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Abstract
Background: Primary endocrine therapy may be an alternative treatment for less fit women with oestrogen receptor (ER)-positive
breast cancer. This study compared quality-of-life (QoL) outcomes in older women treated with surgery or primary endocrine
therapy.
Methods: This was a multicentre, prospective, observational cohort study of surgery or primary endocrine therapy in women
aged over 70 years with operable breast cancer. QoL was assessed using European Organisation for Research and Treatment of cancer
QoL questionnaires QLQ-C30, -BR23, and -ELD14, and the EuroQol Five Dimensions 5L score at baseline, 6 weeks, and 6, 12, 18, and
24 months. Propensity score matching was used to adjust for baseline variation in health, fitness, and tumour stage.
Results: The study recruited 3416 women (median age 77 (range 69–102) years) from 56 breast units. Of these, 2979 (87.2 per cent) had
ER-positive breast cancer; 2354 women had surgery and 500 received primary endocrine therapy (125 were excluded from analysis
due to inadequate data or non-standard therapy). Median follow-up was 52 months. The primary endocrine therapy group was older
and less fit. Baseline QoL differed between the groups; the mean(s.d.) QLQ-C30 global health status score was 66.2(21.1) in patients
who received primary endocrine therapy versus 77.1(17.8) among those who had surgery plus endocrine therapy. In the unmatched
analysis, changes in QoL between 6 weeks and baseline were noted in several domains, but by 24 months most scores had returned
to baseline levels. In the matched analysis, major surgery (mastectomy or axillary clearance) had a more pronounced adverse impact
than primary endocrine therapy in several domains.
Conclusion: Adverse effects on QoL are seen in the first few months after surgery, but by 24 months these have largely resolved.
Women considering surgery should be informed of these effects.
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Introduction

Methods
Ethics and research governance approvals were obtained (IRAS:
12 LO 1808). All patients gave written informed consent to participate. The study was sponsored by Doncaster and Bassetlaw
Teaching Hospitals NHS Foundation Trust, and registered as
ISRCTN46099296.

Study design
This was a prospective, longitudinal, multicentre observational
cohort study. Patients could participate at three levels: full participation, partial (no requirement to complete QoL assessments) or
by proxy consent (simple third-party data collection for women
with cognitive impairment). Trial reporting complies with
STROBE guidelines12. The data in this paper relate only to women
who consented to full participation.

Patients
Patients were recruited from 56 breast units in England and
Wales (Table S1). Inclusion criteria were: women aged 70 years
age or above at the time of breast cancer diagnosis with primary
operable invasive breast cancer (TNM stages T1–3 and some
T4b N0–2 M0). Women with multifocal and bilateral cancers were
eligible. Exclusion criteria were: inoperable disease, and previous
breast cancer within 5 years.

Baseline health assessment
Women were recruited at the time of breast cancer diagnosis and
before commencement of treatment. Baseline health assessment
was undertaken before treatment started using validated tools to
permit baseline adjustment and reduce allocation bias. This included evaluation of co-morbidities (Charlson co-morbidity index, CCI13); nutrition (Abridged Patient Generated Subjective
Global Assessment, aPG-SGA14–16); physical function (Barthel
Activities of Daily Living, ADL)17; complex physical functioning
(Instrumental Activities of Daily Living, IADL18; cognitive status
(Mini-Mental State Examination, MMSE19); Eastern Cooperative
Oncology Group Performance status, ECOG-PS)20; medication;
and QoL assessment (see below).

