30 out of the 75 sleeves applied
but overdiagnosed only 55 rather than 170 patients (Table 17). The differences in sleeve application
numbers reflect the fact that some patients did not have a BIS measurement. BIS use would have meant
that patients had far more sleeves applied than those using RAVI of > 10%, but neither method was
particularly sensitive (see Figure 8).

We then looked at the sensitivity and specificity of RAVI and BIS at 6, 18 and 24 months (i.e. comparing
both methods with each other). Once again, BIS of > 10 identified those patients with a RAVI of > 10%
measurement in 68–76% of cases.

TABLE 15 Bioimpedance spectroscopy and sleeve/clinical lymphoedema

After 6 months up to 18 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 581 (82%) true negative 52 (47%) false negative 633

BIS (≥ 10) 126 (18%) false positive 59 (53%) true positive 185

Total 707 111 818

Sensitivity, 53% (59/111; 95% CI 44% to 62%); specificity, 82% (581/707; 95% CI 79% to 85%); PPV, 32% (59/185;
95% CI 26% to 39%); negative predictive value, 92% (581/633; 95% CI 89% to 94%).

TABLE 14 Relative arm-volume increase of > 10% and sleeve/clinical lymphoedema

After 6 months up to 18 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

RAVI (< 10%) 693 (95%) true negative 72 (62%) false negative 765

RAVI (≥ 10%) 33 (5%) false positive 45 (38%) true positive 78

Total 726 117 843

Sensitivity, 38% (45/117; 95% CI 30% to 48%); specificity, 95% (693/726; 95% CI 94% to 97%); PPV, 58% (45/78; 95% CI
47% to 68%); negative predictive value, 91% (693/765; 95% CI 88% to 92%).
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TABLE 17 Bioimpedance spectroscopy and sleeve/clinical lymphoedema

After 6 months up to 24 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 556 (80%) 65 (49%) 621

BIS (≥ 10) 136 (20%) 69 (51%) 205

Total 692 134 826

Sensitivity, 51% (69/134; 95% CI 43% to 60%); specificity, 80% (556/692; 95% CI 77% to 83%); PPV, 34% (69/205; 95% CI
28% to 40%); NPV, 90% (556/621; 95% CI 87% to 92%).
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FIGURE 7 Comparison of RAVI of > 10% and BIS with sleeve application (6–18 months). Note that those with no
clinical lymphoedema or appropriately applied sleeve by 6 months may have had clinical lymphoedema or an
applied sleeve at a later time point.

TABLE 16 Relative arm-volume increase of > 10% and sleeve/clinical lymphoedema

After 6 months up to 24 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

RAVI (< 10%) 667 (94%) 86 (61%) 753

RAVI (≥ 10%) 39 (6%) 55 (39%) 94

Total 706 141 847

Sensitivity, 39% (55/141; 95% CI 31% to 47%); specificity, 94% (667/706; 95% CI 93% to 96%); PPV, 59% (55/94; 95% CI
48% to 68%); NPV, 89% (667/753; 95% CI 86% to 91%).
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Combined relative arm-volume increase or bioimpedance spectroscopy versus clinical
lymphoedema/appropriately applied sleeve
We considered whether combining RAVI of > 10% and BIS of > 10% improved the diagnosis of
lymphoedema compared with sleeve application. At all time points it reduced PPV, although sensitivity
increased slightly (Table 18).

Clinical lymphoedema/applied sleeve after 6 months up to 24 months (excludes those
with lymphoedema up to and including 6 months)
The BIS and RAVI values used are those at the time of the indicated lymphoedema. For those without
lymphoedema, the BIS and RAVI values used are the largest value between 9 and 24 months (Table 19).

The 85 patients with lymphoedema are made up of 39 with both RAVI and BIS of ≥ 10, 30 with only BIS
of ≥ 10 and 16 with only RAVI of ≥ 10%.
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Lymphoedema by RAVI of > 10%

Lymphoedema
according to BIS

FIGURE 8 Comparison of RAVI of > 10% and BIS with sleeve application (6–24 months). Note that those women
with no clinical lymphoedema or appropriately applied sleeve after 6 months and up to 24 months may have had
clinical lymphoedema or a sleeve applied at a later time point.

TABLE 18 Combined RAVI or BIS vs. sleeve/clinical lymphoedema

By 6 months
No sleeve or clinical
lymphoedema

Sleeve or clinical
lymphoedema Total

RAVI of < 10% and BIS of < 10 663 (78%) 28 (38%) 691

RAVI of > 10% or BIS of ≥ 10 192 (22%) 45 (62%) 237

Total 855 73 928

Sensitivity, 62% (45/73; 95% CI 50% to 72%); specificity, 78% (663/855; 95% CI 75% to 80%); PPV, 19% (45/237; 95% CI
15% to 24%); NPV, 96% (663/691; 95% CI 94% to 97%).
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Predictive value of bioimpedance spectroscopy value by 6 months against
lymphoedema by 18 or 24 months
Lymphoedema defined by RAVI of ≥ 10% and clinical lymphoedema or applied sleeve.

In all of the analyses that follow, any patients diagnosed with a RAVI value of > 10% by 6 months were
excluded from the analysis (n = 87) and any patients with a clinical lymphoedema or sleeve applied before
6 months were excluded from the analysis (Table 20).

There is a significant relationship between both BIS category by 6 months and lymphoedema defined by
perometer of ≥ 10% by 18 months (p < 0.001) and clinical lymphoedema or applied sleeve by 18 months
(p < 0.001).

For lymphoedema defined by RAVI of > 10% the significant relationship appears to be as a result of
the higher rate of lymphoedema, 24%, in those with BIS score of ≥ 10 (which is the BIS definition
of lymphoedema).

For clinical lymphoedema/applied sleeve there appears to be a small increase in lymphoedema rate
across the BIS < 3, ≥ 3 to < 5, and ≥ 5 to < 10 categories from 7% to 16% across the three categories.
The significant relationship appears mainly to be as a result of the higher rate of lymphoedema, 36%,
in those with BIS of ≥ 10 (Table 21).

There is a relationship between both BIS category by 6 months and lymphoedema defined by perometer of
≥ 10% (p < 0.001) and clinical lymphoedema or applied sleeve by 24 months (p < 0.001).

For lymphoedema defined by perometer of ≥ 10% there appears to be little difference in the lymphoedema
rate in the < 3, ≥ 3 to < 5, and ≥ 5 to < 10 categories; the rate was between 9% and 15% in each of those
categories. The relationship appears to be as a result of the higher rate of lymphoedema, 30%, in those
with BIS of ≥ 10.

TABLE 20 Bioimpedance spectroscopy value by 6 months against lymphoedema by 18 months

BIS value by
6 months

Lymphoedema defined by perometer RAVI
> 10%

Clinical lymphoedema or appropriately
applied sleeve

No lymphoedema by
18 months (n= 662)

Lymphoedema by
18 months (n= 77)

No lymphoedema by
18 months (n= 643)

Lymphoedema by
18 months (n= 114)

< 3 327 (93%) 23 (7%) 324 (93%) 25 (7%)

> 3 to < 5 80 (91%) 8 (9%) 78 (90%) 9 (10%)

> 5 to < 10 156 (92%) 14 (8%) 145 (84%) 27 (16%)

> 10 99 (76%) 32 (24%) 96 (64%) 53 (36%)

TABLE 19 Combined RAVI or BIS vs. sleeve/clinical lymphoedema

After 6 months
up to 24 months

No sleeve or clinical
lymphoedema

Sleeve or clinical
lymphoedema Total

RAVI and BIS of < 10 537 (78%) 52 (38%) 589

RAVI or BIS of ≥ 10 154 (22%) 85 (62%) 239

Total 691 137 828

Sensitivity, 62% (85/137; 95% CI 54% to 70%); specificity, 78% (537/691; 95% CI 74% to 81%); PPV, 36% (85/239; 95% CI
30% to 42%); NPV, 91% (537/589; 95% CI 89% to 93%).
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For clinical lymphoedema or applied sleeve, there is an increase in the lymphoedema rate across all
four categories, with smaller increases across the first three categories and a larger increase in the rate of
lymphoedema in those with BIS of ≥ 10, which is the diagnostic category for lymphoedema according to BIS.

Prediction of lymphoedema
Two analyses were performed: one looked at the situation described above (lymphoedema after 6 months
and up to 2 years), and the other looked at the time to first lymphoedema including all follow-up data
(1-month visit was excluded as per the protocol, version 5.2, and the NIHR Programme Grants for Applied
Research programme response letter). Both RAVI (> 10%) and sleeve application were considered in
these analyses.

Factors predicting lymphoedema from baseline
For RAVI of > 10% as the end point, univariate analysis revealed BMI (p = 0.004), age (p = 0.013), previous
sentinel node biopsy (p = 0.027), ER status (p = 0.006: ER negativity: HR 1.59, 95% CI 1.14 to 2.21), and
number of nodes involved (p < 0.001) all predicted lymphoedema development. If one only considers those
with confirmed or absent lymphoedema by 24 months, 25% (47/190) of ER-negative patients and 18%
(141/794) of ER positive patients developed lymphoedema.

The multivariable analysis included number of nodes involved (HR 1.04, 95% CI 1.02 to 1.06), age
≥ 70 years compared with age < 70 years (HR 1.67, 95% CI 1.10 to 2.55), BMI of > 30 kg/m2

(HR 1.62, 95% CI 1.14 to 2.32) and ER negativity (HR 1.56, 95% CI 1.11 to 2.19) in the model for
predicting lymphoedema development (Table 22).

Sleeve application from baseline 24 months (excluding 1-month lymphoedema)
Univariate analysis revealed that only two factors predicted the sleeve application, node positivity (per-node
increase) (HR 1.04, 95% CI 1.02 to 1.05) and adjuvant radiotherapy (HR 2.08, 95% CI 1.30 to 3.33), and
both were independent in the multivariable analysis with a HR of 1.03 (95% CI 1.01 to 1.05; p < 0.001) and
a HR of 1.93 (95% CI 1.20 to 3.10; p = 0.007), respectively (Table 23).

Lymphoedema development after 6 months’ surveillance (i.e. 6 months up to 2 years
and the time to first lymphoedema within that time)
Patients with lymphoedema at 3 or 6 months are excluded because the inclusion of the RAVI variable,
which is determined at 6 months, means there would need to be a ≥ 10% category RAVI variable but this
is also used as the outcome event. In addition, excluding these patients is part of the study protocol
(version 5.2) and the NIHR Programme Grants for Applied Research programme response letter.

The RAVI of ≥ 10% univariate analysis revealed that BMI (p < 0.002), number of nodes involved (median 2,
range 0–41; p < 0.001), largest RAVI change by 6 months (p < 0.001; HR 5.58 for ≥ 5% to < 10% vs.
< 3%, 95% CI 3.61 to 8.62) and BIS of > 10% (p < 0.001) all predicted lymphoedema development from
6 months up to 2 years.

TABLE 21 Bioimpedance spectroscopy value by 6 months against lymphoedema by 24 months

BIS value by
6 months

Lymphoedema defined by RAVI of > 10%
Clinical lymphoedema or appropriately
applied sleeve

No lymphoedema by
24 months (n= 596)

Lymphoedema by
24 months (n= 101)

No lymphoedema by
24 months (n= 577)

Lymphoedema by
24 months (n= 137)

< 3 298 (91%) 30 (9%) 297 (91%) 31 (9%)

> 3 to < 5 68 (85%) 12 (15%) 66 (85%) 12 (15%)

> 5 to < 10 142 (87%) 21 (13%) 128 (78%) 36 (22%)

> 10 88 (70%) 38 (30%) 86 (60%) 58 (40%)
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The multivariable analysis included RAVI change by 6 months (p < 0.001; HR 5.22 for ≥ 5% to < 10%, 95% CI
3.22 to 8.47) along with number of nodes involved (HR 1.05, 95% CI 1.02 to 1.07), adjuvant chemotherapy
(HR 1.61, 95% CI 1.01 to 2.55), BMI of > 30 kg/m2 (HR 1.87, 95% CI 1.16 to 3.02) and BIS > 10% (p = 0.069)
in the model for predicting lymphoedema development after 6 months up to 2 years (Table 24).

Smoking, type of surgery, weight gain and histological tumour type were not significant [n = 1100: those
with lymphoedema ≤ 6 months have been excluded]. Factors predicting time to lymphoedema (sleeve
applied) after 6 months surveillance (excluding lymphoedema at 6 months).

TABLE 22 Relative arm-volume increase of ≥ 10% definition of lymphoedema from baseline: time to lymphoedema
assessed for those with a perometer RAVI of ≥ 10% after 1 up to 24 months

Variable

Analysis

Univariate Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age (per year increase) 1.01 (1.00 to 1.03) 0.013 1.01 (1.00 to 1.02) 0.074

BMI (kg/m2) at baseline (reference ≤ 25) 0.004 0.005

> 25 to ≤ 30 1.18 (0.82 to 1.71) 0.38 0.99 (0.68 to 1.44) 0.95

> 30 1.76 (1.24 to 2.51) 0.002 1.62 (1.14 to 2.32) 0.008

ER negative 1.59 (1.14 to 2.21) 0.006 1.56 (1.11 to 2.19) 0.010

Nodes positive (per-node increase) 1.04 (1.03 to 1.06) < 0.001 1.04 (1.02 to 1.06) < 0.001

Adjuvant CT (yes) 1.19 (0.87 to 1.62) 0.27 – –

Adjuvant RT (yes) 1.43 (0.93 to 2.19) 0.10 – –

Previous SN biopsy 0.70 (0.51 to 0.96) 0.027 – –

CT, chemotherapy; RT, radiotherapy; SN, sentinel node.

TABLE 23 Sleeve application from baseline 24 months (excluding 1-month lymphoedema)

Variable

Analysis

Univariate Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age (per year increase) 1.00 (0.99 to 1.01) 0.71 – –

BMI (kg/m2) at baseline (reference ≤ 25) 0.53 – –

> 25 to ≤ 30 0.99 (0.71 to 1.39) 0.96

> 30 1.18 (0.84 to 1.66) 0.35

ER negative 0.80 (0.54 to 1.17) 0.25 – –

Nodes positive (per-node increase) 1.04 (1.02 to 1.05) < 0.001 1.03 (1.01 to 1.05) 0.001

Adjuvant CT (yes) 1.34 (0.98 to 1.82) 0.065 – –

Adjuvant RT (yes) 2.08 (1.30 to 3.33) 0.002 1.93 (1.20 to 3.10) 0.007

Previous SN biopsy 0.98 (0.73 to 1.31) 0.89 – –

CT, chemotherapy; RT, radiotherapy; SN, sentinel node.
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For applied sleeves as the clinical definition of lymphoedema, univariate analysis revealed that adjuvant
radiotherapy (p = 0.008), adjuvant chemotherapy (p = 0.005), ER status (p = 0.076), ER negativity (HR 0.63,
95% CI 0.38 to 1.05), BIS of ≥ 10% (p < 0.001) and RAVI of ≥ 10% (p < 0.001) all predicted time to
lymphoedema after 6 months to 24 months.

The multivariable analysis included adjuvant radiotherapy (p = 0.021), adjuvant chemotherapy (p = 0.003), ER
status (p = 0.012), ER negativity (HR 0.51, 95% CI 0.30 to 0.86), BIS of ≥ 10% (p < 0.001) and perometer of
≥ 10% (p < 0.001) independently predicted time to lymphoedema after 6 months to 24 months (Table 25).

At 1 month, because both chemotherapy and radiotherapy had not commenced, the prediction was not
as good as that at 6 months. Early changes in arm volume (RAVI) had the highest HR and were the best
single predictor of subsequent lymphoedema.

Quality-of-life analyses: FACT-B scores
There are nine FACT-B+4 summary scores:27 physical well-being (PWB; score range 0–28), social/family
well-being (SWB; score range 0–28), emotional well-being (EWB; score range 0–24), functional well-being
(FWB; score range 0–28), breast cancer subscale (BCS; score range 0–40), arm subscale (ARM; score range
0–20), FACT-G total score (FACT-G = PWB + SWB + EWB + FWB; score range 0–108), FACT-B total
score (FACT-B = PWB + SWB + EWB + FWB + BCS, score range 0–148), and Trial Outcome Index
(TOI = PWB + FWB + BCS; score range 0–96). Descriptive summary data are shown in Appendix 16.

A simple comparison of the QoL data at each time point separately revealed that patients with
lymphoedema at 6 months (by either definition) had significantly lower FACT-B+4, TOI and ARM subscale
scores (Table 26 and 27). Poorer ARM subscale scores were also found at 12, 18 and 24 months (Table 28).

TABLE 24 Predictors of lymphoedema (defined by RAVI > 10%) after 6 months

Variable

Analysis

Univariate Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age (per year increase) 1.01 (0.99 to 1.02) 0.31 – –

BMI (kg/m2) at baseline (reference ≤ 25) 0.002 0.008

> 25 to ≤ 30 0.81 (0.48 to 1.36) 0.42 0.96 (0.56 to 1.67) 0.90

> 30 1.78 (1.13 to 2.79) 0.013 1.87 (1.16 to 3.02) 0.010

ER negative 1.27 (0.79 to 2.05) 0.33 – –

Nodes positive (per-node increase) 1.05 (1.03 to 1.08) < 0.001 1.05 (1.02 to 1.07) < 0.001

Adjuvant CT (yes) 1.24 (0.81 to 1.88) 0.32 1.61 (1.01 to 2.55) 0.044

Adjuvant RT (yes) 1.43 (0.80 to 2.55) 0.23 – –

Previous SN biopsy 0.68 (0.44 to 1.03) 0.069 – –

Arm measurements – 6 months (reference
< 3% increase)

< 0.001 < 0.001

RAVI ≥ 3 to < 5% increase 1.88 (1.06 to 3.33) 0.030 1.87 (1.03 to 3.41) 0.041

RAVI ≥ 5 to < 10% increase 5.58 (3.61 to 8.62) < 0.001 5.22 (3.22 to 8.47) < 0.001

BIS at 6 months (reference < 3% increase) < 0.001 0.069

≥ 3 to < 5% increase 1.48 (0.74 to 2.95) 0.26 1.54 (0.77 to 3.11) 0.22

≥ 5 to < 10% increase 1.37 (0.79 to 2.39) 0.26 1.25 (0.70 to 2.24) 0.44

≥ 10% increase 3.70 (2.30 to 5.95) < 0.001 1.98 (1.18 to 3.33) 0.010

CT, chemotherapy; RT, radiotherapy; SN, sentinel node.
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TABLE 25 Time to lymphoedema from 6 months to 24 months (excluding lymphoedema to 6 months): clinical
lymphoedema/applied sleeve

Variable

Analysis

Univariate Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age (per year increase) 1.00 (0.99 to 1.01) > 0.99 – –

BMI (kg/m2) at baseline (reference ≤ 25) 0.76 – –

> 25 to ≤ 30 1.09 (0.72 to 1.65) 0.67

> 30 1.18 (0.77 to 1.80) 0.45

ER negative 0.63 (0.38 to 1.05) 0.076 0.51 (0.30 to 0.86) 0.012

Nodes positive (per-node increase) 1.04 (1.02 to 1.06) < 0.001 – –

Adjuvant CT (yes) 1.78 (1.19 to 2.66) 0.005 1.92 (1.24 to 2.96) 0.003

Adjuvant RT (yes) 2.23 (1.23 to 4.03) 0.008 2.03 (1.11 to 3.71) 0.021

Previous SN biopsy 0.93 (0.65 to 1.33) 0.68 – –

Arm measurements – perometer at
6 months (reference < 3% increase)

< 0.001 < 0.001

RAVI of ≥ 3% to < 5% increase 1.94 (1.15 to 3.26) 0.013 1.57 (0.92 to 2.69) 0.099

RAVI of ≥ 5% to 10% increase 3.84 (2.47 to 5.96) < 0.001 3.13 (1.97 to 4.98) < 0.001

RAVI of ≥ 10% increase 12.56 (7.84 to 20.14) < 0.001 7.90 (4.78 to 13.06) < 0.001

Arm measurements BIS at 6 months
(reference < 3% increase)

< 0.001 < 0.001

≥ 3% to < 5% increase 1.27 (0.60 to 2.67) 0.53 1.48 (0.69 to 3.14) 0.31

≥ 5% to 10% increase 2.39 (1.47 to 3.89) < 0.001 2.51 (1.50 to 4.20) < 0.001

≥ 10% increase 5.65 (3.63 to 8.79) < 0.001 4.06 (2.51 to 6.58) < 0.001

CT, chemotherapy; RT, radiotherapy; SN, sentinel node.

TABLE 26 FACT-B at 6, 12, 18 and 24 months, respectively

Time (no : yes)

Lymphoedema, mean (SD)

p-valueNo Yes

Perometer of > 10%

Lymphoedema at 6 months (660 : 58) 107.4 (21.5) 101.0 (21.4) 0.030

Lymphoedema at 12 months (628 : 55) 112.0 (21.1) 103.7 (22.8) 0.005

Lymphoedema at 18 months (566 : 59) 113.6 (20.2) 106.2 (21.5) 0.008

Lymphoedema at 24 months (541 : 68) 114.1 (20.1) 108.0 (25.3) 0.059

Sleeve application

Lymphoedema by 6 months (683 : 60) 107.1 (21.5) 99.6 (23.5) 0.011

Lymphoedema by 12 months (577 : 121) 112.9 (20.4) 104.6 (24.3) 0.001

Lymphoedema by 18 months (518 : 124) 114.1 (19.9) 107.3 (21.6) 0.001

Lymphoedema by 24 months (466 : 151) 114.8 (19.8) 108.5 (23.8) 0.003
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At all time points, a significantly higher percentage of patients reporting swelling symptoms was found for
those with lymphoedema, and a significantly higher percentage of patients reporting heaviness symptoms
was found at 6, 18 and 24 months. Lower FACT-B+4, TOI and ARM subscale scores were found in the two
smaller restricted subsets of patients defined by ‘no sleeve’ usage. These lower scores were significant for
TOI (Table 27), and for the ARM subscale at 6, 12, 18 and 24 months. Likewise, a higher percentage of
patients with reported swelling and patients with reported heaviness symptoms were found for those with
lymphoedema in the smaller restricted subsets of patients defined by ‘no sleeve’ usage, and these remained
significant (Table 29). The absolute change in FACT-B+4 (p = 0.04), TOI (p = 0.046) and ARM subscale
(p = 0.009) scores between 6 and 24 months were significantly related to having lymphoedema at 24 months.

TABLE 27 FACT-B TOI at 6, 12, 18 and 24 months, respectively

Time (no : yes)

Lymphoedema, mean (SD)

p-valueNo Yes

Perometer of > 10%

Lymphoedema at 6 months (690 : 63) 64.7 (15.5) 58.0 (16.1) 0.001

Lymphoedema at 12 months (585 : 123) 70.0 (14.2) 63.6 (17.0) < 0.001

Lymphoedema at 18 months (523 : 128) 70.9 (14.0) 65.6 (14.6) < 0.001

Lymphoedema at 24 months (472 : 152) 71.5 (13.7) 67.0 (16.5) 0.003

Sleeve application

Lymphoedema at 6 months (669 : 59) 65.0 (15.4) 58.1 (15.3) 0.001

Lymphoedema at 12 months (637 : 56) 69.3 (14.6) 62.9 (16.2) 0.002

Lymphoedema at 18 months (570 : 63) 70.4 (14.2) 64.6 (14.2) 0.002

Lymphoedema at 24 months (546 : 70) 71.1 (13.9) 65.2 (17.8) 0.009

TABLE 28 FACT-B Arm subscale changes with time and lymphoedema

Time (no : yes)

Lymphoedema, median, IQR (range)

p-valueNo Yes

RAVI of > 10%

Lymphoedema at 6 months (688 : 60) 16, 13–18 (0–20) 14, 10–16 (0–20) < 0.001

Lymphoedema at 12 months (654 : 56) 16, 14–18 (0–20) 14, 10–17 (0–20) < 0.001

Lymphoedema at 18 months (583 : 64) 16, 14–18 (0–20) 14, 10–17 (0–20) < 0.001

Lymphoedema at 24 months (558 : 74) 17, 14–19 (0–20) 15, 10–17 (0–20) < 0.001

Sleeve application

Lymphoedema by 6 months (712 : 63) 16, 13–18 (0–20) 15, 10–16 (0–19) < 0.001

Lymphoedema by 12 months (598 : 127) 16, 14–19 (0–20) 15, 11–17 (0–20) < 0.001

Lymphoedema by 18 months (531 : 134) 17, 14–19 (1–20) 14, 11–16 (0–20) < 0.001

Lymphoedema by 24 months (483 : 157) 17, 14–19 (0–20) 15, 12–17 (0–20) < 0.001

IQR, interquartile range.
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Generalised estimating equation regression analysis to further analyse the changes in
quality-of-life scores over time

FACT-B Trial Outcome Index
Owing to the negative skew of the TOI variable, a transformation [log normalised (LN) (120 – TOI)] was
used for the GEE analysis to obtain a better approximation to a normal distribution. In a regression model
including the time variable, the estimated marginal mean (EMM) of TOI at each time point is presented
in Table 30. A total of 997 patients had some data in the model. There was a change in TOI over
time (p < 0.001).

TABLE 29 Lymphoedema self-report symptoms with time and lymphoedema: swelling and heaviness

Time (no : yes)

Lymphoedema, % (n)

p-valueNo Yes

RAVI > 10% (swelling)

Lymphoedema at 6 months (601 : 55) 31 (186) 91 (50) < 0.001

Lymphoedema at 12 months (591 : 53) 37 (219) 91 (48) < 0.001

Lymphoedema at 18 months (524 : 61) 36 (187) 89 (54) < 0.001

Lymphoedema at 24 months (525 : 70) 35 (185) 87 (61) < 0.001

Sleeve application (swelling)

Lymphoedema by 6 months (620 : 60) 30 (189) 90 (54) < 0.001

Lymphoedema by 12 months (540 : 119) 31 (167) 89 (106) < 0.001

Lymphoedema by 18 months (473 : 127) 28 (134) 88 (112) < 0.001

Lymphoedema by 24 months (449 : 153) 28 (126) 80 (123) < 0.001

RAVI > 10% (heaviness)

Lymphoedema at 6 months (620 : 57) 38 (233) 67 (38) < 0.001

Lymphoedema at 12 months (590 : 53) 40 (237) 66 (35) < 0.001

Lymphoedema at 18 months (523 : 59) 39 (202) 85 (50) < 0.001

Lymphoedema at 24 months (516 : 67) 40 (208) 73 (49) < 0.001

Sleeve application (heaviness)

Lymphoedema by 6 months (640 : 60) 37 (239) 68 (41) < 0.001

Lymphoedema by 12 months (544 : 112) 37 (203) 67 (75) < 0.001

Lymphoedema by 18 months (477 : 121) 35 (169) 74 (90) < 0.001

Lymphoedema by 24 months (441 : 149) 37 (164) 64 (95) < 0.001

TABLE 30 FACT-B TOI estimated marginal mean at each time point

Time point Estimated marginal mean of TOI 95% CI

Pre surgery 68.0 67.2 to 68.9

3 months 63.5 62.5 to 64.5

6 months 65.4 64.4 to 66.4

12 months 70.2 69.2 to 71.1

18 months 70.6 69.6 to 71.5

24 months 71.0 70.0 to 71.9
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A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
showed that TOI varied over the time period (p = 0.003), those with lymphoedema by 6 months had
significantly lower TOI overall (p = 0.028) and the interaction between time and lymphoedema status was
significant (p < 0.001). There was a difference in the pattern of change over time between those with and
those without lymphoedema (Table 31 and Figure 10).

The EMMs from the interaction term in the GEE analysis are presented below and in Table 31.

The main effect for the time variable was significant (p < 0.001). The main effect for the lymphoedema
status by 6 months variable was significant (p = 0.028), showing that there was a difference between the
lymphoedema status groups overall. Patients who developed lymphoedema by 6 months did not initially
have poorer QoL (TOI) scores than those who did not develop lymphoedema, but by 6 months their scores
were poorer and they remained poorer until 24 months, when the difference was no longer significant.

It is noteworthy that those without lymphoedema at 6 months begin to regain their QoL (TOI) at 3 months,
improving to be above pre-surgery levels by 12 months, whereas those who develop lymphoedema continue
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FIGURE 9 The FACT-B TOI EMMs over time for all patients and those with and those without lymphoedema at
6 months.

TABLE 31 FACT-B TOI EMMs at each time point for those with and without lymphoedema by 6 months

Time point

Estimated marginal mean of TOI (95% CI)

p-value
Without lymphoedema
by 6 months (n= 883)

With lymphoedema
by 6 months (n= 87)

Pre surgery 68.3 (67.4 to 69.2) 67.0 (63.9 to 70.0) 0.42

3 months 63.8 (62.7 to 64.8) 61.4 (57.8 to 64.8) 0.19

6 months 66.0 (64.9 to 67.1) 60.1 (56.4 to 63.5) 0.001

12 months 70.7 (69.8 to 71.7) 65.3 (61.8 to 68.5) 0.001

18 months 71.1 (70.2 to 72.1) 65.4 (61.9 to 68.6) 0.001

24 months 71.4 (70.4 to 72.4) 67.6 (64.0 to 71.0) 0.033

The p-values in this table have not been adjusted for multiple testing.
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to have worsening QoL until 6 months and do not regain QoL to pre-surgery levels until 24 months, and do
not surpass their pre-surgery QoL scores. This is an important finding, as it clearly and robustly indicates
poorer QoL in the group who develop lymphoedema following surgery.

FACT-B total scores
Owing to the negative skew of the FACT-B total score variable, a transformation [LN(160 – FACT-B)]
was used for the GEE analysis to obtain a better approximation to a normal distribution.

There was a change in FACT-B total over time (p < 0.001), and a borderline difference in the overall level
of the FACT-B scores between those with and without lymphoedema (p = 0.055) over time (Figure 10).
Although the difference between patients with and without lymphoedema indicated deficits in QoL from
3 months onwards, the pattern of change over time between groups was different (p < 0.001). The
EMMs from the GEE analysis are in Table 32. By 6 months patients without lymphoedema regained their
pre-surgery levels of total FACT-B score, whereas those who developed lymphoedema had persistent
FACT-B QoL deficiency until 12 months after surgery (see Table 32 and Figure 10).

TABLE 32 The FACT-B total scores EMM at each time point for those with and without lymphoedema by 6 months

Time point

EMM of FACT-B total score (95% CI)

p-value
Without lymphoedema
by 6 months (n= 882)

With lymphoedema
by 6 months (n= 87)

Pre surgery 110.9 (109.7 to 112.2) 109.4 (105.0 to 113.4) 0.48

3 months 107.8 (106.3 to 109.2) 105.3 (100.3 to 109.9) 0.32

6 months 110.1 (108.6 to 111.5) 104.0 (98.7 to 108.8) 0.018

12 months 115.5 (114.1 to 116.8) 109.5 (104.5 to 114.0) 0.012

18 months 115.9 (114.5 to 117.2) 109.2 (104.2 to 113.7) 0.005

24 months 116.0 (114.6 to 117.4) 111.8 (106.5 to 116.7) 0.11

The p-values in this table have not been adjusted for multiple testing.
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ARM subscale
Owing to the negative skew of the ARM subscale variable, a transformation [LN(22 – ARM)] was used for
the GEE analysis to obtain a better approximation to a normal distribution (data for 995 patients).

There was a change in scores over time (p < 0.001) for FACT-B ARM scores (Figure 11 and Table 34),
and a difference in the overall level of the ARM scores between those with and without lymphoedema
(p = 0.002). The pattern of change over time was different between the two groups (p < 0.001). For ARM
subscale values, all patients’ values declined which did not return to baseline by 24 months implying a
long-term arm symptom increase with ANC Surgery. ARM scores were persistently worse in those patients
who developed lymphoedema, and there was a decrease in ARM subscale EMMs from pre surgery to
3 months in both those with and those without lymphoedema by 6 months. The EMM of those without
lymphoedema by 6 months remained similar level to the EMM at 3 months before increasing slightly at
24 months but remained below the pre-surgery EMM. The EMM score at 24 months increased, although it
remained below the pre-surgery EMM (Table 33).

TABLE 33 ARM subscale scores EMM at each time point for those with and without lymphoedema by 6 months

Time point

EMM of ARM subscale (95% CI)

p-value
Without lymphoedema
by 6 months (n= 882)

With lymphoedema
by 6 months (n= 87)

Pre surgery 18.7 (18.6 to 18.9) 18.6 (17.9 to 19.1) 0.62

3 months 16.2 (15.9 to 16.4) 15.7 (14.7 to 16.5) 0.29

6 months 16.0 (15.8 to 16.3) 14.0 (13.0 to 14.8) < 0.001

12 months 16.2 (15.9 to 16.4) 14.4 (13.4 to 15.3) < 0.001

18 months 16.3 (16.0 to 16.5) 14.7 (13.5 to 15.6) 0.001

24 months 16.5 (16.3 to 16.8) 15.2 (14.2 to 16.0) 0.003

The p-values in this table have not been adjusted for multiple testing.
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Clinical lymphoedema/appropriately applied sleeve
Whether the clinical lymphoedema or applied sleeve variable is considered or the RAVI of > 10% definition
of lymphoedema, the multivariable analysis results are similar. The only difference of note is that type of
surgery is no longer associated with FACT-B at 12 months, although the direction of effect is the same as
when the RAVI of > 10% definition of lymphoedema was included in the model.

In addition to lymphoedema, the analysis identified BMI, current smoking and older age, which had not
previously been reported to influence FACT-B scores.

A similar analysis at 6 months found that chemotherapy significantly influenced scores, but the effect was
lost in multivariate analysis by 12 months (see Table 34).

TABLE 34 FACT-B+4: analysis of factors influencing the QoL scores

Variable

Analysis

Univariate Multivariable (n= 683)

EMM (95% CI) p-value EMM (95% CI) p-value

Lymphoedema in first 12 months

No 116.9 (115.4 to 118.4) 114.3 (112.1 to 116.5)

Yes 109.9 (105.9 to 113.6) < 0.001 106.4 (101.7 to 110.8) < 0.001

Adjuvant CT

No 117.9 (115.4 to 120.2) 0.051 – –

Yes 114.9 (113.1 to 116.6) –

Adjuvant RT

No 116.6 (113.2 to 119.7) 0.60 – –

Yes 115.6 (114.0 to 117.1) –

BMI (kg/m2) at baseline

≤ 25 120.3 (118.1 to 122.4) < 0.001 116.5 (113.4 to 119.3) < 0.001

> 25 to ≤ 30 114.8 (112.4 to 117.1) 109.4 (105.7 to 112.9)

> 30 110.3 (107.1 to 113.2) 105.0 (100.8 to 108.9)

Type of surgery

ANC/other 118.4 (115.7 to 120.9) 0.012 112.5 (108.7 to 115.9) 0.063

WLE+ANC 116.8 (114.2 to 119.3) 110.9 (107.1 to 114.5)

Mastectomy +ANC 113.4 (111.2 to 115.6) 108.1 (104.8 to 111.2)

Smoking

Never 117.1 (115.3 to 118.8) 0.012 113.9 (111.5 to 116.3) 0.018

Ex-smoker 114.7 (112.0 to 117.2) 111.1 (107.9 to 114.2)

Current 109.1 (103.0 to 114.5) 106.2 (99.5 to 112.1)

Age (years)

< 50 113.8 (111.1 to 116.3) 0.058 107.8 (103.9 to 111.5) 0.002

≥ 50 116.7 (115.0 to 118.4) 113.1 (110.4 to 115.6)

CT, chemotherapy; RT, radiotherapy.
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This is the first large prospective analysis of factors affecting QoL using FACT-B+4 in breast cancer patients
and has identified several new factors, such as smoking and BMI, which influence QoL. BMI was also
found to have important effects on QoL in the health economic analysis, strengthening the case for
encouraging weight loss strategies after cancer diagnosis.

Relationship between the lymphoedema checklist variables at 6 months and changes
in quality of life from baseline and relative arm-volume increase/bioimpedance
spectroscopy from 1 month
The lymphoedema checklist is a patient self-reported symptom checklist; the constituent symptoms were
compared with QoL changes in the study.

Greater reductions (from baseline to 6 months) in FACT-B, TOI and ARM subscale scores were found in
those with swelling, heaviness (p < 0.001) and numbness (p < 0.035 FACT-B; p = 0.051 TOI; and
p < 0.001 ARM).

For patients reporting swelling at 6 months, the reductions (from baseline to 6 months) in FACT-B (p < 0.001),
TOI (p < 0.001) and ARM subscale (p < 0.001) were greater than for those not reporting swelling.

For patients reporting numbness at 6 months, the reductions (from baseline to 6 months) in FACT-B (p = 0.035),
TOI (p = 0.051) and ARM subscale (p < 0.001) were greater than for those not reporting numbness.

For patients reporting heaviness at 6 months, the reductions (from baseline to 6 months) in FACT-B (p < 0.001),
TOI (p < 0.001) and ARM subscale (p < 0.001) were greater than for those not reporting heaviness.

Greater increases (from 1 month to 6 months) in the exact RAVI value and exact BIS values were found in
those with swelling (both p < 0.001), and in those with heaviness (RAVI p = 0.038 and exact BIS p = 0.004).

There were greater increases (from 6 to 24 months) in the exact RAVI value in those with swelling
(p < 0.001), and in those with heaviness (RAVI p = 0.001) both during the time period and the responses
at 24 months. No association was seen between 6 and 24 months with exact BIS values and swelling,
numbness or heaviness.

In summary, RAVI of > 10% or changes in RAVI more closely related to patient-reported symptoms of arm
swelling and heaviness throughout the BEA study.

Associations between changes in quality of life from baseline to 6 months and
perometry/bioimpedance spectroscopy at 6 months
There was a negative association between changes in TOI and RAVI (r = –0.10; p = 0.024) and BIS
(r = –0.14; p = 0.001) at 6 months. Larger reductions in QoL scores were found in patients who have had
larger RAVI/BIS increases.

Associations between changes in quality of life from baseline to 6 months and changes
in perometry/bioimpedance spectroscopy from 1 month to 6 months
There was a negative association between changes in TOI and changes in RAVI (r = –0.10; p = 0.024) and
BIS (r = –0.14; p = 0.001), and between changes in FACT-B and changes in BIS (r = –0.11; p = 0.011).
Thus, again greater reductions in QoL scores were found in those patients who had bigger increases in
RAVI/BIS values.

Quality-of-life overview
These results demonstrate significant and persisting impact of lymphoedema on QoL following diagnosis and
treatment for breast cancer. This is true for overall disease-specific HRQoL indicators reflected in the FACT-B
TOI and total FACT-B+4 scores and is pronounced in specific symptoms associated with lymphoedema
reflected in the ARM subscale scores. While overall QoL (TOI) does return to (or exceed) pre-surgery levels by
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12 months for those without lymphoedema and 24 months for those with lymphoedema, the arm-specific
measures indicate deficits for all ANC patients continuing until at least 24 months.

Most QoL studies in breast cancer have been cross-sectional and have not used instruments designed
specifically for lymphoedema. Most reported reduced QoL with onset of lymphoedema.23,26,27 The ALMANAC
QoL study, reported by Fleissig et al., found similar TOI and FACT-B+4 reductions in the ANC arm and
considered them due to surgery.26 Whereas 66% of their patients were node negative and the majority did not
receive chemotherapy, in contrast in the BEA study, all were node positive and 66% received chemotherapy.
There was a significant relationship between chemotherapy and QoL during the 6 months of treatment, but
patients developing lymphoedema in the first 6 months had a greater reduction in QoL than those who did not
develop lymphoedema. Whereas after the period during which chemotherapy was administered, QoL returned
to pre-surgical levels by 12 months in patients who did not develop lymphoedema, the QoL deficit was
prolonged after the development of lymphoedema until at least 24 months. Current smoking, BMI and age
also affected QoL scores. Self-reported symptoms were associated with lymphoedema development but
were not discriminatory predictors on their own.24 Subjective symptoms such as heaviness and particularly
‘considerable’ swelling correlated with QoL deficits, RAVI and BIS increase and are probably clear and simple
markers of adverse effects for many patients.23,26,27 Such simple to complete self-reported measures could play
an important part in clinical practice if widely adapted and combined with objective measures, and as seen
below they may also contribute significantly to predicting the development of lymphoedema.

Composite scoring model to define lymphoedema

Reference standard
In a review document published in 2011, the Agency for Health Research and Quality24 concluded that,
although rarely identified as gold standards, the frequency of use of different measures of limb volume
or circumference would suggest that these measures are the de facto gold standards for diagnosing
secondary lymphoedema.24

The proposed reference standard for this diagnostic test accuracy study is perometry (also known as
infrared optoelectric volumetry). Infrared light is used to measure the volume of a limb, at repeated sites
along the limb. Numerous studies have reported perometry as a reliable and valid method for determining
limb volume with excellent intra- and inter-rater reliability.6,9,36 Perometry has superseded the use of water
displacement as a reference standard. Its adoption into standard clinical practice has been hindered by the
relatively high cost of the perometer.

It is acknowledged that in studies of diagnostic test accuracy the reference standard is rarely 100%
accurate in practice. An imperfect reference standard can lead to difficulties in the interpretation of test
results. If we could assume, based on evidence, that perometry alone provides adequate classification of
the target condition, then we had intended to proceed with the diagnostic test accuracy with a reference
standard of perometry alone. However, the reference standard did not predict sleeve application and
was considered to provide inadequate classification. Given the degree of imperfection of the reference
standard, we then considered whether additional information provided adequate classification in the form
of a composite reference standard [using, for example, the addition of clinical presentation (application of
a sleeve for treatment), presence or absence of arm lymphoedema at 6, 18, 24 months, etc.].37–39

There is currently no gold standard for the definition of lymphoedema. Proposed definitions include a
200 ml limb volume difference; a 10% difference in arm volume; and a 2.0 cm circumferential difference
at any point on the arm. Widely accepted as diagnostic criteria, the measurements are not equivalent,
but constitute explicit, observable clinical definitions.23,24 The 2011 report for by the Agency for Health
Research and Quality concluded that based on the evidence in the extracted studies, there does not
appear to be a gold standard to formally grade or measure the severity of lymphoedema.24

We aimed to identify discriminatory factors for a composite index.39–41
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Diagnostic criteria for lymphoedema

The RAVI of > 10% is the most conservative criterion for diagnosis of lymphoedema, with two-thirds
of patients complaining of heaviness or swelling by 24 months. Figure 12 and Table 35 are the same
data shown diagrammatically and in tabular form. We considered whether a combination of RAVI and
self-reported symptoms might better define lymphoedema, and used both sleeve application and RAVI
of > 10% as the basis for redefining lymphoedema diagnosis. Overall, 86% of patients with a RAVI of
> 9 and 10% had a sleeve fitted (κ = 0.60).
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FIGURE 12 Temporal changes in self-reported symptoms from ARM subscale and objective measures of arm
swelling (≥ 10%, ≥ 9%, ≥ 5%, ≥ 200ml) compared with sleeve application (clinical lymphoedema).