Quality-of-life assessment
Four validated instruments were used for QoL assessment
(Table S2). The EORTC QLQ-C306 generic QoL instrument has 28
questions covering seven domains, including physical, emotional,
and role function, and two visual analogue scales (VAS) rating
health status and QoL today. The EORTC-QLQ-BR237, is a breastspecific QoL module, which has 23 questions covering domains
relevant to breast cancer therapies such as body image, breast
symptoms, arm symptoms, chemotherapy, and endocrine
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Although surgery is a key element of treatment for early breast
cancer, it may sometimes be avoided in the frail older patient,
who may instead be managed with primary endocrine therapy.
Use of primary endocrine therapy instead of surgery was first
suggested by Preece and colleagues1 in 1980, and has been
adopted variably across the globe2; some countries treat up to 40
per cent of women aged over 70 years using primary endocrine
therapy, whereas others, such as the USA, use it rarely. The rationale is that in oestrogen receptor (ER)-positive cancer, disease
control may be achieved for several years with primary endocrine
therapy, with minimal morbidity. Frail older women with a shortened life expectancy may die from other causes before the cancer
develops resistance to endocrine therapy, and so any adverse impact of surgery on quality of life (QoL) can be avoided. In particular, a frail older patient undergoing general anaesthesia may
suffer a long-term reduction in functional capacity, along with
risks of local and systemic complications. Numerous studies
have shown that older patients value QoL at least as highly as
length of life, and wish to maintain their QoL and independence
for as long as possible to avoid being a burden to family and
carers3.
The evidence base for the health threshold at which primary
endocrine therapy becomes appropriate is limited. European
Society of Breast Cancer Specialists and the Society of Geriatric
Oncology guidelines4 recommend surgery for all women who are
fit enough, but do not specify any health or fitness parameters
for this assessment.
There are few published data on the QoL impact of primary
endocrine therapy versus surgery, The Cancer Research
Campaign trial5, one of the early randomized trials comparing
surgery and primary endocrine therapy, included a QoL substudy
that used the General Health Questionnaire score up to 2 years
after diagnosis. The median interval until first assessment was
12 months after treatment had started in both arms, and therefore at a time when much of the impact of surgery would have resolved. The study found that 9 of 49 patients in the surgery group
and 2 of 49 in the primary endocrine therapy group had scores indicative of psychiatric morbidity; by 2 years, the numbers were 6
of 49 in both arms. Moreover, at the time of the Cancer Research
Campaign trial, there were no validated tools for assessment of
the specific impact of breast cancer and its treatment nor questionnaires evaluating more general issues, such as ability to function normally. Subsequently, the European Organisation for the
Research and Treatment of Cancer (EORTC) developed a generic
cancer QoL instrument (QLQ-C30)6, and a breast cancer-specific
instrument (QLQ-BR23)7 with domains specific to breast cancer
treatment effects. Another EORTC instrument has been developed more recently specifically to record QoL concerns relevant
to elderly patients (QLQ-ELD15)8. No studies have compared QoL
outcomes between surgery and primary endocrine therapy using
these highly specific and validated tools.
A previous study3 of older women who had faced the choice of
primary endocrine therapy versus surgery demonstrated that
disability-free life expectancy, QoL, and independence were key
priorities3, along with fear of surgery, anaesthesia, and hospitalization. Although surgery and anaesthesia have become safer in
recent years, and breast surgery in particular is associated with a
very low mortality rate9, morbidity rates may be substantial10.
A recent study11 from the USA of frail older women with breast
cancer reported that those living in nursing homes had high rates
of mortality from surgery, significant rates of death within 1 year

(implying that the surgery was of negligible benefit), and significant rates of functional decline after surgery. In this frailer older
group surgery may therefore be harmful and convey little benefit,
but impair highly valued QoL.
The Age Gap study was designed to determine age and healthstratified outcomes (including QoL) of surgery or primary
endocrine therapy in older women with early breast cancer. The
aim of the present study was to use a range of validated tools to
provide a comprehensive evaluation of the impact of treatment,
specifically comparing surgery plus endocrine therapy versus primary endocrine therapy, for early ER-positive breast cancer in
older women, with a focus on factors including disability-free life
expectancy, QoL, and independence.

Morgan et al.

Follow-up
Patients were followed up at 1.5, 6, 12, 18, and 24 months, with
QoL assessment at each of these time points

Statistical analysis
The QLQ-C30, -BR23, and -ELD15 were scored according to the
EORTC Scoring Manual (3rd edition)23 and reference publications8,24. The EQ-5D-5LTM was used as a QoL measure for this
analysis, with individual questions scored from 1 to 5; higher
scores indicated better responses. An overall score from 0 to 1
was calculated, where higher scores indicated better QoL25.
Missing data were managed according to EORTC recommendations.
P < 0.050 was was considered statistically significant. Analyses
were done in SPSSV version 24 (IBM, Armonk, New York, USA), R
version 3.6.3 (R Foundation for Statistical Computing, Vienna,
Austria) and StataV (StataCorp, College Station, Texas, USA).
R