TABLE 35 Changes in self-reported symptoms (heaviness, numbness and swelling) from ARM subscale and objective
measures of arm swelling over time

Symptom/measure

Month (%)

0 1 3 6 9 12 18 24

Numbness 12.9 17.1 66.8 80.8 84.7 88.8 91.7 93.3

≥ 200ml 8.3 21.2 32.6 46.1 52.5 58.4 64.3 69.1

Heaviness 8.7 10.6 29.4 43.4 50.6 57.8 63.1 68.0

Swelling 8.4 10.7 29.7 43.1 50.7 57.4 62.9 67.3

B3 ≥ 2 (from FACT-B+4) 7.6 9.4 24.8 36.3 40.2 45.6 50.2 53.3

≥ 5% vol 0.0 14.0 22.5 32.6 37.8 42.5 47.8 51.9

BIS of ≥ 10 3.8 15.0 19.7 29.8 34.2 37.8 41.8 44.6

≥ 9% vol 0.0 3.3 6.9 13.2 16.0 19.1 22.8 26.5

Clinical sleeve 0.0 0.2 3.2 8.4 13.2 18.2 21.6 24.5

≥ 10% vol 0.0 2.2 5.0 10.5 13.0 15.7 19.4 22.8
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Cohort of patients who had clinical lymphoedema or appropriately applied sleeve only
(excluding the PLACE trial patients)
A total of 223 patients had clinical lymphoedema (appropriately applied sleeve) by 24 months (79 by
6 months, 168 by 12 months); this excludes those who had a sleeve applied during the PLACE trial.

There were significant increases in the proportion of women with swelling, numbness and heaviness from
the time point previous to sleeve fitting to the time point the sleeve was fitted. There was a decrease in
the ARM subscale from the FACT-B+4 QoL questionnaire from before the sleeve was fitted to the time the
sleeve was fitted (Table 36).

The rates of symptoms reported in our BEA study are higher than those reported in the ALMANAC trial.26

The combination of arm swelling symptoms and nurses’ perception of poorer QoL of these women
(as reflected by their QoL scores) may have led to the application of compression sleeves in these patients
even though the RAVI was < 10% (Table 37). The perometer measurements for these patients are retained
at each site and the arm-volume changes over the different segments were reviewed with the case note/
source documents to understand the basis for sleeve application in the women for whom RAVI was < 10%
in order to be able to produce a composite measure of lymphoedema.

TABLE 36 FACT-B Total, FACT-B TOI and FACT-B ARM subscale scores at time of sleeve-indicated lymphoedema or
appropriately applied sleeve and measurement prior to fitting

Mean (SD), range

Paired t-test

Time point previous to clinical
lymphoedema or appropriately
applied sleeve

At time of clinical lymphoedema or
appropriately applied sleeve

Perometer (n = 206) 6.7 (6.5), –7.0 to 36.4 8.7 (8.5), –16.1 to 37.8 p = 0.001a

BIS (n = 199) 11.3 (14.0), –16.9 to 84.6 15.0 (17.9), –25.1 to 77.2 p = 0.002a

FACT-B (n = 169) 101.7 (23.0), 42.0 to 138.6 103.1 (23.0), 28.0 to 141.0 p = 0.23

TOI (n = 172) 60.4 (16.4), 20.5 to 88.7 61.6 (16.4), 9.0 to 89.0 p = 0.15

ARM (n = 174) 14.1 (4.5), 0 to 20 13.3 (4.4), 0 to 20 p = 0.011a

a These results are statistically significant.

TABLE 37 Self-reported symptoms (heaviness, numbness, and swelling) and objective measures of arm swelling at
time of sleeve-indicated lymphoedema or appropriately applied sleeve and measurement prior to fitting

Symptom/measure

Time point previous to clinical
lymphoedema or appropriately
applied sleeve (%)

At time of clinical lymphoedema or
appropriately applied sleeve (%) McNemar’s test

≥ 200ml (n = 206) 57 73 p < 0.001a

RAVI of ≥ 5% (n = 206) 55 71 p < 0.001a

RAVI of ≥ 10% (n = 206) 28 38 p = 0.014a

BIS of ≥ 10% (n = 199) 43 51 p = 0.081

Swelling (n = 163) 56 88 p < 0.001a

Numbness (n = 160) 70 84 p = 0.001a

Heaviness (n = 156) 47 65 p < 0.001a

a These results are statistically significant.
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We identified localised segmental swelling in the hand or upper, lower arm segments on source perometry
measurements such that if the forearm segment had a 10% volume increase (even if the whole arm RAVI
was < 10%), a compression sleeve was applied based on these clinical findings, and symptoms.23

Even after central review of source perometry data, there remained patients for whom decisions regarding
sleeve fitting were determined by lymphoedema nurses based on patient reports of worsening symptoms,
rather than on objective measurement of arm swelling. This finding is in line with results of the qualitative
study reported in WS3 below.

The RAVI and BIS values increased from before lymphoedema to the time of diagnosis but the mean values
for RAVI post sleeve application were < 9%, which implies that, in women with subthreshold arm-volume
increases whose symptoms worsened, sleeves were used to treat symptoms in the absence of objective
volume criteria defining lymphoedema.

Diagnostic accuracy of composite end-points analysis

Using a definition of clinical lymphoedema (applied sleeve), we assessed sensitivity, specificity, PPV and
NPV across a range of diagnostic criteria either alone or in combination for increased diagnostic accuracy.

At all time points examined (6, 9, 12, 18 and 24 months), a combination of RAVI of < 5% and B3 score of
3 or 4 (little or no swelling) provided a NPV of 99% and almost guaranteed that the patient would not
develop lymphoedema by 24 months.

Positive predictive value was highest overall using RAVI of > 9% and B3 score of < 2 at 9 months (74%).
At other time points the optimal criteria varied between RAVI of > 9 or 10% and B3 score of < 2 (PPV
50% at 12 and 18 months), although between 18 and 24 months BIS of > 10% added to PPV, increasing
it from 31% with RAVI of > 9%/B3 of < 2 to 41% with all three scores present.

Diagnostic accuracy for these composite end points (number diagnosed added to number excluded
with lymphoedema) was 94% (781/834), 94% (668/709) and 95% (526/553) at 6, 12 and 24 months,
respectively for a combination of RAVI of > 9%and B3 score of < 2 (self-reported ‘considerable’ swelling)
(see Appendix 17 for data analysis).

Using a combination of objective measures (RAVI of > 9%) and self-reported arm swelling (B3 subjective
measure) increased diagnostic accuracy for sleeve application. Given that some patients had sleeves
applied for arm/shoulder stiffness with little objective swelling, this is a surprisingly good fit for the data.

Changes in quality of life in relation to sleeve application
Overall, for patients who required treatment with a sleeve, an increase in their QoL occurred. Comparing
FACT-B+4 at two time points – the time the sleeve was applied and approximately 6 months after – there
was a mean increase of 2.96 (p = 0.021: t-test). Using repeated measures [analyses of variance (ANOVAs)
shown in Table 43], total FACT-B (p = 0.015), ARM (p < 0.001) and TOI (p < 0.001) all showed that QoL
decreased from baseline to the point before their sleeve was applied. FACT-B and TOI showed an
improvement at the time at which the sleeve was applied. At 24 months, FACT-B and TOI returned to
above pre-surgery levels, but the ARM subscale remained low.

Arm symptoms were not improved as much as overall QoL after sleeve application.

Repeated measures ANOVAs showing the changes in different QoL measurements at various points in
relation to the time of sleeve application (Table 38).

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

49



The patients split into two groups with regard to QoL changes following sleeve application. One group
were patients who met the conventional definition of lymphoedema (having a RAVI of ≥ 9% at sleeve
application) and another group contained patients who had a RAVI of < 9% at sleeve application. Patients
with complete data sets including (both their RAVI and total FACT-B+4) before and after sleeve application
were analysed. Sixty patients with sleeves applied were not included because of missing data.

The patients who had a larger increase in arm volume (median RAVI was 11.7%) had a mean FACT-B
score of 106.3 when their sleeve was applied. From sleeve application to the first time point afterwards,
approximately 6 months after, their QoL showed a large increase to 112.6 (p = 0.004), suggesting that
reducing arm swelling by treating lymphoedema is an important factor in improving their QoL.

The group with smaller amounts of arm swelling (i.e. with a median RAVI of 3.6%) had a lower mean FACT-B
score of 103.5 when their sleeve was applied, which increased by a small amount, from 105.5 (p = 0.20).
However, the arm volume in this group continued to increase, suggesting that the sleeve was not an
effective treatment.

Effect of self-reported arm swelling on quality-of-life benefit following
sleeve application
Within FACT-B+4 there are five questions, which relate directly to lymphoedema, including B3, which
relates to arms being either swollen or tender.

Repeated measures ANOVAs of total FACT-B, TOI and ARM at the time of sleeve application and afterwards,
split by the patients’ B3 score at the time of application B3 scores, are reverse coded, so a score of 0 is ‘very
much’ arm swelling and 4 is ‘not at all’.

The initial overall QoL scores for patients with little or no swelling are, as expected, significantly higher
than those for patients with considerable self-reported arm swelling. Likewise, patients with little arm
swelling have higher QoL scores (FACT-B+4, TOI) at 36 months post surgery.

Patients were grouped based on their self-reported B3 scores at the time of sleeve application. The group
with large amounts of arm swelling had B3 scores of 0–2 (81% of those with RAVI of ≥ 9% had a B3
score of 0–2 at sleeve application) and the group with little to no arm swelling had B3 scores of 3–4
(54% of those with RAVI of < 9% had a B3 score of 3–4) (p ≤ 0.005).

ARM subscale scores increased (improved QoL) when sleeve was applied for ‘considerable’ arm swelling
(B3 score 0–2) but were unaltered when little or no swelling was present (Figure 13).

TABLE 38 Quality-of-life subscale scores at time of pre surgery, before the sleeve was applied, at the time the
sleeve was applied and at 24 months

Subscale n

Estimated marginal mean (95% CI)

p-valuePre surgery
Before the sleeve
was applied

At the time the
sleeve was applied At 24 months

Total
FACT-B+4

92 107.0 (102.8 to111.1) 103.5 (99.2 to 107.9) 106.3 (102.2 to 110.4) 109.3 (104.6 to 114.0) 0.015

ARM 74 17.5 (16.5 to18.4) 13.6 (12.6 to 14.6) 12.8 (11.8 to 13.8) 13.1 (12.1 to 14.1) < 0.001

TOI 94 66.4 (63.5 to 69.3) 61.8 (58.7 to 64.9) 63.5 (60.5 to 66.5) 67.0 (63.7 to 70.3) < 0.001
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In the ARM subscale (p = 0.044) analysis, there was an interaction between having a B3 score of
0–2 (more arm swelling) or 3–4 (limited arm swelling) and the time points post sleeve application.
The interaction term was significant because of the increase in ARM scores after sleeve application in
patients with B3 scores 0–2, whereas there was minimal change in the ARM score post sleeve application
in patients with a B3 score of 3–4.

In the patients with considerable swelling, mean FACT-B and TOI increased (QoL improved) following
sleeve application. Among the group with B3 scores showing limited or no arm swelling, there were
small QoL increases. Patients with small amounts of arm swelling had higher QoL scores throughout until
36 months after their surgery (Table 39).

These data indicate that when patients self-report ‘considerable’ arm swelling, application of a sleeve in
‘correctly diagnosed’ lymphoedema successfully improves symptoms and QoL scores. However, if a sleeve
is applied without self-reported arm swelling and/or with no RAVI of > 9% (definition of lymphoedema),
no benefit in arm symptoms or QoL occurs.

The prescription of compression sleeves in ‘correctly diagnosed’ lymphoedema successfully improves symptoms
and QoL. Understanding and developing objective evidence for which patient groups benefit from treatment
with a compression sleeve has important implications for compression sleeve prescription and use in the NHS.

Scoring model to predict lymphoedema
The definition of lymphoedema used as the outcome for the logistic regression included both RAVI of
> 10% or a sleeve applied after 1 or 6 months up to 24 months.

Of the 1097 patients in the data set, 326 were classified as having either an appropriately applied sleeve or
clinical lymphoedema.

Fifty-one patients were identified as being given their sleeve as part of the PLACE trial and nine had a
sleeve applied to the contralateral arm (because of deep-vein thrombosis). These 60 patients were
excluded from consideration in the following analysis.

There were 266 patients with an appropriately applied sleeve or clinical lymphoedema.
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Model at 6 months predicting lymphoedema (relative arm-volume increase of > 10%)
The variables considered for the scoring model were RAVI at 6 months (categorical), BIS at 6 months
(categorical), TOI at 6 months, FACT-B total at 6 months, ARM subscale at 6 months, lymphoedema
checklist questions at 6 months (swelling, numbness, heaviness), B3 at 6 months (categorical: 0–2,
considerable swelling vs. 3–4, little to no swelling), age, BMI at 6 months, ER status, number of positive
nodes, adjuvant chemotherapy and adjuvant radiotherapy.

A total of 711 patients were included in this analysis.

A scoring model was produced based on the regression coefficients from the final model (Table 40).
The individual scores are the regression coefficients for binary or categorical variables rounded to the
nearest 0.5 and the regression coefficients for continuous variables to two decimal places owing to their
per-unit increase interpretation. The total ‘diagnostic’ score is given by summing the individual scores.
A patient with a higher total score is more likely to have a 10% RAVI volume increase.

This scoring model gives an area under the receiver operating characteristic (AUROC) of 0.80 (95% CI 0.74
to 0.85). For a cut-off score of 1.58 – where a patient with a score of ≥ 1.58 would be predicted to have
a 10% RAVI by perometer – the scoring model would give a sensitivity of 80.0% (68/85), a specificity of
67.7% (424/626), a PPV of 25.2% (68/270) and a NPV of 96.1% (424/441). The cut-off score was chosen
to maximise the sum of the sensitivity and specificity, giving equal weight to both.

Prediction scoring predicting lymphoedema (relative arm-volume increase of > 10%)
at 6 months (excluding bioimpedance spectroscopy)
Bioimpedance spectroscopy is not widely available in the NHS and therefore we concentrated on models
that could be used in any lymphoedema clinic in the UK. A total of 740 patients were included in this
analysis (Table 41).

TABLE 39 Self-reported arm swelling and QoL benefit following sleeve application

Subscale n

Estimated marginal mean (95% CI)

p-value
At sleeve
application

Approximately
6 months after
sleeve was applied

At 36 months post
surgery

FACT-B+4 total

B3 score of 0–2
(considerable
swelling)

36 102.9 (97.1 to 108.7) 105.5 (98.6 to 112.58) 108.9 (102.6 to 115.1) Time: 0.043

B3 score: 0.045

Interaction: 0.72B3 score of 3–4
(little to no swelling)

26 113.1 (106.3 to 119.9) 115.2 (107.1 to 123.3) 116.3 (109.0 to 123.7)

TOI

B3 score of 0–2
(considerable
swelling)

37 60.0 (56.2 to 63.8) 64.4 (59.9 to 68.9) 65.8 (61.6 to 69.9) Time: 0.011

B3 score: 0.002

Interaction: 0.33B3 score of 3–4
(little to no swelling)

27 71.3 (66.9 to 75.7) 72.6 (67.3 to 77.9) 73.4 (68.5 to 78.3

ARM

B3 score of 0–2
(considerable
swelling)

38 12.7 (11.7 to 13. 7) 13.3 (12.2 to 14.4) 14.2 (13.0 to 15.4) Time: 0.54

B3 score: 0.002

Interaction: 0.044B3 score of 3–4
(little to no swelling)

30 15.9 (14.8 to 17.1) 15.5 (14.2 to 16.7) 15.3 (13.9 to 16.7)
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A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
score is more likely to have a 10% RAVI perometer volume increase.

This scoring model gives an AUROC of 0.77 (95% CI 0.71 to 0.82). For a cut-off score of 1.41, where a
patient with a score of ≥ 1.41 is predicted to have a 10% perometer volume increase, the scoring model
would give a sensitivity of 72.1% (62/86), a specificity of 72.2% (472/654), a PPV of 25.4% (62/244)
and a NPV of 95.2% (472/496). The cut-off score was chosen to maximise the sum of the sensitivity and
specificity, giving equal weight to both. This model has similar AUROC and would be easy to apply in NHS
practice and its components would have few extra costs (i.e. FACT-B+4/lymphoedema checklist) in any
NHS setting.

TABLE 41 Prediction scoring model for lymphoedema at 6 months (includes BIS)

Variable OR (95% CI) p-value Score

RAVI at 6 months

< 3% 1 (–) < 0.001 0

≥ 3 to < 5% 2.47 (1.27 to 4.79) 1

≥ 5% to < 10% 9.10 (5.24 to 15.79) 2

BMI at 6 months

≤ 25 1 (–) 0.025 0

> 25 to ≤ 30 1.53 (0.82 to 2.86) 0.5

> 30 2.34 (1.26 to 4.35) 1

Number of positive nodes (per-node increase) 1.08 (1.04 to 1.11) < 0.001 0.07 × number of positive nodes

TABLE 40 Prediction model for lymphoedema at 6 months (with BIS)

Variable OR (95% CI) p-value Score

RAVI at 6 months

< 3% 1 (–) < 0.001 0

≥ 3 to < 5% 1.92 (0.96 to 3.86) 0.5

≥ 5 to < 10% 7.36 (4.10 to 13.24) 2

BIS at 6 months

< 3 1 (–) 0.030 0

≥ 3 to < 5 1.39 (0.57 to 3.38) 0.5

≥ 5 to < 10 1.87 (0.96 to 3.64) 0.5

≥ 10 2.58 (1.35 to 4.93) 1

BMI at 6 months (kg/m2)

≤ 25 1 (–) 0.015 0

> 25 to ≤ 30 1.53 (0.80 to 2.91) 0.5

> 30 2.53 (1.34 to 4.77) 1

Number of positive nodes (per-node increase) 1.08 (1.04 to 1.12) < 0.001 0.08 × number of positive nodes
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Model of prediction of lymphoedema (relative arm-volume increase of > 10%) from
1 month
Variables considered for the scoring model were RAVI at 1 month (categorical), BIS at 1 month
(categorical), TOI at pre-surgery, FACT-B total at pre-surgery, ARM subscale at pre-surgery, lymphoedema
checklist questions at pre-surgery (swelling, numbness, heaviness), B3 at pre-surgery (categorical: 0–2,
considerable swelling vs. 3–4, little to no swelling), age, BMI at pre-surgery, ER status, number of positive
nodes, adjuvant chemotherapy and radiotherapy.

A total of 522 patients were included in this analysis.

A scoring model was produced based on the regression coefficients from the final model as described
previously (Table 42). The total ‘diagnostic’ score is given by summing the individual scores. A patient with
a higher score is more likely to have a 10% RAVI perometer volume increase.

This scoring model gives an AUROC of 0.71 (95% CI 0.64 to 0.77). For a cut-off score of 0.82, where a
patient with a score of ≥ 0.82 is predicted to have a 10% perometer volume increase, the scoring model
would give a sensitivity of 62.9% (56/89), specificity of 70.7% (306/433), PPV of 30.6% (56/183) and NPV
of 90.3% (306/339). The cut-off score was chosen to maximise the sum of the sensitivity and specificity,
giving equal weight to both.

Prediction model: using sleeve as ‘lymphoedema’ definition after 6 months
The variables considered for the scoring model were perometer at 6 months (categorical), BIS at 6 months
(categorical), TOI at 6 months, FACT-B total at 6 months, ARM subscale at 6 months, lymphoedema
checklist questions at 6 months (swelling, numbness, heaviness), B3 at 6 months (categorical: 0–2,
considerable swelling vs. 3–4, little to no swelling), age, BMI at 6 months, ER status, number of positive
nodes, adjuvant chemotherapy and adjuvant radiotherapy (Table 43).

Patients with a RAVI of ≥ 10% before, or at, 6 months were excluded from the analysis.

A total of 548 patients were included in this analysis.

A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
total score is more likely to have a lymphoedema requiring a sleeve.

TABLE 42 Model of prediction of lymphoedema (RAVI of > 10%) from 1 month

Variable OR (95% CI) p-value Score

RAVI at 1 month

< 3% 1 (–) < 0.001 0

≥ 3 to < 5% 2.11 (1.06 to 4.19) 0.5

≥ 5% to < 10% 4.02 (2.18 to 7.39) 1.5

≥ 10% 8.89 (2.86 to 27.64) 2

Lymphoedema checklist swelling at pre-surgery

No 1 (–) 0.010 0

Yes 2.22 (1.21 to 4.09) 1

Number of positive nodes (per-node increase) 1.08 (1.04 to 1.12) < 0.001 0.07 × number of positive nodes
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This scoring model gives an AUROC of 0.76 (95% CI 0.70 to 0.82). For a cut-off score of 4, where a
patient with a score of ≥ 4 is predicted to have clinical lymphoedema or a sleeve applied, the scoring
model would give a sensitivity of 48.6% (34/70), a specificity of 90.0% (430/478), a PPV of 41.5% (34/82)
and a NPV of 92.3% (430/466). The cut-off score was chosen to maximise the sum of the sensitivity and
specificity, giving equal weight to both.

Again, this model uses simple measures easily available in the NHS and provides good prediction
of lymphoedema.

Model predicting lymphoedema (sleeve) development from 1 month post surgery
The variables considered for the scoring model were: perometer at 1 month (categorical), BIS at 1 month
(categorical), TOI at pre-surgery, FACT-B total at pre-surgery, ARM subscale at pre-surgery, lymphoedema
checklist questions at pre-surgery (swelling, numbness, heaviness), age, BMI at pre-surgery, ER status,
number of positive nodes, adjuvant chemotherapy and adjuvant radiotherapy (Table 44).

TABLE 44 Lymphoedema prediction model sleeve application from 1 month post surgery

Variable OR (95% CI) p-value Score

RAVI at 1 month

< 3% 1 (–) < 0.001 0

≥ 3 to < 5% 1.45 (0.88 to 2.41) 0.5

≥ 5% to < 10% 3.61 (2.33 to 5.59) 1

≥ 10% 5.70 (2.32 to 14.02) 1.5

Adjuvant radiotherapy (planned)

No 1 (–) 0.018 0

Yes 1.93 (1.12 to 3.31) 0.5

Number of positive nodes (per-node increase) 1.05 (1.02 to 1.08) 0.001 0.05 × number of positive nodes

TABLE 43 Prediction model: using sleeve as ‘lymphoedema’ definition after 6 months

Variable OR (95% CI) p-value Score

RAVI at 6 months

< 3% 1 (–) < 0.001 0

≥ 3 to < 5% 2.69 (1.36 to 5.31) 1

≥ 5% to < 10% 5.89 (3.07 to 11.30) 2

Lymphoedema checklist swelling at 6 months

No 1 (–) 0.003 0

Yes 2.31 (1.33 to 4.02) 1

ER status

Negative 1 (–) 0.045 0

Positive 0.40 (0.16 to 0.98) 1

Adjuvant radiotherapy

No 1 (–) 0.005 0

Yes 4.74 (1.61 to 13.92) 1.5
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A total of 837 patients were included in this analysis.

A scoring model was produced based on the regression coefficients from the final model. The individual
scores are the regression coefficients for binary or categorical variables rounded to the nearest 0.5 and
the regression coefficients for continuous variables to two decimal places due to their per-unit increase
interpretation. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a
higher total score is more likely to have a clinical lymphoedema or require a sleeve.

This scoring model gives an area under the receiver operator characteristic (AUROC) of 0.67 (95% CI
0.62 to 0.71).

Note that the ARM subscale is significant if included in the above model. However, only 558 patients
would be included in the model and the area under the curve (AUC) is not improved by a large amount by
its inclusion (AUC 0.67, 95% CI 0.62 to 0.73).

These models provide reasonable prediction of patients at risk of lymphoedema and those for 1 month
after surgery have only three variables and are simple to apply in a clinical setting.

Models from 6 months have higher AUROC and are a better fit because patients have completed their
treatments at that point.

Summary

The ability to individualise lymphoedema risk is an important step to tailor follow-up and advice to patients.
The models predicting at 1 month have lower diagnostic accuracy as patients have not completed adjuvant
chemotherapy or radiotherapy. Nonetheless, the main value may be in identifying women at sufficiently low
risk of lymphoedema at 6 months post surgery so they can be reassured and released from further arm
monitoring.

Health economics: estimation of health-related utility measures – data available
for analysis
A data extract was created in July 2017 containing EuroQol-5 Dimensions, three-level version (EQ-5D-3L)
data collected from 1100 BEA patients for up to 24 months.

Successful completion of all of the five dimensional questions (i.e. mobility, self-care, usual activities,
pain/discomfort and anxiety/depression) required for calculation of the utility measure was disappointing,
declining steadily from 82% to 62% during the 2-year period from baseline (Table 45). Most of the
incomplete records contained no data for any of the five questions and were therefore unusable for
analysis. Completed documents were more often missing for obese patients (BMI of > 30 kg/m2:
p < 0.0001) and current smokers (p < 0.004).

TABLE 45 Completion rates for the five QoL dimensions in the EQ-5D-3L patient forms

Time from baseline (preoperative) Complete record
At least one of the five
dimension ratings missing No data provided

Baseline 904 (82.1%) 17 (1.5%) 180 (16.3%)

6 months 811 (73.7%) 13 (1.2%) 277 (25.2%)

12 months 776 (70.5%) 15 (1.4%) 310 (28.2%)

18 months 711 (64.6%) 7 (0.6%) 383 (34.8%)

24 months 681 (61.9%) 12 (1.1%) 408 (37.1%)

Overall 3883 (70.5%) 64 (1.2%) 1558 (28.3%)
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The response to the EuroQol visual analogue scale (EQ VAS) question (requiring only a simple cross on a
scale between 0 and 100) was similarly disappointing (Table 46).

Of particular interest is the number of patients supplying a continuous sequence of complete EQ-5D-3L
data from baseline onwards, as this allows temporal changes in estimated health-related utility to be
tracked over time, and correlated with clinical events and the development of lymphoedma. As many as
possible of the EQ-5D ratings spoiled by missing dimension entries were remedied by tracing similarities in
the pattern of response in earlier and later completed forms, and interpolating where the patient showed
consistency of response over time. EuroQol forms with missing responses, which could not be remedied by
imputation, were excluded from subsequent analyses.

Table 47 shows that a full complete EQ-5D-3L record after imputation of missing values was available for
only 37% of the patient sample, and for 17% of patients no data were provided at all.

Data imputation
Most of the 40 EQ-5D ratings spoiled by missing dimension entries were remedied by tracing similarities in
the pattern of response in earlier and later completed forms and interpolating where the patient showed
consistency of response over time. Only four were found to be wholly or partly irredeemably flawed and
excluded from subsequent analyses.

Data analysis
The objective of the analysis carried out on this data set was to identify and quantify the mean change in
the EQ-5D-3L utility estimate attributable to the presence of confirmed clinical lymphoedema. Ideally, this
would be carried out by using complete sequences of utility estimates over 24 months, and comparing those
recorded for patients developing lymphoedema with those for patient who remained lymphoedema-free

TABLE 46 Completion rates for the EQ VAS in the EQ-5D-3L patient forms

Time from baseline (preoperative)

EQ VAS rating, n (%)

Provided Missing

Baseline 895 (81.3) 206 (18.7)

6 months 793 (72.0) 308 (28.0)

12 months 773 (70.2) 328 (29.9)

18 months 698 (63.4) 403 (36.6)

24 months 678 (61.6) 423 (38.4)

Overall 3837 (69.7) 1668 (30.3)

TABLE 47 Distribution of patients providing useable EQ-5D-3L data over continuous periods of time

Continuous sequence of EQ-5D-3L data from baseline
(preoperative) Patients with complete useable data, n (%)

No EQ-5D data provided at any time point 190 (17.3)

Baseline data only 212 (19.3)

Baseline

6 months complete 123 (11.2)

12 months complete 105 (9.5)

18 months complete 62 (5.6)

24 months complete 409 (37.2)
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throughout. Unfortunately, the poor completion rates described above result in only 140 patients
developing lymphoedema during the trial and also having a full valid sequence of EQ-5D-3L responses from
baseline to 24 months after imputation: limiting the reliability of estimates of disutility obtained. However,
alternative methods of analysis have been explored in order to obtain an approximation to the magnitude of
the effect of lymphoedema on patient experience.

A search for potentially confounding patient characteristics likely to affect the estimation of patient utility
values identified a prospective cohort study of lymphoedema patients at the University of Pennsylvania
Lymphoedema Clinic, which described 124 patients with upper extremity cancer lymphoedema and
reported EQ-5D-3L results.42 The severity of the lymphoedema had little effect on the mean estimated
utility value, but the authors reported strong associations between estimated utility and BMI, higher BMI
being associated with lower utility scores.

An initial exploratory regression analysis of the BEA data confirmed a similarly strong association between
patient BMI and EQ-5D-3L utility estimates in our study.

Figure 14 demonstrates that obese and very obese patients are more likely to develop lymphoedema
(chi-squared test, p = 0.023). As patient recruitment to the BEA study was not randomised, it was
necessary in any comparison between subcohorts to apply a corrective adjustment to counter baseline
differences in BMI.

Another patient characteristic known to influence patient-reported utility is the age of patients. An analysis
was undertaken of the relationship between the age at which patients entered the BEA study, and their
propensity to develop lymphoedema in the 2 years following surgery.

Figure 15 shows that differences in the distribution of patients by age is less pronounced between those
who did and did not develop lymphoedema during the study, which is confirmed by a non-significant
chi-squared test result (p = 0.39). Correlation analysis between age and utility estimates confirmed that no
significant bias is associated with variations by age. Therefore, it was concluded that no adjustment for age
was necessary to standardise between the two cohorts.
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FIGURE 14 Association between the incidence of lymphoedema (assessed by perometry) and patient BMI.
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For a total of 403 patients, full EQ-5D responses were submitted or derived by imputation across the
2-year period from baseline (i.e. five data sets at 6-monthly intervals) and a valid BMI could be calculated.
Of these, 137 (34%) were identified with primary lymphoedema during the 2-year period, and 266 (66%)
were lymphoedema-free throughout. The mean EQ-5D utility estimates are shown in Figure 16, unadjusted
for BMI. Patients with lymphoedema are shown in three subgroups according to whether the diagnosis was
made by perometry, by clinical assessment with fitting of a compression sleeve, or both in combination.

Figure 17 shows the same comparison following adjustment of utility estimates in the three lymphoedema
subgroups to match the mean BMI in the lymphoedema-free group at individual patient level to a common
BMI average (26.6 kg/m2). It is important to note that none of the graphical differences in either chart is
statistically significant, because of the small number of cases in each of the lymphoedema subgroups.

Nonetheless, it is possible to identify suggestive patterns in these data:

l There is a consistent loss of estimated patient utility at the 6-month assessment relative to the
preoperative (baseline) values, consistent with the impact of recovering from surgery.

l By the 12-month assessment, there is a general recovery of at least some of the initial utility loss.
l Patients who do develop lymphoedema in the 24-month period post surgery appear to recover to

similar utility levels to those recorded at baseline.
l The subgroups which featured the need for a compression sleeve to be fitted when lymphoedema was

diagnosed (whether or not perometry was used to confirm the diagnosis) generally failed to recover to
preoperative utility levels during follow-up.

l The very small subgroup who were found to have developed lymphoedema by perometry but were not
deemed clinically to require a sleeve fitting appear to recover to preoperative utility levels (or possibly
better), although this may be related to small number uncertainty.

Of particular interest in assessing the cost-effectiveness interventions aimed at reducing the incidence
and/or impact of lymphoedema is the estimation of patient-reported disutility attributable to experiencing
lymphoedema over an extended period of time. This involves comparing utility estimates for patients with
and patients without lymphoedema from the BEA study population.
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This has been performed by identifying any patient with a diagnosis of lymphoedema by any method within
the first few months after baseline, for whom a full sequence of five utility estimates are available. This limits
consideration to patients with at least 6 months experience of the condition. A total of 41 patients fulfilled
this criterion, and their utility values at 12, 18 and 24 months were compared with data at the same time
points from patients never experiencing lymphoedema.

The results are shown in Table 48 and indicate consistent non-zero disutility estimates at all three time points.

Averaged over this 12-month period of observation, patients with extended experience of lymphoedema
recorded a mean utility score of 0.721, compared with 0.823 for patients with no recorded lymphoedema,
giving an estimated mean disutility attributable to lymphoedema of –0.102 (95% CI –0.127 to –0.076).
If BMI-adjusted utility values are used instead, the size of this effect would reduce to –0.073 (95% CI
–0.122 to –0.023).

A search of the literature for comparable research-based estimates of the disutility associated with
lymphoedema following breast surgery proved fruitless. Only one published cost-effectiveness study
included an assumed value for disutility of –0.03, justified only as the ‘smallest clinically important
difference in utility’.2,43 The estimates obtained using the available BEA data, although not definitive,
are statistically significant and evidence-based, and should, therefore, be considered superior.

Further analysis of the BEA data will be possible and will also be performed for PLACE trial participants.

Data analysis: lymphoedema incidence
Another important statistic required to carry out a cost-effectiveness analysis is the incidence rate of
the key outcome variable, in this case the proportion of patients confirmed to suffer from clinical
lymphoedema, and the timing of such events.

Data on the first recorded time of confirmed lymphoedema have become available for a period exceeding
5 years from baseline. This has made a Kaplan–Meier analysis of the timing of the first recorded lymphoedema
event (i.e. the duration of the initial lymphoedema-free period from baseline) possible, as displayed in
Figure 18.

This exhibits a typical profile as seen in studies where assessments are carried out at predetermined
intervals, but that the precise timing is spread over several weeks around the target time. This gives rise to
periods of time between planned assessments when only a very few ‘opportunistic’ primary lymphoedema
events are recorded, followed by multiple events occurring either side of each planned assessment time.
To mitigate the bias introduced by the study design, it is necessary to identify an ‘envelope’ of accurate
data points corresponding to the time at the end of ‘step-down’ phase of the prespecified assessment
times. At these points all planned and opportunistic events up to that time are included. These ‘envelope’
data are represented in the chart by the large circles in Figure 18.

TABLE 48 Mean EQ-5D-3L utility for patients experiencing lymphoedema for 6 months or more, compared with
patients without lymphoedema for 2 years (unadjusted for BMI)

Patient group

Mean utility
Average estimated
utility12 months 18 months 24 months

Patients without lymphoedema (n = 268) 0.825 0.823 0.821 0.823

Patients with lymphoedema for
≥ 6 months (n = 41)

0.755 0.680 0.729 0.721

Estimated lymphoedema disutility –0.070 –0.143 –0.092 –0.102
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FIGURE 18 Kaplan–Meier survival analysis of primary lymphoedema incidence in BEA patients, compared with the Pennsylvania study.44
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Using sections of the envelope data, it was possible to estimate the annual incidence rate of primary
lymphoedema at different periods of time. In the first 6 months from baseline, the incidence rate was
16.4% per annum, contrasting with 9.5% between 9 and 24 months, and 4.9% between 36 and
60 months. Clearly, the risk of lymphoedema-free patients suffering a primary event decreased steadily
throughout the 5-year observation period.

Figure 18 also shows comparable 5-year lymphoedema incidence from a study of 631 breast cancer
patients in Philadelphia and Delaware Counties, Pennsylvania.45 Although these patients suffered higher
incidence of lymphoedema throughout, the difference between the two trends is wholly attributable
to a much higher incidence in the first 12 months (74% lymphoedema-free in the Pennsylvania study,
compared with 85% lymphoedema-free in the current study), but the risk of developing lymphoedema
thereafter was very similar to that found in the current study.

To estimate the incidence of primary lymphoedema at future times beyond the available data set, a range of
standard statistical parametric models was fitted to the envelope data. However, this proved disappointing,
with poor correspondence to the trial data when some functions were tested and unrealistic estimates of
the mean long-term time spent lymphoedema-free for other functions.

An alternative approach was attempted, which sought to incorporate the existence of an unknown
proportion of the study population who were at zero risk of lymphoedema. This method did not generally
improve the correspondence of fitted models to the study data and led to a wide variation in the estimates
of the zero-risk subset of the population (between 33% and 58%). Therefore, it has been concluded that
without additional evidence from other sources it is not possible to obtain reliable estimates of the number
of patients suffering lymphoedema beyond the available data and the timing of incident events.

WORKSTREAM 2: COMPARING BEA AND EARLY ARM-VOLUME INCREASE
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Workstream 3: graduated compression
garments to prevent onset of chronic
lymphoedema

Sentinel lymph node biopsy staging reduces the need for ANC, but 30% of breast cancer patients are
node positive and require ANC to remove diseased nodes.21–24

A clinical end point of > 10% increase in ipsilateral arm volume (vs. contralateral arm) is an accepted
criterion for a diagnosis of lymphoedema.21–24 Up to 40% of women develop lymphoedema by 18 months
post ANC based on this criterion. Intervention before arm swelling becomes chronic may prevent the
complications of lymphoedema after ANC.

The management of patients after ANC does not routinely include prospective measurement of the
ipsilateral arm. In the absence of prospective arm measurements, early changes preceding lymphoedema
are difficult to detect. Consequently, patients present with marked arm swelling before being considered
for treatment.20–22 Initially when a patient presents with concerns about their arm (unless measurement
confirms arm swelling equivalent to a 10% arm-volume increase, compared with the contralateral arm),
advice is provided regarding arm massage, active movement (series of exercises) and limb elevation, and
on avoiding injury and infection of the affected limb(s).23,28,29

Graduated compression garments, which decrease the amount of interstitial fluid (especially during
exercise), are designed to cover the entire area of oedema and are graduated with the greatest
compression at the distal end and the least compression at the proximal end. They have been shown to
produce reductions in arm swelling by 4–24% in small single-centre randomised trials.23,28,29 Once arm
swelling reduces, to maintain compression on the subcutaneous tissues refitting of a tailored compression
sleeve is required. Early intervention before gross arm swelling occurs will reduce the need to refit sleeves
because these become looser and no longer fit the arm with the correct pressure gradient.

In the ALMANAC trial, ANC patients had a 40% incidence of lymphoedema by 18 months after surgery
overall; however, for those women who developed 4–9% increases in arm volume, there was a 60%
lymphoedema incidence at 18 months post surgery.20,46

Conventional advice is that early arm swelling does not portend chronic swelling and should be treated
conservatively.23,28,29 Arm swelling of 4–9% is usually not clinically apparent unless arm measurements have
been made preoperatively, and only 15% of women in the ‘ANC arm’ of the ALMANAC trial complained of
significant swelling at 6 and 18 months.20,27 Early intervention (in a group of patients with 4–9% arm
swelling) with a compression garment may prevent the development of chronic lymphoedema.23 Research
has shown that as arm swelling is treated and subsides, QoL significantly improves.23,26,28 Currently, there is
no evidence to support the value of compression garments in preventing lymphoedema after ANC.

There is a need to test early intervention in women after ANC, with a 50–70% risk of lymphoedema at up
to 9 months after surgery. We used graduated compression sleeves to test whether prevention in women
at high risk of lymphoedema is potentially better than current management and our current inability to
cure the condition.

Design

The design was a randomised open controlled trial testing (1) standard care (written advice, arm elevation,
exercises and massage) versus (2) the intervention, application of whole arm graduated compression
garments (pressure 15–24 mmHg) to the affected arm, together with standard management for 1 year
(see Appendix 18).
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As women randomised to compression garments were given four compression garments for their wardrobe,
we expected that in this group the extra training and reinforcement of the importance of preventing arm
swelling will mean that they will reutilise their sleeves if necessary even if they are no longer being
prescribed new sleeves at the end of the 1-year intervention to prevent substantial progression of arm
swelling between clinic visits.

Primary outcome

l Time to development of lymphoedema (RAVI of > 10% assessed by perometer scanning)
from randomisation.

Secondary outcome

l Time to development of moderate lymphoedema (RAVI of > 20%) from randomisation.
l Quality of life in each group (TOI and FACT-B+4 ARM subscale).
l Costs and utility measurement of individual strategies (EQ-5D-3L utility measures).
l Incidence of infection/lymphangitis.
l Incidence of lymphoedema at 5 years post surgery (NB 90% of lymphoedema develops by 3 years

post ANC).

Setting

Breast outpatient clinics in teaching and district hospitals affiliated with specialist lymphoedema clinics.

Target population

Women with node-positive, early breast cancer scheduled to undergo ANC who consent to preoperative
arm measurements with a perometer and subsequently develop a 4–9% increase in arm volume at 1, 3 or
6 months post surgery.

Inclusion criteria

l Women aged 18–90 years.
l Early breast cancer (no metastasis), scheduled to undergo ANC.
l Consented to prior (pre-surgical) arm measurements who develop arm-volume increases of 4–9%

within 6 months after surgery.
l Written informed consent.

Exclusion criteria

l Any patients with no pre-surgical baseline measurements.
l Known distant metastasis.
l Inoperable breast cancer (T4 category or distant metastasis).
l Node negative not undergoing axillary clearance.
l Previous axillary radiotherapy or clearance.
l Past history of breast/chest wall radiotherapy prior to commencement of monitoring.
l Bilateral axillary clearance.
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Results

One hundred and forty-three patients have been randomised (74 to no sleeve standard care and 69 to
compression sleeves plus standard care) between 1 October 2010 and November 2015. On account
of slow recruitment, the number of centres was increased from 7 to 21 by November 2013 and a
qualitative study commenced to understand the reasons behind the poor recruitment compared with
that expected.

Qualitative nested study of recruitment

The qualitative study is more fully reported in Appendix 19.

In-depth interviews were conducted with 38 purposively sampled patients and 16 purposively sampled
recruiting staff, from five purposively selected trial sites and two PLACE trial management staff. Recruiting
staff were initially invited to participate in focus groups using vignette techniques to explore issues in the
recruitment of patients to the trial and were then interviewed one to one. Interviews were audio-recorded,
transcribed verbatim and subject to analysis using framework analysis themes. This included patient
motivators with patients identifying participating because of altruistic reasons as well as belief that they
would receive ‘better care’ due to closer monitoring from the breast cancer research nurses and access
to a specialised team.47 On the other hand there were also patient barriers and a major reason cited was
‘inappropriate timing’ of the trial for their individual circumstances and not wanting to burden themselves
with further commitments. One older patient (aged 87 years) considered herself ‘to be too old’ to be
bothered with taking part. Some patients declined if their preference for their preferred allocated study
arm was not met. Patients also reported withdrawing from the study as they found wearing the study
sleeve uncomfortable or stigmatising. Most patients commented on the professional and caring attitude of
recruitment staff and this was identified as an organisational facilitator. However, there were also a number
of organisational barriers related to procedures/protocol not being followed correctly or misunderstood, lack
of training/confidence in explaining the RCT, auditing and trial management issues, as well as staffing issues.