R

Propensity score matching
Propensity score matching was used to identify patients with
similar baseline characteristics in groups of patients undergoing
surgery plus endocrine therapy or primary endocrine therapy, in
an attempt to correct for allocation bias and allow a more direct
comparison between groups.
Propensity scores for treatment allocation were calculated by
means of logistic regression, and then used to match patients in
the two treatment groups. The co-variables included were measures of functionality (ADL, IADL, MMSE, ECOG-PS), nutritional
status (nutrition (aPG-SGA), co-morbidities (CCI, number of medications), and age (Table S3).
The ratio and caliper widths of the propensity scores were
chosen based on examination of propensity score overlaps for
several combinations of ratios and calipers. A 1 : 2 ratio for primary endocrine therapy to surgery plus endocrine therapy, and a
caliper of 0.25 times the propensity scores standard deviation
were used to optimally match quality and numbers. Participants
were also matched exactly with respect to Nottingham
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Prognostic Index26 category (good, below 3.5; moderate, 3.5–5.4;
poor, over 5.4) to avoid fit participants with aggressive cancer
being matched with frail participants who had a smaller cancer.
The impact of major or minor surgery versus primary endocrine therapy on domains of interest from each questionnaire
was compared by fitting longitudinal mixed-effect models to the
propensity score-matched data with treatment (minor surgery,
major surgery or primary endocrine therapy), time, treatment–
time interaction, and the baseline score as co-variables. The
models were then used to estimate marginal effects of minor or
major surgery versus primary endocrine therapy at each time
point.

Results
The study recruited 3416 women between February 2013 and
June 2018, with a median age of 77 (range 69–102) years (Fig. 1).
Of these, only 3315 were fully eligible for analysis. The majority
(2854, 86.1 per cent) had ER-positive breast cancer and were
therefore potential candidates for the analysis of surgery plus endocrine therapy versus primary endocrine therapy. The following
results relate only to patients with ER-positive breast cancer.
Survival and recurrence outcomes have been published separately10. Broadly, in the unmatched unadjusted analyses, overall
survival (OS) and breast cancer-specific survival (BCSS) were
poorer in the primary endocrine therapy group than among
patients who had surgery and endocrine therapy (OS: HR 0.27, 95
per cent c.i. 0.23 to 0.33, P < 0.001; BCSS: HR 0.89, 0.52 to 1.53,
P ¼ 0.68). On matching, these differences decreased (OS: adjusted
HR 0.72, 0.53 to 0.98; P ¼ 0.037) or disappeared (BCSS: HR 0.74,
0.40 to 1.37; P ¼ 0.340), suggesting that, in a cohort of older frailer
women, there was no survival advantage to surgery at 52 months’
follow-up.
Of the 2854 patients with ER-positive breast cancer, 2354
underwent surgery (60.1 per cent breast conservation, 39.9 per
cent mastectomy10) and 500 commenced primary endocrine therapy (82.8 per cent with letrozole, 6.2 per cent with anastrazole,
4.4 per cent with tamoxifen, 1.4 per cent with exemestane, 5.2
per cent type unknown). Of the 2354 surgical patients, 255 (10.8
per cent) also had chemotherapy within 12 months of diagnosis,
and 1363 (57.9 per cent) underwent radiotherapy within 12
months of diagnosis. The impact of adjuvant chemotherapy and
radiotherapy on QoL has been analysed and will be published
separately. Patient, tumour, and treatment characteristics are
summarized in Tables 1 and 2. Patients undergoing surgery were
generally younger, fitter, and had better functionality than those
undergoing primary endocrine therapy. Women in the surgery
group had additional therapies including endocrine therapy, radiotherapy, chemotherapy, and trastuzumab variously according
to clinical indication at various time points (Fig. S1).
Most surgery had taken place by the 6-week time point, although a small number of primary operations were undertaken
between 6 weeks and 6 months (Fig. S1). For the purpose of this
analysis, therefore, the impact of surgery is presumed to be represented by the change between baseline and 6 weeks.
Matching was undertaken to reduce baseline variation in
health status, resulting in a matched population of 238 patients
who had primary endocrine therapy (47.6 per cent), 184 of whom
were matched with two surgical patients and 54 with only one.
Matching quality was good (Table S3).
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therapy symptoms. The EORTC-QLQ-ELD158 is an older personspecific module, which has 15 questions relating to five domains
including mobility, and maintaining autonomy and purpose.
Finally, the EuroQol Five Dimensions 5L (EQ-5D-5LTM; EuroQoL
Group, Rotterdam, the Netherlands)21 is a generic instrument,
with five domains including mobility, self-care and usual activities, and a VAS. (It was also used for health economic evaluation,
which is reported separately). Measures of independence were
taken from the usual activities section of the EQ-5DTM and some
of the functional domains of the other questions.
Tumour and treatment data
The following baseline tumour data were collected: cancer
type, grade, nodal status, tumour size (clinical and on imaging),
oestrogen, progesterone, and human epidermal growth factor receptor 2 status, and Oncotype DX scores (if available). Staging for
metastatic disease was performed if indicated clinically, but otherwise M0 was presumed.
Type of surgery, use of radiotherapy, and use and type of any
systemic therapy were recorded. Baseline assessment of the tumour was undertaken using the Response Evaluation Criteria in
Solid Tumours22 to permit monitoring of the response to primary
endocrine therapy. Type of surgery was classified as major (mastectomy and/or axillary clearance) or minor (wide local excision
and/or sentinel lymph node biopsy) for some evaluations as a
post hoc analysis.
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data set in which baseline variation was minimized, making direct comparison of surgery plus endocrine therapy versus primary
endocrine therapy more appropriate.