Procedural issues

It became apparent that recruitment staff did not always follow the PLACE trial protocol or study procedures
correctly and eligible patients were not always invited to participate. Recruiting staff held variable
interpretations of who was eligible for the trial, and there was evidence of a ‘wait and see’ culture, whereby
they assumed that they could wait to see if patients were still eligible at later check-up appointments. In
some sites this appeared to be the norm, but it had the effect that patients ‘timed out’ at 9 months and thus
became de facto ineligible. Most recruiting staff were nurses and they experienced role conflict between
their professional roles as clinician and patient advocate and recruiter. These recruiters acted as gatekeepers
and often appeared to have assumed that taking part in the RCT would be burdensome, or not beneficial to,
for example, patients undergoing chemotherapy. In addition, some patients presenting with reports of
distressing symptoms (swelling, heaviness, etc.) or arm swelling towards the upper limit of eligibility for the
PLACE trial would be referred directly to the lymphoedema service instead of being entered into the trial.

There were also problems with lack of understanding of the rationale for the trial (misunderstanding of
equipoise), explaining the RCT incorrectly to patients, and presenting the randomisation process in ways
that may have been off-putting to patients. One recruiter reported that she could not see the benefit
of taking part in the PLACE trial, which may have reduced recruitment. A number of patients were
interviewed specifically because, according to screening logs, they had been approached and had declined
to participate. Some reported no recollection of being approached, and it is not clear if they had been
explicitly approached to participate and had forgotten, or if the approach had been rather informal and
‘throw-away’ and not recognised as a request to participate by the patient, or if they had indeed not
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actually been asked to take part, but that the recruiter had logged this incorrectly, either intentionally
or inadvertently.

Although screening logs were completed across recruiting sites, these could not be verified. Staff were
not accountable to the research team as they were employed by NIHR Clinical Research Network and had
competing trials to recruit to. High turnover of recruitment staff was cited as having a detrimental impact
on recruitment. As staff were managed by the network rather than the trial, the trial management team
were not made aware of staff changes, and were thus not in a position to ensure training to new staff
outside the regular site visits and updates.

In overview, staff struggled with role conflict, problems in understanding and explaining the trial and did not
always prioritise this trial. Indeed, nurses reportedly felt that they should use clinical judgement to assess patients’
eligibility to the trial rather than simply base it on arm swelling criteria. They tended to adopt a ‘wait and see’
approach, which resulted in eligible patients timing-out, and/or were overprotective and referred directly to
specialist services rather than entering the patient into the trial. As the IDMC closed recruitment before we
could feed back results from the qualitative work, we do not know if any of the changes to recruitment
procedures that would have followed from our qualitative work could have improved recruitment. These
findings concur with other reports in the literature (e.g. Quintet Recruitment Intervention) and suggest that
qualitative work of this sort should become an integral part of trials from the outset, to provide insight into
recruitment and facilitate improved recruitment rates.

Qualitative study conclusion

Assumptions made by recruitment staff that taking part in the RCT may be burdensome for patients had a
significant impact on recruitment behaviour, which in turn led to poor recruitment rates. During recruitment
encounters, staff acted as gatekeepers by only suggesting taking part in the PLACE trial with those patients
who were deemed suitable for the trial, rather than with all patients who met the inclusion eligibility criteria.
Making a clinical judgement not to recruit patients in this way is perceived as paternalistic. For example,
PLACE trial recruiters were making decisions on their patients’ behalf with the view that, as clinicians, they
knew what was best for patients. Certain recruiters generally described their focus was on protecting and
caring for patients’ needs rather than sharing knowledge and information about the RCT.

Current position of the PLACE trial

The IDMC in March 2016 recommended that the trial close to further recruitment as it was unlikely to
reach 270 patients in any reasonable time frame and no further centres had been identified. Moreover,
BEA had reached 1100 patients and it appeared that around 25% developed an arm-volume increase of
4–9% and were eligible for the PLACE trial. The trial remained open to BEA recruits who had been offered
PLACE trial entry if they developed arm-volume increases of 4–9%. Recruitment ceased in late November
2016 and follow-up of participants continued until November 2018.

In general, groups were well matched in BMI, age, dominant arm, side of operation, smoking history,
type of surgery and radiotherapy treatments. The median follow-up was 22 months (Table 49).

The overall lymphoedema rate is 40% with a 33% Kaplan–Meier lymphoedema rate by 24 months
currently. The final results from this trial will not be available until all patients have a minimum 2-year
follow-up (November 2018).

After March 2016, when the CTU statistician retired, closer consideration of the PLACE trial data by
Julie Morris (trial statistician, appointed May 2016) indicated the overall lymphoedema rate to be 40%
and, with longer follow-up, it remains possible that an outcome from the trial will be found, particularly
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TABLE 49 Characteristics of participants in the two arms of the PLACE trial

Characteristic

Trial arm

No sleeve (N= 74) Sleeve (N= 69)

BMI (kg/m2) (preoperatively) 27.8 (95% CI 17.2 to 45.3) 28.7 (95% CI 16.9 to 60.9)

BMI (kg/m2) (at PLACE trial entry) 26.9 (95% CI 18.0 to 47.0) 28.4 (95% CI 20.7 to 58.4)

Difference between arms in % change (at PLACE trial entry) 5.9 (95% CI 4.1 to 8.9) 6.4 (95% CI 4.0 to 8.5)

Follow-up (months from randomisation) 23 (95% CI 0 to 59) 21 (95% CI 0 to 61)

Age (years) at randomisation 55.5 (95% CI 33.5 to 89.9) 55.8 (95% CI 32.0 to 86.9)

Tumour site (n)

UO 34 37

UI 9 7

LO 9 2

LI 6 2

Central areolar 5 10

Other 11 11

Side (n)

Right 38 28

Left 36 41

Dominant hand (n)

Right 69 64

Left 5 5

Smoking history (n)

Never 49 35

Ex 20 25

Current 5 9

Type of surgery (n)

ANC 13 15

WLE + ANC 23 17

Mastectomy + ANC 36 34

Other 2 3

Post-surgery radiotherapy: yes (n) 59 58

Dose (cagy) (n = 59) 4005
(95% CI 3960 to 5605)

(n = 58) 4005
(95% CI 1068 to 6010)

Number of fractions 15 (95% CI 15 to 25) 15 (95% CI 4 to 30)

Site of radiotherapy (n)

Breast 28 25

Breast + SCF 18 21

Breast + axilla 3 2

Breast + SCF + axilla 3 2

Other 7 8

LI, lower inner; LO, lower outer; UI, upper inner; UO, upper outer.
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combining the data in a meta-analysis with those from a similar trial being conducted in Boston, MA, USA
(principal investigator, A Taghian). The PLACE trial remains the largest multicentre external compression
garment trial to prevent lymphoedema, as the previous four trials of compression garments recruited only
85 patients in total and were all single centre. The results from this trial will be crucial to inform the future
direction of lymphoedema management and the value of external compression garments to prevent
lymphoedema. It appears that baseline and regular arm measurements combined with information leaflets,
advice and exercises such as simple lymphatic drainage may reduce rates of lymphoedema development and
are valuable in a high-risk population. Although rates of axillary clearance surgery in breast cancer are
reducing for low node-positive breast patients (fewer than three nodes involved), clearance surgery remains
the treatment for node-positive breast and melanoma patients with involved nodes. Key findings from the
PLACE trial are thus likely to be generalisable and applicable in the future.

Patient and public involvement

Patient and public involvement (PPI) occurred during the life of this project from its inception right through
to its end. Patient representatives sat on the management committee, giving a patient perspective on how
the project was undertaken. Their input of was invaluable in ensuring that the patient point of view was
never lost in how the WS were conducted.

Workstream 1
The consumer panels of three cancer research networks were consulted in the development of the
research protocol for WS1. The response was positive, supportive and constructive in all cases. For
example, one panel wrote, ‘This is a most excellent study that is badly needed’. Recommendations from
the panels were integrated into the design of the study.

Similarly, the suggestions of patient representatives on the cancer research networks were followed for
training research staff. Patient representatives consented to carry out training interviews with research staff
giving them feedback on their interview technique. This proved particularly useful to provide insight into and
experience of interacting with supportive ‘patients’ themselves. Recommendations about the design from
both WS1 and WS2/3 panels were integrated into the design and helped with the Trial Management Group.

Workstream 2
A group of 10 people with lymphoedema from University Hospital of South Manchester were involved in
helping us to develop better treatments for lymphoedema, primarily with regard to different designs of
compression sleeves. We involved them in the design of this trial and the quality-of-life measures. They
commented that they would have preferred to have had earlier intervention with external compression
garments than to have undergone manual lymphatic drainage and compression therapy once they had
developed lymphoedema.

Two patients who developed lymphoedema within 2 years of ANC surgery agreed to sit on the patient
management group and were both initially involved with this project. Unfortunately, both died during
the first 3 years of the project, and two further patient representatives were subsequently involved.
A qualitative study consulted patients to understand the poor recruitment in the PLACE trial.

We involved the PPI forum within University Hospital of South Manchester to ensure that patients and the
public were formally involved in plans to carry out research, monitor progress, implement findings and
monitor the impact on services. We have liaised with charities that have a role in patient support, including
BCC and Breakthrough Breast Cancer, to involve the public and patients in this research.
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Discussion

Over 2000 NHS patients took part in these studies in nearly 50 NHS breast units and we appreciate the
contributions of all the patients, doctors and nursing staff, without whom these studies would not have
been possible. Although WS1 commenced on time, delays in opening WS2 and WS3 because of delays in
site approval of the BIS device, and the subsequent need to extend the number of centres from 7 to 21 to
improve recruitment for the PLACE trial, delayed data collection and follow-up. However, there is now a
network of sites for lymphoedema studies developed, which could be built on for further studies.

The studies of preference reveal that in about half of consultations both the patient and the surgeon chose
the same person as making the surgical decision, but the actual agreement between surgeons and patients
is low. In univariate analyses, increasing age predicts not undergoing surgery from the age of 75 years,
compared with those aged 70–74 years. Adjusting for health measures and choice, only women aged
> 85 years have reduced odds of surgery. Patient role in treatment decisions makes no difference to
whether or not they received surgery. Women who were active/collaborative were as likely to get surgery
as those who left the decision to the surgeon. The qualitative study of women who did not receive primary
surgery revealed three approaches: ‘patient declined’, ‘patient considered’ and ‘surgeon decided’.

These reductions in surgical rates with increasing age are in broad agreement with previous studies, although
previous work reports unadjusted odds.3,7 Once patient health and choice were adjusted for, both the
location and the size of effect changed, and only the oldest women aged > 85 years retained significantly
reduced odds of surgery. Moreover, neither patient health nor choice accounts for the lack of surgery for the
oldest women aged > 85 years, and this reduction in effect size for 75- to 84-year-olds appears to be largely
driven by adjustment for measures of health rather than by patient choice. On the basis of responses to the
CPS, there is no evidence that there was any real active choice to not have surgery among those who did
not have surgery. These findings suggest that the lack of surgery for the oldest patients is not because they
actively opt out of having this treatment. A likely explanation for this is that the option of not having surgery
is offered/discussed only if there are concerns about the patient undergoing surgery.

There is some evidence that surgical rates are improving for older women with breast cancer in the
UK and our results tend to confirm this. It seems likely that improved surgical rates reflect changes in
practice following publication of guidelines and reorganisation of cancer services over the past decade.
Nonetheless, although the situation appears to be improving, the lack of surgery for women aged
> 85 years persists and, as defined by national policy,1,17 ‘inappropriate undertreatment’ is still occurring for
this oldest age group. Older age does not predict complications and the risk of serious complications from
breast surgery is low for older patients. Surgical decisions should be based on patient fitness rather than
on age.9,15 The number of observed cancer deaths exceeded those expected for participants whose
tumours were of higher grade or stage and steroid receptor negative, but did not undergo surgery
and warranted chemotherapy. Adjusting for tumour stage, comorbidity and functional status, women
undergoing surgery had one-third the hazard of dying of breast cancer. Given these findings, it is hard
to see on what basis surgery should be withheld from older women who are fit for surgery.

Following surgery, many older women do not receive chemotherapy and radiotherapy, even though they may
have benefited from these therapies.15,16,48 Can this lack of chemotherapy and radiotherapy be explained
by patient choice or health? We demonstrated that women aged ≥ 75 years have lower chemotherapy and
radiotherapy rates than women aged 65–69 years. After adjusting for tumour characteristics, health measures
and choice, women aged ≥ 75 years still have reduced odds of receiving chemotherapy, whereas age has no
impact on the radiotherapy rates of older women. Thus, lower chemotherapy rates in older women cannot
be explained by health or patient choice.

Overall, although over the past decade there have been improvements in the access older women have to
breast cancer services, there are still substantial gains to be made by ensuring that treatment decisions are
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based on ‘fitness’ and ability to benefit rather than on age per se. The endemic ageism of the past may
have gone, but there remains room for improvement.

Assessing lymphoedema objectively depends on an agreed international definition.22–24 We found arm
volume measurement (RAVI) to be the optimal choice for assessment of arm swelling, and that BIS, although
reasonably specific (85–92%), had a lower sensitivity and only modest correlation with arm volume. It would
have led to significantly more patients receiving compression sleeves that were applied inappropriately.
If compared with sleeve application as treatment (excluding patients randomised to sleeve in the PLACE
trial), BIS missed some patients with lymphoedema and misdiagnosed (false-positive) others. BIS increases of
< 10% at 6 months did not aid prediction of lymphoedema, whereas patients with a RAVI of 5–9% had a
35% risk of lymphoedema at 18 months. Moreover, RAVI of > 9% and/or ‘considerable’ arm swelling
predicted the clinical benefit of sleeve application.

Some studies have suggested that self-reported symptoms predict lymphoedema,4 whereas others have shown
that factors such as being overweight, axillary radiation and chemotherapy are more predictive of lymphoedema
after breast cancer surgery.25 The results indicate that self-report on ARM subscale (particularly B3, ‘considerable
swelling’) and the lymphoedema checklist are good predictors of lymphoedema that indicate that patient
subjective concerns (probably coupled with anxiety) drive sleeve application, to at least as great an extent as
objective measures such as RAVI.

There is, however, some debate over whether gain in weight is a reliable predictor of lymphoedema
after surgery for breast cancer, with some conflicting evidence as to whether BMI is significantly related
to lymphoedema,26 or not.27 BMI at surgery was an independent predictor of both QoL and risk of
lymphoedema. In our data, substantial change in BMI after surgery was rare, but encouraging
interventions to reduce BMI will reduce lymphoedema occurrence and, potentially, improve QoL.

We found that 25% of patients reported symptoms of swelling and/or numbness, and/or heaviness
in the limb on their at risk side even before their surgery.23 These data support the need for a rigorous
preoperative baseline assessment and subsequent measurements to determine arm swelling changes.
Screening for breast cancer-related lymphoedema would benefit patients by enabling early intervention.29

Stout Gergich et al.28 found that in a group of 43 patients with a 3% arm-volume increase, the group
wearing compression garments showed a greater decrease in arm-volume than an age-matched control
group with a mean follow-up time for the intervention of 4.8 months.29 The findings support a threshold
for intervention of > 4–9% RAVI to prevent progression to lymphoedema, provided that the intervention is
demonstrably effective.

The measurement and diagnosis of lymphoedema are inconsistent,22–24 highlighting a need for preoperative
baseline measurements against which to monitor early changes in arm volume. The importance of
consistent, objective and robust measurement techniques remains and the reliance on symptoms alone to
diagnose lymphoedema is insufficient. Perometer has been shown to be the easiest and most objective
tool to measure arm swelling given that definitions of lymphoedema are based on arm-volume increases
(whether 200 ml, or a RAVI of > 5 or > 10%). Nonetheless, treatment decisions to apply compression
sleeves are more subjective and based on patient symptoms such as heaviness and swelling of the arm.
Indeed, some staging classifications describe a prodromal or latent phase of lymphoedema characterised by
arm heaviness or swelling in the absence of a RAVI of > 10%. We identified a composite definition based on
a RAVI of > 5% and B3 of > 2, which identified 99% of patients who would not develop lymphoedema and
could be reassured. Composite definition of lymphoedema (utilising a RAVI of > 9% and a B3 score of < 2)
produced a diagnostic accuracy of 94–95% for sleeve application.

Patient concerns and anxiety about developing lymphoedema has led to external compression garments
described as ‘prophylactic’ with a lower arm compression (10–15 mmHg) being prescribed in the absence
of any evidence for either the intervention or the compression pressure (as opposed to therapy garments
15–24 mmHg). The modelling of sleeve application indicates that in a multicentre study, sites used
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symptoms combined with QoL deficits to justify application of garments despite the absence of objective
arm swelling evidence indicating a need for better definitions of lymphoedema which are a composite
of RAVI and self-reported symptoms. In particular in the absence of RAVI > 9% and/or self-reported
‘considerable’ arm swelling (B3 scores) little benefit in QoL was seen following sleeve application.
Lymphoedema Practitioners need to be clear with their patients who sleeves are not a solution for
numbness, painful arm movement or heaviness in the absence of ‘considerable’ arm-volume increases.
Such objectivity would reduce NHS costs.

The PLACE trial will help determine the validity of early intervention with external compression garments
and their effects on arm-volume increases which affect subjective symptoms and QoL.

The prevalence of lymphoedema at 12 and 24 months varies by the assessment criterion with 25%
RAVI of > 10% and 66% having symptoms by 24 months yet only approximately 24% have external
compression garments fitted by 24 months. Understanding which factors trigger decisions to apply
sleeve therapy is crucial to developing an evidence base for lymphoedema treatment.

Although there are several risk factors commonly associated with the development of lymphoedema, there
is still a need to determine some of the underlying pathological and genetic factors associated with the
development of secondary lymphoedema after axillary surgery. Specht et al. found that even in patients
who underwent sentinel node biopsy, 10–15% still developed lymphoedema, and a RAVI increase of
5–9% also predicted lymphoedema development in sentinel node biopsy patients.45 The exact threshold for
early intervention to prevent progression to lymphoedema postulated at > 4–9% needs confirmation to
allow close monitoring or intervention for patients who present with these arm-volume changes. Although
there is some correlation between perometer and BIS measurements during the first 6 months after surgery,
longer-term data are required to determine their equivalence in predicting and diagnosing lymphoedema.

In addition, identifying genetic markers of lymphoedema would be important, and within the BEA and
PLACE study we have 619 patients who have provided paxgene blood samples to investigate this question
at a future date.

The study of QoL is the largest in node-positive patients. Fleissig et al.26 studied QoL in the ALMANAC trial
of ANC versus sentinel node biopsy, but the majority (74%) were node negative. In the ANC group they
found a TOI reduction of six in the first 6 months corrected to baseline by 12 months and a similar change
for FACT-B+4. No attempt to compare effects of Lymphoedema on QoL was made. Likewise, a TOI
reduction of five was found by 3 months in the BEA study and in patients who developed Lymphoedema
by 6 months the TOI score remained significantly lower even at 18 and 24 months. FACT-B+4 fell by seven
points at 6 months but returned to baseline by 12 months. Thus Lymphoedema reduces QoL for sufferers.

A RAVI of > 10% showed greater falls in TOI QoL (fall of –5) than BEA > 10 (fall of –3), suggesting that
RAVI of > 10% is a better marker for QoL effects. We will undertake more detailed analysis of FACT-B
outcomes from the PLACE trial once full follow-up data on all participants are available. Importantly,
understanding the relationship between RAVI increases with symptoms, patient anxiety and QoL reductions
may suggest other approaches, such as cognitive–behavioural therapy, to reduce the need for sleeve
intervention, as labelling a patient with a lymphoedema diagnosis by applying a sleeve implies the need for
interventions for the remainder of a patient’s life.

What was and was not successful in the Programme Grant
The programme of work in elderly breast cancer involving multicentre studies successfully recruited and
provided important work on the management of elderly breast cancer. Workstream 2 recruited well
after ANC and has produced clear results about the value of arm volume measurements and the use of,
and indications for, compression arm sleeves. A health economics analysis was less successful because
patients who were acutely affected by their cancer diagnosis and morbidity were reluctant to fill in QoL
questionnaires. The trial of compression garments in patients developing early arm swelling failed to recruit
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sufficient patients because of lack of equipoise among lymphoedema nurses and clinicians. Thus, results of
the PLACE trial are still awaited.

Implications for practice
Our findings suggest that older women should be offered surgery, which can be performed under local
anaesthetic block if there are concerns over fitness, and surgeons need to make clear the advantages of
surgical excision of the cancer on breast cancer survival. The lymphoedema prediction index described
will aid communication and individualisation of monitoring of patients after ANC surgery. The use of
the Lymphoedema Checklist in women after ANC surgery will aid early recognition of arm problems,
particularly if it proves as good a marker of need for intervention as arm measurements. BIS does not reach
the expected sensitivity or specificity compared with perometry and the Lymphoedema Checklist to justify
its cost and introduction to NHS practice [this was the subject of a recent NICE Medical Technologies
Evaluation Programme review www.valueinhealthjournal.com/article/S1098-3015(17)3246-9/fulltext].
Sleeves are not effective in the absence of RAVI of > 9% or ‘considerable’ self-reported arm swelling.

Future work

Understanding the drivers for, and producing more objective measures to understand, sleeve application/
prescription in the NHS is required, which we intend to investigate further once source data are further
verified. Developing an evidence base for lymphoedema treatment is essential, and ensuring equality of
access to a high-quality service throughout the NHS requires a robust understanding of indications for
intervention and the benefits of those interventions applied. Trials investigating the value of diet and
exercise to prevent or treat lymphoedema in overweight patients are required. Research to understand
how self-reported symptoms of lymphoedema (such as heaviness and arm swelling) can be alleviated
without the need for sleeve application, by cognitive–behavioural therapy, diet and or various arm or
weight-reducing exercise regimes, is required.

WORKSTREAM 3: GRADUATED COMPRESSION GARMENTS TO PREVENT ONSET OF CHRONIC LYMPHOEDEMA
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Appendix 1 Consolidated Standards of Reporting
Trials flow diagrams for workstream 1

Women aged ≥ 65 years diagnosed with early-stage 
invasive breast cancer in 22 trusts in

England from 1 July 2010 to 31 March 2013
(n = 944)

Restricted to women diagnosed
before 2013 in line with extension
protocol to enable follow-up of all

participants from 3 years post
diagnosis 

(n = 910)

SF-6D utility measure completed at
baseline (diagnosis)

(n = 839)

Follow-up survey (3 – 4 years post
diagnosis) returned?

No
(n = 222)

Yes
(n = 617)

Alive at end of
study

(n = 90)

SF-6D utility measure completed in
follow-up survey?

Died by end of
study

(n = 132)

No
(n = 116)

Yes
(n = 501)

Died by end of
study
(n = 7)

Alive at end of
study

(n = 109)

FIGURE 19 Flow diagram of participants in analyses of aim A: impact of primary surgery on survival and HRQoL.
Participants included in analyses of breast cancer-specific survival to study end on 5 February 2016 (n = 910).
Participants included in analyses of difference in HRQoL by primary surgery (n = 501). SF-6D set at 0 and included in
the analysis of QALYs with participants returning the SF-6D (n = 501 + 132 + 7 = 640).
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Women aged ≥ 65 years diagnosed with early-stage 
invasive breast cancer in 22 trusts in

England from 1 July 2010 to 31 March 2013
(n = 944)

Restricted to women diagnosed
before 2013 in line with extension
protocol to enable follow-up of all

participants from 3 years post
diagnosis 

(n = 910)

Follow-up case note reviews
completed

(n = 896)

SF-6D utility measure completed at
baseline (diagnosis)

(n = 718)

Primary surgery undertaken
(n = 759)

Follow-up survey (3 – 4 years post
diagnosis) returned?

No
(n = 163)

Yes
(n = 555)

Alive at end of
study

(n = 75)

SF-6D utility measure completed in
follow-up survey?

Died by end of
study

(n = 88)

No
(n = 101)

Yes
(n = 454)

Died by end of
study
(n = 6)

Alive at end of
study

(n = 95)

FIGURE 20 Flow diagram of participants in analyses of aim Bi: impact of adjuvant therapy on survival and HRQoL.
Participants included in analyses of impact of adjuvant therapy on survival to study end on 5 February 2016
(n = 910). Participants included in analyses of difference in HRQoL by adjuvant treatment (n = 454). SF-6D set at 0
and included in the analysis of QALYs with participants returning the SF-6D (n = 454 + 88+ 6 = 548).
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TABLE 50 Extension summary: current cohort = 910 women aged ≥ 65 years diagnosed with early-stage breast cancer at 22 English breast units between 1 July 2010 and
31 December 2012

Aim: to investigate Outcome(s) Explanatory variables Method Sample

A. The extent to which primary
surgery for older women with early-
stage breast cancer increases survival
and HRQoL and is cost-effective

Survival (to 3 years post
diagnosis)

Difference in HRQoL
(at diagnosis, 3–4 years
later)

QALYs

Treatment received (i.e. primary
surgery < 3 months of diagnosis)

Pre-treatment health

Pre-treatment health measures,
tumour characteristics and
sociodemographics

We have collected extensive data on health at
diagnosis and surgical treatments received
< 3 months of diagnosis via interview and case
note review, respectively

We have set up mortality flagging and
investigate effect of surgery on survival
at 3 years

In addition, we have undertaken a further
case note reviews at 3 years and survey at
3–4 years to also measure/investigate
outcomes of cost-effectiveness and HRQoL,
respectively

All 910 women in cohort

910 for survival outcome

501 for HRQoL and 640 for
QALY outcomes

See Figure 2 and submitted
paper

Bi. The extent to which adjuvant
treatment (chemo-/radiotherapy with
surgery) increases survival and HRQoL
and is cost-effective

Treatments received (i.e.
radiotherapy < 12 months of
diagnosis)

Chemotherapy commenced
< 12 months of diagnosis

Pre-treatment health measures,
tumour characteristics and
sociodemographics

759 women in cohort who
had surgery

759 for survival outcome

454 for HRQoL and 548 for
QALY outcomes

See Figure 3

Bii. The extent to which lack of
adjuvant treatment can be explained
by patient health and choice

Radiotherapy < 12 months
of diagnosis

Chemotherapy commenced
< 12 months of diagnosis

Pre-treatment health measures,
patient choice, tumour
characteristics and
sociodemographics

The effect of pre-treatment health/choice on
whether or not patients had surgery has
already been investigated.49 We repeat this
analyses investigating access to adjuvant
treatment by undertaking a further case note
review at 3 years and survey at 3–4 years

688 retained in cohort who
had surgery and did not die
or move away < 12 months
of diagnosis

See Appendix 3
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Appendix 2 Surgical management of older breast
cancer patients: which pre-treatment health measures
predict 30-day complications?

F igure 21 and Tables 51–56 in this section are based on Lavelle et al.49

Abstract 

Introduc�on

Older breast cancer pa�ents are less likely to have surgery; in part due to co-morbidi�es and reduced func�onal

ability. However, there is li�le consensus on how best to assess surgical risk for this pa�ent group.

Methods

We inves�gated the ability of pre-treatment health measures to predict complica�ons in a prospective, cohort

study of a consecu�ve series of 664 women aged ≥70 years undergoing surgery for operable (stage 1-3a) breast

cancer at 22 English breast units (2010-2013). Data on treatment, surgical complica�ons, health measures and 

tumour characteris�cs were collected by case note review and/or pa�ent interview. Outcome measures: All 

complica�ons and serious complica�ons within 30days of surgery. 

Results

41% experienced ≥1 complica�ons, predominantly seroma or primary/minor infec�ons. 6.5% had serious 

complica�ons. More extensive surgery predicted a higher number of complica�ons but not serious complica�ons.

Older age did not predict complica�ons. Several health measures were associated with complica�ons univariately 

and included in multivariable analyses, adjus�ng for type/extent of surgery and tumour characteris�cs. In the 

final models pain predicted a higher count of complica�ons (OR 1.006, 95% CI:1.002-1.011). Fa�gue (IRR 1.019,

95% CI:1.006-1.033), low platelets (OR 4.189, 95% CI:1.025-17.123) and pulse rate (OR 0.957, 95% CI:0.926-0.990)

predicted serious complica�ons.  

Conclusion 

Predictors of surgical risk were iden�fied in multivariable models, but effects were weak with 95% confidence

intervals close to unity. The search for more robust predictors con�nues. However, risk of serious complica�ons is

low. In line with na�onal guidance, older women should be given the same considera�on for breast cancer 

surgery as younger pa�ents.
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Introduc�on

Breast cancer is predominantly a disease of old age: incidence doubles from 215 per 100,000 for women aged 45–

49 to 442 per 100,000 for those aged ≥85 years (England 2011). One third of all new cases in England are 

diagnosed in women aged ≥70 years1. Within an ageing popula�on, both the number and propor�on of older 

pa�ents requiring treatment at breast units is rising and set to con�nue to do so for the next 50 years2. 

Primary surgery (mastectomy or wide local excision of the tumour) is the recommended ini�al treatment for early 

stage breast cancer3;4. However, the percentage of women having surgery for breast cancer in England decreases 

with older age; from as low as 40% of pa�ents aged ≥80 years to around 90% of younger age groups5;6. 

UK treatment guidelines state that ‘significant co-morbidity’ may preclude surgery for pa�ents with early stage

breast cancer3;4. As co-morbidity increases with older age this may account for the lower surgical rates amongst 

elderly pa�ents. However, although co-morbidity does explain some of the decline in surgical rates with age, 

older women are s�ll less likely to have surgery once co-morbidity is adjusted for5. Our recent study suggests that

adjus�ng for wider measures of health, such as func�onal decline/frailty, may explain lack of breast surgery for 

older women up to, but not beyond, the age of 85 years7; providing evidence that, at least up to the age of 85 

years, pa�ent health is the primary considera�on when assessing surgical risk, rather than age.

However, there is li�le consensus on how best to assess surgical risk for older breast cancer pa�ents. Precluded 

from earlier trials, the evidence base on older pa�ents’ risks and benefits of treatment is poor8;9. A more recent

older age specific trial comparing surgery with endocrine therapy vs. endocrine therapy alone for pa�ents aged 

≥70 years closed due to slow recruitment9. Pa�ents largely opted not to take part in this trial in which they had a 

50% chance of not having surgery; possibly because surgery is now such an accepted mainstay of treatment for 

early stage breast cancer. In this context cohort studies can help bridge the knowledge gap by iden�fying pre-

treatment health measures which predict surgical complica�ons.

One such large cohort inves�ga�ng surgical risk assessment, for all ages/types of surgery, combines measures 

used within pre-opera�ve assessment such as co-morbidity and body mass index into predic�ve models. The US-

based Na�onal Surgical Quality Improvement Program (NSQIP) has developed a universal measure of surgical risk 

based on all surgical procedures at 393 enrolled hospitals10. Mul�variate models of mortality and morbidity are 

based on 21 pre-opera�ve measures recorded on the dataset. Model discrimina�on is good (AUC >0.8) presen�ng 

a considerable step forward in risk stra�fica�on for surgical pa�ents in general. Limita�ons of this risk tool

include restric�on to pre-opera�ve measures recorded on the dataset and lack of disease and procedure specific 

pre-opera�ve measures such as type/extent of surgery11. Underes�ma�on of complica�ons rates in the NSQIP 

dataset has also been reported due to non-inclusion of procedure specific complica�ons and limita�on to

academic hospitals enrolled in this quality improvement programme; which have be�er surgical outcomes
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compared to the rest of the US11;12. Generalisability to the UK is also ques�onable given the difference in health 

care systems. The lack of a Bri�sh version of NSQIP is likely to increase interest in risk stra�fica�on in the UK12. 

Surgical risk assessment specifically for older cancer pa�ents has been developed to also incorporate measures of

func�onal decline/frailty. The Comprehensive Geriatric Assessment (CGA) is a ba�ery of varying health status and 

func�onal tests recommended by the Interna�onal Society for Geriatric Oncology as essen�al to treatment 

decision making with older cancer pa�ents. However, there is a lack of consensus on which health measures best 

predict risk and therefore should be included in a CGA13. Func�onal status and fa�gue have been found to

predicted surgical complica�ons amongst generic cancer pa�ents14. However, as risk varies considerably for 

different types of surgery there is a need to iden�fy health measures which predict surgical risk within specific 

cancer groups15. 

As part of a wider research programme we undertook a prospec�ve, cohort study inves�ga�ng the extent to

which the lack of surgery for older breast cancer pa�ents is explained by pa�ent choice or poor health7. Here we

report on the study’s secondary aim of inves�ga�ng the ability of a range of pre-treatment health measures to

predict 30 day surgical complica�ons amongst a subset of 664 pa�ents aged ≥70 years who received surgery. 
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Methods 

Study design

This is a prospec�ve, cohort study of a consecutive series of women aged ≥70 years undergoing surgery for 

operable (stage 1-3a) breast cancer at 22 breast units, predominantly in Northwest England, over a period of

33 months (2010-2013). Data on treatment, surgical complica�ons, a range of pre-opera�ve health measures and 

tumour characteris�cs were collected by case note review and/or pa�ent interview7. 

Primary outcome measure: Complica�ons within 30 days of primary surgery (mastectomy or Wide Local Excision, 

WLE) for operable (stage 1-3a) breast cancer. All pa�ents were followed up for 90 days post diagnosis. Pa�ents

not having primary surgery within 90 days of diagnosis were not included in this study. As ini�al WLE may be

followed by mastectomy, pa�ents were classified as receiving mastectomy or WLE based on the most extensive

primary surgery. Similarly axillary node procedure was based on the most extensive dissec�on. Two measures of

complica�ons are used: a count of all complica�ons and having serious complica�ons (vs. not). All complica�ons 

occurring within 30 days of the last primary surgery were recorded; non infections based on a checklist developed 

from the East Anglian Hip Fracture Audit16 and the Pre-opera�ve Assessment of Cancer in the Elderly Project14, 

with breast surgery specific items17;18 and infectious complica�ons based on the na�onal prevalence survey of

hospital acquired infec�ons19. Complica�ons occurring a�er the commencement of adjuvant radiotherapy or

chemotherapy were not included. Pa�ents were classified as having serious complica�ons if they had 

complica�ons (other than a seroma or primary/minor infection) which warranted readmission as an inpa�ent,

delayed discharge or other procedure. Delayed discharge was defined by being in excess of median length of

stay20 and the maximum �me limits reported as ‘usual’ in na�onal NHS pa�ent information sources21 i.e. more

than one day for WLE and five or more days for mastectomy. Other procedures included as indica�ng a serious 

complica�on were return to theatre, treatment for confirmed hospital acquired MRSA infec�on, stroke or

pulmonary embolism, extensive wound repair (i.e. excising of necro�c �ssue/ applying sutures/wound packing) 

and blood transfusions.

Explanatory variables: Age, measures of health, tumour characteris�cs, demographics and hospital resources.

Measures of health: A range of health measures were recorded both from self-report at a pa�ent interview 

(undertaken within 2 weeks of diagnosis and before surgery) or from pre-opera�ve assessment as recorded in the

case notes. Measures included are listed in Box 1, and represent pa�ents’ func�onal/health status and Health 

Related Quality of Life (HRQoL), in addi�on to co-morbidity and other clinical measures recorded at the pre-

opera�ve health assessment. Self-report measures were primarily selected based on ease of administra�on, 

validity, reliability, acceptability to older people22;23, and predic�on of treatment received24;25 and/or treatment

outcomes13-15. Clinical measures recorded at pre-opera�ve assessment were also considered if data were

available for at least 85% of sample. Classification for blood results was based on the Na�onal Pathology

Harmonisation Standardisation project26;27. 
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Tumour characteris�cs: Pre-treatment assessments of tumour characteris�cs, tumour size, stage, nodal and 

steroid receptor status were recorded based on clinical, imaging and fine needle/core biopsy assessments

(cTNM28).

Socio–demographics: Socio-economic class is measured using the Office of Na�onal Sta�s�cs Socio-Economic

Classifica�on29 and based on main occupa�on pre-re�rement if re�red and the highest classifica�on if the

par�cipant was married or living with a partner. Ethnicity was recorded based on UK census classifica�on

categories30. Of the 22 breast units in the study 19 were in the North West of England, two in London and one in

the Midlands. 

Inclusion criteria

Women: Men were not included as <1% of all invasive breast cancer occurs in men1 and surgical management 

may differ3;4. 

Aged ≥70 years: Women aged 70-74 years are included as a reference group. 

Having primary surgery within 90 days of diagnosis of a new episode of operable invasive breast cancer (stage 1-

3a): Carcinoma in situ, stage 3b, metasta�c and recurrent breast cancers are not included as the standards for 

operable breast cancer do not apply3;4. 

Screening/Accrual 

Screening and accrual processes are reported elsewhere7. Of the 800 pa�ents aged ≥70 years, recruited into the 

main study inves�ga�ng the extent to which pa�ent health and choice explain lack of surgery, 664 (83%) had 

primary surgery within the follow up period of 90 days and therefore are included in the analyses of predic�on of

surgical complica�ons reported here. 

Data Collec�on. 

Pa�ents who agreed to take part were interviewed within 30 days of diagnosis, before surgery took place. The

interview comprised demographic variables and measures of health detailed above. The case notes of each

pa�ent were reviewed up to 3 months post-diagnosis, using a proforma developed to collect data on tumour

characteristics at diagnosis, treatments undertaken, co-morbidity and complica�ons. Inter-rater agreement levels

for the proforma items sa�sfied the Kappa >0.6 criterion indica�ng substan�al to perfect agreement31. Three 

percent of case note review proformas and 8% of pa�ent interviews were tested for data input errors. Error rates 

per data item inpu�ed were <0.5% so no further data-checking was warranted. The proformas of pa�ents having

complica�ons were ini�ally assessed by AMS and KL independently against the above criteria for serious 

complica�ons devised with NB and CT. Disagreements were resolved by consensus with any final outstanding

decisions made by NB or CT. 
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Explanatory variables were inves�gated in univariable analysis using Pearson’s χ2 test, Fisher’s exact test, χ2 test

for trend and univariable regression analyses (two tailed with α = 0.05). The distribu�on of con�nuous variables 

was assessed for Normality using the Shapiro–Wilk W test. Associa�ons between non-Normal variables and 

categorical data were investigated using the non-parametric two sample Wilcoxon rank sum (Mann Whitney test) 

and Kruskal-Wallis equality-of-popula�ons rank test. Associations for parametric variables were inves�gated using

the two sample t-test. Due to the large number of health measures tested for univariate associa�ons with

complica�ons, significance was considered a�er a Bonferroni adjustment for multiple tes�ng was calculated. 

Independent variables found to be significantly associated with outcomes in univariable analyses were used as

independent variables in the subsequent mul�ple regressions (forward stepwise). Models were built in line with

our Data Analysis Plan agreed �	
���� with the project’s Independent Data Monitoring Commi�ee modifying an 

approach suggested by Hosmer and Lemeshow (2000)32. Type of surgery (mastectomy vs. WLE) and extent of

axillary node surgery formed the base models based on clinical relevance and previous literature11;33. Remaining

variables were ini�ally tested against the null model and retained based on (1) the difference between the model 

with the addi�onal variable and the previous model using the Likelihood Ra�o Test (a.k.a. analysis of deviance) or

(2) producing a significant coefficient in the model (both at a 5% significance level). Explanatory variables were

considered in three groups and added into the model in order of importance to the secondary aim of the study 

i.e. health measures, socio-demographics and then tumour characteris�cs. Within each group the order in which

variables were added into the model was determined by minimising Bayesian Informa�on Criterion (BIC) values of

each variable added into the model individually. Those variables with lower BIC values were added in sequen�ally

star�ng with the variable giving the lowest value. At each step an individual variable’s contribu�on to the model 

was assessed using the above two criteria. In order to reduce the likelihood of mul�collinearity, and ensure the 

number of cases in the model could sustain the poten�ally high number of health measures, they were only

retained in the model if they produced both a significant coefficient and likelihood ra�o test. Tumour

characteristics and socio demographic variables were retained if they had a significant likelihood ra�o test only. 

Once each group of variables had been added VIFs (Variance Infla�on Factors) were checked and variables 

exhibi�ng factors above 10 inves�gated to prevent mul�colinearity34. Logis�c regression models were tested for 

goodness of fit (Hosmer & Lemeshow) and discrimina�on (area under Receiver Opera�ng Characteris�c curve). 

Variables included in the final models were tested for two way interac�ons.

A sensi�vity analysis was conducted by addi�onally performing backwards stepwise regression, and this approach

led to comparable final models and therefore suggested robust results.

Data were analysed using STATA version 12.135.
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Sample size

The sample size was determined apriori by the study’s primary aim as reported elsewhere7. In order to test the

study’s aim reported in this paper, the recommended sample size is determined by the number of explanatory

variables included in the mul�variate models predic�ng the two complica�ons outcome measures. However, the 

given sample size of 664 should also be sufficient to support nega�ve binomial (predic�ng count of complica�ons) 

as the sample size ≥ 50 + 8p and ≥ 104 + p (where p is the number of explanatory variables)36. Logis�c regression

(predic�ng serious complica�ons) should have around 10 cases for each explanatory variable for both categories

of the dependent variable37;38, although in other scenarios it has been shown that 5 cases for each explanatory

variable is sufficient39. In order to help meet this guidance health measures with non-significant coefficients (at 

5% level) were dropped from the model once the total number of variables exceeded this limit during the model 

building process. In prac�ce only one health measure was lost from the model for this reason and the resultant 

final logis�c regression model included five explanatory variables (i.e. 8 events per variable). 
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Results 

Sample characteristics 

Six hundred and sixty four women were included, all of whom had primary surgery within 90 days of diagnosis.

Half (49.5%, n = 329), had a mastectomy and half (50.5%, n = 335) Wide Local Excision (WLE); 39% were aged 70-

74 years, 30% 75- 79 years, 19% 80-84 years and 12% aged ≥85 years (Table 1).  The sample was predominantly of

professional/ intermediate social class and white ethnic group. Over half were treated at a district general

hospital rather than a university teaching hospital. Over 40% of the sample were recorded with stage I disease at

diagnosis, 55.9% were stage II or IIIa hence regarded as having early operable breast cancer40. Over two thirds of

the sample (70.3%) had no nodal involvement recorded at diagnosis and over half the sample had small tumours 

of ≤20mm (56.3%). The vast majority of par�cipants were steroid receptor posi�ve for either oestrogen or

progesterone receptors (83.6%).

Complica�ons rates 

Of the 664 women in the sample, 41.0% (272) had some form of complica�on within 30 days of surgery (95% CI: 

37.2-44.7%) (Figure 1). However, only 21.8% (145) had complica�ons other than seroma (95% CI: 18.7-25.0%), 

predominantly related to wound infection of the surgical site. The number of complica�ons experience by women 

varied from 0 to 5 (mean 0.58, SD 0.85) (Table 2). For 6.5% (43) of the sample, complica�ons warranted delayed 

discharge, readmission to hospital or further procedure and they were thereby classified as having serious 

complica�ons (95% CI: 4.6-8.4%).

Univariable analyses

Par�cipants who underwent mastectomy had a higher mean number of complica�ons (P<0.001), but were no

more likely to have serious complica�ons (P = 0.139), compared to those having WLE (Table 1). Similarly those

undergoing more extensive axillary node procedures had a higher number of complica�ons (P<0.001) but were

not significantly more likely to experience serious complica�ons (P = 0.087). No associa�on was found between 

number of complica�ons and pa�ent age group (P = 0.512). Similarly the number of complica�ons did not 

significantly increase with each year of age (IRR 1.02, 95%CI: 1.00-1.04, P = 0.109). Although the propor�on

experiencing serious complica�ons increased from 4.3% for 70-74 year olds to 10.1% for women aged ≥85 years,

this effect failed to reach sta�s�cal significance at 5% level; regardless of whether age was measure in groups 

(PTrend = 0.061) or con�nuously (two sample t test with equal variances P = 0.060). Participants presen�ng with

larger (P = 0.009), later stage (P = 0.001) tumours and nodal involvement (P < 0.001) had a higher number of

complica�ons. However, no tumour characteris�cs were associated with serious complica�ons.
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Health measures 

Of the 46 separate health measures tested (Box1), 14 were found to be univariately associated with number of

complica�ons and 19 with serious complica�ons (Tables 3 & 4) at the 5% level. Bonferroni’s adjustment41 applied 

(at α/n = 0.05/46 = 0.001) is also considered.

Amongst the categorical measures of health (Table 3), smoking status, blood pressure and cognitive impairment

(6CIT) had no associa�on with post-surgical complica�ons. At the 5% significance level a BMI indica�ve of obesity

or underweight was associated with a higher count of all complica�ons, but not serious, complica�ons. A 

dependent ECOG Performance Status and abnormal haemoglobin were associated with both total and serious 

complica�ons. Co-morbidity (Charlson Index), a high ASA risk score and low platelets were associated with serious 

complica�ons only. However, none of these measures retained significance once Bonferroni’s adjustment was 

applied at 0.1%. 

Of the con�nuous measures of health (Table 4) lack of func�onal ability to undertake both basic Ac�vi�es of Daily 

Living (e.g. self-care/hygiene) and more advanced ‘Instrumental’ ac�vi�es (e.g. shopping/cooking) predicted 

increased count of all, and odds of serious, complica�ons at the 5% level. However, only Instrumental ADL’s

predic�on of complica�on count retained significance at the 1% level. Similarly, be�er physical health status, as

measured by the SF-12 PCS, predicted a lower complica�on count at the 0.1% (Bonferroni adjusted) level but only

predicted lower odds of serious complica�ons at the 5% level. Of the 15 EORTC HRQoL domains 10 were

associated with complica�ons at the 5% level. However, for most of the domains, the 95% CIs were close to unity

(indica�ng a weak effect) and only 4 domains were significant at the 0.1% level i.e. be�er physical and role

func�on predicted a lower count of all and serious complica�ons, and increased pain and fa�gue predicted having

serious and a higher count of complica�ons respectively.

However strongly pre-opera�ve health measures are associated with complica�ons univariately, multivariate

analyses are needed to establish the extent to which the health measures con�nue to predict complica�ons once 

the effects of potential confounding variables are adjusted for. Therefore, all health measures that significantly 

predicted complica�ons at the 5% level were considered for inclusion in multivariate analyses adjus�ng for a 

range of variables (including extent of surgery, socio-demographics and tumour characteris�cs) as per the 

strategy detailed in methods. 

In the multivariate analyses a higher count of complica�ons was predicted for women undergoing a mastectomy

vs. WLE (IRR 1.64, 95% CI: 1.28-2.12) and more extensive axillary node surgery as opposed to sen�nel node biopsy

(IRR 1.43, 95% CI: 1.13-1.82) (Table 5). Of the health measures only increased pain predicted outcome, with the 

total number of complica�ons increasing by 1.006 (95% CI: 1.002-1.011) for each point increase (indica�ng

worsening pain) on the EORTC C30 pain scale. 
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Neither type of primary surgery nor extent of axillary node procedure predicted odds of serious complica�ons in

the multivariate logistic regression analysis (Table 6). Three health measures retained in the model significantly 

predicted serious complica�ons. Pa�ents with abnormally low platelets had over four �mes the odds of serious 

complica�ons compared to pa�ents with normal/high platelets (OR 4.19, 95% CI: 1.03-17.12). The odds of serious

complica�ons decreased with higher pulse rate (OR 0.957, 95% CI: 0.926-0.990) and increased by 1.02 (95% CI:

1.006-1.033) �mes for each point increase (indica�ng worsening fa�gue) on the EORTC C30 fa�gue domain. There

was no significant difference between the observed and final model predicted values (goodness of fit test χ2

(Hosmer–Lemeshow) = 7.34: d.f. = 8; P=0.500) and model discrimina�on (AUC=0.745) is considered ‘acceptable’32. 

However, even when the models probability cut point (0.5 by default) was set to 0.063, maximising

sensi�vity/specificity, these were s�ll low (71.9%) and the false posi�ve/nega�ve rates high (28.1%). In addi�on, 

the 95% confidence intervals for all four health measures predic�ng complica�ons in both final models are close 

to unity indica�ng weak effects.
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Discussion

Summary 

Although a large propor�on (41.0%) of the older women in this study experienced one or more complica�ons 

these were predominantly seroma or minor infections. A relatively low percentage (6.5%) experienced serious 

complica�ons which necessitated delayed discharge, readmission or further procedures. More extensive primary

and axillary node surgery were associated with a higher number of all complica�ons but not serious 

complica�ons. Older age did not predict increase in risk of complica�ons. Several health measures were 

associated with complica�ons univariately. In the mul�variate analyses self-reported pain predicted a higher 

count of all complica�ons whilst fa�gue, along with low platelets and pulse rate predicted serious complica�ons.  

Complica�on rates 

Previous studies report a wide range of overall rates of breast surgery complica�ons from 2 – 50%11;42;123. 

Although at the higher end of this range our estimates are similar to previous reported studies of older breast

cancer pa�ents17;43;44; Chat et al (2011) for example report overall and major complica�on rate of  37.1% and 5.7%

respec�vely43. Although other studies of older breast cancer pa�ents report somewhat lower overall complica�on

rates (e.g. between 18-26%45-47) considerable varia�on across studies is to be expected depending on co-morbid 

condi�ons, �me period of data collec�on/pa�ent follow up, completeness of data sources used as well as the

defini�on and assessment of complica�ons. Rocco et al (2013) for example highlight that their es�mate of 18.2%

among breast cancer pa�ents age ≥65years may be low due to the use of retrospec�ve records from 1997-201247. 

However, a�empts to benchmark breast surgery complica�on rates have been reported elsewhere33;43.The aim of

the study reported here is to inves�gate predictors of surgical risk amongst older breast cancer pa�ents. 

Extent of surgery 

Consistent with previous studies11;33;43;45, we found that more extensive surgery, both in terms of type of primary

surgery (mastectomy vs. WLE) and axillary node dissec�on, strongly predicted a higher count of all complications. 

Conversely the extent of surgery did not predict serious complica�ons. This appears contradictory to Chatzidaki

et al’s (2011) study in which greater extent of surgery predicted major complica�ons. However, the small number 

of pa�ents experiencing major complica�ons (8/140 par�cipants) limits the generalisability of Chatzidaki et al’s

findings. In addi�on, the effect of extent of surgery on all complica�ons may be largely driven by wound

complica�ons which have been found to be strongly associated with extent of surgery 11;33. Wound complica�ons 

make up a large propor�on of complica�ons overall42 but are underrepresented in our measure of serious 

complica�ons, which only includes secondary/major wound infec�ons. 
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Age

Older age predicted neither number nor seriousness of complica�ons. Although older age has been found to

predict breast surgery complica�ons in earlier48;49 and smaller scale studies47, many other studies have found no

assoication11;17;33;44;46. Notably, in the US-based Na�onal Surgical Quality Improvement Program’s cohort, older 

age did not predict wound complications a�er breast surgery in either the  of 3,107 breast cancer pa�ents treated 

from 2001-200433 nor in the follow up study of 26,988 treated from 2005 – 200711. The authors argue that

employing multivariate analyses and, controlling for a variety of poten�ally confounding pre-opera�ve factors, 

enabled them to demonstrate this in a large and diverse cohort of pa�ents11. However, de Glas et al45, in their 

cohort of 3179 pa�ents diagnosed with breast cancer from 1997-2004, found that women aged ≥85 years had 

1.58 the odds of one or more complica�on following breast surgery compared to 65-69 year olds study (95% CI:

1.14-2.16) a�er adjus�ng for comorbidi�es , surgery type and tumour stage. Hence an increased surgical risk for 

older breast cancer pa�ents cannot be ruled out; albeit one of a small magnitude limited to the oldest pa�ents.

Health measures 

Several pre-opera�ve health measures predicted complica�ons in the univariate analyses. As in previous studies 

co-morbidity43;45;47, BMI11;33;43, ASA risk score14;43 and func�onal status14 (as measured by ADL and ECOG 

Performance Status) demonstrated some associa�on with surgical risk at the 5% level. These findings are far from 

consistent, with other studies finding no associa�on between surgical risk and co-morbidity14;46, BMI45;47, ASA11

and func�onal status33. Smoking status showed no associa�on with surgical complica�ons in our study. Although

the weight of literature indicates that smoking predicts surgical complica�ons from breast surgery11;45;47;50 this 

finding is not universal17;33. For example, El-Tamer et al33 inves�gated the influence of a range of pa�ent variables 

amongst their cohort of 3,107 breast cancer pa�ents and found that smoking had no significant associa�on with

post-opera�ve wound complica�ons.

Predictors of surgical risk, iden�fied from studies tes�ng large numbers of pre-opera�ve measures, may only

reach sta�s�cal significance because of the increased chance of finding an associa�on the greater the number of

variables tested. Raising the significance level in line with the total number of variables tested can adjust for this 

effect (e.g. Bonferroni’s adjustment)41. Although there are examples in the literature of previous studies 

inves�ga�ng risk predic�on of large numbers of pre-opera�ve measures for breast surgery33;43;45, none of the

papers cited made either Bonferonni, or similar adjustments. Once Bonferroni’s adjustment is applied only 6 of

the 22 pre-opera�ve measures which significantly predicted surgical complica�ons at the original 5% level remain

significant at the reassigned 1% level. Consistent with a previous study inves�ga�ng surgical risk of solid 

tumours14, increasing dependence in instrumental IADL (e.g. shopping, housework) predicted complica�ons along 

with the SF-12 measure of physical health status and four domains of the EORTC-C30 (pain, fa�gue, physical/role

func�on). These measures were originally selected into the main study on ability to predict treatment7;25, and/or

their high validity/reliability par�cularly in older popula�ons22, yet they displayed stronger associa�ons with 
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surgical complica�ons than many of the traditional preopera�ve health measures. Moreover pain and fa�gue 

predicted complica�ons in the final mul�variate models although many health measures failed to do so. 

Few previous studies have undertaken similar mul�variate analyses specifically predic�ng risk of breast

surgery11;33;45. However, similar to our study, Audisio et al14 found that moderate/severe self-reported fa�gue 

increased the risk of complica�ons from surgery for solid tumours amongst pa�ents aged ≥70 years, adjus�ng for 

type/ stage of tumour, opera�ve severity and pa�ent age/gender. Generalised neuropathic pre-opera�ve pain

has been found to be predic�ve of postopera�ve pain a�er surgery for breast cancer51 but not previously

inves�gated regarding other complica�ons. Conceivably self-reported pain may be ac�ng as a proxy indicator of

poorly managed/symptoma�c co-morbidi�es. Contradictory to our results, El-Tamer et al33 found no associa�on

between platelets and wound complica�ons a�er breast surgery adjus�ng for a range of tumour characteris�cs, 

socio-demographics and other pre-opera�ve health measures. This inconsistency may be due to the difference in

outcome measures as primary/minor wound infections were not included in our measure of serious 

complica�ons. Lower preopera�ve pulse rate, as a con�nuous measure, predicted serious complica�ons,

sugges�ng that the underlying condi�ons indicated by bradycardia (e.g. Ischaemic Heart Disease) may be

increasing surgical risk. However when preopera�ve pulse rate was instead categorised as

bradycardia/normal/tachycardia, this became borderline non-significant (P=0.062), possibly because of the low 

numbers of pa�ents with abnormal pulse rates.

Although the pre-opera�ve measures retained in the final model accounted for the varia�on in complica�ons 

more strongly than the eliminated health measures in the modelling process, it should be noted that their effects

in the final model are s�ll weak; with 95% CIs around estimates close to unity. Moreover, although discrimina�on

of the final model predic�ng serious complica�ons (AUC = 0.745) is classified as sta�s�cally ‘acceptable’32, 

sensi�vity and specificity only just exceed 70% and false posi�ves/nega�ves are far from clinically acceptable;

with this model failing to predict complica�ons, and incorrectly predic�ng complica�ons, in almost 30% of cases. 

Further research is clearly needed to iden�fy/confirm strong predictors of surgical risk for older pa�ents, which

demonstrate clinically acceptable levels of discrimina�on. 

A large number of ini�ally significant health measures were narrowed down to rela�vely few predictors in the 

final model. Although somewhat disappoin�ng, we would argue that this is due to the thorough sta�s�cal process 

that should be employed par�cularly when developing tools for clinical use. As poten�al users of such risk

predic�on tools, clinicians should be wary and ensure that the claimed predic�on of such assessments are not 

due to mul�ple tes�ng, without correc�on for the increase chance of finding a significant effect (such as 

Bonferonni), that mul�variate analyses (adjus�ng for poten�al confounders) were undertaken and sensi�vity/ 

specificity as well as overall discrimina�on are reported. No located previous literature inves�ga�ng predic�on of

complica�ons from breast surgery met all these criteria. As part of the US-based Na�onal Surgery Quality 

Improvement Programme, El-Tamer et al33, comes closest; repor�ng a similar reduc�on in variables in the final 

model and model discrimina�on just slightly lower than our model (AUC 0.709 vs. 0.745). 
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Conclusions 

This paper reports results of a large prospective cohort inves�ga�ng surgical complica�ons for older breast cancer 

pa�ents treated the UK, tes�ng predic�on of an unprecedented range of pre-opera�ve health measures and 

adjus�ng for extent of surgery, tumour characteristics and socio-demographics in multivariate analyses. In the

final models self-reported pain predicted a higher count of all complica�ons while fa�gue, along with low 

platelets and pulse rate, predicted serious complica�ons. However, the effects were weak: with 95% confidence 

intervals close to unity and low sensi�vity and specificity. 

This analysis was a secondary aim for our study and as such was limited to the sample size, geographical area and 

pre-opera�ve health measures included in the main study. Other limita�ons of the main study are discussed

elsewhere7. Of most relevance to the analysis reported here is the under-representa�on of women aged ≥85 

years; limi�ng the generalisability of these findings to the oldest age group. However, under-representa�on of the 

oldest pa�ents in any study requiring pa�ent consent is likely as capacity for informed consent decreases with

older age52. Future studies need to either focus on the oldest age group with ethical approval for vulnerable 

adults/ consent by proxy or examine a few pre-opera�ve health measures that most strongly predict risk within 

rou�ne/large clinical datasets collected for all pa�ents. 

Although universal models for surgical risk predic�on based on large clinical data sets have been developed in the 

US10 the search for robust predictors of surgical risk for older breast cancer pa�ents in the UK con�nues.

However, focusing on surgery for solid tumours with greater surgical risk14 may be of greater u�lity. Clinicians

need to ensure that risk predic�on of proposed health assessments is not due to mul�ple tes�ng, that poten�al

confounders are adjusted for and that sensi�vity/specificity is clinically sufficient. 

Allowing for the poten�al selection bias due to the need to consent older pa�ents and the reduced propor�on of

pa�ents aged ≥85 years, the risk of serious complica�ons from breast surgery for older pa�ents in this sample is

rela�vely low and did not increase significantly with age. This supports na�onal guidance which asserts that older 

age in itself should not be a considera�on when planning surgical treatment with older breast cancer pa�ents4. 
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Tables and figures 

BOX 1:  Independent variables 

Type of surgery i.e. Wide Local Excision vs. Mastectomy

Extent of axillary node procedures i.e. Sen�nel Node Biopsy vs. Axillary Node Surgery

Health measures at pre-opera�ve assessment 

Blood pressure (low, normal, high) 

Body Mass Index (underweight, normal, overweight, obese)a

Smoking status (current, non-smoker)a

Blood tests (9 both con�nuous and categorical)b

Pulse (beats per minute) 

Co-morbidity (Charlson Index)53

American Society of Anaesthesiologists (ASA) physical status classifica�on54

Health measures self-reported/assessed at pre-opera�ve interview

Func�onal status:  

Eastern Co-opera�ve Oncology Group Performance Status (ECOG-PS)55

Elderly Population Health Survey – Ac�vi�es of Daily Living (ELPHS ADL) Basic/ Instrumental56

Health status (Short Form-12:  Physical & Mental Component Summaries)57

Health Related Quality of Life (EORTC C30 = 15 separate scales)58

6 item Cognitive Impairment Test (6CIT)59

Tumour Characteris�cs (pre-opera�ve)28

Tumour size (mm)

Stage 

Nodal involvement 

Grade 

Steroid Receptor Status (Oestrogen & Progesterone receptor posi�ve or nega�ve)

Socio-demographics

Age 

Socio – Economic Classifica�on29

Type of hospital treated at i.e. university/teaching vs. district

a. Taken from self-report at interview if pre-operative measures not reported in case notes 
b. Test Included if recorded at pre-operative assessment for at least 85% of total sample
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FIGURE 21: Flow diagram of complica�ons within 30 days of breast surgery 

Classified as serious complica�ons if warranted re admission, further procedures or delayed discharge 
# Only drained seromas recorded. 
*Totals not summa�ve. Infec�ons based on the na�onal prevalence survey of hospital acquired infec�ons19. Non infec�ons based on a checklist developed
from the East Anglian Hip Fracture Audit16 & Pre-opera�ve Assessment of Cancer in the Elderly Project14. 
† Pa�ents with low haemoglobin (<11.8g/L) pre-opera�vely were not included unless post-opera�ve blood transfusion. ‡ 6 cases recorded as both
hematoma and wound haemorrhage counted as one complication as insufficient informa�on recorded in case notes to distinguish.
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1 skin so� �ssue infec�on (MRSA) 

1 prosthe�c implant infec�on

1 sep�caemia 

1 shingles 

Non infections = 69* 

29 anaemia†

34 haematoma‡

9 wound haemorrhage‡

6 necrosis

3 - stroke(1)/TIA (2) 

2 cardiac failure

2 cogni�ve decline 

2 haematemsis

1 pulmonary embolism

1 DVT (suspected) 

1 MI

1 pressure sore

1 death
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TABLE 51: Surgery, socio demographics and tumour characteris�cs by 30 day surgical complica�ons  

Variable Category n Percent All complica�ons - Count Serious complica�ons - ≥1
Mean (SD) P* n Percent P*

Primary 
surgery

Mastectomy 329 49.5 0.80 (0.95) 26 7.9 
WLE 335 50.5 0.38 (0.68) <0.001e 17 5.1 0.139b 

Axillary Node
Procedure†

SNB only 397 59.8 0.45 (0.74) 19 4.8 
ANS 262 39.5 0.80 (0.97) 24 9.2 
No ANP 5 0.8 0.20 (0.45) <0.001e 0 0.0 0.087c

Age group 
(years) 

70-74 257 38.7 0.55 (0.81) 11 4.3 
75-79 201 30.3 0.57 (0.83) 15 7.5 
80-84 127 19.1 0.65 (0.83) 9 7.1 
85+ 79 11.9 0.65 (1.04) 0.512e 8 10.1 0.061a 

Socio-
economic 
classifica�on

Professional 358 53.9 0.60 (0.85) 24 6.7 
Intermediate 169 25.5 0.56 (0.84) 8 4.7 
Manual 131 19.7 0.55 (0.79) 0.792e 9 6.9 0.664c

Missing 6 0.9 1.00 (2.00) 0.922e 2 33.3 0.093c

Ethnicity White 643 96.8 0.58 (0.84) 41 6.4 
Other 14 2.1 0.71 (0.73) 0.281e 0 0.0 1.000c

Missing 7 1.1 1.14 (1.86) 0.496e 2 28.6 0.093c

Hospital type Teaching/Uni 287 43.2 0.55 (0.86) 17 5.9 
District 377 56.8 0.61 (0.85) 0.189e 26 6.9 0.614b

Tumour stage  I 293 44.1 0.48 (0.78) 22 7.5 
II & IIIad 371 55.9 0.67 (0.90) 0.001e 21 5.7 0.337b

Nodes 
involved

Yes 197 29.7 0.72 (0.87) 13 6.6 
No/NR 467 70.3 0.53 (0.84) <0.001e 30 6.4 0.933b

Tumour size ≤20mm 374 56.3 0.52 (0.81) 27 7.2 
>20≤50mm 260 39.2 0.66 (0.89) 13 5.0 
>50mm 15 2.3 1.07 (1.10) 0.009e 2 13.3 0.203c

Missing 15 2.3 0.40 (0.51) 0.021e 1 6.7 0.302c

Grade  1 112 16.9 0.58 (0.89) 8 7.1 
2 347 52.3 0.57 (0.88) 25 7.2 
3 146 22.0 0.59 (0.73) 0.541e 7 4.8 0.414a

Missing 59 8.9 0.64 (0.92) 0.656e 3 5.1 0.781c

ER or PR
Posi�ve

Yes 555 83.6 0.59 (0.87) 35 6.3 
No 68 10.2 0.62 (0.83) 0.585e 6 8.8 0.435c

Missing 41 6.17 0.51 (0.71) 0.824e 2 4.9 0.684c

Total 664 100% 43 6.5%
WLE Wide Local Excision. 
SNB Sentinel Node Biopsy only. ANS Axillary Node Surgery. 
 ER Oestrogen Receptor. PR Progesterone Receptor 
† Most extensive ANP Axillary Node Procedure.
* P values for each variable for complete data reported first followed by data including missings if relevant. 
Bold p values significant at 5% level. 
a. Chi squared test for trend: b. Chi squared Person: c. Fisher’s exact test
d. Includes 14 pa�ents with stage IIIa: e. Kruskal–Wallis χ2 adjusted for �es
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TABLE 52: Distribu�on of 30 day surgical complica�ons  

Mean number of complica�ons = 0.58, SD = 0.85, Variance = 0.73.
Count of complications does not follow a Poisson distribu�on as mean ≠ variance.

Count of
complications Frequency % 

0 392 59.0 
1 188 28.3 
2 62 9.3 
3 14 2.1 
4 6 0.9 
5 2 0.3 

Total 664 100.0 
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TABLE 53: Pre-opera�ve health measures (categorical) by 30 day surgical complica�ons 

Variable Category n Percent All complica�ons - Count Serious complica�ons - ≥1
Mean (SD) P* n Percent P*

Charlson 
Co-morbidity

0 371 55.9 0.53 (0.79) 20 5.4 
1 179 27.0 0.59 (0.86) 9 5.0 
2+ 114 17.2 0.75 (1.02) 0.195e 14 12.3 0.028f

Body Mass
Index 

<18.5 9 1.4 0.89 (0.93) 2 22.2 
18.5 – 24.9 201 30.3 0.48 (0.78) 11 5.5 
25-29.9 238 35.8 0.55 (0.86) 15 6.3 
30+ 216 32.5 0.70 (0.89) 0.019e 15 6.9 0.253c 

Smoker No 612 92.2 0.58 (0.84) 39 6.4 
Yes 52 7.8 0.65 (0.95) 0.761e 4 7.7 0.766c 

Blood 
pressure 
(mmHg)a 

Normal  186 28.0 0.56 (0.78) 11 5.9 
High >140/90 411 61.9 0.59 (0.84) 25 6.1 
Low <90/60 41 6.2 0.63 (1.07) 0.978e 5 12.2 0.305 c

Missing 26 3.9 0.65 (1.13) 0.994e 2 7.7 0.395 c

Pulse 
(beats/min) 

Normal 538 81.0 0.58 (0.85) 35 6.5 
High ≥100 32 4.8 0.41 (0.56) 0 0.0 
Low <60 45 6.8 0.76 (0.93) 0.226e 6 13.3 0.062c 

Missing 49 7.4 0.59 (0.91) 0.395e 2 4.1 0.120c 

ECOG PS 0-1 476 71.7 0.52 (0.80) 21 4.4 
2-4 170 25.6 0.78 (0.97) 0.001e 19 11.2 0.002b

Missing 18 2.7 0.50 (0.62) 0.004e 3 16.7 0.002c 

ASA 1-2 411 61.9 0.57 (0.82) 23 5.6 
3-4 155 23.3 0.70 (0.95) 0.097e 18 11.6 0.014b

Missing 98 14.8 0.47 (0.80) 0.054e 2 2.0 0.007c 

6CIT cog 
impairment 

≤ 7 none 518 78.0 0.58 (0.85) 35 6.8 
>7 mild/mod 76 11.5 0.61 (0.87) 0.812e 1 1.3 0.071c

Missing 70 10.5 0.59 (0.88) 0.971e 7 10.0 0.061c 

Blood resultsd 

Haemoglobin Low 75 11.3 0.75 (0.97) 9 12.0 
Normal 482 72.6 0.52 (0.80) 21 4.4 
High 43 6.5 0.72 (0.77) 0.016e 5 11.6 0.008 c

Missing 64 9.6 0.78 (1.05) 0.014e 8 12.5 0.003 c

Platelets Low 13 2.0 0.85 (1.07) 3 23.1 
Normal 555 83.6 0.56 (0.82) 32 5.8 
High 21 3.2 0.24 (0.54) 0.094e 0 0.0 0.042 c

Missing 75 11.3 0.80 (1.07) 0.055e 8 10.7 0.032 c

Total 664 100% 0.59 (0.88) 43 6.5%
ECOG-PS Eastern Co-opera�ve Oncology Group – Performance Status 0-5 categories indica�ng decreasing functional status. ASA American Society of
Anaesthesiologists physical status classifica�on system. 6CIT 6 Item Cogni�ve Impairment Test (scale 0-28: increase indicated worse cognitive impairment 
0-7 indicates normal) 
a. blood pressure classed as high or low based on limits for hypertension60 and hypotension61

b. Chi squared Person: c. Fisher’s exact test
d. 9 blood results inves�gated. Only reported if significantly associated with complica�ons P<0.05. Neutrophils, Lymphocytes, Sodium, Potassium, Urea, 
Crea�nine and White blood cells therefore not reported. Classifica�on for blood results were based on the Na�onal Pathology Harmonisa�on
Standardisa�on project26;27

e. Kruskal–Wallis χ2 adjusted for �es:
f. Chi squared test for trend 
*P values for each variable for complete data reported first followed by data including missings if relevant. Bold p values significant at 5% level. No variables
retained significance once Bonferroni’s correc�on applied at α/number of tests = 0.05/46 = 0.001.
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TABLE 54: Pre-opera�ve health measures (con�nuous) by 30 day surgical complica�ons*  

a. Incident Rate Ra�os generated by univariable nega�ve binomial regression. 
b. Odds Ra�os generated by univariable logis�c regression. 
ELPHS ADL, Elderly Popula�on Health Status Survey’s Ac�vity of Daily Living (scale 1–4: increase indicates worse func�onal status). Basic ADLs include basic 
self-care and mobility. Instrumental ADLs include more advanced ac�vi�es such as housework and shopping; SF-12, Short Form 12 Physical Component
Summary (scale 1–100: increase indicates be�er health); EORTC QLQ-C30, European Organiza�on for Research on Treatment of Cancer Quality of Life 
Ques�onnaire (version 3) Global Quality of Life scale 1–100: increase indicates be�er health.       
 * Health measures only reported if significantly associated with complica�ons P<0.05. Following measures therefore not reported above; EORTC QLQ-C30 
Emotional Func�oning, Insomnia, Financial Problems, Nausea/Vomi�ng and Diarrhoea; SF-12, Short Form 12 Mental Component Summary;  Blood results: 
Urea, Crea�nine, Haemoglobin, Platelets, White Blood Cells, Neutrophils, Lymphocytes 
Underlined P values indicate that significance retained once Bonferroni’s correc�on applied at α/number of tests = 0.05/46 = 0.001.

Variable n      All complications - Count       Serious complica�ons - ≥1
IRRa 95% CI P ORb 95% CI P 

ELPHS ADL Func�onal Status 1-4  increase = worse 

Basic ADLs 661 1.37 1.12 - 1.68 0.002 2.08 1.25 - 3.47 0.005 
Instrumental  ADLs 648 1.26 1.11 - 1.43 <0.001 1.65 1.15 - 2.36 0.006 

SF12 PCS, 1-100 
inc = be�er 648 0.98 0.98-0.99 <0.001 0.97 0.94 - 0.99 0.006 

EORTC C30 Func�on Scales, 1-100, increase = better

Global QoL 638 0.99 0.99 - 1.00 0.002 0.98 0.97 - 0.99 0.001 
Physical 656 0.99 0.99 - 1.00 <0.001 0.98 0.97 - 0.99 <0.001
Role 652 0.99 0.99 - 1.00 <0.001 0.98 0.97 - 0.99 <0.001
Cogni�ve  652 0.99 0.99 - 1.00 0.028 - - - 
Social 643 0.99 0.99 - 1.00 0.001 - - - 

EORTC C30 Symptom Scales, 1-100, increase = worse 
Fa�gue 652 1.01 1.00 - 1.01 0.001 1.02 1.01 - 1.04 <0.001
Pain 655 1.01 1.00 - 1.01 <0.001 1.01 1.00 - 1.02 0.025 
Dyspnoea 655 1.01 1.00 - 1.01 0.003 1.01 1.00 - 1.02 0.027 
Cons�pa�on 652 - - - 1.01 1.00 - 1.02 0.026 
Appe�te Loss 654 - - - 1.01 1.00 - 1.02 0.044 

Pulse 
(beats/minute) 615 - - - 0.96 0.93 - 0.98 0.002 

Blood results
Sodium (mmol/l) 613 - - - 0.89 0.82 - 0.98 0.012 
Potassium(mmol/l) 608 - - - 2.53 1.20 - 5.34 0.015 
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TABLE 55: Mul�variable nega�ve binomial regression model predic�ng count of all 30 day surgical 
complica�ons (n = 622)  

IRR Incidence Rate Ra�o. SE Standard Error. CI Confidence Interval.  WLE Wide Local Excision 
† Most extensive ANP Axillary Node Procedure. SNB Sen�nel Node Biopsy only. ANS Axillary Node Surgery. 
‡Adjusted for all other variables in the table
* Health measures BMI, ECOG performance status, Haemoglobin, ELPHS ADL func�onal status, SF-12 Physical Component Summary, EORTC C30 scales 
(Physical, Role, Cogni�ve & Social Func�ons, Fa�gue & Dyspnoea) not included as no significant effect in ini�al mul�variable model. Tumour stage & nodal 
status were removed as they did not significantly improve fit of model. **P-values <0.05 are shown in bold. 

Variable* Adjusted
IRR‡

SE P** 95% CI
Lower Upper 

Primary Surgery WLE  (ref) - - - - 
Mastectomy 1.642 0.212 <0.001 1.274 2.115 

Axillary Node
Procedure†

SNB only (ref)
ANS 1.433 0.173 0.003 1.131 1.816 
No ANP 0.460 0.477 0.454 0.060 3.504 

EORTC Global QoL, 1-100, inc = be�er 0.996 0.003 0.207 0.991 1.002 
EORTC Pain, 1-100, inc = worse 1.006 0.002 0.004 1.002 1.011 
Tumour size (mm) 1.004 0.004 0.340 0.996 1.013 
Constant 0.367 0.093 <0.001 0.223 0.604 
Alpha 0.188 0.112  0.059 0.602 
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TABLE 56: Mul�variable logis�c regression model predic�ng ≥ 1 serious complica�on at 30 days 
post-surgery (n = 537)        

Variable* Adjusted
OR‡

SE P** 95% CI
Lower Upper 

Primary Surgery WLE  (ref) 
Mastectomy 1.041 0.425 0.922 0.467 2.317 

Axillary Node
Procedure†

SNB only (ref) 
ANS 1.748 0.697 0.162 0.800 3.820 

Platelets 
Normal/high# (ref) 
Low 4.189 3.009 0.046 1.025 17.123

Pulse (beats/minute) 0.957 0.016 0.010 0.926 0.990 

EORTC Fa�gue (1-100, inc= worse) 1.019 0.007 0.004 1.006 1.033 

Constant 0.635 0.810 0.722 0.052 7.753 
OR Odds Ra�o. SE Standard Error. CI Confidence Interval.  
† Most extensive ANP Axillary Node Procedure. SNB Sentinel Node Biopsy only. ANS Axillary Node Surgery. None of the 5 pa�ents having no ANP retained in
the final model 
‡Adjusted for all other variables in the table
# Retained 19 cases with high platelets amalgamated with 555 cases with normal platelets as high category omi�ed due to lack of events
* Charlson Co-morbidity, ECOG performance status, Haemoglobin, ELPHS ADL func�onal status, ASA, Potassium, SF-12 Physical Component Summary and 
EORTC C30 scales (Global QoL, Physical Func�on, Role Func�on, Pain, Dyspnoea, Cons�pa�on, Appe�te Loss) not included as no significant effect in ini�al 
mul�variable model. Sodium removed from model as it produced VIFs >100. 
**P-values <0.05 are shown in bold. 
Goodness of fit test χ2 Hosmer-Lemeshow = 7.34: d.f. = 8; P = 0.500
Area under Receiver Operator Characteris�cs curve = 0.745 
Sensi�vity & Specificity 71.9%, False posi�ve & nega�ve rate 28.1% (probability cutpoint set to 0.062742)
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Appendix 3 The impact of health and patient
choice on receipt of surgery, radiotherapy or
chemotherapy in breast cancer patients on short-term
survival of older breast cancer patients in the UK:
a prospective cohort study

Abstract 

Introduc�on: Lack of surgery for older breast cancer pa�ents may reduce breast cancer survival. Few 

previous studies adjust for comorbidity and tumour characteris�cs which also effect survival. 

Methods: As part of a wider programme inves�gating older breast cancer pa�ents’ treatment, 

analyses of short-term survival (mean 3.8 years) was undertaken for 910 breast cancer pa�ents aged

≥65 years diagnosed at 22 English hospitals from 1/7/10-31/12/12. Primary outcome is breast cancer

specific survival (at 5/2/16). Independent variables include surgery, comorbidity, func�onal status

and tumour characteristics recorded from pa�ent interview (at diagnosis) and case note review (90 

days post-diagnosis). Data analyses included Cox’s mul�ple regression. 

Results: Pa�ents who had primary surgery (vs. those who did not) had 0.36 �mes the hazard of dying

of breast cancer (95% CI: 0.20-0.66, p=0.001) adjus�ng for other factors. In univariate analysis 

women aged ≥85 years had an increased hazard of breast cancer death compared to 65-69 year olds

(HR 4.02, 95% CI: 1.61-10.01, p=0.003). However when adjusted for surgery, tumour characteris�cs

and general health this was only borderline significant at 5% level (p=0.053).

Conclusions: Surgery for older breast cancer pa�ents reduces the hazard of breast cancer death by a 

third, independent of age, comorbidity and tumour characteris�cs. 

Introduc�on

Older women in the UK are less likely to have primary surgery for early operable breast cancer 

compared to younger postmenopausal women1;2. Previous studies demonstrate reduced odds of

surgery from the age of 70 years and older3;4. The King’s Fund reports that improved management of

older cancer pa�ents could reduce overall cancer mortality in England5. The impact of lack of surgery

on older pa�ents’ survival needs to be inves�gated. There is good evidence that poor survival is a 

par�cular problem for older breast cancer pa�ents in the UK. Moller et al (2010) found that the 

5 year rela�ve survival for women aged ≥80 years is 61% in UK compared to 74% in Norway & 

Sweden. Moreover the excess death rate for Bri�sh breast cancer pa�ents increases drama�cally

with age group compared to those in Norway and Sweden, par�cularly in the first year a�er 

diagnosis6. They conclude that this ‘leads to important ques�ons about the adequacy of care

provided for the oldest pa�ents.’ However, Moller et al did not inves�gate the effect of access to

treatment on survival. Moreover, the propor�on of pa�ents with co-morbidi�es or frailty, and later

stage breast cancer increase with age and both of these factors may also effect survival.
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Guidelines state that adjuvant therapy should be considered for all patients with early invasive breast 

cancer (NICE, 2009: 1.65). Radiotherapy is strongly recommended following breast conserving 

surgery and should be offered to patients after mastectomy who are at high risk of recurrence (NICE, 

2009: 1.11.1 & 1.11.3). Although recommendations for chemotherapy are less clear cut, it is advised 

that the decision should be based on prognostic and predictive factors and the potential benefits and 

side effects of treatment (NICE, 2009: 1.6.6). Guidelines converge in stating that treatment of breast 

cancer patients should be based on tumour characteristics, patient health and choice. The role of age 

in considering treatment options is more contested; NICE guidelines (2009) state that breast cancer 

treatments should be offered to patients with early stage cancer irrespective of age whereas European 

Society for Medical Oncology guidelines (2015) recommend taking age into account along with other 

factors in breast cancer treatment planning. EMSO states breast cancer treatment “should be based on 

the tumour burden/location (size and location of primary tumour, number of lesions, extent of lymph 

node involvement) and biology (pathology, including biomarkers and gene expression), as well as the 

age and general health status of the patient. 

This study aims to inves�gate the impact of primary surgery, or lack thereof, on survival of women 

aged ≥65 years diagnosed with breast cancer in the UK, adjus�ng for pre-treatment measures of 

health and tumour characteris�cs. 

 

Method 

Study Design. This study followed an established cohort of patients aged ≥65 years to three years 

after diagnosis. At diagnosis all patients had early stage (stage 1 to IIIa) invasive breast cancer and 

were recruited from 22 Trusts in England between 01/07/2010 to 31/03/2013; more details of 

methods, inclusion and exclusion criteria can be found elsewhere (Lavelle et al, 2014). The primary 

outcomes were curative adjuvant treatment, either radiotherapy or chemotherapy within 12 months of 

diagnosis, adjusting for health measures, type of primary surgery, tumour characteristics 

demographics and patient choice.  

For more details on explanatory variables see Lavelle et al (2014), but in brief measures of health 

were Charleson Index of Co-morbidity (Charlson et al, 1987), Elderly Population Health Status 

Survey’s (ELPHS), ADL (Sharpes et al, 2002) functional status measure and Eastern Co-operative 

Oncology Group-Performance Status (Oken et al, 1982). Primary surgery was classed either 
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mastectomy or wide local excision within 3 months of diagnosis. Tumour characteristics, based on 

biopsy, imaging and clinical assessment, were pre-surgical assessment of stage, grade, nodal and  

steroid receptor status (oestrogen and progesterone).  ((cTNM (UICC, 2009)). Socioeconomic 

classification was measured using the Office of National Statistics Socio-Economic Classification 

(ONS, Office of National Statistics, 2013).  

Patient choice: Patient choice was measured using Degner et al (2007) control preferences scale 

(CPS). This is a five point scale where the patient identifies if they were active, collaborative or 

passive in the treatment decision. The patient has 2 options if they considered themselves active in the 

decision; I made the final decision about which treatment I would receive or I made the final decision 

about my treatment after seriously considering my doctor’s opinion. They have 1 choice for 

collaborative; my doctor and I shared responsibility for deciding which treatment was best for me. If 

the patient thinks the doctor made the treatment decision and they were passive they have 2 choices; 

my doctor made the final decision about which treatment would be used but seriously considered my 

opinion or my doctor made the final decision about which treatment I would receive.. Choice was 

measured for both the chemotherapy and radiotherapy treatment decision. The CPS can only be used 

if a treatment decision was discussed and therefore patients were given the option of indicating they 

were given no choice as chemotherapy or radiotherapy treatment was not discussed with them.   

Data collection: A case note review was carried out 3 years post-diagnosis using a proforma 

developed for the project. Data was extracted on radiotherapy and chemotherapy, which treatments 

were received. Patients were classed as receiving curative adjuvant treatment if they initially 

underwent primary surgery (within 3 months of diagnosis) and were treated with radiotherapy and/or 

chemotherapy (within 12 months of diagnosis) and they did not have metastatic disease or a 

recurrence of breast cancer. Inter-rater agreement was checked for 10% of the pro-formas and 

satisfied Kappa > 0.6 showing substantial to perfect agreement (Landis and Koch, 1977). 

Surviving patients who were not precluded from further contact (e.g. due to cognitive impairment) 

were surveyed for role in the adjuvant treatment decision using the CPS (Degner et al, 1997). Surveys 
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and a freepost envelope for survey return were posted where possible at 3 years post diagnosis 

(-/+ 2 weeks). However, due to timing of the receipt of project funding 39% patients were surveyed at

3-4 years post diagnosis. If a patient did not reply within 2 weeks a further survey was posted out. If

again no reply was received in 2 weeks the patient was contacted by telephone and offered the option 

of completing the survey by telephone at a convenient time. If patients did not want to complete the 

questionnaire and did not want any further contact, they were offered the option of returning the blank

survey in the freepost envelope. Postal surveys were sent out to 628 of the sample (91.3%) and

returned by 513 (81.7% return rate). Ten per cent of case note review proformas and 10% of patient 

surveys were checked for data input errors. Data input errors were less than 0.3% and therefore no

further checking was necessary. 