Patients recruited
n = 3416

Generic cancer quality-of-life outcomes: EORTCQLQ-C30
Ineligible: nonstandard therapy, no
therapy or inadequate
data to classification
n = 101

Excluded: ERnegative cancer
n = 461

Eligible for comparison of surgery
versus Primary endocrine therapy
n = 2854

Surgery +
antioestrogens other
adjuvant treatments
n = 2354

Primary endocrine
therapy
n = 500

quality-of-life data
available
1644 of 2354 (69.8%)

quality-of-life data
available
254 of 500 (50.8%)

Fig. 1 Study flow diagram

Data completeness
QoL data were available for 1644 of 2354 surgical patients (69.8
per cent) and 254 of 500 (50.8 per cent) in the primary endocrine
therapy group. Not all women completed 2-year follow-up because of discontinuation (deaths, withdrawals). Finally, some
forms were not completed or completed inadequately, meaning
that full data were not available for all patients. Owing to this attrition in numbers completing forms, especially in the primary
endocrine therapy group, statistical interpretation was not possible for some domains; however, clear and clinically relevant variations and trends were seen in the data, as presented below.
Because of the variation in baseline QoL in all domains (owing
to the different characteristics of women in each group),
unmatched data are presented so that temporal trends resulting
from treatment can be seen in all-comers (the matched group,
plus very fit surgical patients and very unfit patients who received primary endocrine therapy for whom matching was not
possible). Statistical comparison of these raw unmatched data
was not possible owing to the wide variation in baseline QoL;
therefore, statistical analysis was performed only on the matched

Breast cancer-specific quality-of-life outcomes
(EORTC-QLQ-BR23)
Mean(s.d.) scores for each domain of the QLQ-BR23 at each time
point are shown in Table S5. For most domains, there were no
great differences in scores between the groups at 6 weeks, but
there were several notable domains where the impact of surgery
was apparent (Fig. 2e,f). Breast symptom scores in the surgery
group increased from a mean(s.d.) of 10.3(13.2) to 23.0(18.8),
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Eligible
n = 3315