Sample size. As this study was following up an existing cohort, the sample size was circumscribed to

the patients that were originally recruited. Initially 944 patients were recruited from 01/07/2010 to

31/03/2013. For this project patients recruited after 31/12/12 were excluded in order that all patients

would have at least 3 years follow up at case note review. Other reasons for exclusion were that the 

case notes were not available (34 patients), patients died (16) or moved away (55 patients) within 

12 months. This study was concerned with adjuvant treatment in addition to primary surgery so all 

patients who were not treated with surgery were removed from the sample. Following these 

exclusions, the final sample was 688 patients (figure 1). 

Analyses: Explanatory variables were investigated in univariable analysis using Pearson’s χ2 test, 

Fisher’s exact test, and χ2 test for trend. Logistic regression analyses of receipt of adjuvant

chemotherapy and radiotherapy, adjusted for health measures, patient preference, tumour

characteristics and demographic variables. Tumour characteristics include those used to determine 

chemotherapy status in clinical guidelines (tumour stage, grade, nodal and steroid receptor status). As

clinical guidelines indicate that radiotherapy is necessary after lumpectomy but not always following

mastectomy (NICE, 2009), multivariate logistic regression predicting receipt of radiotherapy was also
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limited to the number of patients in the cohort receiving lumpectomy. Logistic regression models 

should have around ten patients for each explanatory variable for both categories of the dependent 

variable (Bland, 2005; Peduzzi, 1996), although in other scenarios it has been shown that five patients 

for each explanatory variable is sufficient (Vittinghoff, 2007). To help meet this guidance, variables in 

the multivariate models were limited to those essential to the core research question and with 

significant coefficients (at the 5 per cent level) in the univariate analyses. Both the main and nested 

models were tested for goodness of fit (Hosmer & Lemeshow, 2000), variance inflation factors and 

discrimination (area under receiver operating characteristic curve). Data were analysed using STATA 

version 12. 

Survival analysis is based  on 910 members of the cohort with a diagnosis date up to 31/12/12 in 

order that all par�cipants had > 3 years survival at the �me of analysis. As breast cancer mortality in 

the UK rises sharply from the age of 70 years, 65-69 year olds are included here as a reference 

group4;7. Data on surgical treatment, pre-opera�ve health measures and tumour characteris�cs were 

collected by pa�ent interview (at diagnosis/ before surgery if undertaken) and/or case note review 

(at 3 months post diagnosis)1. Surgery rates did not differ significantly between breast units1. The 

core variables used in this survival analysis were collected for the en�re sample, including 136 

eligible par�cipants aged 65-69 years. All par�cipants were followed up to a census date of 5/2/16 

i.e. 37 months from the last par�cipant entering the study. The primary end point is breast cancer 

specific mortality, which was defined as �me from diagnosis to death due to breast cancer based on 

underlying cause of death provided by the Health and Social Care Information Centre. Participants 

dying from other causes were censored at their date of death. 

Independent variables include undergoing primary surgery (mastectomy or wide local excision) 

within 90 days of diagnosis, age group, socio-economic status8, co-morbidity (Charlson Index 0, 1, 

2+)9 and func�onal status group (ELPHS ADL 1-2 vs. 3-4)10. Pre-treatment assessment of steroid 

receptor status, grade and tumour stage (1 vs. 2-3a) based on clinical, imaging and fine needle/core 

biopsy assessments were recorded11. Expected and observed deaths were compared using the log 

rank test (α <0.05). Cox’s propor�onal hazards regression was used to examine the effect of surgery 

on survival adjus�ng for age, tumour stage, grade, steroid receptor status, co-morbidity and 

func�onal status. Data were analysed using Stata version 12.112. Ethical approval was granted by the 

UK NHS Na�onal Research Ethics Service (10/H1014/32 & 33). 
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Results 

Adjuvant Therapy. To analyses adjuvant therapy 688  patients were included all of whom had 

primary surgery (45.1% mastectomy and 54.9% wide local excision). Of those who had primary 

surgery, 90 (13.1% 95% CI: 10.7-15.8) also had chemotherapy and 453 (65.8% 95% CI: 62.2-69.4) 

radiotherapy. The mean age of the patients in the sample was 75.7 years (95% CI: 75.2-76.1) (table 

1). Just over half the patients had a Charlson Co-morbidity score of 0, 90% had independent 

functional status and 74.3% had a performance status of 0-1. The stage of disease in 48.8% of patients 

was 1 and 51.2% patients had stage 2-3a disease. The majority of patients (83.7%) had an oestrogen 

or progesterone positive tumour and most had grade 2 disease (53.2%). 

Chemotherapy  :The univariable analysis showed unsurprisingly that significantly more patients in 

the 65-69 year age group had chemotherapy compared patients aged 85 years and older, 25.4% 

compared to 1.6% (P<0.001) (Table1). Chemotherapy rates were also significantly higher for patients 

with stage 2 or 3a disease (18.5%) compared to stage 1 (7.4%) (P <0.001) and oestrogen or 

progesterone negative tumours (36.9%) compared to oestrogen and progesterone positive tumours 

(10.9%) (P<0.001). The proportion of patients receiving chemotherapy was 18% more in patients with 

a grade 3 tumour compared to patients with a grade 2 tumour, and over 27% compared to patients 

with a grade 1 tumour (P<0.001). Patients were significantly less likely to receive chemotherapy if 

they perceived that the choice of having or not having chemotherapy was not discussed with them 

(2.8%) compared to patients who stated they were given a choice but did not indicate the role they 

took (37.5%) or those active (43.8%) or passive (50.0%) in the treatment decision (P<0.001). In the 

univariate  analysis, measures of health and functional status were not significantly associated with 

receiving chemotherapy. 
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Co-morbidity 0 383 55.7 54 14.1  258 67.4  
(Charlson) 1+ 305 44.3 36 11.8 0.375d 195 63.9 0.346d 

Functional  Independent (1-2) 619 90.0 86 13.9  422 68.2  
status Dependent (3-4) 67 9.7 4 6.0 0.068d 29 43.3 <0.001d 
 Missing 2 0.3 0 0 0.137e 2 100 <0.001e 
Performance  0-1 511 74.3 72 14.1  357 69.9  
status 2+ 163 23.7 14 8.6 0.067d 86 52.8 <0.001d 
 Missing 14 2.0 4 28.6 0.033e 10 71.4 <0.001d 
Surgerya Mastectomy 310 45.1 50 16.1  100 32.3  
 Wide Local Excision 378 54.9 40 10.6 0.032d 353 93.4 <0.001d 
Stage 1 336 48.8 25 7.4  245 72.9  
 2 & 3a 352 51.2 65 18.5 <0.001d 208 59.1 <0.001d 
Nodal  No/not recorded 501 72.8 32 9.5  226 67.3  
involvement Yes 187 27.2 39 31.2 <0.001d 87 69.6 0.633 
ER or PR  Yes 576 83.7 63 10.9  380 66.0  
positive No 65 9.5 24 36.9 <0.001d 44 67.7 0.781d 

 Missing 47 6.8 3 6.4 <0.001e 29 61.7 0.794d 

Grade 1 131 19.0 3 2.3  94 71.8  
 2 366 53.2 42 11.5  245 66.9  
 3 133 19.3 40 30.1 <0.001e 87 65.4 0.497d 

 Missing 58 8.4 5 8.6 <0.001e 27 46.6 0.008d 

Socioeconomic  Professional 379 55.1 56 14.8  251 66.2  
classification Intermediate 180 26.2 23 12.8  113 62.8  
 Manual 125 18.2 11 8.8 0.227d 85 68.0 0.600d 

 Missing 4 0.6 0.0 0.0 0.349e 4 100 0.453e 

Chemotherapy  Active/collaborative 80 11.6 35 43.8     
choice Passive 48 7.0 24 50.0     
 No choice 325 47.2 9 2.8     
 Choiceb 8 1.2 3 37.5 <0.001e    
 Missing/Died 227 33.0 19 8.37 <0.001e    
Radiotherapy  Active/collaborative 200 29.1    162 81.0  
choice Passive 108 15.7    98 90.7  
 No choice 156 22.7    61 39.1  
 Choiceb 28 4.1    22 78.6 <0.001d 
 Missing/Died 196 28.5    110 56.1 <0.001d 
Total  688 100 90   453   

Abbreviations: NR = Not recorded 
aMost extensive surgery bPatient indicated they had a choice but did not select a role cχ2 test for trend 
for age d χ2 Pearson eFisher’s exact test *P values <0.05 are shown in bold 

TABLE 57 Baseline characteristics and adjuvant treatment (n = 688)  
Baseline Characteristics Adjuvant Treatment 

Variable Category n % Chemotherapy Radiotherapy 
n % P* n % P* 

Age group  65-69 118 17.2 30 25.4  88 74.6  
(Years) 70-74 233 33.9 45 19.3  176 75.5  
 75-79 175 25.4 12 6.9  107 61.1  
 80-84 99 14.4 2 2.0  55 55.6  
 85+ 63 9.2 1 1.6 <0.001c 27 42.9 <0.001c 
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Performance 0-1 (ref) - 
Status 2+ 0.57 0.31-1.05 0.070

Missing 2.44 0.74-7.98 0.141
Surgery Mastectomy (ref) - - (ref) - - 

WLE 0.62 0.39-0.96 0.033 0.81 0.43-1.55 0.530
Stage 1 (ref) - - (ref) 

2 & 3a 2.82 1.73-4.59 <0.001 2.89 1.49-5.62 0.002

Nodal No/NR (ref) - - 
involvement Yes 3.2 2.04-5.06 <0.001

ER & PR Yes (ref) - - (ref) 
Positive No 4.77 2.70-8.41 <0.001 1.4 0.62-3.06 0.432

Missing 0.56 0.17-1.84 0.336 0.49 0.10-2.43 0.380
Grade 1 (ref) - - (ref) 

2 5.53 1.68-18.16 0.005 2.57 0.69-9.55 0.160
3 18.35 5.51-61.13 <0.001 14.82 3.80-57.79 <0.001

Missing 4.03 0.93-17.45 0.063 6.09 1.09-33.93 0.039

SECa Professional (ref) - - 
Intermediate 0.84 0.50-1.42 0.527
Manual 0.56 0.28-1.10 0.092

Choice Active/collaborative (ref) - - (ref) 
Passive 1.29 0.63-2.64 0.493 1.44 0.61-3.41 0.408
No choice 0.04 0.02-0.81 <0.001 0.05 0.02-0.14 <0.001

 Choiceb 0.77 0.17-3.45 0.734 1.72 0.22-13.20 0.603
Missing/Died 0.12 0.06-0.22 <0.001 0.15 0.07-0.32 <0.001

Abbreviations: SEC = Socioeconomic classification, ER = Oestrogen receptor positive PR = Progesterone 
receptor positive, WLE = Wide local excision, CI = Confidence interval, NR = Not reported 
a SEC Missings are omitted from the model
bPatients indicated they were given a choice, but did not select a role 
cAdjusted for all other variables in the column. Variables significant at 5% in univariable analyses
entered into the multivariable model (axillary nodes represented within tumour stage and functional 
status included as representative/ most complete health measure -essential to research question). All 
variance inflation factors < 10. Goodness of fit test χ2 Hosmer-Lemeshow = 5.11 d.f. = 8 P=0.746. 
Area under receiver operator characteristics curve= 0.922 *P values <0.05 are shown in bold

TABLE 58. Multivariable logistic regression of receiving chemotherapy (vs. not receiving chemotherapy) 
(unadjusted odds n = 688, adjusted odds n = 686)a

    

Variable Category Unadjusted 
odds ratio 

95% CI P 
value* 

Adjusted 
odds ratioc 

95% CI P 
value* 

Age  65-69 (ref) - - (ref) - - 
 70-74 0.70 0.41-1.19 0.188 0.43 0.21-0.89 0.021 

 75-79 0.22 0.11-0.44 <0.001 0.06 0.02-0.16 <0.001 

 80-84 0.06 0.01-0.26 <0.001 0.03 0.00-0.14 <0.001 

 85+ 0.05 0.01-0.36 0.003 0.02 0.00-0.15 <0.001 

Co-morbidity 0 (ref) - -    
 1+ 0.82 0.52-1.28 0.376    
Functional   Independent (1-2) (ref) - - (ref) - - 
Status Dependent (3-4) 0.39 0.14-1.11 0.078 0.28 0.08-1.07 0.058 
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TABLE 59. Multivariable logistic regression of receiving radiotherapy (vs. not receiving radiotherapy) 
(unadjusted odds n = 688, adjusted odds n = 686)a

Variable Category Unadjusted
odds ratio 

95% CI P 
value*

Adjusted 
odds ratioc 

95% CI P 
value*

Age 65-69 (ref) - - (ref) - - 
70-74 1.05 0.63-1.75 0.844 1.37 0.67-2.83 0.389
75-79 0.54 0.32-0.90 0.018 0.88 0.43-1.82 0.733
80-84 0.43 0.24-0.76 0.004 0.98 0.43-2.23 0.962
85+ 0.26 0.13-0.49 <0.001 0.65 0.26-1.60 0.352

Co-morbidity 0 (ref) - - 
1+ 0.86 0.63-1.18 0.346

Functional   Independent (1-2) (ref) - - (ref) - - 
Statusa Dependent (3-4) 0.36 0.21-0.59 <0.001 0.39 0.16-0.92 0.031

Performance 0-1 (ref) - - (ref) - - 
Status 2+ 0.48 0.34-0.69 <0.001 0.82 0.46-1.45 0.492

Missing 1.08 0.33-3.49 0.900 1.27 0.24-6.68 0.777
Surgery Mastectomy (ref) - - (ref) - - 

WLE 29.7 18.53-47.46 <0.001 38.03 20.92-69.13 <0.001

Stage 1 (ref) - - (ref) - - 
2 & 3a 0.54 0.39-0.74 <0.001 2.24 1.30-3.83 0.003

Nodal  No/NR (ref) 
Involvement Yes 0.96 0.68-1.4 0.839
ER & PR Yes (ref) - - 
Positive No 1.08 0.62-1.87 0.781

Missing 0.83 0.45-1.53 0.554
Grade 1 (ref) - - (ref) - - 

2 0.80 0.51-1.24 0.310 1.00 0.52-1.92 0.999
3 0.74 0.44-1.25 0.268 1.46 0.69-3.08 0.321
Missing 0.34 0.18-0.65 0.001 0.50 0.19-1.33 0.164

SECa Professional (ref) - - 
Intermediate 0.86 0.59-1.24 0.424
Manual 1.08 0.70-1.67 0.715

Choice Active/collaborative (ref) - - (ref) - - 
Passive 2.30 1.10-4.82 0.028 2.22 0.92-5.34 0.076
No choice 0.15 0.09-0.24 <0.001 0.23 0.12-0.43 <0.001

 Choiceb 0.86 0.33-2.27 0.761 2.37 0.73-7.63 0.149
Missing/Died 0.30 0.19-0.47 <0.001 0.51 0.28-0.92 0.026

Abbreviations: SEC = Socioeconomic classification, ER = Oestrogen receptor positive PR = Progesterone 
receptor positive, CI = Confidence interval, NR = Not Recorded 
a Missings are omitted from the model. See table 1.
bPatients indicated they were given a choice, but did not select a role 
cAdjusted for all other variables in the column. Variables entered into the multivariable model if
significant at the 5% level in the univarible analyses. All variance inflation factors < 10. Goodness of
fit test χ2 Hosmer-Lemeshow = 4.18 d.f. = 8 P = 0.840. Area under receiver operator characteristics  
curve= 0.907 
*P values <0.05 are shown in bold
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TABLE 60 Multivariable logistic regression of receiving radiotherapy (vs. not receiving radiotherapy) for  
patients who were treated with wide local excision. (unadjusted odds n = 378, adjusted odds n = 376) 

 
Variablea Category Unadjusted 

odds ratio 
95% CI P value* Adjusted 

odds ratioc 
95% CI P value*  

Age  65-69 (ref)   (ref) - - 
 70-74 2.32 0.69-7.85 0.176 2.35 0.69-8.09 0.174 
 75-79 0.90 0.29-2.81 0.860 0.92 0.29-2.91 0.884 
 80-84 0.99 0.23-4.17 0.985 1.12 0.25-4.94 0.883 
 85+ 0.34 0.09-1.34 0.123 0.60 0.13-2.69 0.504 
Functional   Independent (1-2) (ref)   (ref) - - 
Statusd Dependent (3-4) 0.27 0.09-0.78 0.016 0.30 0.09-0.98 0.046 

Choice Active/collaborative (ref)      
 Passive 2.15 0.44-10.59 0.348    
 No choice 0.28 0.10-0.79 0.016    
 Choice 0.69 0.08-6.05 0.737    
 Missing/Died 0.71 0.23-2.18 0.546    
Choice Choiceb (ref)   (ref) - - 
 No choice 0.23 0.9-0.60 0.003 0.26 0.09-0.70 0.008 

 Missing/Died 0.59 0.21-1.68 0.322 0.63 0.22-1.84 0.403 
aTumour characteristics omitted from model as not significant 
bPatients perceived they had been given a choice 
cAdjusted for all other variables in the column. All variance inflation factors < 10. Goodness of fit test 
χ2 Hosmer-Lemeshow = 1.33 d.f. = 5  P=0.932. Area under receiver operator characteristics curve= 
0.737 
d Missings not included in model (n = 2) 
*P values <0.05 are shown in bold 
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In the multivariable analysis the odds of having chemotherapy were significantly greater for those  

having stage 2 & 3a compared to stage 1 tumours (OR 2.89, 95% CI: 1.49-5.62) and grade 3 

compared to grade 1 tumours (OR14.83, 95% CI: 3.80-57.79) (Table 2). All participants aged 70 

years and older had decreased odds of chemotherapy compared to 65-69 year olds and these odds 

decrease with age with those aged over 85 having 0.02 times the odds of chemotherapy compared to 

65-69 year olds (95% CI: 0.00-0.15). Chance of chemotherapy was not significantly different if the 

patients were passive in the decision compared if they were actively involved in deciding to have the 

treatment (P = 0.408). However, if the patient perceived that the choice of having versus not having 

chemotherapy was not discussed with them, the odds of having chemotherapy significantly reduced to 

0.05 (95% CI: 0.02-0.14). The reduction in odds of chemotherapy for those with dependent functional 

status failed to reach significance at the 5% level (P = 0.063)  

The model was robust; all variance inflation factors were under 10, the goodness of fit testχ2 showed 

no significant difference between observed and expected values (Hosmer-Lemeshow = 5.11 d.f. = 8 

P=0.746) and the area under the receiver operator characteristics was 0.92 showing excellent 

discrimination (Hosmer and Lemeshow, 2000).  

 

Radiotherapy 

The analysis of whether or not patients received radiotherapy was first carried out on the whole 

sample of 688; this included patients treated with mastectomy as well as wide local excision. In the 

univariate analysis, older age, dependent functional status, a performance status of 2+, and not been 

offered a choice significantly reduced the chance that patients would be given radiotherapy (table1). 

Seventy four percent of patients aged 65 to 69 years had radiotherapy compared to 42.9% of patients 

aged 85 years and older (P<0.001). Patients with poorer measures of health had significantly reduced 

chance of having radiotherapy compared to those who were healthier; dependent functional status 

43.3% of patients with dependent functional status had radiotherapy compared to 68.2% independent 

functional status patients (P<0.001) and 52.8% of patients with performance status 2+ had 
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radiotherapy compared to 69.9% with a performance status of 0-1 (P<0.001). Having primary surgery 

of wide local excision significantly increased the chance of having radiotherapy (93.4%) compared to 

32.3% for patients whose primary surgery was a mastectomy (P<0.001).  

In the multivariate analysis, adjusting for health, tumour characteristics, sociodemographics and 

choice, age was no longer a significant factor in receiving radiotherapy (table 3). However, patients 

with poorer health – a dependent functional status - had less chance of receiving radiotherapy (OR 

0.36 95% CI: 0.16-0.92). Also patients who perceived that they were not offered a choice had 0.23 the 

odds of receiving radiotherapy compared to patients who were active in the decision (95% CI: 0.12-

0.43). Patients who identified as being passive in the decision had 2.21 the odds of receiving the 

treatment compared to those who were active (95% CI: 0.92-5.34). Additionally, patients treated with 

wide local excision had over 38 times the odds of having radiotherapy compared to patients having 

mastectomy (OR 38.03 95% CI: 20.92-69.13).   

The model was robust; all variance inflation factors were under 10, in the goodness of fit χ2 showed no 

significant difference between observed and expected values (Hosmer-Lemeshow = 4.18 d.f. = 8  

P=0.840) and the area under the receiver operator characteristics curve was 0.907 showing excellent 

discrimination (Hosmer-Lemeshow, 2000).  

A sub group analysis was conducted on patients treated with wide local excision, as breast cancer 

guidelines strongly recommend radiotherapy after wide local excision whereas it is only advisable 

after mastectomy if the patient is a high risk of recurrence (table 4). However, the number of patients 

not receiving radiotherapy following breast conserving surgery was low at 25 of 378 patients (6.61%). 

This meant that the number of variables the model would support was reduced. Functional status was 

retained in the model as the most complete measure of health, which predicted receipt of radiotherapy 

in the univariate analyses. As passitivity was not significant in the univariable analysis, choice was 

reduced to whether the patient identified that they took a role in the treatment decision compared to if 

they perceived that a choice was not offered to them.  In the final model older age did not predict 

having radiotherapy after wide local excision. However those with a dependent functional status had 
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just a third of the odds of radiotherapy (OR 0.3 95% CI: 0.09-0.98) and patients perceiving that the 

option of radiotherapy was not discussed with them had around a quarter of the chance of receiving 

this adjuvant treatment (OR 0.26 95% CI: 0.09-0.70). 

The model was robust; all variance inflation factors were under 10, in the goodness of fit χ2 showed no

significant difference between observed and expected values (Hosmer-Lemeshow = 1.33 d.f. = 5 

P=0.931) and the area under the receiver operator characteristics curve was 0.737 showing 

satisfactory discrimination (Hosmer-Lemeshow, 2000 ).

Survival analyses included all of the 910 women in the study (mean age 77.01 95% CI: 76.55 –

77.46),of whom 178 died before the end point of the study (5/2/16): 71 of breast cancer and 107 of

other causes. The mean follow up �me was 3.76 years (95% CI: 3.69-3.83). Baseline characteris�cs of

the sample are detailed in Table 1. The number of observed breast cancer deaths significantly 

exceeded those expected for par�cipants whom did not have primary surgery, were aged ≥85 years,

were steroid receptor nega�ve and had a higher grade or stage tumour (Table 1). The same

variables predicted increased hazard of breast cancer death in univariate Cox’s regression analyses 

(Table 2). 

Adjus�ng for tumour stage, comorbidity and func�onal status, women undergoing primary surgery

had a third the hazard of dying of breast cancer (Table 2). Those who were steroid receptor test

nega�ve (vs. positive) had over twice the hazard of breast cancer death (Table 2). 

Discussion

These results are in broad agreement with previous studies both in the UK and elsewhere. Surgery 

has become such a mainstay of treatment for early stage breast cancer that trials tes�ng its efficacy

for older pa�ents are scarce and subject to poor recruitment13;14. Morgan et al’s (2014) Cochrane 

review of primary surgery vs. medical treatment with endocrine therapy for breast cancer pa�ents

aged ≥70 years included two trials (based in UK and Italy) which had breast cancer specific survival as

an outcome. Combined analyses indicate reduced hazard of breast cancer death for pa�ents

undergoing primary surgery (HR 0.70 95% CI: 0.51 – 0.95)15. Amongst observational studies,

Bourchardy et al (2007) found that both mastectomy and breast conserving surgery followed by

adjuvant treatment significantly reduced the hazard of dying of breast cancer (HR 0.2 (95% CI: 0.1-

0.7) & HR 0.1 (95% CI: 0.03-0.4) respectively) amongst 407 pa�ents aged ≥80 years in the United

States16. More recently Cortadellas et al (2013) also found that surgery increased breast cancer 

survival in a prospective cohort study of 259 Spanish breast cancer pa�ents aged ≥80 years17. The 
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finding that surgery increases survival are by no means universal: Traa et al (2011) for example 

found that surgery did not significantly reduce the hazard of dying of breast cancer amongst a cohort

of 346 breast cancer pa�ents aged ≥75 years in the Netherlands (HR 0.78 95% CI: 0.44-1.39)18. 

However, Traa et al did not adjust for co-morbidi�es which they comment is a limita�on of their 

results.  

Previous cohort studies have adjusted for a range of explanatory variables that may ameliorate the

effects of surgery on survival for older breast cancer pa�ents. Adjustment for tumour characteris�cs

was based on improved prognosis for receptor posi�ve and earlier stage breast cancer. However,

although we have found and effect of steroid receptor status we did not find an effect of stage; 

probably due to the inclusion of only early stage breast cancer pa�ents. Older age was not found to

predict breast cancer specific survival once tumour characteris�cs and surgical treatment were

adjusted for. This finding supports breast cancer guidelines which state that age should not be the 

sole determinant in deciding treatment for pa�ents19. However, it should be noted that the hazard

of death for the oldest age group, women aged ≥85 years, was of borderline significance even

adjus�ng for co-morbidi�es and func�onal status. Hence this result should be treated with cau�on. 

This was a subsidiary study and as such was limited to the sample size, geographical area and health

measures used in the main study. The number of events (71) per degree of freedom (14) from

explanatory variables exceeded five in the final model and the sample size was therefore justifiable 

to support the analysis20. This subsidiary study could only assess survival outcomes at an average 3.8 

years post diagnosis and longer term follow up is needed to explore these short term results further.

Cancer specific survival may exhibit poten�al bias due to misclassifica�on. However, this bias has 

been shown to have li�le impact on es�mates for cancers with good survival rates (i.e. >80% at 5 

years)21. Further limita�ons of the main study are discussed elsewhere1. Regarding the analysis 

reported here the slight under-representation of women aged ≥85 years is of the most relevance as

this limits the generalizability of these findings to the oldest age group. However, as this study 

required pa�ent consent, under-representa�on of the oldest pa�ents is likely as capacity for 

informed consent decreases with older age1. 

In this large UK based cohort of pa�ents aged ≥65 years diagnosed with early stage breast cancer, 

primary surgery reduced the hazard of dying of breast cancer by a third, independent of age, health

and tumour characteris�cs. 
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TABLE 61: Baseline characteris�cs by observed and expected breast cancer-specific deaths (n = 910)

Variable Category n Percent No. Deaths
Observed

No. Deaths
Expected

Log ranks 
test# P*

Primary surgery 
Yes 772 84.8 49 61.99
No 138 15.2 22 9.01 <0.001

Age group 
(years) 

65-69 136 15.0 6 11.14
70-74 265 29.1 18 21.78
75-79 225 24.7 13 17.94
80-84 148 16.3 14 10.89
85+ 136 15.0 20 9.26 0.001

Grade 1 168 18.5 7 13.28
2 489 53.7 28 38.70
3 183 20.1 32 13.36 <0.001

Missing 70 7.7 4 5.67 <0.001

ER or PR
posi�ve

Yes 774 85.1 50 60.77
No 81 8.9 17 5.90 <0.001
Missing 55 6.0 4 4.33 <0.001

Tumour Stage I 403 44.3 19 32.06

II and IIIa 507 55.7 52 38.94 0.002

Co-morbidity
(Charlson)

0 473 52.0 38 37.98
1 268 29.5 21 20.53
2+ 169 18.6 12 12.49 0.985

Func�onal
status

Independent (1-2) 758 83.3 55 60.38
Dependent (3-4) 148 16.3 16 10.38 0.061 
Missing 4 0.4 0 0.24 0.153 

Total 910 100% 71 71
* P values for each variable for complete data reported first followed by data including missings if relevant.

# The Log Rank test tests the equality of survivor func�on across groups
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Grade 

1 (ref) (ref)

2 1.37 0.60-3.14 0.453 1.18 0.51-2.71 0.704 

3 4.55 2.01-10.31 <0.001 3.23 1.36-7.65 0.008
Missing 1.34 0.39-4.57 0.642 1.10 0.30-4.00 0.890 

ER or PR
posi�ve

Yes (ref) (ref)
No 3.50 2.02-6.08 <0.001 2.75 1.49-5.09 0.001
Missing 1.12 0.41-3.11 0.825 1.60 0.54-4.79 0.396 

Tumour
Stage 

I (ref) (ref)
II and IIIa 2.25 1.33-3.81 0.002 1.48 0.85-2.57 0.164 

Co-
morbidity
(Charlson)

0 (ref) (ref)
1 1.02 0.60-1.74 0.935 0.97 0.56-1.67 0.917 
2+ 0.96 0.50-1.84 0.902 0.80 0.41-1.57 0.518 

Func�onal
status*

Independent (1-2) (ref) (ref)
Dependent (3-4) 1.69 0.97-2.95 0.064 1.00 0.53-1.88 0.995 

TABLE 62: Cox’s propor�onal hazards regression of breast cancer-specific survival (unadjusted   
n=910, adjusted n=906)

Variable Category Unadjusted
HR

Univariable
95% CI

P
Value 

Adjusted 
HR# 

Mul�variable
95% CI

P 
Value 

Primary 
surgery 

No (ref) (ref)
Yes 0.32 0.19-0.53 <0.001 0.36 0.20-0.66 0.001

Age group 
(years) 

65-69 (ref) (ref)
70-74 1.53 0.61-3.86 0.364 1.31 0.52-3.34 0.565 
75-79 1.35 0.51-3.54 0.548 1.04 0.39-2.77 0.933 
80-84 2.39 0.92-6.22 0.074 1.72 0.65-4.56 0.272 
85+ 4.02 1.61-10.01 0.003 2.61 0.99-6.91 0.053
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Appendix 4 Impact of primary surgery on
short-term survival of older breast cancer patients in
the UK: a prospective cohort study

Abstract  

Introduc�on: Lack of surgery for older breast cancer pa�ents may reduce breast cancer survival. Few 

previous studies adjust for comorbidity and tumour characteris�cs which also effect survival. 

Methods: As part of a wider programme inves�ga�ng older breast cancer pa�ents’ treatment, analyses 

of short-term survival (mean 3.8 years) was undertaken for 910 breast cancer pa�ents aged ≥65 years 

diagnosed at 22 English hospitals from 1/7/10-31/12/12. Primary outcome is breast cancer specific 

survival (at 5/2/16). Independent variables include surgery, comorbidity, func�onal status and tumour 

characteris�cs recorded from pa�ent interview (at diagnosis) and case note review (90 days post-

diagnosis). Data analyses included Cox’s mul�ple regression. 

Results: Pa�ents who had primary surgery (vs. those who did not) had 0.36 �mes the hazard of dying of 

breast cancer (95% CI: 0.20-0.66, p=0.001) adjus�ng for other factors. In univariate analysis women 

aged ≥85 years had an increased hazard of breast cancer death compared to 65-69 year olds (HR 4.02, 

95% CI: 1.61-10.01, p=0.003). However when adjusted for surgery, tumour characteris�cs and general 

health this was only borderline significant at 5% level (p=0.053).   

Conclusions: Surgery for older breast cancer pa�ents reduces the hazard of breast cancer death by a 

third, independent of age, comorbidity and tumour characteris�cs.  
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Introduc�on

Women 65 years and older in the UK are less likely to have primary surgery for early operable breast 

cancer compared to younger postmenopausal women1;2. Previous studies demonstrate reduced odds of

surgery from the age of 70 years and older3;4. The King’s Fund reports that improved management of

older cancer pa�ents could reduce overall cancer mortality in England5. The impact of lack of surgery on

older pa�ents’ survival needs to be inves�gated. There is good evidence that poor survival is a par�cular

problem for older breast cancer pa�ents in the UK. Moller et al (2010) found that the 5 year relative 

survival for women aged ≥80 years is 61% in UK compared to 74% in Norway & Sweden. Moreover the 

excess death rate for Bri�sh breast cancer pa�ents increases drama�cally with age group compared to

those in Norway and Sweden, par�cularly in the first year a�er diagnosis,6 which ‘leads to important 

ques�ons about the adequacy of care provided for the oldest pa�ents.’ However, Moller et al did not 

inves�gate the effect of access to treatment on survival. Moreover, the propor�on of pa�ents with co-

morbidi�es or frailty, and later stage breast cancer increase with age and both of these factors may also

effect survival.

This study aims to inves�gate the impact of primary surgery, or lack thereof, on survival of women aged 

≥65 years diagnosed with breast cancer in the UK, adjus�ng for pre-treatment measures of health and 

tumour characteris�cs. 

Method

This paper analyses of short term (3.8 years) breast cancer specific survival, undertaken as a subsidiary 

study of a wider research programme involving a cohort of 944 women aged ≥65 years diagnosed with

early stage (1-3a) breast cancer (from 01/07/10- 31/03/13) at 22 UK breast units. The main study,

inves�ga�ng the impact of health and choice on older pa�ents’ access to surgical treatments, is

reported elsewhere1. This paper focuses on 910 members of the cohort with a diagnosis date up to

31/12/12 in order that all par�cipants had > 3 years survival at the �me of analysis. As breast cancer 

mortality in the UK rises sharply from the age of 70 years, 65-69 year olds are included here as a 

reference group4;7. Data on surgical treatment, pre-opera�ve health measures and tumour 

characteristics were collected by pa�ent interview (at diagnosis/ before surgery if undertaken) and/or

case note review (at 3 months post diagnosis)1. Surgery rates did not differ significantly between breast 

units1. The core variables used in this survival analysis were collected for the en�re sample, including 

136 eligible par�cipants aged 65-69 years. All par�cipants were followed up to a census date of 5/2/16

i.e. 37 months from the last par�cipant entering the study. The primary end point is breast cancer
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specific mortality, which was defined as �me from diagnosis to death due to breast cancer. Cause of 

death was based on underlying cause of death provided by the Health and Social Care Informa�on 

Centre. Par�cipants dying from other causes were censored at their date of death. 

Independent variables include undergoing primary surgery (mastectomy or wide local excision) within 

90 days of diagnosis, age group, socio-economic status8, co-morbidity (Charlson Index 0, 1, 2+)9 and 

func�onal status group (ELPHS ADL 1-2 vs. 3-4)10. Pre-treatment assessment of steroid receptor status, 

grade and tumour stage (1 vs. 2-3a) based on clinical, imaging and fine needle/core biopsy assessments 

were recorded11. Expected and observed deaths were compared using the log rank test (α <0.05). A 

disease free survival curve comparing pa�ents who received vs those who did not receive surgery was 

plo�ed using the Kaplan–Meier method and compared by means of the log rank test. Cox’s propor�onal 

hazards regression was used to examine the effect of surgery on survival adjus�ng for age, tumour 

stage, grade, steroid receptor status, co-morbidity and func�onal status. Data were analysed using Stata 

version 12.112. Ethical approval was granted by the UK NHS Na�onal Research Ethics Service 

(10/H1014/32 & 33). 

 

Results 

Of the 910 women in the study (mean age 77.01 95% CI: 76.55 – 77.46), 178 died before the end point 

of the study (5/2/16): 71 of breast cancer and 107 of other causes. The mean follow up �me was 3.76 

years (95% CI: 3.69-3.83). Baseline characteris�cs of the sample are detailed in Table 1. The number of 

observed breast cancer deaths significantly exceeded those expected, for participants whom did not 

have primary surgery, were aged ≥85 years, were steroid receptor nega�ve and had a higher grade or 

stage tumour (Table 1); the difference in death rate between pa�ents who received primary surgery vs 

those who did not is illustrated in the Kaplan Meier plot (figure 1) (P <0.001).   The same variables 

predicted increased hazard of breast cancer death in univariate Cox’s regression analyses (Table 2).  

Adjusting for tumour stage, comorbidity and func�onal status, women undergoing primary surgery had 

a third the hazard of dying of breast cancer compared to those not undergoing surgery (Table 2). Those 

who were steroid receptor test nega�ve (vs. posi�ve) had over twice the hazard of breast cancer death 

(Table 2). 
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Discussion

These results are in broad agreement with previous studies both in the UK and elsewhere. Surgery has 

become such a mainstay of treatment for early stage breast cancer that trials tes�ng its efficacy for 

older pa�ents are scarce and subject to poor recruitment13;14. Morgan et al’s (2014) Cochrane review of

primary surgery vs. medical treatment with endocrine therapy for breast cancer pa�ents aged ≥70 years

included two trials (based in UK and Italy) which had breast cancer specific survival as an outcome.

Combined analyses indicate reduced hazard of breast cancer death for pa�ents undergoing primary

surgery (HR 0.70 95% CI: 0.51 – 0.95)15. Amongst observa�onal studies, Bourchardy et al (2007) found 

that both mastectomy and breast conserving surgery followed by adjuvant treatment significantly 

reduced the hazard of dying of breast cancer (HR 0.2 (95% CI: 0.1-0.7) & HR 0.1 (95% CI: 0.03-0.4) 

respec�vely) amongst 407 pa�ents aged ≥80 years in the United States16. More recently Cortadellas 

et al (2013) also found that surgery increased breast cancer survival in a prospec�ve cohort study of 259 

Spanish breast cancer pa�ents aged ≥80 years17. The finding that surgery increases survival are by no

means universal: Traa et al (2011) for example found that surgery did not significantly reduce the hazard

of dying of breast cancer amongst a cohort of 346 breast cancer pa�ents aged ≥75 years in the 

Netherlands (HR 0.78 95% CI: 0.44-1.39)18. However, Traa et al did not adjust for co-morbidi�es, which

they comment is a limita�on of their results.  

Previous cohort studies have adjusted for a range of explanatory variables that may ameliorate the

effects of surgery on survival for older breast cancer pa�ents. Adjustment for tumour characteristics 

was based on improved prognosis for receptor posi�ve and earlier stage breast cancer. However, 

although we have found and effect of steroid receptor status we did not find an effect of stage;

probably due to the inclusion of only early stage breast cancer pa�ents. Being aged 65 years or older 

was not found to predict breast cancer specific survival once tumour characteris�cs and surgical

treatment were adjusted for. This finding supports breast cancer guidelines which state that age should

not be the sole determinant in deciding treatment for pa�ents19. However, it should be noted that the

hazard of death for the oldest age group, women aged ≥85 years, was of borderline significance even 

adjus�ng for co-morbidi�es and func�onal status. Hence this result should be treated with cau�on. 

This was a subsidiary study and as such was limited to the sample size, geographical area and health

measures used in the main study. The number of events (71) per degree of freedom (14) from

explanatory variables exceeded five in the final model and the sample size was therefore jus�fiable to

support the analysis20. This subsidiary study could only assess survival outcomes at an average 3.8 years 

post diagnosis and longer term follow up is needed to explore these short term results further. Cancer
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specific survival may exhibit poten�al bias due to misclassifica�on. However, this bias has been shown 

to have li�le impact on es�mates for cancers with good survival rates (i.e. >80% at 5 years)21. Further 

limita�ons of the main study are discussed elsewhere1. Regarding the analysis reported here the slight 

under-representa�on of women aged ≥85 years is of the most relevance as this limits the 

generalizability of these findings in the oldest age group. However, as this study required pa�ent 

consent, under-representa�on of the oldest pa�ents is likely as capacity for informed consent decreases 

with older age1.  

In overview, in this large UK based cohort of pa�ents aged ≥65 years diagnosed with early stage breast 

cancer, primary surgery reduced the hazard of dying of breast cancer by a third, independent of age, 

health and tumour characteris�cs.  

Acknowledgements 

This paper presented independent research funded by the Breast Cancer Campaign (2008NOVPR35), a 

Na�onal Ins�tute for Health Research (NIHR) Programme Grant for Applied Research (RP-PG-0608-

10168) and research arising from a Post-Doctoral Fellowship supported by the NIHR (PDF/01/2008/027). 

The views expressed in this publica�on are those of the authors and not necessarily those of the NHS, 

the Na�onal Ins�tute for Health Research or the Department of Health. Ethical approval was granted by 

the Na�onal Research Ethics Service (10/H1014/32 & 33). We thank the pa�ents and NHS Trusts who 

took part in the study. 

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

137



References

(1)  Lavelle K, Sowerbutts A, Bundred N, Pilling M, Degner L, Stockton C et al. Is lack of surgery for 

older breast cancer pa�ents in the UK explained by pa�ent choice or poor health? A prospec�ve

cohort study. British Journal of Cancer 2014; 110:573-583.

(2)  Lavelle K, Moran A, Howell A, Bundred N, Campbell M, Todd C. Older women with operable

breast cancer are less likely to have surgery. British Journal of Surgery 2007; 94(10):1209-1215. 

(3)  Lavelle K, Downing A, Thomas JD, Lawrence G, Forman D, Oliver SE. Are lower rates of surgery 

amongst older women with breast cancer in the UK explained by co-morbidity? Bri�sh Journal

of Cancer 2012; 107:1175-1180.

(4)  Lawrence G, Kearins O, Lagord C, Cheung S, Sidhu J, Sagar C. The Second All Breast Cancer

Report. 2011. London: Na�onal Cancer Intelligence Network. 

(5)  Foot C, Harrison T. How to improve cancer survival: Explaining England's rela�vely poor rates. 

2011. London: The King's Fund. 

(6)  Moller H, Sandin F, Bray F, Klint A, Linklater KM, Purushotham A et al. Breast cancer survival in

England, Norway and Sweden: a popula�on-based comparison. Interna�onal Journal of Cancer

2010; 127(11):2630-2638. 

(7)  Cancer Research UK. Breast cancer mortality statistics. Available from: 

URL:h�p://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/mortality/uk-

breast-cancer-mortality-statis�cs#age (accessed 20/07/15) 

APPENDIX 4

NIHR Journals Library www.journalslibrary.nihr.ac.uk

138



(8)  Office of Na�onal Sta�s�cs. The Na�onal Sta�s�cs Socio-Economic Classifica�on (NS-SEC 

rebased on the SOC2010).  Available from: URL:h�p://www.ons.gov.uk/ons/guide-

method/classifica�ons/current-standard-classifica�ons/soc2010/soc2010-volume-3-ns-sec--

rebased-on-soc2010--user-manual/index.html (accessed 20/07/15) 

(9)  Charlson M, Pompei P, Ales K, MacKenzie C. A new method of classifying prognos�c co-

morbidity in longitudinal studies: development and valida�on. Journal of Chronic Disease 1987; 

40(5):373-383.

(10)  Sharples LD, Todd CJ, Caine N, Tait S. Measurement proper�es of the Nongham Health Profile 

and Short Form 36 health status measures in a popula�on sample of elderly people living at

home: results from ELPHS. Bri�sh Journal of Health Psychology 2000; 5:217-233. 

(11)  UICC. TNM Classifica�on of Malignant Tumours, 7th Edi�on. Oxford: Wiley-Blackwell; 2009. 