The proportion of patients with full participation who completed
the QLQ-C30 global health status score at baseline was 1902 of
2065 (92.1 per cent), of whom 1644 of 1772 (92.8 per cent) had surgery plus endocrine therapy and 258 of 293 (88.1 per cent) primary endocrine therapy. At 24 months, these numbers had
reduced to 984 of 2065 (47.7 per cent) in total, of whom 902 of
1772 (50.9 per cent) had surgery plus endocrine therapy and 82 of
293 (28.0 per cent) primary endocrine therapy. Full data
(mean(s.d.) scores at all time points with numbers of completions) are shown in Table S4. Considering the differences in age,
and health and fitness characteristics beween women treated
with primary endocrine therapy and those who had surgery plus
endocrine therapy, patients who received primary endocrine
therapy had worse baseline scores across all domains of the QLQC30 (mean(s.d.) global health status score 66.2(21.1) and
77.1(17.8) respectively) (Table S4). In the surgery plus endocrine
therapy group, a steep drop in mean scores between baseline and
6 weeks was apparent in the role functioning and social functioning domains, and an increase in fatigue and pain scores, compared with values in the primary endocrine therapy group
(Fig. 2a–d).
Global health status scores (questions 29 and 30 of the instrument), which are calculated from two VAS (ranging from 1 (very
poor) to 7 (excellent)) asking the questions ‘how would you rate
your health today?’ and ‘how would you rate your quality of life
today?’ were compared between the unmatched and matched
groups. In the unmatched analysis, the observed baseline in
global health status in the two groups persisted throughout the
2-year follow-up, although temporal trends owing to treatments
were apparent. On matching, the two curves largely overlapped
once baseline variation had been accounted for (Fig. S2).
Analysis according to whether the surgery was major or minor
highlighted the impact of major surgery compared with primary
endocrine therapy on several key domains of the QLQ-C30 instrument. The effects of minor or major surgery compared with primary endocrine therapy were small and broadly similar for all
four domains across time points (Fig. 3). The biggest differences
were noted for role functioning; major surgery had a marked negative effect at 6 weeks compared with primary endocrine therapy
(mean difference –9.59, 95 per cent c.i. –16.96 to –2.21). This negative effect decreased with time. Fatigue was also more negatively
affected by major surgery; levels of fatigue were higher after surgery than those associated with primary endocrine therapy, and
took longer to recover. Minor surgery had less impact compared
with primary endocrine therapy for both fatigue and role functioning. Levels of pain were higher in the surgery plus endocrine
therapy group after both major and minor surgery compared
with primary endocrine therapy.

Morgan et al.
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Table 1 Patient characteristics of unmatched study population at baseline
Surgery
(n 5 2354)

Total
(n 5 2854)

n ¼ 500
83.5(6.5)
84 (79–88; 70–102)
n ¼ 322
2.3(3.1)
1 (0–3; 0–18)
n ¼ 459
5.8(2.0)
6 (4–7; 3–17)
n ¼ 399
88.8(16.6)
95 (85–100; 5–100)
n ¼ 382
6.1(2.1)
7 (5–8; 0–8)
n ¼ 273
26.7(3.7)
28 (26–29; 10–30)
n ¼ 453
137 (30.2)
167 (36.9)
67 (14.8)
75 (16.6)
7 (1.5)
n ¼ 450
5.0(3.0)
5 (3–7; 0–18)
n ¼ 376
291 (77.4)
62 (16.5)
23 (6.1)
n ¼ 408
191 (46.8)
53 (13.0)
164 (40.2)
n ¼ 403
158 (39.2)
64 (15.9)
181 (44.9)
n ¼ 500
362 (72.4)
75 (15.0)
20 (4.0)
43 (8.6)

n ¼ 2354
76.4(5.1)
76 (72–80; 69–94)
n ¼ 2021
1.2(2.2)
0 (0–2; 0–17)
n ¼ 2273
4.3(1.4)
4 (3–5; 3–13)
n ¼ 2135
97.7(6.2)
100 (100–100; 10–100)
n ¼ 2104
7.6(0.9)
8 (8–8; 0–8)
n ¼ 1631
28.3(2.5)
29 (28–30; 10–30)
n ¼ 2240
1659 (74.1)
481 (21.5)
68 (3.0)
31 (1.4)
1 (0.0)
n ¼ 2050
4.1(2.6)
4 (2–5; 0–18)
n ¼ 2109
1848 (87.6)
227 (10.8)
34 (1.6)
n ¼ 2172
1684 (77.5)
258 (11.9)
230 (10.6)
n ¼ 2158
1759 (81.5)
193 (8.9)
206 (9.5)
n ¼ 2354
2095 (89.0)
206 (8.8)
29 (1.2)
24 (1.0)