(12)  StataCorp. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP.; 2011. 

(13)  Reed MW, Wyld L, Ellis P, Bliss J, Leonard R, ACTION and ESTEeM Trial Management Groups. 

Breast cancer in older women: trials and tribula�ons. Clinical Oncology (Royal College of 

Radiologists) 2009; 21(2):99-102.

(14)  Ring A, Reed M, Leonard R, Kunkler I, Muss H, Wildiers H et al. The treatment of early breast 

cancer in women over the age of 70. British Journal of Cancer 2011; 105(2):189-193.

(15)  Morgan J, Wyld L, Collins KA, Reed M. Surgery versus primary endocrine therapy for operable 

primary breast cancer in elderly women (70 years plus). Cochrane Database of Systema�c

Reviews 2014;(Issue 5. Art. No.: CD004272.).

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

139



(16)  Bouchardy C, Rapi� E, Blagojevic S, Vlastos AT, Vlastos G. Older female cancer pa�ents:

importance, causes, and consequences of undertreatment. Journal of Clinical Oncology 2007;

25(14):1858-1869.

(17)  Cortadellas T, Gascon A, Cordoba O, Rabasa J, Rodriguez R, Espinosa-Bravo M et al. Surgery

improves breast cancer-specific survival in octogenarians with early-stage breast cancer.

Interna�onal Journal Of Surgery 2013; 11(7):554-557.

(18)  Traa MJ, Meijs CM, de Jongh MA, van der Borst EC, Roukema JA. Elderly women with breast 

cancer o�en die due to other causes regardless of primary endocrine therapy or primary

surgical therapy. Breast 2011; 20(4):365-369.

(19) Senkus E, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rutgers E, Zackrisson S,

Cardoso F. Primary breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment 

and follow-up. Annals of Oncology. 2015 Sep 1;26(suppl 5):v8-30. 

(20)  Vinghoff E, McCulloch C. Relaxing the rule of ten events per variable in logis�c and Cox 

regression. Am J Epidemiol 2007; 165:710-718.

(21)  Sarfa� D, Blakely T, Pearce N. Measuring cancer survival in popula�ons: rela�ve survival vs

cancer-specific survival. Interna�onal Journal of Epidemiology 2010; 39(2):598-610.

APPENDIX 4

NIHR Journals Library www.journalslibrary.nihr.ac.uk

140



TABLE 63: Baseline characteris�cs by observed and expected breast cancer-specific deaths (n = 910) 

Variable Category n Percent No. Deaths 
Observed 

No. Deaths 
Expected 

Log ranks 
test# P* 

Primary surgery  
Yes 772 84.8 49 61.99  
No 138 15.2 22 9.01 <0.001 

Age group 
(years) 

65-69 136 15.0 6 11.14  
70-74 265 29.1 18 21.78  
75-79 225 24.7 13 17.94  

 80-84 148 16.3 14 10.89  
 85+ 136 15.0 20 9.26 0.001 

Grade  
 

1 168 18.5 7 13.28  
2 489 53.7 28 38.70  

 3 183 20.1 32 13.36 <0.001 

 Missing 70 7.7 4 5.67 <0.001 

ER or PR posi�ve 
Yes 774 85.1 50 60.77  
No 81 8.9 17 5.90 <0.001 

 Missing 55 6.0 4 4.33 <0.001 

Tumour Stage I 403 44.3 19 32.06  

 II and IIIa 507 55.7 52 38.94 0.002 

Co-morbidity 
(Charlson) 

0 473 52.0 38 37.98  
1 268 29.5 21 20.53  
2+ 169 18.6 12 12.49 0.985 

Func�onal 
status  

Independent (1-2) 758 83.3 55 60.38  
Dependent (3-4) 148 16.3 16 10.38 0.061 
Missing 4 0.4 0 0.24 0.153 

Total  910 100% 71 71  
* P values for each variable for complete data reported first followed by data including missings if relevant. 

# The Log Rank test tests the equality of survivor func�on across groups 
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TABLE 64: Cox’s propor�onal hazards regression of breast cancer-specific survival (unadjusted n = 910,   
adjusted n = 906) 

Variable Category Unadjusted 
HR 

Univariable 
95% CI 

P 

Value 
Adjusted 

HR# 
Mul�variable 

95% CI 
P 

Value 
Primary 
surgery  

No (ref)   (ref)   
Yes 0.32 0.19-0.53 <0.001 0.36 0.20-0.66 0.001 

Age group 
(years) 

65-69 (ref)   (ref)   
70-74 1.53 0.61-3.86 0.364 1.31 0.52-3.34 0.565 
75-79 1.35 0.51-3.54 0.548 1.04 0.39-2.77 0.933 

 80-84 2.39 0.92-6.22 0.074 1.72 0.65-4.56 0.272 
 85+ 4.02 1.61-10.01 0.003 2.61 0.99-6.91 0.053 

Grade 

1 (ref)   (ref)   

2 1.37 0.60-3.14 0.453 1.18 0.51-2.71 0.704 

3 4.55 2.01-10.31 <0.001 3.23 1.36-7.65 0.008 
Missing 1.34 0.39-4.57 0.642 1.10 0.30-4.00 0.890 

ER or PR 
posi�ve 

Yes (ref)   (ref)   
No 3.50 2.02-6.08 <0.001 2.75 1.49-5.09 0.001 
Missing 1.12 0.41-3.11 0.825 1.60 0.54-4.79 0.396 

Tumour 
Stage 

I (ref)   (ref)   
II and IIIa 2.25 1.33-3.81 0.002 1.48 0.85-2.57 0.164 

Co-
morbidity 
(Charlson) 

0 (ref)   (ref)   
1 1.02 0.60-1.74 0.935 0.97 0.56-1.67 0.917 
2+ 0.96 0.50-1.84 0.902 0.80 0.41-1.57 0.518 

Func�onal 
status* 

Independent (1-2) (ref)   (ref)   
Dependent (3-4) 1.69 0.97-2.95 0.064 1.00 0.53-1.88 0.995 

APPENDIX 4

NIHR Journals Library www.journalslibrary.nihr.ac.uk

142



No. at risk
No Surgery 138    114      80 
Surgery 772    734      654 

FIGURE 22. Kaplan Meier breast cancer-specific survival curve for patients not treated with surgery 

vs. treated with surgery for breast cancer 
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No. at risk
No Surgery     138   129  114  98        84 
Surgery     772   761  734 710        689 

FIGURE 23. Kaplan Meier breast cancer-specific survival curve for pa�ents not treated with surgery vs.  
treated with surgery for breast cancer (pa�ents censored at 37 months). 
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Appendix 5 Congruence between patients’
preferred and actual role in the surgical treatment
decision: impact on post-surgical health-related
quality of life

Background 

In addition to survival, quality of life is an important treatment outcome for older cancer 
patients.1 There is evidence that active involvement in treatment decisions increases patient 
satisfaction and post treatment Health Related Quality of Life (HRQoL). 2 Along with ethical, 
legal and social issues in health care, this has led to patients being encouraged to be more
active in making treatment decisions.3 However, reviews of the literature indicate that older 
patients may prefer to be passive in treatment decisions.4 In our nested qualitative study some 
patients expressed distress at being required to be more active in the treatment decision than
they preferred. The benefits of active involvement may be limited if the patient prefers not to
be involved. If so soliciting, then meeting, patients’ preferred decision making style should be 
recommended rather than encouraging active involvement indiscriminately. Studies 
investigating the impact of congruence, (i.e. getting the treatment decision making style you 
prefer) on HRQoL, are limited. Hack et al found no association amongst 205 Canadian breast
cancer patients.1 However both HRQoL and decisional preferences were measured at 3 years 
post surgery when the impact of both surgery/decisional role would be considerably diluted.
Moreover no baseline data on pre- surgical HRQoL were available. Thus it is still an open
issue as to whether there is a relationship between congruence and HRQoL when these are 
more proximally measured around the time of surgery. The aims of this study were thus: 

1. To investigate the impact of older patients getting or not getting the treatment decision
making style they prefer on post-surgical HRQoL.

2. To investigate the impact of surgery on HRQoL for older patients. 

Methods 

The Control Preference Scale (CPS) is a widely used and validated scale measuring the 
degree to which patients prefer to be and perceive they actually are involved in specific 
treatment decisions.5 Patients are asked to choose between five options from ‘I prefer to make
the final decision about which treatment I will receive’ to ‘I prefer to leave all decisions 
regarding my treatment to my doctor’ and then identify the role they actually played in the 
treatment decision (Table 1). 

We have recruited a cohort of women aged ≥65 years diagnosed with early stage invasive
breast cancer. 6 In our current dataset of 943 women aged ≥65 years diagnosed in Northwest
England (01/07/2010 to 31/03/2013) with early stage invasive breast cancer CPS scales were
completed on both preferred and actual role for 673 of the 801 patients who had surgery. This
measure was taken at a face to face interview within 30 days of diagnosis and before surgery. 
We also took a self reported measure of HRQoL (EORTC- C30)7 at this interview and repeated
the measure in a postal survey sent 30 days after surgery. EORTC-C30 is scored on a 1-100 
scale, in which a higher score indicates a better quality of life. EORTC-C30 was returned by
625 of the 801 surgical patients (78%). 546 of whom had also completed CPSs. EORTC-C30 
completed within 2 weeks (and before the commencement of follow up adjuvant treatment - 
radiotherapy and/or chemotherapy) by 434 participants (380 of whom also had completed 
CPSs).
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The above data collection only included surgical patients. This was extended by including non-
surgical patients to investigate the impact of surgery on HRQoL for older patients. A time frame 
to be equivalent to 30 days post-surgery for non-surgical patients was set at 60 days post
diagnosis and the survey sent out at 54 days to allow for postage/ participant delay. However 
the follow up HRQoL survey was only sent out to non-surgical patients in a subsample of sites 
which recruited women aged ≥70 years only (n = 462). The follow up HRQoL survey was 
returned by 338 (73%) (309 of whom also had completed CPSs) and completed within 2 weeks 
by 246 participants (225 of whom also had completed CPSs).

Analyses

Univariable analysis investigated the association between achieving the congruence (i.e. the 
patient actually playing the decisional role they prefer) and difference in quality of life pre vs. 
post-surgery (paired t-tests). 

Multiple linear regression investigated the effect of role congruence (i.e. achieved vs. not 
achieved) on the outcome of difference in HRQoL pre vs. post surgery. Patient age, social
class and pre- treatment measures of health are also adjusted for. According to Tabachnick & 
Fidell’s  guidelines, the sample size for multiple linear regression should be at least ≥ 50 + 8p 
and ≥ 104 + p (where p = number of distinct variables). 8 The sample should therefore support
the inclusion of up to 48 explanatory variables. 

This analysis was extended by including non-surgical patients and thereby investigating the 
impact of surgery on HRQoL for older patients (paired t test) and adjusting for role in treatment 
decision making (in terms of the extent to which they achieved congruence) in multiple linear 
regression analyses.

Results 

Patients preferred and actual role in the surgical decision are detailed in Table 2. As can be 
seen there is little congruence between patients’ preferred and actual roles in the treatment 
decision making, as revealed by their CPS scores. Only 163 of 673 patients actually received
their preferred role in the decision, and the vast majority (125) of these were when they both
wanted the decision to be made by the doctor and indicated this to be the case in actuality.
According to Landis and Koch this represents a ‘slight’ level of agreement (kappa 0.039).9

The largest source of disagreement was amongst patients who indicated that their actual role
was more passive than they would have preferred (442 patients); only 68 patients indicated
their actual role to have been more involved than they would have preferred. The difference
in HRQoL pre and post-surgery was not associated with congruence either in the univariate
(P = 0.830, two sample t test) or multivariate analyses (P = 0.940) adjusting for age, tumour
stage, socio-economic status, co-morbidity and functional health status (Table 3). 
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Of the 225 patients in the sub-sample investigating the effect of surgery on HRQoL in the 
extended analyses, 59 (26%) achieved congruence i.e. got the treatment making decision
style they preferred. Change in HRQoL was not associated with congruence (P = 0.133) nor 
with receipt of primary surgery (P = 0.841) either in the univariate analyses (t tests) or in
multiple linear regression analysis adjusting for the effects of each other: P = 0.135 and P = 
0.729 respectively.

Conclusion

Achieving the preferred level of involvement in the surgical treatment decision, and undergoing
the surgery itself, had no impact on post-surgical HRQoL, in this sample of older breast cancer
patients.

TABLE 65: Control Preferences Scale (CPS)6
 

Option Control Preference Scale6

A I prefer to make the decision about which treatment I will 
receive.

B 
I prefer to make the final decision about my treatment after 
seriously considering my doctor’s opinion.

C 
I prefer that my doctor and I share responsibility for deciding
which treatment is best for me. 

D 
I prefer that my doctor make the final decision about which 
treatment will be used but seriously considers my opinion.

E I prefer to leave all decisions regarding treatment to my doctor. 

TABLE 66: Preferred vs. actual role in treatment decision 

Actual role 

Preferred
role 

A B C D E Total

A 5 5 3 1 32 46 

B 3 12 2 1 51 69 

C 11 19 15 5 230 280 

D 4 6 1 6 112 129 

E 10 6 3 5 125 149 

Total 33 48 24 18 550 673 

Agreement = 24.2%, Kappa = 0.039, P=0001
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TABLE 67: Multiple regression of difference in HRQoL post vs. pre surgery (n = 379) 

Variable P Value Coefficient† 95% CI

Lower Upper 

CPS 
Congruent 

Yes: 
Got decision making style preferred (ref) 

No: 
Did not get decision making style 
preferred 

0.945 0.15 -4.03 4.33

Age  Years 0.396 0.13 -0.17 0.44
Socio-
economic 
status* 

Professional/ managerial (ref) 
Intermediate 0.444 1.73 -2.72 6.18
Manual 0.210 3.16 -1.79 8.10

Tumour
stage 

Stage 1 (ref) 
Stage 2 &3a 0.595 -0.98 -4.61 2.64

Co-
morbidity
(Charlson) 

0 (ref) 
1+ 0.904 -0.23 -4.01 3.54

Functional 
status
ELPHS 
ADL

Scale 1-4 (increase = worse) 0.727 0.63 -2.93 4.20

†Adjusted for all other variables in the table
* 1 missing value not included
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Appendix 6 Relationship between change in
perometer/bioimpedance spectroscopy from 6 to
24 months and the lymphoedema checklist questions

There were greater increases (from 6 to 24 months) in exact perometer values in those women with
swelling at 24 months (p < 0.001) and in those with heaviness at 24 months (p = 0.001).

There were greater increases (from 6 to 24 months) in exact perometer values in those women with swelling
between 6 and 24 months (p = 0.003) and in those with heaviness between 6 and 24 months (p = 0.005).

TABLE 68 Considering lymphoedema checklist responses at 24 months

Change from 6 to 24 months No swelling at 24 months Swelling at 24 months p-value

Perometer n = 323; –0.4 (4.7) n = 222 2.0 (8.0) < 0.001

BIS n = 310; –0.3 (8.0) n = 206; –1.0 (12.7) 0.48

No numbness at 24 months Numbness at 24 months

Perometer n = 145; 0.1 (5.7) n = 408; 0.8 (6.6) 0.28

BIS n = 139; –1.8 (9.4) n = 385; –0.2 (10.2) 0.12

No heaviness at 24 months Heaviness at 24 months

Perometer n = 303; –0.2 (5.3) n = 231; 1.7 (7.5) 0.001

BIS n = 290; –0.8 (8.4) n = 216; –0.4 (11.9) 0.69

TABLE 69 Considering lymphoedema checklist responses between 6 and 24 months

Change from 6 month
to 24 months

No swelling between 6 and
24 months

Swelling between 6 and
24 months p-value

Perometer n = 261; –0.3 (4.5) n = 372; 1.1 (7.3) 0.003

BIS n = 255; 0.4 (8.3) n = 338; –1.1 (11.6) 0.076

No numbness between 6 and
24 months

Numbness between 6 and
24 months

Perometer n = 64; 0.4 (6.0) n = 569; 0.5 (6.4) 0.91

BIS n = 62; 0.2 (11.9) n = 531; –0.5 (10.1) 0.63

No heaviness between 6 and
24 months

Heaviness between 6 and
24 months

Perometer n = 245; –0.4 (5.3) n = 387; 1.0 (6.9) 0.005

BIS n = 237; –0.7 (9.5) n = 356; –0.3 (10.8) 0.62
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Appendix 7 L-Dex multifrequency bioimpedance
lymphoedema

The 85 patients with lymphoedema are made up of 39 with both perometer and BIS ≥ 10, 30 with only
BIS ≥ 10 and 16 with only perometer ≥ 10.

Bioimpedance spectroscopy value by 6 months against lymphoedema by 18 or 24 months.

Lymphoedema defined by perometer > 10% and clinical lymphoedema or appropriately applied sleeve.

In all the analyses that follow, any patients diagnosed with a perometer value > 10% by 6 months were
excluded from the analysis (n = 87) and any patients with a clinical lymphoedema or sleeve applied before
6 months were excluded from the analysis.

There is a significant relationship between both BIS category by 6 months and lymphoedema defined by
perometer of > 10% by 18 months (p < 0.001) and clinical lymphoedema or appropriately applied sleeve
by 18 months (p < 0.001).

For lymphoedema defined by perometer of > 10%, the significant relationship appears to be as a result of
the higher rate of lymphoedema, 24%, in those with > 10.

For clinical lymphoedema or applied sleeve, there appears to be a small increase in lymphoedema rate
across the < 3, > 3 to < 5, and > 5 to < 10 categories; the rate increased from 7% and 16% across the
three categories. The significant relationship appears mainly to be as a result of the higher rate of
lymphoedema, 36%, in those with BIS of > 10.

TABLE 70 Bioimpedance spectroscopy value by 6 months against lymphoedema by 18 months

BIS value by
6 months

Lymphoedema defined by perometer of
> 10%

Clinical lymphoedema or appropriately
applied sleeve

No lymphoedema by
18 months (n= 662)

Lymphoedema by
18 months (n= 77)

No lymphoedema by
18 months (n= 643)

Lymphoedema by
18 months (n= 114)

< 3 327 (93%) 23 (7%) 324 (93%) 25 (7%)

> 3 to < 5 80 (91%) 8 (9%) 78 (90%) 9 (10%)

> 5 to < 10 156 (92%) 14 (8%) 145 (84%) 27 (16%)

> 10 99 (76%) 32 (24%) 96 (64%) 53 (36%)
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24 months

TABLE 71 Bioimpedance spectroscopy value by 6 months against lymphoedema by 24 months

BIS value by
6 months

Lymphoedema defined by perometer of
> 10%

Clinical lymphoedema or appropriately
applied sleeve

No lymphoedema by
24 months (n= 596)

Lymphoedema by
24 months (n= 101)

No lymphoedema by
24 months (n= 577)

Lymphoedema by
24 months (n= 137)

< 3 298 (91%) 30 (9%) 297 (91%) 31 (9%)

> 3 to < 5 68 (85%) 12 (15%) 66 (85%) 12 (15%)

> 5 to < 10 142 (87%) 21 (13%) 128 (78%) 36 (22%)

> 10 88 (70%) 38 (30%) 86 (60%) 58 (40%)
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Appendix 8 Lymphoedema scoring models

Lymphoedema scoring model for 10% perometer volume
increase definition

Of the 1097 patients in the data set, 326 were classified as having either an appropriately applied sleeve or
clinical lymphoedema.

There were 51 patients who were identified as being given their sleeve as part of the PLACE trial; these
patients were excluded from consideration in the following analysis.

A further nine patients were excluded because of issues with the sleeve application. These issues included
having a sleeve applied to the contralateral arm, having a sleeve when entering the study, and having
hand swelling only.

There were 266 patients with an appropriately applied sleeve or clinical lymphoedema in the reduced
1037 patient data set. There were 25 patients with sleeves applied who were deemed not to have clinical
lymphoedema due to insufficient evidence in the notes; there were 29 patients who did not have a sleeve
applied but were deemed to have clinical lymphoedema.

Model at 6 months
The variables considered for the scoring model were: perometer at 6 months (categorical), BIS at 6 months
(categorical), TOI at 6 months, FACT-B total at 6 months, ARM subscale at 6 months, lymphoedema
checklist questions at 6 months (swelling, numbness, heaviness), B3 at 6 months (categorical: 0–2,
considerable swelling vs. 3–4, little to no swelling), age, BMI at 6 months, ER status, number of positive
nodes, adjuvant chemotherapy and adjuvant radiotherapy.

Prediction scoring model 1
A total of 711 patients were included in this analysis.

Variable at 6 months OR (95% CI) p-value

Perometer

≥ 3% to < 5% increase vs. < 3% increase 1.92 (0.96 to 3.86) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 7.36 (4.10 to 13.24)

BIS

≥ 3 to < 5 increase vs. < 3 increase 1.39 (0.57 to 3.38) 0.030

≥ 5 to < 10 increase vs. < 3 increase 1.87 (0.96 to 3.64)

≥ 10 increase vs. < 3 increase

BMI (kg/m2)

> 25 to ≤ 30 vs. ≤ 25 1.53 (0.80 to 2.91) 0.015

> 30 vs. ≤ 25 2.53 (1.34 to 4.77)

Number of positive nodes (per-node increase) 1.08 (1.04 to 1.12) < 0.001
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A scoring model was produced based on the regression coefficients from the final model. The individual
scores are the regression coefficients for binary or categorical variables rounded to the nearest 0.5 and
the regression coefficients for continuous variables to 2 decimal places due to their per-unit increase
interpretation. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a
higher total score is more likely to have a 10% perometer volume increase.

Variable at 6 months Score

Perometer

< 3% increase 0

≥ 3% to < 5% increase 0.5

≥ 5% to < 10% increase 2

BIS

< 3 increase 0

≥ 3 to < 5 increase 0.5

≥ 5 to < 10 increase 0.5

≥ 10 increase 1

BMI (kg/m2)

≤ 25 0

> 25 to ≤ 30 0.5

> 30 1

Number of positive nodes 0.08 × number of positive nodes

This scoring model gives an AUROC of 0.80 (95% CI 0.74–0.85) (Figure 24).
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FIGURE 24 Prediction scoring model 1: AUROC curve. Diagonal segments are produced by ties.
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For a cut-off score of 1.58, where a patient with a score of ≥ 1.58 would be predicted to have a 10%
perometer volume increase, the scoring model would give a sensitivity of 80.0% (68/85), specificity of
67.7% (424/626), PPV of 25.2% (68/270) and NPV of 96.1% (424/441). The cut-off score was chosen to
maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.

Prediction scoring model 2: excluding bioimpedance spectroscopy at 6 months
A total of 740 patients were included in this analysis.

Variable at 6 months OR (95% CI) p-value

Perometer

≥ 3% to < 5% increase vs. < 3% increase 2.47 (1.27 to 4.79) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 9.10 (5.24 to 15.79)

BMI (kg/m2)

> 25 to ≤ 30 vs. ≤ 25 1.53 (0.82 to 2.86) 0.025

> 30 vs. ≤ 25 2.34 (1.26 to 4.35)

Number of positive nodes (per-node increase) 1.08 (1.04 to 1.11) < 0.001

A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
total score is more likely to have a 10% perometer volume increase.

Variable at 6 months Score

Perometer

< 3% increase 0

≥ 3% to < 5% increase 1

≥ 5% to < 10% increase 2

BMI (kg/m2)

≤ 25 0

> 25 to ≤ 30 0.5

> 30 1

Number of positive nodes 0.07 × number of positive nodes

This scoring model gives an AUROC of 0.77 (95% CI 0.71 to 0.82) (Figure 25).

For a cut-off score of 1.41, where a patient with a score of 1.41 or above would be predicted to have a
10% perometer volume increase, the scoring model would give a sensitivity of 72.1% (62/86), a specificity
of 72.2% (472/654), a PPV of 25.4% (62/244) and a NPV of 95.2% (472/496). The cut-off score was chosen
to maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.
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Prediction scoring model at 1 month
The variables considered for the scoring model were perometer at 1 month (categorical), BIS at 1 month
(categorical), TOI at pre-surgery, FACT-B total at pre-surgery, ARM subscale at pre-surgery, lymphoedema
checklist questions at pre-surgery (swelling, numbness, heaviness), age, BMI at pre-surgery, ER status,
number of positive nodes, adjuvant chemotherapy and adjuvant radiotherapy.

Prediction scoring model 3
A total of 506 patients were included in this analysis.

Variable OR (95% CI) p-value

Perometer at 1 month

≥ 3% to < 5% increase vs. < 3% increase 2.21 (1.09 to 4.48) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 3.68 (1.92 to 7.03)

≥ 10% increase vs. < 3% increase 7.42 (2.21 to 24.93)

BIS at 1 month

≥ 3 to < 5 increase vs. < 3 increase 2.11 (1.00 to 4.46) 0.013

≥ 5 to < 10 increase vs. < 3 increase 1.00 (0.49 to 2.04)

≥ 10 increase vs. < 3 increase 2.54 (1.33 to 4.85)

Lymphoedema checklist swelling at pre surgery (yes vs. no) 1.89 (1.00 to 3.59) 0.051

Number of positive nodes (per-node increase) 1.08 (1.03 to 1.12) < 0.001

A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
total score is more likely to have a 10% perometer volume increase.
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FIGURE 25 Prediction scoring model 2: AUROC curve. Diagonal segments are produced by ties.
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Variable Score

Perometer at 1 month

< 3% increase 0

≥ 3% to < 5% increase 1

≥ 5% to < 10% increase 1.5

≥ 10% increase 2

BIS at 1 month

< 3 increase 0

≥ 3 to < 5 increase 0.5

≥ 5 to < 10 increase 0.5

≥ 10 increase 1

Lymphoedema checklist swelling at pre surgery

No 0

Yes 0.5

Number of positive nodes 0.07 × number of positive nodes

This scoring model gives an AUROC of 0.71 (95% CI 0.65 to 0.77) (Figure 26).

For a cut-off score of 1.25, where a patient with a score of ≥ 1.25 would be predicted to have a 10%
perometer volume increase, the scoring model would give a sensitivity of 65.5% (55/84), specificity of
69.9% (295/422), PPV of 30.2% (55/182), and NPV of 91.0% (295/324). The cut-off score was chosen to
maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.

0.0
0.0

0.4

0.2

0.6

Se
n

si
ti

vi
ty

0.8

1.0

0.2 0.4 0.6
1 – specificity

0.8 1.0

FIGURE 26 Prediction scoring model 3: AUROC curve. Diagonal segments are produced by ties.
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Prediction scoring model 4: excluding bioimpedance spectroscopy at 1 month
A total of 522 patients were included in this analysis.

Variable OR (95% CI) p-value

Perometer at 1 month

≥ 3 to < 5% increase vs. < 3% increase 2.11 (1.06 to 4.19) < 0.001

≥ 5 to < 10% increase vs. < 3% increase 4.02 (2.18 to 7.39)

≥ 10% increase vs. < 3% increase 8.89 (2.86 to 27.64)

Lymphoedema checklist swelling at pre surgery (yes vs. no) 2.22 (1.21 to 4.09) 0.010

Number of positive nodes (per-node increase) 1.08 (1.04 to 1.12) < 0.001

A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
total score is more likely to have a 10% perometer volume increase.

Variable Score

Perometer at 1 month

< 3% increase 0

≥ 3% to < 5% increase 0.5

≥ 5% to < 10% increase 1.5

≥ 10% increase 2

Lymphoedema checklist swelling at pre surgery

No 0

Yes 1

Number of positive nodes 0.07 × number of positive nodes

This scoring model gives an AUROC of 0.71 (95% CI 0.64 to 0.77) (Figure 27).

For a cut-off score of 0.82, where a patient with a score of ≥ 0.82 would be predicted to have a 10%
perometer volume increase, the scoring model would give a sensitivity of 62.9% (56/89), specificity of
70.7% (306/433), PPV of 30.6% (56/183), and NPV of 90.3% (306/339). The cut-off score was chosen to
maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.

Scoring model with clinical lymphoedema or appropriately
applied sleeve

Prediction scoring model at 6 months
The variables considered for the scoring model were perometer at 6 months (categorical), BIS at 6 months
(categorical), TOI at 6 months, FACT-B total at 6 months, ARM subscale at 6 months, lymphoedema
checklist questions at 6 months (swelling, numbness, heaviness), B3 at 6 months (categorical: 0–2,
considerable swelling vs. 3–4, little to no swelling), age, BMI at 6 months, ER status, number of positive
nodes, adjuvant chemotherapy and adjuvant radiotherapy.
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Patients who had a perometer value ≥ 10 before or at 6 months were excluded from the analysis.

A total of 528 patients were included in this analysis.

Prediction model at 6 months

Variable at 6 months OR (95% CI) p-value

Perometer

≥ 3% to < 5% increase vs. < 3% increase 1.99 (0.97 to 4.09) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 4.47 (2.25 to 8.85)

BIS

≥ 3 to < 5 increase vs. < 3 increase 1.80 (0.69 to 4.67) 0.002

≥ 5 to < 10 increase vs. < 3 increase 2.85 (1.38 to 5.89)

≥ 10 increase vs. < 3 increase 3.68 (1.80 to 7.55)

Lymphoedema checklist swelling (yes vs. no) 2.15 (1.21 to 3.82) 0.009

ER status (negative vs. positive) 0.38 (0.15 to 0.97) 0.042

Adjuvant radiotherapy (yes vs. no) 4.52 (1.51 to 13.56) 0.007

A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
total score is more likely to have a clinical lymphoedema or require a sleeve.
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FIGURE 27 Clinical lymphoedema prediction scoring model at 6 months. Diagonal segments are produced by ties.
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Prediction scoring model at 6 months

Variable at 6 months Score

Perometer

< 3% increase 0

≥ 3% to < 5% increase 0.5

≥ 5% to < 10% increase 1.5

BIS

< 3 increase 0

≥ 3 to < 5 increase 0.5

≥ 5 to < 10 increase 1

≥ 10 increase 1.5

Lymphoedema checklist swelling

No 0

Yes 1

ER status

Negative 0

Positive 1

Adjuvant radiotherapy

No 0

Yes 1.5

This scoring model gives an AUROC of 0.78 (95% CI 0.72 to 0.84) (Figure 28).
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FIGURE 28 Prediction scoring model 2: AUROC curve. Diagonal segments are produced by ties.
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For a cut-off score of 4, where a patient with a score of 4 or above would be predicted to have clinical
lymphoedema or a sleeve applied, the scoring model would give a sensitivity of 59.4% (41/69), specificity
of 80.4% (369/459), PPV of 31.3% (41/131) and NPV of 92.9% (369/397). The cut-off score was chosen
to maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.

Prediction scoring model: excluding bioimpedance spectroscopy at 6 months
A total of 548 patients were included in this analysis.

Prediction Model –excluding BIS at 6 months.

Variable at 6 months OR (95% CI) p-value

Perometer

≥ 3% to < 5% increase vs. < 3% increase 2.69 (1.36 to 5.31) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 5.89 (3.07 to 11.30)

Lymphoedema checklist swelling (yes vs. no) 2.31 (1.33 to 4.02) 0.003

ER status (negative vs. positive) 0.40 (0.16 to 0.98) 0.045

Adjuvant radiotherapy (yes vs. no) 4.74 (1.61 to 13.92) 0.005

A scoring model was produced based on the regression coefficients from the final model as described
previously. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a higher
total score is more likely to have a clinical lymphoedema or require a sleeve.

Prediction scoring model: excluding bioimpedance spectroscopy at 6 months

Variable at 6 months Score

Perometer

< 3% increase 0

≥ 3% to < 5% increase 1

≥ 5% to < 10% increase 2

Lymphoedema checklist swelling

No 0

Yes 1

ER status

Negative 0

Positive 1

Adjuvant radiotherapy

No 0

Yes 1.5

This scoring model gives an AUROC of 0.76 (95% CI 0.70 to 0.82) (Figure 29).
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For a cut-off score of 4, where a patient with a score of ≥ 4 would be predicted to have clinical
lymphoedema or a sleeve applied, the scoring model would give a sensitivity of 48.6% (34/70), specificity
of 90.0% (430/478), PPV of 41.5% (34/82) and NPV of 92.3% (430/466). The cut-off score was chosen to
maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.

Prediction scoring model at 1 month
The variables considered for the scoring model were: perometer at 1 month (categorical), BIS at 1 month
(categorical), TOI at pre-surgery, FACT-B total at pre-surgery, ARM subscale at pre-surgery, lymphoedema
checklist questions at pre-surgery (swelling, numbness, heaviness), B3 at pre-surgery (categorical: 0–2,
considerable swelling vs. 3–4, little to no swelling), age, BMI at pre-surgery, ER status, number of positive
nodes, adjuvant chemotherapy and adjuvant radiotherapy.

A total of 794 patients were included in this analysis.

Prediction model at 1 month

Variable at 1 month OR (95% CI) p-value

Perometer

≥ 3% to < 5% increase vs. < 3% increase 1.39 (0.82 to 2.36) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 3.40 (2.14 to 5.40)

≥ 10% increase vs. < 3% increase 4.07 (1.56 to 10.62)

BIS

≥ 3 to < 5 increase vs. < 3 increase 2.06 (1.19 to 3.58) 0.005

≥ 5 to < 10 increase vs. < 3 increase 1.01 (0.62 to 1.64)

≥ 10 increase vs. < 3 increase 1.96 (1.21 to 3.15)

Adjuvant radiotherapy (yes vs. no) 1.91 (1.09 to 3.34) 0.023

Number of positive nodes (per-node increase) 1.05 (1.02 to 1.08) < 0.001
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FIGURE 29 Prediction of clinical lymphoedema excluding BIS at 6 months. Diagonal segments are produced by ties.
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A scoring model was produced based on the regression coefficients from the final model. The individual
scores are the regression coefficients for binary or categorical variables rounded to the nearest 0.5 and
the regression coefficients for continuous variables to 2 decimal places due to their per-unit increase
interpretation. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a
higher total score is more likely to have a clinical lymphoedema or require a sleeve.

Prediction scoring model at 1 month

Variable at 1 month Score

Perometer

< 3% increase 0

≥ 3% to < 5% increase 0.5

≥ 5% to < 10% increase 1

≥ 10% increase 1.5

BIS

< 3 increase 0

≥ 3 to < 5 increase 0.5

≥ 5 to < 10 increase 0.5

≥ 10 increase 0.5

Adjuvant radiotherapy

No 0

Yes 0.5

Number of positive nodes 0.05 × number of positive nodes

This scoring model gives an AUROC of 0.67 (95% CI 0.63 to 0.72) (Figure 30).
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FIGURE 30 Prediction scoring model of clinical lymphoedema at 1 month. Diagonal segments are produced by ties.
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For a cut-off score of 1.55, where a patient with a score of ≥ 1.55 would be predicted to have clinical
lymphoedema or a sleeve applied, the scoring model would give a sensitivity of 47.1% (82/174), specificity
of 79.8% (495/620), PPV of 39.6% (82/207), and NPV of 84.3% (495/587). The cut-off score was chosen
to maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.

Prediction scoring model: excluding bioimpedance spectroscopy at 1 month
A total of 837 patients were included in this analysis.

Variable at 1 month OR (95% CI) p-value

Perometer

≥ 3% to < 5% increase vs. < 3% increase 1.45 (0.88 to 2.41) < 0.001

≥ 5% to < 10% increase vs. < 3% increase 3.61 (2.33 to 5.59)

≥ 10% increase vs. < 3% increase 5.70 (2.32 to 14.02)

Adjuvant radiotherapy (yes vs. no) 1.93 (1.12 to 3.31) 0.018

Number of positive nodes (per-node increase) 1.05 (1.02 to 1.08) 0.001

A scoring model was produced based on the regression coefficients from the final model. The individual
scores are the regression coefficients for binary or categorical variables rounded to the nearest 0.5 and
the regression coefficients for continuous variables to 2 decimal places due to their per unit increase
interpretation. The total ‘diagnostic’ score is given by summing the individual scores. A patient with a
higher total score is more likely to have a clinical lymphoedema or require a sleeve.

Variable at 1 month Score

Perometer

< 3% increase 0

≥ 3% to < 5% increase 0.5

≥ 5% to < 10% increase 1

≥ 10% increase 1.5

Adjuvant radiotherapy

No 0

Yes 0.5

Number of positive nodes 0.05 × number of positive nodes

Note: the ARM subscale is statistically significant if included in the above model. However, only 558
patients would be included in the model and the AUC is not improved by a large amount by its inclusion
(AUC 0.67, 95% CI 0.62 to 0.73).

This scoring model gives an AUROC of 0.67 (95% CI 0.62 to 0.71) (Figure 31).
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For a cut-off score of 1.55, where a patient with a score of ≥ 1.55 would be predicted to have a clinically
identified lymphoedema or sleeve applied, the scoring model would give a sensitivity of 53.6% (98/183),
specificity of 70.9% (464/654), PPV of 34.0% (98/288), and NPV of 84.5% (464/549). The cut-off score was
chosen to maximise the sum of the sensitivity and specificity, giving equal weight to sensitivity and specificity.
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FIGURE 31 Prediction scoring model of clinical lymphoedema at 1 month excluding BIS. Diagonal segments are
produced by ties.
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Appendix 9 Composite end-points analysis

TABLE 72 Clinical lymphoedema/appropriately applied sleeve

Measure

Time point

At
3 months

At
6 months

At
9 months

At
12 months

At
18 months

At
24 months

29 48 46 43 31 24

Perometer ≥ 10% 11/27 (41%) 17 (35%) 19 (41%) 14/41 (34%) 12/30 (40%) 10 (42%)

Perometer ≥ 9% 11/27 (41%) 22 (46%) 24 (52%) 15/41 (37%) 12/30 (40%) 12 (50%)

Perometer ≥ 8% 14/27 (52%) 23 (48%) 27 (59%) 18/41 (44%) 13/30 (43%) 13 (54%)

Perometer ≥ 5% 16/27 (59%) 31 (65%) 39 (85%) 28/41 (68%) 21/30 (70%) 17 (71%)

BIS of ≥ 10 10/27 (37%) 27/47 (57%) 28/43 (65%) 17/39 (44%) 14/29 (48%) 10/23 (43%)

B3 of ≤ 2 14/23 (61%) 28/39 (72%) 21/42 (50%) 19/35 (54%) 13/24 (54%) 8/21 (38%)

Perometer ≥ 10% or
B3 of ≤ 2

22/26 (85%) 32/41 (78%) 28/44 (64%) 26/38 (68%) 17/27 (63%) 15 (63%)

Perometer ≥ 9% or
B3 of ≤ 2

22/26 (85%) 34/42 (81%) 31/44 (70%) 26/38 (68%) 17/27 (63%) 16 (67%)

Perometer ≥ 8% or
B3 of ≤ 2

23/26 (88%) 35/42 (83%) 33/44 (75%) 27/38 (71%) 17/27 (63%) 17 (71%)

Perometer ≥ 5% and
B3 of ≤ 2

6/23 (26%) 20/44 (45%) 19/42 (45%) 15/37 (41%) 12/26 (46%) 5/21 (24%)

Perometer ≥ 8% and
B3 of ≤ 2

5/24 (21%) 16/45 (36%) 15/44 (34%) 10/38 (26%) 9/27 (33%) 4/21 (19%)
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In all of the following tables, the best NPV rates with lymphoedema (at that time point) and the best PPV
rates [i.e. the best at finding patients with lymphoedema (at that time point)] are shown.

TABLE 73 At 3 months

Measure Sensitivity Specificity PPV NPV

Perometer ≥ 10% 11/27 (41%) 828/850 (97%) 11/33 (33%) 828/844 (98%)

Perometer ≥ 9% 11/27 (41%) 818/850 (96%) 11/43 (26%) 818/834 (98%)

Perometer ≥ 8% 14/27 (52%) 801/850 (94%) 14/63 (22%) 801/814 (98%)

Perometer ≥ 5% 16/27 (59%) 728/850 (86%) 16/138 (12%) 728/739 (99%)

BIS ≥ 10 10/27 (37%) 753/836 (90%) 10/93 (11%) 753/770 (98%)

B3 of ≤ 2 14/23 (61%) 593/750 (79%) 14/171 (8%) 593/602 (99%)

Volume ≥ 200ml 16/27 (59%) 640/849 (75%) 16/225 (7%) 640/651 (98%)

Volume ≥ 250ml 10/27 (37%) 698/849 (82%) 10/161 (6%) 698/715 (98%)

Volume ≥ 300ml 8/27 (30%) 748/849 (88%) 8/109 (7%) 748/767 (98%)

Perometer ≥ 10% or B3 of ≤ 2 22/26 (85%) 564/735 (77%) 22/193 (11%) 564/568 (99%)

Perometer ≥ 9% or B3 of ≤ 2 22/26 (85%) 561/736 (76%) 22/197 (11%) 561/565 (99%)

Perometer ≥ 8% or B3 of ≤ 2 23/26 (88%) 553/740 (75%) 23/210 (11%) 553/556 (99%)

Perometer ≥ 5% or B3 of ≤ 2 24/27 (89%) 510/755 (68%) 24/269 (9%) 510/513 (99%)

BIS ≥ 10 or B3 of ≤ 2 19/25 (76%) 515/735 (70%) 19/239 (8%) 515/521 (99%)

Perometer ≥ 10% or BIS of ≥ 10 13/26 (50%) 720/817 (88%) 13/110 (12%) 720/733 (98%)

Perometer ≥ 5% and B3 of ≤ 2 6/23 (26%) 811/845 (96%) 6/40 (15%) 811/828 (98%)

Perometer ≥ 8% and B3 of ≤ 2 5/24 (21%) 841/860 (98%) 5/24 (21%) 841/860 (98%)

Perometer ≥ 9% and B3 of ≤ 2 3/24 (13%) 850/864 (98%) 3/17 (18%) 850/871 (98%)

Perometer ≥ 10% and B3 of ≤ 2 3/24 (13%) 857/865 (99%) 3/11 (27%) 857/878 (98%)

Volume ≥ 200ml and B3 of ≤ 2 7/23 (30%) 786/828 (95%) 7/49 (14%) 786/802 (98%)

Volume ≥ 250ml and B3 of ≤ 2 5/25 (20%) 808/845 (96%) 5/42 (12%) 808/828 (98%)

Perometer ≥ 10% and BIS ≥ 10 8/28 (29%) 861/869 (99%) 8/16 (50%) 861/881 (98%)

Perometer ≥ 9% and BIS ≥ 10 8/28 (29%) 858/869 (99%) 8/19 (42%) 858/878 (98%)

Perometer ≥ 10% and BIS ≥ 10 and B3 of ≤ 2 3/26 (12%) 871/876 (99%) 3/8 (38%) 871/894 (97%)

Perometer ≥ 9% and BIS ≥ 10 and B3 of ≤ 2 3/26 (12%) 868/875 (99%) 3/10 (30%) 868/891 (97%)
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Those patients with lymphoedema at 3 months are not included in the numbers in Table 74.

TABLE 74 At 6 months

Measure Sensitivity Specificity PPV NPV

Perometer ≥ 10% 17/48 (35%) 732/776 (94%) 17/61 (28%) 732/763 (96%)

Perometer ≥ 9% 22/48 (46%) 723/776 (93%) 22/75 (29%) 723/749 (97%)

Perometer ≥ 8% 23/48 (48%) 715/776 (92%) 23/84 (27%) 715/740 (97%)

Perometer ≥ 5% 31/48 (65%) 631/776 (81%) 31/176 (18%) 631/648 (97%)

BIS ≥ 10 24/47 (57%) 630/759 (83%) 27/156 (17%) 630/650 (97%)

B3 ≤ 2 28/39 (72%) 556/703 (79%) 28/175 (16%) 556/567 (98%)

Perometer ≥ 10% or B3 ≤ 2 32/41 (78%) 521/689 (76%) 32/200 (16%) 521/530 (98%)

Perometer ≥ 9% or B3 ≤ 2 34/42 (81%) 514/690 (74%) 34/210 (16%) 514/522 (98%)

Perometer ≥ 8% or B3 ≤ 2 35/42 (83%) 508/692 (73%) 35/219 (16%) 508/515 (99%)

Perometer ≥ 5% or B3 ≤ 2 39/43 (91%) 454/704 (64%) 39/289 (13%) 454/458 (99%)

BIS ≥ 10 or B3 ≤ 2 37/43 (86%) 455/692 (66%) 37/274 (14%) 455/461 (99%)

Perometer ≥ 5% and B3 ≤ 2 20/44 (45%) 733/775 (95%) 20/62 (32%) 733/757 (97%)

Perometer ≥ 8% and B3 ≤ 2 16/45 (36%) 763/787 (97%) 16/40 (40%) 763/792 (96%)

Perometer ≥ 9% and B3 ≤ 2 16/45 (36%) 765/789 (97%) 16/40 (40%) 765/794 (96%)

Perometer ≥ 10% and B3 ≤ 2 13/46 (28%) 767/790 (97%) 13/36 (36%) 767/800 (96%)

Perometer ≥ 10% and BIS ≥ 10 15/48 (31%) 758/789 (96%) 15/46 (33%) 758/791 (96%)

Perometer ≥ 9% and BIS ≥ 10 20/48 (42%) 753/789 (95%) 20/56 (36%) 753/781 (96%)

Perometer ≥ 10% and BIS ≥ 10 and B3 ≤ 2 13/47 (28%) 776/792 (98%) 13/29 (45%) 776/810 (96%)

Perometer ≥ 9% and BIS ≥ 10 and B3 ≤ 2 16/46 (35%) 775/792 (98%) 16/33 (48%) 775/805 (96%)
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Those patients with lymphoedema up to 6 months are not included in the numbers in Table 75.

TABLE 75 At 9 months

Measure Sensitivity Specificity PPV NPV

Perometer ≥ 10% 19/46 (41%) 580/594 (98%) 19/33 (58%) 580/607 (96%)

Perometer ≥ 9% 24/46 (52%) 577/594 (97%) 24/41 (59%) 577/599 (96%)

Perometer ≥ 8% 27/46 (59%) 568/594 (96%) 27/53 (51%) 568/587 (97%)

Perometer ≥ 5% 39/46 (85%) 522/594 (88%) 39/111 (35%) 522/529 (99%)

BIS ≥ 10 28/43 (65%) 511/577 (89%) 28/94 (30%) 511/526 (97%)

B3 ≤ 2 21/42 (50%) 445/526 (85%) 21/102 (21%) 445/466 (95%)

Perometer ≥ 10% or B3 ≤ 2 28/44 (64%) 428/518 (83%) 28/118 (24%) 428/444 (96%)

Perometer ≥ 9% or B3 ≤ 2 31/44 (70%) 425/518 (82%) 31/124 (25%) 425/438 (97%)

Perometer ≥ 8% or B3 ≤ 2 33/44 (75%) 418/519 (81%) 33/134 (25%) 418/429 (97%)

Perometer ≥ 5% or B3 ≤ 2 41/46 (89%) 385/525 (73%) 41/181 (23%) 385/390 (99%)

BIS ≥ 10 or B3 ≤ 2 35/44 (80%) 377/513 (73%) 35/171 (20%) 377/386 (98%)

Perometer ≥ 5% and B3 ≤ 2 19/42 (45%) 582/595 (98%) 19/32 (59%) 582/605 (96%)

Perometer ≥ 8% and B3 ≤ 2 15/44 (34%) 595/601 (99%) 15/21 (71%) 595/624 (95%)

Perometer ≥ 9% and B3 ≤ 2 14/44 (32%) 597/602 (99%) 14/19 (74%) 597/627 (95%)

Perometer ≥ 10% and B3 ≤ 2 12/44 (27%) 597/602 (99%) 12/17 (71%) 597/629 (95%)

Perometer ≥ 10% and BIS ≥ 10 15/46 (33%) 587/598 (98%) 15/26 (58%) 587/618 (95%)

Perometer ≥ 9% and BIS ≥ 10 18/46 (39%) 585/598 (98%) 18/31 (58%) 585/613 (95%)

Perometer ≥ 10% and BIS ≥ 10 and B3 ≤ 2 10/44 (23%) 600/604 (99%) 10/14 (71%) 600/634 (95%)

Perometer ≥ 9% and BIS ≥ 10 and B3 ≤ 2 11/44 (25%) 600/604 (99%) 11/15 (73%) 600/633 (95%)
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Those patients with lymphoedema up to 9 months are not included in the numbers in Table 76.

TABLE 76 At 12 months

Measure Sensitivity Specificity PPV NPV

Perometer ≥ 10% 14/41 (34%) 649/666 (97%) 14/31 (45%) 649/676 (96%)

Perometer ≥ 9% 15/41 (37%) 639/666 (96%) 15/42 (36%) 639/665 (96%)

Perometer ≥ 8% 18/41 (44%) 631/666 (95%) 18/53 (34%) 631/654 (96%)

Perometer ≥ 5% 28/41 (68%) 588/666 (88%) 28/106 (26%) 588/601 (98%)

BIS ≥ 10 17/39 (44%) 573/641 (89%) 17/85 (20%) 573/595 (96%)

B3 ≤ 2 19/35 (54%) 484/585 (83%) 19/120 (16%) 484/500 (97%)

Perometer ≥ 10% or B3 ≤ 2 26/38 (68%) 469/580 (81%) 26/137 (19%) 469/481 (98%)

Perometer ≥ 9% or B3 ≤ 2 26/38 (68%) 463/580 (80%) 26/143 (18%) 463/475 (97%)

Perometer ≥ 8% or B3 ≤ 2 27/38 (71%) 458/582 (79%) 27/151 (18%) 458/469 (98%)

Perometer ≥ 5% or B3 ≤ 2 32/39 (82%) 431/588 (73%) 32/189 (17%) 431/438 (98%)

BIS ≥ 10 or B3 ≤ 2 26/37 (70%) 423/576 (73%) 26/179 (15%) 423/434 (97%)

Perometer ≥ 5% and B3 ≤ 2 15/37 (41%) 641/663 (97%) 15/37 (41%) 641/663 (97%)

Perometer ≥ 8% and B3 ≤ 2 10/38 (26%) 657/669 (98%) 10/22 (45%) 657/685 (96%)

Perometer ≥ 9% and B3 ≤ 2 8/38 (21%) 660/671 (98%) 8/19 (42%) 660/690 (96%)

Perometer ≥ 10% and B3 ≤ 2 7/38 (18%) 664/671 (99%) 7/14 (50%) 664/695 (96%)

Perometer ≥ 10% and BIS ≥ 10 9/40 (23%) 658/669 (98%) 9/20 (45%) 658/689 (96%)

Perometer ≥ 9% and BIS ≥ 10 9/40 (23%) 653/669 (98%) 9/25 (36%) 653/684 (95%)

Perometer ≥ 10% and BIS ≥ 10 and B3 ≤ 2 5/38 (13%) 668/674 (99%) 5/11 (45%) 668/701 (95%)

Perometer ≥ 9% and BIS ≥ 10 and B3 ≤ 2 5/38 (13%) 667/674 (99%) 5/12 (42%) 667/700 (95%)
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Those patients with lymphoedema up to 12 months are not included in the numbers in Table 77.

TABLE 77 At 18 months

Measure Sensitivity Specificity PPV NPV

Perometer ≥ 10% 12/30 (40%) 551/568 (97%) 12/29 (41%) 551/569 (97%)

Perometer ≥ 9% 12/30 (40%) 547/568 (96%) 12/33 (36%) 547/565 (97%)

Perometer ≥ 8% 13/30 (43%) 535/568 (94%) 13/46 (28%) 535/552 (97%)

Perometer ≥ 5% 21/30 (70%) 491/568 (86%) 21/98 (21%) 491/500 (98%)

BIS ≥ 10 14/29 (48%) 491/542 (91%) 14/65 (22%) 491/506 (97%)

B3 ≤ 2 13/24 (54%) 434/513 (85%) 13/92 (14%) 434/445 (98%)

Perometer ≥ 10% or B3 ≤ 2 17/27 (63%) 415/503 (83%) 17/105 (16%) 415/425 (98%)

Perometer ≥ 9% or B3 ≤ 2 17/27 (63%) 414/504 (82%) 17/107 (16%) 414/424 (98%)

Perometer ≥ 8% or B3 ≤ 2 17/27 (63%) 404/504 (80%) 17/117 (15%) 404/414 (98%)

Perometer ≥ 5% or B3 ≤ 2 22/28 (79%) 377/508 (74%) 22/153 (14%) 377/383 (98%)

BIS ≥ 10 or B3 ≤ 2 18/25 (75%) 370/486 (76%) 18/134 (13%) 370/377 (98%)

Perometer ≥ 5% and B3 ≤ 2 12/26 (46%) 548/573 (96%) 12/37 (32%) 548/562 (98%)

Perometer ≥ 8% and B3 ≤ 2 9/27 (33%) 565/577 (98%) 9/21 (43%) 565/583 (97%)

Perometer ≥ 9% and B3 ≤ 2 8/27 (30%) 567/577 (98%) 8/18 (44%) 567/586 (97%)

Perometer ≥ 10% and B3 ≤ 2 8/27 (30%) 570/578 (99%) 8/16 (50%) 570/589 (97%)

Perometer ≥ 10% and BIS ≥ 10 9/29 (31%) 560/569 (98%) 9/18 (50%) 560/580 (97%)

Perometer ≥ 9% and BIS ≥ 10 9/29 (31%) 560/569 (98%) 9/18 (50%) 560/580 (97%)

Perometer ≥ 10% and BIS ≥ 10 and B3 ≤ 2 6/27 (22%) 574/580 (99%) 6/12 (50%) 574/595 (96%)

Perometer ≥ 9% and BIS ≥ 10 and B3 ≤ 2 6/27 (22%) 574/580 (99%) 6/12 (50%) 574/595 (96%)
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Those patients with lymphoedema up to 18 months are not included in the numbers in Table 78.

TABLE 78 At 24 months

Measure Sensitivity Specificity PPV NPV

Perometer ≥ 10% 10/24 (42%) 511/530 (96%) 10/29 (34%) 511/525 (97%)

Perometer ≥ 9% 12/24 (50%) 507/530 (96%) 12/35 (34%) 507/519 (98%)

Perometer ≥ 8% 13/24 (54%) 503/530 (95%) 13/40 (33%) 503/514 (98%)

Perometer ≥ 5% 17/24 (71%) 454/530 (86%) 17/93 (18%) 454/461 (98%)

BIS ≥ 10 10/23 (43%) 447/491 (91%) 10/54 (19%) 447/460 (97%)

B3 ≤ 2 8/21 (38%) 404/467 (87%) 8/71 (11%) 404/417 (97%)

Perometer ≥ 10% or B3 ≤ 2 15/24 (63%) 391/465 (84%) 15/89 (17%) 391/400 (98%)

Perometer ≥ 9% or B3 ≤ 2 16/24 (67%) 389/466 (83%) 16/93 (17%) 389/397 (98%)

Perometer ≥ 8% or B3 ≤ 2 17/24 (71%) 388/467 (83%) 17/96 (18%) 388/395 (98%)

Perometer ≥ 5% or B3 ≤ 2 20/24 (83%) 343/470 (73%) 20/147 (14%) 343/347 (99%)

BIS ≥ 10 or B3 ≤ 2 13/23 (57%) 349/444 (79%) 13/108 (12%) 349/359 (97%)

Perometer ≥ 5% and B3 ≤ 2 5/21 (24%) 515/527 (98%) 5/17 (29%) 515/531 (97%)

Perometer ≥ 8% and B3 ≤ 2 4/21 (19%) 519/530 (98%) 4/15 (27%) 519/536 (97%)

Perometer ≥ 9% and B3 ≤ 2 4/21 (19%) 522/531 (98%) 4/13 (31%) 522/539 (97%)

Perometer ≥ 10% and B3 ≤ 2 3/21 (14%) 524/532 (98%) 3/11 (27%) 524/542 (97%)

Perometer ≥ 10% and BIS ≥ 10 6/23 (26%) 520/529 (98%) 6/15 (40%) 520/537 (97%)

Perometer ≥ 9% and BIS ≥ 10 7/23 (30%) 518/528 (98%) 7/17 (41%) 518/534 (97%)

Perometer ≥ 10% and BIS ≥ 10 and B3 ≤ 2 2/21 (10%) 526/532 (99%) 2/8 (25%) 526/545 (97%)

Perometer ≥ 9% and BIS ≥ 10 and B3 ≤ 2 3/21 (14%) 525/531 (99%) 3/9 (33%) 525/543 (97%)
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Appendix 10 National Institute for Health and
Care Excellence medical technology assessment

NICE Medical Tech Assessment 
 
WS2 BEA study to determine the optimal method of detection and threshold for lymphoedema 
intervention: A multi-center prospective study 
 
Background 

• A complication of axillary node clearance (ANC) for breast cancer is that patients have 
an increased risk of developing arm lymphoedema. 

• Early detection of arm swelling is recommended by comparing pre-surgical arm 
measurements with repeated measurements after surgery. 

• Early detection may enable early intervention which may prevent the development of 
lymphoedema 

• This prospective multi-centre study evaluated arm volume measurements in 
lymphoedema in 1100 women to define an optimal threshold for intervention to prevent 
lymphoedema. 
 
 

Methods 
• Out of the 1100 women recruited to the trial, 629 women undergoing axillary node 

clearance (ANC) surgery for breast cancer from 9 centres in England, median age is 
55 years (range 22-90 years), have undergone pre-operative and subsequent regular 
measurements post-surgery (1, 3, 6, 9, 12 months, then 6 monthly), of arm volume by 
perometry (Perometer 350 NT; www.pero-system.de) and multi-frequency 
bioimpedance spectroscopy (BIS) (L-Dex® U400; www.impedimed.com) 
measurements and currently have minimum 24 months follow-up surveillance,.  

• Change in arm volume was calculated using relative arm volume change (RAVC).  
• The primary endpoint of lymphoedema was defined as ≥10% limb volume change 

compared to the contralateral arm by perometry [1]. 
• BIS L-Dex change of 10 was considered diagnostic of lymphoedema. 

 
The optimal threshold for intervention in lymphoedema and predictive risk factors for the 
development of lymphoedema were assessed using Cox regression, log -rank and Kaplan-
Meier analyses.  
 
Methods 

There is considerable variation in the definitions of lymphoedema and methods of 
measurement, ranging from the more conservative ≥10% limb volume change (LVC) by 
perometry, through changes of 200 mls by perometry, to the more liberal increase of 2cm in 
circumference [2].  For the purposes of this study, we used a greater than 10% arm volume 
increase (AVI) since baseline (compared to the contralateral arm) as measured by perometer 
on at least two occasions to identify women with lymphoedema secondary to axillary node 
clearance [3]. Lymphoedema determined by BIS is a difference of ≥10 units from baseline. 
  
Arms were measured using a 350S perometer with standard perometer software supplied by 
Pero System, Germany. The average of 2 perometer measurements was used at each visit to 
exclude intra-observer variability.  
 Intracellular fluid was measured using the L-DEX®U400 bioimpedance spectroscopy device 
on loan from ImpediMed Ltd., Australia. 
 
At least 50% of breast cancer patients gain weight in the first year after diagnosis, and this is 
often associated with increased risk of lymphoedema.  Nonetheless, if careful contralateral 
arm measurements are not performed, weight gain, rather than true lymphoedema, can lead 
to inappropriate fitting of compression sleeves.  BIS results are unaltered by weight gain and 
we tested whether the BIS results were similar to, more sensitive and/or more specific than, 
perometer measurements in detecting early arm swelling.   
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Self-reported symptoms 
Patients were asked to complete a lymphoedema questionnaire which used 3 items from the 
Lymphedema and Breast Cancer Questionnaire (LBCQ) about heaviness, numbness and 
swelling, as well as FACT-B+4 Health Survey Questionnaire and the EQ-5D in order to assess 
self-reported upper limb symptoms, physical functioning and quality of life respectively.  All 
questionnaires were completed pre-operatively and then again at 3 and 6 months post-
surgery, with the exception of the EQ-5D which was not completed at 3 months post-surgery. 
 
Statistical analysis 
 Statistical analysis included sensitivity and specificity analysis of the BIS L-Dex score against 
the ‘gold standard’ perometer assessment at 6 and 18 months using statistical techniques 
recommended by Bland and Altman [4, 5]. The BIS value cut off level was checked using ROC 
analysis and confirmed using later results.  Assessment of the relationship between the two 
methods of measurement up to 2 years in predicting lymphoedema was performed.   
 
The analysis for the current report involved comparison of the baseline and 6 and 18 month 
post-surgery measurements using paired t-tests and data were described using means and 
ranges, sensitivity and specificity, univariate and multivariate analyses. ROC analysis and Cox 
regression and Log-Rank testing was performed for univariate and multivariate analyses. 
Descriptive methods were used for all other data presented. 
 
 

Results 
Out of the 1100  patients entered into the study, we report data from the first 629  (all with a 
minimum 24 month follow-up ), their median age is 56 years ranging from 22 to 90,  42% had 
a mastectomy and ANC, 89% were node positive.,  66% had a histology of infiltrating ductal 
carcinoma and the majority (82%) were ER positive(table ). Seventy-eight percent received 
post-operative radiotherapy, 65% received chemotherapy and 81% were given endocrine 
treatment. 
 
Forty-one patients (7%) had no post 1 month perometer measurements. A further 117 (19%) 
were lost to follow-up by 24 months. Median time to developing lymphoedema was 12.0 
months (range: 2.5-60.8). 
 
Lymphoedema incidence (RAVC of >10%) is shown below (Table 79). The cut-off of 10% 
showed the strongest relationship with quality of life measures at 18 and 24 months compared 
to other cut-off values.  
 
Using time to diagnosis of lymphoedema and Kaplan-Meier estimates of those developing 
lymphoedema by each time point, 15.6% were diagnosed by 12 months and 24% of women 
by perometry and in 45% of women by BIS by 24 months. 
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Appendix 11 Lymphoedema rates

Lymphoedema rates using perometer RAVI of ≥ 10% (primary end point)

Lymphoedema by 24 months was detected in 24% of women by perometry and in 45% of women by BIS.
There was a moderate correlation between perometer and BIS at 6 months (r = 0.61), with a sensitivity of
75% (95% CI 64% to 84%), specificity of 85% (95% CI 83% to 88%) and PPV of BIS of 31% (95% CI
25% to 39%) (see Table 2). Sensitivity remained similar at 24 months (75%, 95% CI 64% to 83%), although
specificity was higher (91%, 95% CI 89% to 93%), as was PPV of BIS (54%, 95% CI 44% to 63%).

The sensitivity and specificity values for BIS fall below the percentage of 95% required according to the
study protocol.

TABLE 79 Lymphoedema rates during 24 months’ follow-up

Follow-up date

≤ 3
months

> 3 to ≤ 6
months

> 6 to ≤ 9
months

> 9 to ≤ 12
months

> 12 to ≤ 18
months

> 18 to ≤ 24
months

n at risk 1001 925 848 798 722 647

Lymphoedema

During interval 33 54 27 24 31 25

Total number 33 57 114 138 169 194

KMa probability
of event

3.4% 9.0% 11.9% 14.6% 18.2% 21.4%

a 1 – Kaplan–Meier estimates.

TABLE 80 Lymphoedema rates defined by clinical lymphoedema/applied sleeve

Follow-up date

≤ 3
months

> 3 to ≤ 6
months

> 6 to ≤ 9
months

> 9 to ≤ 12
months

> 12 to ≤ 18
months

> 18 to ≤ 24
months

n at risk 999 928 856 789 697 622

Lymphoedema

During interval 29 48 46 43 31 24

Total number 29 77 123 166 197 221

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

181





Appendix 12 Sensitivity and specificity of
perometer and bioimpedance spectroscopy

Women who developed a relative arm-volume increase of > 5% to < 10% after 6 months required
lymphoedema treatment in 44% by 24 months, whereas an arm-volume increase of < 3% was

associated with a 9% lymphoedema rate at 24 months (p < 0.0001).

TABLE 81 Sensitivity and specificity of perometer and BIS at 6 and 24 months

Time point

Perometer

Total≥ 10% < 10%

6 months

BIS (≥ 10) 29 68 97

BIS (< 10) 12 382 394

Total 41 450 491

24 months

BIS (≥ 10) 38 29 67

BIS (< 10) 14 321 335

Total 52 350 402
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Appendix 13 Comparison of perometer and
bioimpedance spectroscopy

Perometer after 6 months up to 18 months

The perometer after 6 months up to 18 months variable excludes those patients with lymphoedema up to
and including 6 months.

For those patients with lymphoedema according to the perometer ≥ 10% definition, the BIS value used
is the one at the time of the indicated lymphoedema. For those patients without lymphoedema according
to the perometer ≥ 10% definition, the BIS value is the largest value between 9 and 18 months.
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FIGURE 32 Comparison of perometer and BIS at 6 months. Q1, perometer only ≥ 10; Q2, both ≥ 10; Q3, neither ≥ 10;
Q4, BIS only ≥ 10. Sensitivity, 69% (59/86; 95% CI 58% to 77%); specificity, 82% (698/851; 95% CI 79% to 84%);
PPV, 28% (59/212; 95% CI 22% to 34%); NPV, 96% (698/725; 95% CI 95% to 97%).
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Perometer after 6 months up to 24 months (excludes those patients with
lymphoedema up to and including 6 months)

For those patients with lymphoedema according to the perometer ≥ 10% definition, the BIS value used is
the one at the time of the indicated lymphoedema. For those patients without lymphoedema, the BIS
value used is the largest value between 9 and 24 months.
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FIGURE 33 Comparison of perometer and BIS at 18 months. Q1, perometer only ≥ 10; Q2, both ≥ 10; Q3, neither ≥ 10;
Q4, BIS only ≥ 10. Sensitivity, 68% (53/78; 95% CI 57% to 77%); specificity, 81% (600/738; 95% CI 78% to 84%);
PPV, 28% (53/191; 95% CI 22% to 34%); NPV, 96% (600/625; 95% CI 94% to 97%).
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FIGURE 34 Comparison of perometer and BIS after 6 months up to 24 months. Q1, perometer only ≥ 10; Q2, both ≥ 10;
Q3, neither ≥ 10; Q4, BIS only ≥ 10. Sensitivity, 68% (15/22; 95% CI 58% to 76%); specificity, 79% (572/722; 95% CI
76% to 82%); PPV, 31% (68/218; 95% CI 25% to 38%); NPV, 95% (572/604; 95% CI 93% to 96%).
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Clinical lymphoedema/appropriately applied sleeve by 6 months

TABLE 82 Perometer and sleeve/clinical lymphoedema

By 6 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

Perometer (< 10%) 820 (94%) 45 (60%) 865

Perometer (≥ 10%) 55 (6%) 30 (40%) 85

Total 875 75 950

Sensitivity, 40% (30/75; 95% CI 30% to 51%); specificity, 94% (820/875; 95% CI 92% to 95%); PPV, 35% (30/85; 95% CI
26% to 46%); NPV, 95% (820/865; 95% CI 93% to 96%).

TABLE 83 Bioimpedance spectroscopy and sleeve/clinical lymphoedema

By 6 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 690 (80%) true negative 34 (46%) false negative 724

BIS (≥ 10) 170 (20%) false positive 40 (54%) true positive 210

Total 860 74 934

Sensitivity, 54% (40/74; 95% CI 43% to 65%); specificity, 80% (690/860; 95% CI 77% to 83%); PPV, 19% (40/210; 95% CI
25% to 39%); NPV, 95% (690/724; 95% CI 94% to 97%).
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FIGURE 35 Comparison of RAVI > 10% and BIS > 10% with sleeve application. Note that those patients with no
clinical lymphoedema or appropriately applied sleeve by 6 months may have had an appropriately applied sleeve
at a later time point.

DOI: 10.3310/pgfar07050 PROGRAMME GRANTS FOR APPLIED RESEARCH 2019 VOL. 7 NO. 5

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Bundred et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

187



Clinical lymphoedema/appropriately applied sleeve from 6 months up to
18 months

The clinical lymphoedema/appropriately applied sleeve between 6 and 18 months variable excludes those
patients with lymphoedema up to and including 6 months.

For those patients with lymphoedema, the BIS and perometer values used are those at the time of the
indicated lymphoedema. For those without lymphoedema, the BIS and perometer values used are the
largest value between 9 and 18 months.

TABLE 84 Perometer and sleeve/clinical lymphoedema

After 6 months up to 18 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

Perometer (< 10%) 693 (95%) 72 (62%) 765

Perometer (≥ 10%) 33 (5%) 45 (38%) 78

Total 726 117 843

Sensitivity, 38% (45/117; 95% CI 30% to 48%); specificity, 95% (693/726; 95% CI 94% to 97%); PPV, 58% (45/78; 95% CI
47% to 68%); NPV, 91% (693/765; 95% CI 88% to 92%).

TABLE 85 BIS and sleeve/clinical lymphoedema

After 6 months up to 18 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 581 (82%) true negative 52 (47%) false negative 633

BIS (≥ 10) 126 (18%) false positive 59 (53%) true positive 185

Total 707 111 818

Sensitivity, 53% (59/111; 95% CI 44% to 62%); specificity, 82% (581/707; 95% CI 79% to 85%); PPV, 32% (59/185; 95% CI
26% to 39%); NPV, 92% (581/633; 95% CI 89% to 94%).
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Clinical lymphoedema/appropriately applied sleeve after 6 months up to
24 months

The clinical lymphoedema/appropriately applied sleeve after 6 months up to 24 months variable excludes
those patients with lymphoedema up to and including 6 months.

For those patients with lymphoedema, the BIS and perometer values used are those at the time of
lymphoedema diagnosis. For those patients without lymphoedema, the BIS and perometer values used are
the largest value between 9 and 24 months.
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FIGURE 36 Comparison of RAVI > 10% and BIS with sleeve application (6–18 months). Note that those patients with
no clinical lymphoedema or appropriately applied sleeve by 6 months may have had clinical lymphoedema or an
appropriately applied sleeve at a later time point.

TABLE 86 Perometer and sleeve/clinical lymphoedema

After 6 months up to 24 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

Perometer (< 10%) 667 (94%) 86 (61%) 753

Perometer (≥ 10%) 39 (6%) 55 (39%) 94

Total 706 141 847

Sensitivity, 39% (55/141; 95% CI 31% to 47%); specificity, 94% (667/706; 95% CI 93% to 96%); PPV, 59% (55/94; 95% CI
48% to 68%); NPV, 89% (667/753; 95% CI 86% to 91%).
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Clinical lymphoedema/appropriately applied sleeve after 18 months up
to 24 months

The clinical lymphoedema/appropriately applied sleeve after 18 months up to 24 months variable excludes
those patients with lymphoedema up to and including 18 months.

For all patients, the BIS and perometer values used are those at 24 months.

TABLE 87 Bioimpedance spectroscopy and sleeve/clinical lymphoedema

After 6 months up to 24 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 556 (80%) 65 (49%) 621

BIS (≥ 10) 136 (20%) 69 (51%) 205

Total 692 134 826

Sensitivity, 51% (69/134; 95% CI 43% to 60%); specificity, 80% (556/692; 95% CI 77% to 83%); PPV, 34% (69/205; 95% CI
28% to 40%); NPV, 90% (556/621; 95% CI 87% to 92%).
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FIGURE 37 Comparison of RAVI of > 10% and BIS with sleeve application (6–24 months). Note that those patients
with no clinical lymphoedema or appropriately applied sleeve after 6 months up to 24 months may have had
clinical lymphoedema or sleeve applied at a later time point.
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TABLE 88 Perometer and sleeve/clinical lymphoedema

After 18 months up to
24 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

Perometer (< 10%) 524 (96%) 14 (58%) 538

Perometer (≥ 10%) 21 (4%) 10 (42%) 31

Total 545 24 569

Sensitivity, 42% (10/24; 95% CI 24% to 61%); specificity, 96% (524/545; 95% CI 94% to 97%); PPV, 32% (10/31; 95% CI
19% to 50%); NPV, 97% (524/538; 95% CI 96% to 98%).

TABLE 89 Bioimpedance spectroscopy and sleeve/clinical lymphoedema

After 18 months up to
24 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

BIS (< 10) 460 (91%) true negative 13 (57%) false negative 473

BIS (≥ 10) 45 (9%) false positive 10 (43%) true positive 55

Total 505 23 528

Sensitivity, 43% (10/23; 95% CI 26% to 63%); specificity, 91% (460/505; 95% CI 88% to 93%); PPV, 18% (10/55; 95% CI
10% to 30%); NPV, 97% (460/473; 95% CI 95% to 98%).
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FIGURE 38 Comparison of BIS and perometer values at 24 months. Note that those with no lymphoedema or
appropriately applied sleeve by 24 months may have had an appropriately applied sleeve at a later time point.
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Appendix 14 Combined perometer or
bioimpedance spectroscopy versus clinical
lymphoedema/appropriately applied sleeve

Combined perometer or bioimpedance spectroscopy versus clinical
lymphoedema/appropriately applied sleeve

Clinical lymphoedema/appropriately applied sleeve after 6 months up to
18 months

For those patients with lymphoedema, the BIS and perometer values used are those at the time of the
indicated lymphoedema. For those patients without lymphoedema, the BIS and perometer values used are
the largest value between 9 and 18 months.

The 71 patients with lymphoedema are made up of 33 with both perometer and BIS of ≥ 10, 26 with only
BIS of ≥ 10 and 12 with only perometer ≥ 10.

Clinical lymphoedema/appropriately applied sleeve after 6 months up to 24 months (excludes those
patients with lymphoedema up to and including 6 months).

Bioimpedance spectroscopy and perometer values used are those at the time of the indicated
lymphoedema. For those patients without lymphoedema, the BIS and perometer values used are the
largest value between 9 and 24 months.

TABLE 90 Combined perometer or BIS vs. sleeve/clinical lymphoedema

By 6 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

Perometer and BIS < 10 663 (78%) 28 (38%) 691

Perometer or BIS ≥ 10 192 (22%) 45 (62%) 237

Total 855 73 928

Sensitivity, 62% (45/73; 95% CI 50% to 72%); specificity, 78% (663/855; 95% CI 75% to 80%); PPV, 19% (45/237; 95% CI
15% to 24%); NPV, 96% (663/691; 95% CI 94% to 97%).

TABLE 91 Combined perometer or BIS vs. sleeve/clinical lymphoedema

After 6 months up to 18 months No sleeve or clinical lymphoedema Sleeve or clinical lymphoedema Total

Perometer and BIS < 10 566 (80%) 42 (37%) 608

Perometer or BIS ≥ 10 139 (20%) 71 (63%) 210

Total 705 113 818

Sensitivity, 63% (71/113; 95% CI 54% to 71%); specificity, 80% (566/705; 95% CI 77% to 83%); PPV, 34% (71/210;
95% CI 28% to 40%); NPV, 93% (566/608; 95% CI 91% to 95%).
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Appendix 15 Factors predicting lymphoedema
development after 1 month’s and 6 months’ analysis

Factors predicting lymphoedema development after 1 months’ and 6 months’ analysis

Two analyses were performed: one looked at the situation described above (lymphoedema
after 6 months and up to 2 years), and the other looks at the time to first lymphoedema 
including all follow-up data (1 month visit was excluded as per the protocol [version 5.2] and 
the NIHR programme grant response letter). Both RAVI (>10%) and sleeve application were 
considered in these analyses.

Lymphoedema development after 6 months surveillance (i.e. 6 months up to 2 years and 
the time to first lymphoedema within that time period). Patients with lymphoedema at 3 or 6 
months are excluded because the inclusion of the RAVI variable, which is determined at 6 
months, means there would need to be a ≥10% category RAVI variable but this is also used 
as the outcome event. In addition, excluding these patients is part of the study protocol
(version 5.2) and the NIHR programme grant response letter.  

For RAVI >10 univariate analysis revealed BMI (p<0.002), number of nodes involved (Median 
2(range 0-41 (p<0.001)), and largest RAVI change by six months (p<0.001: (HR = 5.58 for 
≥5%-<10% vs <3%, 95% CI 3.61 – 8.62)) and BIS >10% (p<0.001) all predicted lymphoedema 
development from six months up to two years. 

The multivariable analysis included RAVI change by six months (p<0.001: (HR = 5.22 for 
≥5%-<10%, 95% CI 3.22-8.47)) along with number of nodes involved (HR 1.05, 95% CI 1.02
– 1.07), adjuvant chemotherapy HR = 1.61 (1.01-2.55), BMI >30 (HR 1.87, 95% CI 1.16 –
3.02) and BIS >10% (p=0.069) in the model for predicting lymphoedema development after 
six months up to two years 
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TABLE 92: Univariate and multivariable analyses of predictors of lymphoedema 
(defined by perometry) after 6 months

Univariate Multivariable 

Variable HR (95% CI) p-value HR (95% CI) p-value 

Age (per year
increase)

1.01 (0.99-1.02) 0.31 - - 

BMI at baseline 
(ref ≤25)
>25-≤30
>30

0.81 (0.48-1.36) 
1.78 (1.13-2.79) 

0.002

0.42
0.013

0.96 (0.56-1.67) 
1.87 (1.16-3.02) 

0.008

0.90
0.010

ER negative 1.27 (0.79-2.05) 0.33 - - 

Nodes positive
(per node increase)

1.05 (1.03-1.08)    <0.001 1.05 (1.02-1.07) 
<0.001

Adjuvant CT (yes) 1.24 (0.81-1.88) 0.32 1.61 (1.01-2.55) 0.044

Adjuvant RT (yes) 1.43 (0.80-2.55) 0.23 - - 

Previous SN biopsy 0.68 (0.44-1.03) 0.069 - - 

Arm measurements
– 6 months 
(ref <3%inc)
≥3<5% inc
≥5<10% inc 1.88 (1.06-3.33) 

5.58 (3.61-8.62)

 <0.001 

0.030
<0.001 1.87 (1.03-3.41) 

5.22 (3.22-8.47) 

<0.001 

0.041

<0.001 

– BIS at 6 months
(ref <3% inc)
>3<5% inc 
>5<10% inc 
>10% inc 

1.48 (0.74-2.95) 
1.37 (0.79-2.39) 
3.70 (2.30-5.95) 

<0.001

0.26
0.26

   <0.001 

1.54 (0.77-3.11) 
1.25 (0.70-2.24) 
1.98 (1.18-3.33) 

0.069
0.22
0.44
0.010

Smoking, type of surgery, weight gain and histological tumour type were ns
[N=1100: those with lymphoedema ≤6 months have been excluded]

APPENDIX 15

NIHR Journals Library www.journalslibrary.nihr.ac.uk

196



TABLE 93: Time to lymphoedema from after 6 months to 24 months (excluding
lymphoedema to 6 months) - Clinical lymphoedema/appropriately applied sleeve 

Univariate Multivariable 
Variable HR (95% CI) p-value HR (95% CI) p-value 
Age (per year
increase) 1.00 (0.99-1.01) >0.99 - - 

BMI at baseline 
(ref ≤25)
>25-≤30
>30

1.09 (0.72-1.65) 
1.18 (0.77-1.80) 

0.76

0.67
0.45

- - 

ER negative 0.63 (0.38-1.05) 0.076 0.51 (0.30-0.86) 0.012
Nodes positive
(per node increase) 1.04 (1.02-1.06) <0.001 - - 

Adjuvant CT (yes) 1.78 (1.19-2.66) 0.005 1.92 (1.24-2.96) 0.003
Adjuvant RT (yes) 2.23 (1.23-4.03) 0.008 2.03 (1.11-3.71) 0.021
Previous SN biopsy 0.93 (0.65-1.33) 0.68 - - 
Arm measurements –
perometer at 6 months
(ref <3% inc)
≥3-<5% inc 
≥5-10% inc 
≥10% inc

1.94 (1.15-3.26) 
3.84 (2.47-5.96) 
12.56 (7.84-20.14) 

<0.001 

0.013
<0.001 
<0.001 

1.57 (0.92-2.69) 
3.13 (1.97-4.98) 
7.90 (4.78-13.06) 

<0.001 

0.099
<0.001 
<0.001 

Arm measurements –
BIS at 6 months
(ref <3% inc)
≥3-<5% inc 
≥5-10% inc 
≥10% inc

1.27 (0.60-2.67) 
2.39 (1.47-3.89) 
5.65 (3.63-8.79) 

<0.001 

0.53
<0.001 
<0.001 

1.48 (0.69-3.14) 
2.51 (1.50-4.20) 
4.06 (2.51-6.58) 

<0.001 

0.31
<0.001 
<0.001 
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TABLE 94: FACT-B at 6, 12, 18 and 24 months respectively

Perometer >10% 
Lymphoedema at... Mean (SD)
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
At 6 months  (660:58) 107.4 (21.5) 101.0 (21.4) P=0.030 
At 12 months  (628:55) 112.0 (21.1) 103.7 (22.8) P=0.005 
At 18 months  (566:59) 113.6 (20.2) 106.2 (21.5) P=0.008 
At 24 months  (541:68) 114.1 (20.1) 108.0 (25.3) P=0.059 

Sleeve application 
Lymphoedema at... Mean (SD) 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
By 6 months (683:60) 107.1 (21.5) 99.6 (23.5) P=0.011 
By 12 months (577:121) 112.9 (20.4) 104.6 (24.3) P=0.001 
By 18 months  (518:124) 114.1 (19.9) 107.3 (21.6) P=0.001 
By 24 months  (466:151) 114.8 (19.8) 108.5 (23.8) P=0.003 

TABLE 95: FACT-B TOI at 6, 12, 18 and 24 months respectively

Perometer >10% 
Lymphoedema at... Mean (SD) 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
At 6 months   (690:63) 64.7 (15.5) 58.0 (16.1) P=0.001 
At 12 months  (585:123) 70.0 (14.2) 63.6 (17.0) P<0.001 
At 18 months  (523:128) 70.9 (14.0) 65.6 (14.6) P<0.001 
At 24 months  (472:152) 71.5 (13.7) 67.0 (16.5) P=0.003 

Sleeve application 
Lymphoedema at... Mean (SD) 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
At 6 months   (669:59) 65.0 (15.4) 58.1 (15.3) P=0.001 
At 12 months  (637:56) 69.3 (14.6) 62.9 (16.2) P=0.002 
At 18 months  (570:63) 70.4 (14.2) 64.6 (14.2) P=0.002 
At 24 months  (546:70) 71.1 (13.9) 65.2 (17.8) P=0.009 
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TABLE 96: Lymphoedema symptoms  at 6, 12, 18 and 24 months respectively

Perometer 10% 
Lymphoedema at.... % (no.) with swelling
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
At 6 months   (601:55) 31% (186) 91% (50) P<0.001 
At 12 months  (591:53) 37% (219) 91% (48) P<0.001 
At 18 months  (524:61) 36% (187) 89% (54) P<0.001 
At 24 months  (525:70) 35% (185) 87% (61) P<0.001 

Sleeve application 
Lymphoedema at.... % (no.) with swelling
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
By 6 months   (620:60) 30% (189) 90% (54) P<0.001 
By 12 months  (540:119) 31% (167) 89% (106) P<0.001 
By 18 months  (473:127) 28% (134) 88% (112) P<0.001 
By 24 months  (449:153) 28% (126) 80% (123) P<0.001 

 Perometer 10% 
Lymphoedema at... % (no.) with numbness 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
At 6 months   (643:56) 78% (500) 77% (43) P=0.87
At 12 months  (631:53) 77% (483) 75% (40) P=0.86
At 18 months  (557:60) 75% (419) 80% (48) P=0.41
At 24 months  (535:68) 74% (394) 78% (53) P=0.45

Sleeve application 
Lymphoedema at.... % (no.) with numbness 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
By 6 months   (663:60) 78% (514) 77% (46) P=0.88
By 12 months  (581:119) 75% (435) 84% (100) P=0.032 
By 18 months  (507:128) 74% (375) 83% (106) P=0.037 
By 24 months  (465:146) 73% (338) 77% (113) P=0.26
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Perometer 10% 
Lymphoedema at.... % (no.) with heaviness 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
At 6 months   (620:57) 38% (233) 67% (38) P<0.001 
At 12 months  (590:53) 40% (237) 66% (35) P<0.001 
At 18 months  (523:59) 39% (202) 85% (50) P<0.001 
At 24 months  (516:67) 40% (208) 73% (49) P<0.001 

Sleeve application 
Lymphoedema at.... % (no.) with heaviness 
Time (n=no, n=yes) Lymphoedema -No Lymphoedema -Yes
By 6 months (640:60) 37% (239) 68% (41) P<0.001 
By 12 months  (544:112) 37% (203) 67% (75) P<0.001 
By 18 months  (477:121) 35% (169) 74% (90) P<0.001 
By 24 months  (441:149) 37% (164) 64% (95) P<0.001 

Conclusions 

• Post-operative monitoring will allow early intervention and treatment of arm 
swelling in patients with ≥3%-<10% RAVC. 

• Perometer RAVC≥10% is the optimal diagnostic and monitoring test. 
• Arm measurements from baseline after axillary surgery necessary and 

increases greater than 3% should lead to further surveillance to prevent 
lymphoedema development. 

• Perometer RAVC≥10% is the optimal diagnostic and monitoring test.
• Arm measurements from baseline after axillary surgery necessary and 

increases greater than 3% should lead to further surveillance to prevent 
lymphoedema development. 

• Perometer measurement is the optimal technique for measuring and predicting
the development of lymphoedema.

• Baseline BMI, no. of involved nodes, and relative arm volume increase ≥3% 
are 
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Appendix 16 Quality-of-life variables

Change over time in quality-of-life variables analysis notes

Generalised estimating equations (GEEs) were used to assess how the TOI, FACT-B total score and the
ARM subscale changed over time.

Trial Outcome Index

Owing to the negative skew of the TOI variable, a transformation [LN(120 – TOI)] was used for the analysis
so that a linear GEE model could be used.

In a model only including the time variable, the EMM of TOI at each time point is presented in the table
below. A total of 997 patients had some data in the model.

Time point Estimated marginal mean of TOI (95% CI)

Pre surgery 68.0 (67.2 to 68.9)

3 months 63.5 (62.5 to 64.5)

6 months 65.4 (64.4 to 66.4)

12 months 70.2 (69.2 to 71.1)

18 months 70.6 (69.6 to 71.5)

24 months 71.0 (70.0 to 71.9)

Time–lymphoedema status interaction
A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
found that the interaction was statistically significant (p = 0.003), showing the pattern of change over time
was different between the groups.

The main effect for the time variable was statistically significant (p < 0.001). The main effect for the
lymphoedema status by 6 months variable was statistically significant (p = 0.006), showing that there was
a difference between the lymphoedema status groups overall.

The EMMs from the interaction term in the GEE analysis are presented below.

Time point

Estimated marginal mean of TOI (95% CI)

p-value
Without lymphoedema
by 6 months (n= 883)

With lymphoedema
by 6 months (n= 87)

Pre surgery 68.3 (67.4 to 69.2) 67.0 (63.9 to 70.0) 0.42

3 months 63.8 (62.7 to 64.8) 61.4 (57.8 to 64.8) 0.19

6 months 66.0 (64.9 to 67.1) 60.1 (56.4 to 63.5) 0.001

12 months 70.7 (69.8 to 71.7) 65.3 (61.8 to 68.5) 0.001

18 months 71.1 (70.2 to 72.1) 65.4 (61.9 to 68.6) 0.001

24 months 71.4 (70.4 to 72.4) 67.6 (64.0 to 71.0) 0.033

The p-values in this table have not been adjusted for multiple testing.
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FACT-B total score
Owing to the negative skew of the FACT-B total score variable, a transformation [LN(160 – FACT-B)] was
used for the analysis so that a linear GEE model could be used.

In a model only including the time variable, the EMM of FACT-B at each time point is presented in the
table below. A total of 996 patients had some data in the model.
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Time point Estimated marginal mean of FACT-B total score (95% CI)

Pre surgery 110.5 (109.3 to 111.7)

3 months 107.4 (106.0 to 108.7)

6 months 109.4 (108.0 to 110.8)

12 months 114.8 (113.5 to 116.1)

18 months 115.2 (113.9 to 116.5)

24 months 115.5 (114.2 to 116.9)

Time–lymphoedema status interaction
A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
found that the interaction was borderline statistically significant (p = 0.055), showing that there was some
indication of pattern of change that was different between the groups.

The main effect for the time variable was statistically significant (p < 0.001). The main effect for the
lymphoedema status by 6 months variable was statistically significant (p = 0.032), showing that there was a
difference between the lymphoedema status groups overall.

The EMMs from the interaction term in the GEE analysis are presented below.

Time point

Estimated marginal mean of FACT-B total score (95% CI)

p-value
Without lymphoedema
by 6 months (n= 882)

With lymphoedema
by 6 months (n= 87)

Pre surgery 110.9 (109.7 to 112.2) 109.4 (105.0 to 113.4) 0.48

3 months 107.8 (106.3 to 109.2) 105.3 (100.3 to 109.9) 0.32

6 months 110.1 (108.6 to 111.5) 104.0 (98.7 to 108.8) 0.018

12 months 115.5 (114.1 to 116.8) 109.5 (104.5 to 114.0) 0.012

18 months 115.9 (114.5 to 117.2) 109.2 (104.2 to 113.7) 0.005

24 months 116.0 (114.6 to 117.4) 111.8 (106.5 to 116.7) 0.11

The p-values in this table have not been adjusted for multiple testing.
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ARM subscale
Owing to the negative skew of the ARM subscale variable, a transformation [LN(22 – ARM)] was used for
the analysis so that a linear GEE model could be used.

In a model including only the time variable, the EMM of ARM at each time point is presented in the table
below. A total of 995 patients had some data in the model.

Time point Estimated marginal mean of ARM subscale (95% CI)

Pre surgery 18.7 (18.5 to 18.9)

3 months 16.1 (15.9 to 16.3)

6 months 15.9 (15.6 to 16.1)

12 months 16.0 (15.8 to 16.3)

18 months 16.1 (15.9 to 16.4)

24 months 16.4 (16.1 to 16.6)

Time–lymphoedema status interaction
A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
found that the interaction was not statistically significant (p = 0.25), showing the pattern of change over
time was not significantly different between the groups.

The main effect for the time variable was statistically significant (p < 0.001). The main effect for the
lymphoedema status by 6 months variable was statistically significant (p < 0.001), showing that there was
a difference between the lymphoedema status groups overall.

The EMMs from the interaction term in the GEE analysis are presented below.

Time point

Estimated marginal mean of ARM subscale (95% CI)

p-value
Without lymphoedema
by 6 months (n= 882)

With lymphoedema
by 6 months (n= 87)

Pre surgery 18.7 (18.6 to 18.9) 18.6 (17.9 to 19.1) 0.62

3 months 16.2 (15.9 to 16.4) 15.7 (14.7 to 16.5) 0.29

6 months 16.2 (15.8 to 16.3) 14.0 (13.0 to 14.8) < 0.001

12 months 16.2 (15.9 to 16.4) 14.4 (13.4 to 15.3) < 0.001

18 months 16.3 (16.0 to 16.5) 14.7 (13.5 to 15.6) 0.001

24 months 16.5 (16.3 to 16.8) 15.2 (14.2 to 16.0) 0.003

The p-values in this table have not been adjusted for multiple testing.
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Clinical lymphoedema/appropriately applied sleeve

Trial Outcome Index
Owing to the negative skew of the TOI variable, a transformation [LN(120 – TOI)] was used for the analysis
so that a linear GEE model could be used.

Time–lymphoedema status interaction
A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
found that the interaction was not statistically significant (p = 0.58), showing the pattern of change over
time was not significantly different between the groups.

The main effect for the time variable was statistically significant (p < 0.001). The main effect for the
lymphoedema status by 6 months variable was statistically significant (p = 0.004), showing that there was a
difference between the lymphoedema status groups overall.

The EMMs from the interaction term in the GEE analysis are presented below.

Time point

Estimated marginal mean of TOI (95% CI)

p-value
Without lymphoedema
by 6 months (n= 861)

With lymphoedema
by 6 months (n= 77)

Pre surgery 68.5 (67.6 to 69.4) 65.9 (62.5 to 69.1) 0.14

3 months 64.1 (63.1 to 65.2) 58.5 (54.1 to 62.7) 0.009

6 months 66.0 (64.9 to 67.1) 60.4 (56.3 to 64.2) 0.005

12 months 70.7 (69.8 to 71.7) 65.7 (61.6 to 69.5) 0.012

18 months 71.1 (70.2 to 72.1) 65.9 (62.1 to 69.4) 0.005

24 months 71.5 (70.5 to 72.5) 66.9 (63.1 to 70.4) 0.013

The p-values in this table have not been adjusted for multiple testing.
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FACT-B total score
Owing to the negative skew of the FACT-B total score variable, a transformation [LN(160 – FACT-B)]
was used for the analysis so that a linear GEE model could be used.

Time–lymphoedema status interaction
A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
found that the interaction was not statistically significant (p = 0.37), showing the pattern of change over
time was not significantly different between the groups.

The main effect for the time variable was statistically significant (p < 0.001). The main effect for the
lymphoedema status by 6 months variable was statistically significant (p = 0.011), showing that there was
a difference between the lymphoedema status groups overall.

The EMMs from the interaction term in the GEE analysis are presented below.

Time point

Estimated marginal mean of FACT-B total score (95% CI)

p-value
Without lymphoedema
by 6 months (n= 860)

With lymphoedema
by 6 months (n= 77)

Pre surgery 111.1 (109.8 to 112.3) 108.1 (103.1 to 112.7) 0.23

3 months 108.3 (106.9 to 109.7) 100.4 (94.2 to 106.0) 0.006

6 months 110.2 (108.7 to 111.6) 103.4 (97.3 to 109.0) 0.020

12 months 115.5 (114.2 to 116.8) 109.7 (103.5 to 115.2) 0.042

18 months 115.9 (114.6 to 117.2) 109.5 (104.1 to 114.4) 0.011

24 months 116.2 (114.8 to 117.6) 110.1 (104.6 to 115.1) 0.020

The p-values in this table have not been adjusted for multiple testing.
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ARM subscale
Owing to the negative skew of the ARM subscale variable, a transformation [LN(22 – ARM)] was used for
the analysis so that a linear GEE model could be used.

Time–lymphoedema status interaction
A GEE analysis that included an interaction term between lymphoedema status by 6 months and time
found that the interaction was not statistically significant (p = 0.33), showing the pattern of change over
time was not significantly different between the groups.

The main effect for the time variable was statistically significant (p < 0.001). The main effect for the
lymphoedema status by 6 months variable was statistically significant (p < 0.001), showing that there was a
difference between the lymphoedema status groups overall.

The EMMs from the interaction term in the GEE analysis are presented below.

Time point

Estimated marginal mean of ARM subscale (95% CI)

p-value
Without lymphoedema
by 6 months (n= 859)

With lymphoedema
by 6 months (n= 77)

Pre surgery 18.7 (18.6 to 18.9) 18.2 (17.4 to 18.9) 0.12

3 months 16.2 (16.0 to 16.5) 14.9 (13.7 to 16.0) 0.014

6 months 16.1 (15.8 to 16.3) 13.7 (12.6 to 14.6) < 0.001

12 months 16.2 (15.9 to 16.4) 14.5 (13.5 to 15.4) < 0.001

18 months 16.3 (16.0 to 16.5) 14.5 (13.3 to 15.5) 0.001

24 months 16.5 (16.3 to 16.8) 14.6 (13.6 to 15.6) < 0.001

The p-values in this table have not been adjusted for multiple testing.
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Associations between the 6-month lymphoedema checklist variables and changes in QoL from baseline
and perometer/BIS from 1 month.
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Appendix 17 Generalised estimating equations
analysis

Analysis notes

Generalised estimating equations were used to assess the relationship between arm measurements
(perometer and L-Dex) and TOI, the selected QoL measure.

Log-transformation

Owing to the negative skew of the TOI variable, a transformation [LN(120 – TOI)] was used throughout the
analysis so that linear GEE models could be used.

Time variable

A time variable was included in each of the models and it was statistically significant in every analysis
considered. It appears that, generally, there was an improvement in TOI over time from a minimum at the
first time point considered, 3 months, to a maximum at the final time point considered, 24 months.

In a model only including the time variable, the estimated marginal means of TOI at each time point is
presented in the table below.

Time point (months) Estimated marginal mean of TOI (95% CI)

3 64.1 (62.8 to 65.4)

6 66.0 (64.7 to 67.3)

9 69.7 (68.4 to 70.9)

12 70.5 (69.4 to 71.7)

18 70.6 (69.4 to 71.8)

24 71.0 (69.8 to 72.2)

TABLE 97 Combined perometer or BIS vs. sleeve/clinical lymphoedema

After 6 months up to 24 months
No sleeve or clinical
lymphoedema

Sleeve or clinical
lymphoedema Total

Perometer and BIS of < 10 537 (78%) 52 (38%) 589

Perometer or BIS of ≥ 10 154 (22%) 85 (62%) 239

Total 691 137 828

Sensitivity, 62% (85/137; 95% CI 54% to 70%); specificity, 78% (537/691; 95% CI 74% to 81%); PPV, 36% (85/239;
95% CI 30% to 42%); NPV, 91% (537/589; 95% CI 89% to 93%).
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Diagnostic accuracy for composite end points
Those patients with lymphoedema at 3 months are not included in the numbers in Table 98.

Those patients with lymphoedema up to 9 months are not included in the numbers in Table 99.

TABLE 98 At 6 months

Measure Sensitivity Specificity PPV NPV
Diagnostic
accuracy

Perometer ≥ 10% 17/48 (35%) 732/776 (94%) 17/61 (28%) 732/763 (96%) 749/824 (91%)

Perometer ≥ 9% 22/48 (46%) 723/776 (93%) 22/75 (29%) 723/749 (97%) 745/824 (90%)

Perometer ≥ 5% 31/48 (65%) 631/776 (81%) 31/176 (18%) 631/648 (97%) 662/824 (80%)

BIS ≥ 10 24/47 (57%) 630/759 (83%) 27/156 (17%) 630/650 (97%) 657/806 (82%)

B3 ≤ 2 28/39 (72%) 556/703 (79%) 28/175 (16%) 556/567 (98%) 584/742 (79%)

Perometer ≥ 5% or B3 ≤ 2 39/43 (91%) 454/704 (64%) 39/289 (13%) 454/458 (99%) 493/747 (66%)

Perometer ≥ 9% and B3 ≤ 2 16/45 (36%) 765/789 (97%) 16/40 (40%) 765/794 (96%) 781/834 (94%)

Perometer ≥ 10% and B3 ≤ 2 13/46 (28%) 767/790 (97%) 13/36 (36%) 767/800 (96%) 780/836 (93%)

TABLE 99 At 12 months

Measure Sensitivity Specificity PPV NPV
Diagnostic
accuracy

Perometer ≥ 10% 14/41 (34%) 649/666 (97%) 14/31 (45%) 649/676 (96%) 663/707 (94%)

Perometer ≥ 9% 15/41 (37%) 639/666 (96%) 15/42 (36%) 639/665 (96%) 654/707 (93%)

Perometer ≥ 5% 28/41 (68%) 588/666 (88%) 28/106 (26%) 588/601 (98%) 616/707 (87%)

BIS ≥ 10 17/39 (44%) 573/641 (89%) 17/85 (20%) 573/595 (96%) 590/680 (87%)

B3 ≤ 2 19/35 (54%) 484/585 (83%) 19/120 (16%) 484/500 (97%) 503/620 (81%)

Perometer ≥ 5% or B3 ≤ 2 32/39 (82%) 431/588 (73%) 32/189 (17%) 431/438 (98%) 463/627 (74%)

Perometer ≥ 9% and B3 ≤ 2 8/38 (21%) 660/671 (98%) 8/19 (42%) 660/690 (96%) 668/709 (94%)

Perometer ≥ 10% and B3 ≤ 2 7/38 (18%) 664/671 (99%) 7/14 (50%) 664/695 (96%) 671/709 (95%)
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Those patients with lymphoedema up to 18 months are not included in the numbers in Table 100.

TABLE 100 At 24 months

Measure Sensitivity Specificity PPV NPV
Diagnostic
accuracy

Perometer ≥ 10% 10/24 (42%) 511/530 (96%) 10/29 (34%) 511/525 (97%) 521/554 (94%)

Perometer ≥ 9% 12/24 (50%) 507/530 (96%) 12/35 (34%) 507/519 (98%) 519/554 (94%)

Perometer ≥ 5% 17/24 (71%) 454/530 (86%) 17/93 (18%) 454/461 (98%) 471/554 (85%)

BIS of ≥ 10 10/23 (43%) 447/491 (91%) 10/54 (19%) 447/460 (97%) 457/514 (89%)

B3 ≤ 2 8/21 (38%) 404/467 (87%) 8/71 (11%) 404/417 (97%) 412/488 (84%)

Perometer ≥ 5% or B3 ≤ 2 20/24 (83%) 343/470 (73%) 20/147 (14%) 343/347 (99%) 363/494 (73%)

Perometer ≥ 9% and B3 ≤ 2 4/21 (19%) 522/531 (98%) 4/13 (31%) 522/539 (97%) 526/552 (95%)

Perometer ≥ 10% and B3 ≤ 2 3/21 (14%) 524/532 (98%) 3/11 (27%) 524/542 (97%) 527/553 (95%)
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Appendix 18 Workstream 3

Comparison of
lymphoedema rates

Comparison of
lymphoedema rates

Annual follow-up thereafter
with assessment (1 – 3) until 5 years

after surgery

3-monthly assessment (1 – 3)
until 18 months post randomisation

Initiate trial

MREC approval

Assessment
Control to 2 yearsTreatment

sleeves

Arm-volume increase < 4%
at 1, 3 or 6 months

Arm-volume increase ≥ 10%
at 1, 3 or 6 months

Arm-volume increase 4 – 8%
at 1, 3 or 6 months

Arm measurement assessment

Prospective monitoring of axillary clearance points
Five centres

(n = 800 per year)

The PLACE trial scheme

WS3: early intervention after ANC to prevent chronic lymphoedema

Compression sleeves
for 1 year
(n = 125)

Control for 1 year
(n = 125)

(1) Perometer measurement –
     3 monthly
(2) Quality of life (TOI/FACT-B+4)
(3) Health utility measures –
     6 monthly

(a) Perometer measurement (primary end point)
(b) Test bioimpedance assessment (L-DEX)

FIGURE 51 Workstream 3: early intervention after ANC to prevent chronic lymphoedema.
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Appendix 19 Findings of the PLACE trial’s
qualitative substudy

Introduction

Low recruitment to RCTs can affect internal and external validity, statistical power and successful
completion of trials.50 A recent systematic review of recruitment activity highlighted how common
recruitment problems are in health-care RCTs. Currently, 50% of RCTs fail to recruit to target and only
50% of those that successfully recruit do so in a timely manner.51

Maximising and encouraging more patients to take part in health research is one of the main aims of
the National Institute for Health Research.52 In addition, a key recommendation of the government’s
Life Science Strategy is for health-care organisations to provide adequate support to researchers who are
recruiting to studies.53 Although recruitment failure in RCTs has been extensively studied, there remains
a lack of substantive research on initiatives that could improve the recruitment activity of research
practitioners to improve patient recruitment.

Successful recruitment into trials generally focuses on the patient/recruiter encounter where the impact of
communication skills has an important influence on patients’ decision-making processes.54 Research has
highlighted, however, that information conveyed during recruitment varies considerably in quality and
content, and that there is little research on actual recruitment encounters.50 Findings from a qualitative
study55 that interviewed recruiting practitioners across six RCTs found that recruiting staff struggled
with explaining the rationale for RCTs to patients; willingness to approach all eligible patients; providing
accurate information about the trial; and confidence in eliciting patient preferences and exploring
underlying reasons for preferences. Another study56 found that patient preferences could change after
discussions with the recruiting practitioner. Other research57 has highlighted the importance of shared
decision-making between patients and recruiters in obtaining informed consent that is free from coercion.

Predominantly, nurses with a clinical care background are employed as recruiting practitioners within
the NHS. However, a number of studies of staff barriers to trial recruitment found that nurses tend to
experience conflict between three distinct roles: caring clinical nurse, patient advocate and recruiter/
scientist. This conflict leads to discomfort when approaching eligible patients judged as ‘too unwell’ or
‘at the wrong stage of treatment’ to participate in a RCT, such as during chemotherapy.55,58 These studies
also found that problematic recruiter behaviour during encounters, such as interruption, digression,
inaccurate information-giving, and inattentiveness, made it difficult for patients’ voices to be heard.

A survey and workshop on interventions to improve recruitment activity into RCTs recommended
training recruiter practitioners in generic communication skills and trial-specific skills, such as explaining
randomisation and dealing with patient preferences.59 A recent systematic review60 of training programmes
for recruiters suggested that training programmes can improve practitioner recruiters’ self-confidence and
communication of some key RCT concepts to patients.

Research aim

Explore staff recruitment practices and shared decision-making during recruitment to the PLACE UK
multisite RCT.
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Methods

This qualitative study was conducted alongside the UK nationwide PLACE trial. Data were collected between
September 2015 and May 2016 from six hospital recruitment sites. Initially, purposive sampling of key
recruiting staff was undertaken. All 16 recruiting staff took part in either a focus group (n = 8) or a
face-to-face interview (n = 15). The job titles of recruiting staff were senior research nurse (n = 5), research
nurse (n = 7) and research practitioner/health-care assistant (n = 4). Open-ended interviews were conducted
using a topic guide. The topic guide covered the following areas: staff attitudes to recruitment issues,
recruitment procedures, research and study knowledge and information sharing, communication with
patients, organisational barriers to recruitment, staff support and research training. Interviews were
conducted in a private room at their place of work and lasted between 40 and 70 minutes. All interviews
were audio recorded with permission from participants; written informed consent was obtained prior to
the start of any discussion. A PPI group (n = 8) was established at the start of the project, which convened
quarterly to inform aspects of the study, such as the design of information and interview guides, and to
discuss and refine emerging findings from the interviews.

Interviews were transcribed verbatim and NVivo version 10 software (QSR International, Warrington, UK)
was used to facilitate analysis. Data were analysed thematically using a framework analysis approach.61

Analysis of data involved a five-stage process: (1) familiarisation, (2) identifying a thematic framework,
(3) indexing, (4) charting and (5) mapping and interpretation. An iterative and inductive approach to
analysis was followed so that analysis started alongside data collection and themes and issues identified
and informed further questions and probing. Memos and documents were written about emerging
categories, to summarise a point, to critique information, and to relate emergent theories to existing
literature. All authors met on a regular basis to discuss the development of codes, themes, categories
and theories about the phenomenon being studied.

Results

Role of the PLACE trial recruitment practitioners
Health-care professionals with a background in nursing (n = 12), as well as non-clinical staff (n = 4),
were employed from established breast cancer research centres (n = 5) to identify patients who fulfilled
the inclusion criteria for the PLACE trial. At post-surgery follow-up checks at 1, 3, 6 and 9 months,
recruitment practitioners would conduct arm measurements of patients and compare any increase swelling
with baseline data.

Four key themes were identified from the focus group and interviews that reflected the main reasons why
recruitment rates were low. These were (1) wait and see culture, (2) conflicting roles, (3) misunderstanding
the trial arms and (4) paternalism versus shared decision-making.

Wait and see culture
It became apparent that all recruiters held variable interpretations of who was eligible for the trial. Although
a detailed protocol had been developed to help identify eligible patients, the majority of sites varied in their
consensus of the way patient’s eligibility status was decided. The majority of sites (4 out of 5) never recruited
eligible patients at the first 1-month follow-up; usually staff considered that any swelling was mainly due to
surgery. Interestingly, recruiters further described that they would provide the standard management arm of
the study and defer recruitment into the RCT:

So if a patient has 6% increase at month 1 follow-up, that is not indicative of anything yet, she
might have had sermonas or any swellings or infections in the breasts. We’re not worried with a 6%
increase. We reiterate about taking care of the arm, we do skin care, we do massage and send them
on their merry way.

Clinical nurse
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At 1 month we’d tell the patient it’s only been 4 weeks or 6 weeks since your surgery so there might
be still post-op swelling, so we leave it at that. But we do say you can do arm exercises that they have
been shown by the physio as well. We give people a bit of information from the PLACE [trial] information
exercise sheet at the same time as giving good skin care tips, and say see you in 2 months’ time.

Clinical nurse

When you measure patients and there has been quite a jump, you know, from their previous
measurements and it is just simply to do with the fact that they have been overusing their arm. So it is
put down to that and so patients are more than happy to watch and wait. I don’t know if that, kind
of, stops them I suppose from getting on the trial.

Research practitioner

Conflicting roles
The majority of recruiting staff employed within the five PLACE trial sites were nurses (n = 12). All emphasised
their dual roles as a clinician/patient advocate and recruiter and reflected on the conflict between the role
of health professional, protecting the needs and vulnerability of their patients, and role of recruiter for a
clinical trial. This role conflict was experienced by nurses during subsequent recruitment encounters beyond
the 1-month follow-up:

If they were over 4% but very fretful I wouldn’t give a PLACE [trial] information sheet and I would let
them concentrate on trying to recover from the cancer surgery. But if there’s no good reason that
that swelling is there, I would possibly give a PLACE [trial] information sheet just as some background
information. Keep it very easy, very light, I’ll just give you this and the next time you come in if you’re
over the size again you might want to think about this RCT.

Clinical nurse

I’ve noticed that some patients might start radiotherapy around the 3-month follow-up appointment
and, they’ll have the radiotherapy on the same side as well, sometimes that doesn’t help with
the measurements, they can’t get their arm in position due to restrictions. If they’ve started their
radiotherapy they’re going to be in and out every day, they might not want to come down for
follow-up appointments again because they’re quite tired, then the swelling might not go down due
to the skin reactions in that area of the body as well. So I think that’s a little bit of a tricky point to
recruit also.

Clinical nurse

Sometimes people if they had a high measurement at 3 months, we’d sort of say, look . . . you’re due
to see me again in 3 months. If it’s still up then I can recruit you then? I sort of explain that as well,
because I think sometimes people don’t want to do anything else. There is enough going on when
they’re at 3 months post surgery. Sometimes it’s nice to reassure people that, we are due to see them
again at 6 months and 9 months.

Research practitioner

At any stage if a patient seems tearful and a little anxious, that has to be brought into the mix as well,
because if you introduce something new to a patient at this point when they’ve actually gotten better
then they might think, oh, well, I’ve improved so why are you wanting me to possibly start wearing a
sleeve. If I saw a 6% increase at 1 month I might say it will probably settle down, but we’ll have a look
at you next time. If I then saw a 4.1% increase from baseline the next time I would then think well,
she’s doing well, is there any signs of it [lymphoedema], is she coping well, and I’d kind of leave it, like
everyone else, and wait.

Clinical nurse
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The ‘wait and see’ nursing culture that was evident across multiple sites became part the way of working
for all recruiters regardless of their clinical or non-clinical background. Recruitment teams (generally
headed by more senior nurses) followed unwritten procedures embedded in their recruitment teams’
assessment of trial eligibility. The extracts below from research practitioners indicate the powerful way
embedded nursing culture affected recruitment rates:

I don’t know about other sites but here it’s not necessarily about recruiting to [the] PLACE [trial].
I’m not saying that, that’s not what people are thinking about, but caring for the patient is more
important than recruiting to [the] PLACE [trial]. Here if a lady is looking like they are eligible we tend
to give them the information leaflets about standard care and say we will see you next time and see
how you are getting on. So sometimes it feels a bit like we’re making them ineligible for [the] PLACE
[trial] by making them better, but that’s the paradox of it really. Because of course most of the people
I work with, they’re nurses and that’s what they do.

Research practitioner

My view here has been very much that I’m the new person on the team recruiting patients in to the
RCT and what will happen is what has always happened. As decided by the people who’ve been here
for an awful lot longer than I have and there isn’t a great deal for manoeuvre on that, especially
because they are nurses and I am a mere non-nurse.

Research practitioner

Owing to the ‘wait and see’ culture, as well as the role conflict experienced by recruiters who were reluctant
to approach vulnerable patients, for example during chemotherapy treatment, some patients were missed
during the whole of their eligibility time period. In addition, if patients presented with an arm swelling towards
the upper limit of eligibility for the PLACE trial, recruiters would in some cases make a clinical judgement to
refer the patient directly to the lymphoedema service, even if the patient was eligible for the study sleeve:

When we had up to 2 years to recruit it was a little bit easier because you had more time to get
patients into the study. Now it’s quite a short little burst that we have, so I think it’s probably a little
bit too short now because people will only have finished their chemotherapy and radiotherapy in
9 months. I think if it was maybe open to recruitment until 12 months, recruitment rates might improve.

Clinical nurse

At 6 months or even at the 9-month visit if patients swellings have been steadily increasing towards
the upper limit of PLACE [trial] eligibility some patients may want something done about it and they
don’t really want to go into the study as there is only a 50% chance of them getting a sleeve, they
just want an assessment with the lymphoedema service. That’s what I found anyway, we always do
have to say that there’s always the referral to the lymphoedema service, because it is part of patient
care too. So we can’t just say the only solution for you is the study because it’s not right to do that.

Research practitioner

Misunderstanding the trial arms and equipoise
A common problem among recruiters was that they misunderstood the trial arms of the study. This
generally led to recruiters explaining the RCT incorrectly to patients and/or presenting the trial arms in
a positive or negative way. Patients’ views and decisions about participating in clinical trials are greatly
influenced by how information is presented to them during the recruitment encounter. A number of
recruiters inadvertently explained the randomisation process to patients as a ‘fifty–fifty chance of getting
the sleeve’, which may have had a detrimental effect on their decision to take part, especially if patients
felt that their treatment preferences would not be met. Other recruiters encouraged patients to follow
incorrect procedures, for example wearing the compression garment/sleeve day and night:

I think it is very evident, like, it’s that the numbers are lagging and to be honest it is a little bit, kind of,
it’s not baffling though to be honest. You know, so if the study was presented to me, if I had an
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increase in my arm swelling and they give me the option of say fifty, fifty of getting the sleeve or not
I personally would want something done about it. So I would take the lymphedema referral. So yeah
I get why people haven’t gone on to the study.

Research practitioner

We tell them to wear it all day every day especially day time when doing activity stuff. One patient
said she found it uncomfortable wearing it at night so she takes it off. But then she noticed that in the
mornings her arm was very swollen and it takes time to put it back on. So I said, if the sleeve isn’t that
uncomfortable for you at night time, wear it. I think the only time patients take it off is to wash it.

Research practitioner

So I usually explain that it’s a 50/50 chance of getting either the controller where it’s just arm exercises
we give you to do or the computer randomises you to have the sleeve.

Research practitioner

Paternalism versus shared decision-making
Recruiter practitioners involved in the PLACE trial made assumptions that taking part in the RCT may be
burdensome, intrusive or not beneficial to individual patients who were deemed by some recruiters as
being vulnerable:

I suppose, because they are going through chemo, they are quite . . . you know, they’ve got a lot
going on in their lives. You might not want to . . . after discussing about somebody’s life outside
surgery, they’re having a tough time then, it might be the last thing you want to do is recruit them
into something. It’s our choice it’s about clinical care as well as just the research.

Clinical nurse

There’s two arms to the study, but I think the prospect of patients potentially having to wear a sleeve
when potentially there isn’t a benefit for patients, I think that’s one of the things that patients pick up
on and realise that and I think especially in some of the younger women, we have approached for
[the] PLACE [trial], it’s not necessarily a nice thing to potentially have to wear.

Research practitioner

I think we get a few occasions where patients are quite visibly put off by the fact of having to wear a
sleeve, I don’t think that’s a very nice prospect for patients in the first instance especially as, you know,
we’re talking to patients, you know, maybe 6 months, 9 months down the line where they’re maybe
coming to the end of their treatment, they may have just done the chemotherapy, radiotherapy and then
we’re coming back to them and saying actually, we think, potentially there could be some early signs of
lymphoedema there and we’re saying that, you know, normally patients wouldn’t necessarily have this
treatment, we don’t know if there’s a benefit or not, but we would like to see if there would be a benefit.

Research practitioner

Conclusion

As highlighted earlier, assumptions made by recruitment staff that taking part in the RCT may be
burdensome for patients had a significant impact on recruitment behaviour, which, in turn, led to poor
recruitment rates. During recruitment encounters, staff acted as gatekeepers by suggesting taking part in
the PLACE trial only to those patients who were deemed suitable for the trial, rather than to all patients
who met the inclusion eligibility criteria. Making a clinical judgement not to recruit patients in this way is
perceived as paternalistic. For example, the PLACE trial recruiters were making decisions on their patients’
behalf with the view that as clinicians they knew what was best for patients. Certain recruiters generally
described that their focus was on protecting and caring for patients’ needs rather than sharing knowledge
and information about the RCT.
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Future research

To develop and test a person-centred communication skills training intervention for clinical research nurses
and research practitioners recruiting patients into RCTs. Although extensive research exists that explores
barriers to patient participation in clinical trials,62 less work has been untaken that investigates initiatives
that could improve the recruiters’ encounters with potential participants. The drive to deliver person-centred
care across the NHS has been significantly promoted over the past decade as a means of enhancing the
quality of care experienced by patients in everyday clinical settings. However, trial recruitment interactions
have been largely neglected and little attention has been given to how the concept of person-centred
care is relevant to improving trial recruitment. Within the model of person-centred care, person-centred
communication involves providing room for the patient’s story, exploring emotional cues and showing
empathy, providing information and advice, explaining things clearly, and involving patients in shared
decision-making. Training research practitioners in how to manage these encounters in a more person-
centred way has the potential to help recruiters improve their communication skills, increase recruitment
rates and collaborate with patients as partners in the development of evidence-based research.
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Appendix 20 Consolidated Standards of
Reporting Trials flow diagram (from the 1100
multifrequency bioimpedance cohort) based on the
data set used in the analyses of workstream 2

• 18 months, n = 73
• Dropped out, n = 17
• Died, n = 3

• 18 months, n = 484
• Dropped out, n = 53
• Died, n = 12

Bioimpedance
study

Prospective monitoring of axillary clearance points
over nine centres (after consent)

(n = 1100)

Arm measurement assessment
Perometer and multifrequency BEA
Lymphoedema questionnaire and 

FACT-B+4

Arm-volume increase of ≥ 10%
at 1, 3, 6 or 9 months, n = 75

> 8.9%–< 10%, n = 18

Arm-volume increase of 4 – 8.9%
at 1, 3, 6 or 9 months

(n = 414)

Arm-volume increase of < 4%
at 1, 3, 6 or 9 months

(n = 549)

Treatment
sleeves

Assessment
Follow-up or randomise to PLACE trial

Control
follow-up

• 24 months, n = 449
• Dropped out, n = 79
• Died, n = 21

• 24 months, n = 68
• Dropped out, n = 21
• Died, n = 4

With no measurements 
within 9 months 4 died 
within 24 months, n = 44 

The PLACE trial

Offer place trial
Obtain patient consent for patients with arm swelling of 4 – 8.9%

Consent
Yes?

Consent
No? Monitor 

Randomise

Compression sleeves
for 1 year 

(n = 51)

Control for 1 year 
(n = 54)

• 18 months, n = 47
• Dropped out, n = 4

• 18 months, n = 51
• Dropped out, n = 3

• 24 months, n = 42
• Dropped out, n = 9

• 24 months, n = 47
• Dropped out, n = 5
• Died, n = 2

• 18 months, n = 246
• Dropped out, n = 53
• Died, n = 10

• 24 months, n = 221
• Dropped out, n = 69
• Died, n = 19

FIGURE 52 Consolidated Standards of Reporting Trials flow diagram. Note that 143 participants were randomised
in the PLACE trial (69 to compression sleeves, 74 to control) from the full BEA cohort.
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Information from the 600 with final follow-up at 60 months estimated using final perometer measurements:

l dropout by 24 months – 63, of which 28 had happened by 18 months
l deaths by 24 months – 50, of which 28 had happened by 18 months (a further 55 patients died after

24 months).
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Appendix 21 Site contact list for Programme
Grants for Applied Research studies

Site name Site type Site address

South
Manchester

Sponsor site

BEA, PLACE and PLACE
qualitative

Nightingale and Genesis Prevention Centre, Wythenshawe Hospital,
Manchester, UK

Pennine BEA, PLACE and PLACE
qualitative

The Pennine Acute Hospitals NHS Trust, Oncology Research, North
Manchester General Hospital, Trust Headquarters, Manchester, UK

North
Staffordshire

BEA and PLACE University Hospital of North Staffordshire NHS Trust, The Cancer
Centre, City General Site, Stoke-on-Trent, UK

Derby BEA, PLACE and PLACE
qualitative

Derby Hospitals NHS Foundation Trust, Royal Derby Hospital,
Nightingale Macmillan Unit, Derby, UK

Guy’s BEA, PLACE and PLACE
qualitative

Guy’s & St Thomas’ NHS Foundation Trust, Guy’s Hospital, London, UK

Bournemouth BEA and PLACE Royal Bournemouth & Christchurch Hospitals NHS Foundation Trust,
The Royal Bournemouth Hospital, Bournemouth, UK

Poole BEA and PLACE Poole Hospital NHS Foundation Trust, Oncology Research, Poole, UK

Wolverhampton BEA and PLACE The Royal Wolverhampton Hospitals NHS Trust, New Cross Hospital,
The McHale Building, New Cross Hospital, Wolverhampton, UK

Stockport BEA screening site Stepping Hill Hospital, Room Stepping Hill Hospital, Stockport, UK

Mansfield PLACE King’s Mill Hospital, Sutton in Ashfield, UK

Hull PLACE Castle Hill Hospital, Breast Care Unit, Cottingham, UK

Swansea PLACE Singleton Hospital, Swansea, UK

Macclesfield PLACE and PLACE qualitative Macclesfield District General Hospital, Cancer Resource Centre,
Macclesfield, UK

Peterborough PLACE Peterborough and Stamford Hospitals NHS Foundation Trust,
Peterborough City Hospital, Peterborough, UK

Dudley PLACE Russel Hall Hospital, Dudley, UK

Wigan PLACE Royal Albert Edward Infirmary, Wigan, UK

London PLACE Homerton University Hospital, London, UK

Nuneaton PLACE George Eliot Hospital NHS Trust, Research & Development Office,
Nuneaton, UK
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Appendix 22 Authors’ publications that
underpin/emanate from the Programme Grant for
Applied Research funding

Professor Nigel Bundred

Book chapters
Turner LE, Bundred NJ. Treatment of Menopausal Symptoms in Women with Breast Cancer. In Robert
Leonard, Andreas Polychronis, Andrew Miles, editors. The Effective Management of Breast Cancer.
3rd edn. London: Aesculapius Medical Press; 2004. Chapter 21.

Review articles
Holland P, Bundred NJ. Ductal carcinoma in situ. Surgery 1994;12:55–7.

Hadjiloucas I, Bundred NJ. Axillary surgery: is it necessary? The Breast 2000;9:1–3.

Chan KC, Bundred NJ. Chapter 16 Classification and Staging of Breast Cancer: Operable, Locally Advanced
and Metastatic. In JM Dixon and V Sacchini, editors. Breast Cancer Diagnosis and Management. London:
Elsevier; 2000.

Bundred NJ. Is radiotherapy necessary for all women with DCIS? Oncology Times 2005;1:3.

Original refereed papers in academic journals
(Overall H Index 48, cited over 8405 times.)

To 2000
Hawkins RA, White G, Bundred NJ, Dixon JM, Miller WR, Stewart HJ, Forrest AP. Prognostic significance of
oestrogen and progestogen receptor activities in breast cancer. Br J Surg 1987;74:1009–13.

Bundred NJ, Dover MS, Coley S, Morrison JM. Breast abscesses and cigarette smoking. Br J Surg 1992;79:58–9.

Walls J, Boggis CR, Wilson M, Asbury DL, Roberts JV, Bundred NJ, Mansel RE. Treatment of the axilla in
patients with screen-detected breast cancer. Br J Surg 1993;80:436–8.

Harding C, Knox WF, Faragher EB, Baildam A, Bundred NJ. Hormone replacement therapy and tumour
grade in breast cancer: prospective study in screening unit. BMJ 1996;312:1646–7.

Holland PA, Walls J, Boggis CR, Knox F, Baildam AD, Bundred NJ. A comparison of axillary node status
between cancers detected at the prevalence and first incidence breast screening rounds. Br J Cancer
1996;74:1643–6.

Holland PA, Gandhi A, Knox WF, Wilson M, Baildam AD, Bundred NJ. The importance of complete excision
in the prevention of local recurrence of ductal carcinoma in situ. Br J Cancer 1998;77:110–14.

Abdullah TI, Iddon J, Barr L, Baildam AD, Bundred NJ. Prospective randomised controlled trial to determine
the value of preservation of the intercostobrachial nerve during axillary node clearance for breast cancer.
Br J Surg 1998;85:1443–5.
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Bundred N, Maguire P, Reynolds J, Grimshaw J, Morris J, Thomson L, et al. Randomised controlled trial of
effects of early discharge after surgery for breast cancer. BMJ 1998;317:1275–9.

Hargreaves DF, Knox F, Swindell R, Potten CS, Bundred NJ. Epithelial proliferation and hormone receptor
status in the normal post-menopausal breast and the effects of hormone replacement therapy. Br J Cancer
1998;78:945–9.

Hargreaves DF, Potten CS, Harding C, Shaw LE, Morton MS, Roberts SA, et al. Two-week dietary soy
supplementation has an estrogenic effect on normal premenopausal breast. J Clin Endocrinol Metab
1999;84:4017–24. https://doi.org/10.1210/jcem.84.11.6152

2000–10
Chan KC, Knox WF, Sinha G, Gandhi A, Barr L, Baildam AD, Bundred NJ. Extent of excision margin width
required in breast conserving surgery for ductal carcinoma in situ. Cancer 2001;91:9–16.

Bundred NJ. Hormone replacement therapy, breast cancer and the future. J Br Menopause Soc
2001;7:13–15.

Bundred NJ. Prognostic and predictive factors in breast cancer. Cancer Treat Rev 2001;27:137–42.
https://doi.org/10.1053/ctrv.2000.0207

Dey P, Bundred N, Gibbs A, Hopwood P, Baildam A, Boggis C, et al. Costs and benefits of a one stop clinic
compared with a dedicated breast clinic: randomised controlled trial. BMJ 2002;324:507.

Robertson JF, Nicholson RI, Bundred NJ, Anderson E, Rayter Z, Dowsett M, et al. Comparison of the
short-term biological effects of 7alpha-[9-(4,4,5,5,5-pentafluoropentylsulfinyl)-nonyl]estra-1,3,5,
(10)-triene-3,17beta-diol (Faslodex) versus tamoxifen in postmenopausal women with primary breast
cancer. Cancer Res 2001;61:6739–46.

Dowsett M, Bundred NJ, Decensi A, Sainsbury RC, Lu Y, Hills M, et al. Effect of Raloxifene on breast cancer
cell Ki67 and apoptosis: a double blind, placebo-controlled, randomised clinical trial in postmenopausal
patients. Cancer Epidemiol Biomarkers Prevent 2001;10:961–9.

Chan KC, Knox WF, Gee JM, Morris J, Nicholson RI, Potten CS, Bundred NJ. Effect of epidermal growth
factor receptor tyrosine kinase inhibition on epithelial proliferation in normal and premalignant breast.
Cancer Res 2002;62:122–8.

Wärnberg F, Bundred N. Will early detection of non-axillary sentinel nodes affect treatment decisions?
Br J Cancer 2002;87:691–3. https://doi.org/10.1038/sj.bjc.6600557
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