n ¼ 2854
77.6 (6.0)
77 (73–82; 69–102)
n ¼ 2343
1.4(2.4)
0 (0–2; 0–18)
n ¼ 2732
4.5(1.6)
4 (3–5; 3–17)
n ¼ 2534
96.3(9.3)
100.0 (95–100; 5–100)
n ¼ 2486
7.4(1.3)
8 (7–8; 0–8)
n ¼ 1904
28.1(2.8)
29 (27–30; 10–30)
n ¼ 2693
1796 (66.7)
648 (24.1)
135 (5.0)
106 (3.9)
8 (0.3)
n ¼ 2500
4.2(2.7)
4 (2–6; 0–18)
n ¼ 2485
2139 (86.1)
289 (11.6)
57 (2.3)
n ¼ 2580
1875 (72.7)
311 (12.1)
394 (15.3)
n ¼ 2561
1917 (74.9)
257 (10.0)
387 (15.1)
n ¼ 2854
2457 (86.1)
281 (9.8)
49 (1.7)
67 (2.3)

Values in parentheses are percentages unless indicated otherwise. aPG-SGA, Abridged Patient Generated Subjective Global Assessment; CCI, Charlson Co-morbidity
Index; ADL, Activities of Daily Living; IADL, Instrumental ADL; MMSE, Mini-Mental State Examination; ECOG-PS, Eastern Cooperative Oncology Group Performance
Status.

whereas a minimal change from 10.1(15.7) to 10.8(15.7) was documented in the primary endocrine therapy group. The score for
the surgery plus endocrine therapy group had returned to normal
by 24 months.
Patients in the surgery group also had a marked increase in
arm symptom score at 6 weeks, whereas those who received primary endocrine therapy did not (increase in mean score from
8.4(14.1) to 16.6(18.3) and from 12.5(18.1) to 14.0(18.9) respectively). Scores in the surgery plus endocrine therapy group had
not returned to baseline levels even by 24 months. For both
groups, the degree of reduction in body image score was similar
when all types of surgery were analysed together. Scores were
similar for other domains.
The sexual enjoyment comparison was not valid because of
the extremely small number of women who completed these
questions, especially in the primary endocrine therapy group.
In the matched cohort, examination of the QLQ-BR23 domains
according to minor or major surgery reinforced the impact of

surgery on arm function. In longitudinal models fitted to the
matched cohort, it was found that women who had major surgery had significantly worse arm symptoms at the 6-week time
point than those who had primary endocrine therapy (mean difference 8.85, 95 per cent c.i. 3.63 to 14.07). Women who underwent minor surgery also had more arm symptoms than those
who had primary endocrine therapy, but with a smaller difference (Fig. 4).

Older age-specific quality-of-life outcomes
(EORTC-QLQ-ELD15)
In the unmatched data, patients treated with primary endocrine
therapy had worse baseline scores than those who had surgery
plus endocrine therapy for mobility problems (mean(s.d.) baseline scores 39.3(33.2) and 15.5(22.5) respectively) (Table S6).
Similarly, joint stiffness scores were worse in the primary endocrine therapy group at baseline (43.3(35.7) versus 27.1( 27.9)).
Other scores were similar at baseline.
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Age (years)
Mean (s.d.)
Median (i.q.r.; range)
aPG-SGA score
Mean (s.d.)
Median (i.q.r.; range)
Modified CCI score
Mean (s.d.)
Median (i.q.r.; range)
Barthel ADL index score
Mean (s.d.)
Median (i.q.r.; range)
IADL index score
Mean (s.d.)
Median (i.q.r.; range)
MMSE score
Mean (s.d.)
Median (i.q.r.; range)
ECOG-PS score
Fully active
Restricted in physically strenuous activity
Ambulatory and capable of all self-care
Capable of only limited self-care
Completely disabled
No. of current medications
Mean (s.d.)
Median (i.q.r.; range)
aPG-SGA risk category
Low
Moderate
High
ADL risk category
No dependency
Mild dependency
Moderate/severe dependency
IADL risk category
No dependency
Mild dependency
Moderate/severe dependency
MMSE risk category
Normal function
Mild impairment
Moderate impairment
Severe impairment
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Table 2 Tumour characteristics of unmatched study population at baseline
Surgery
(n 5 2354)

Total
(n 5 2854)

n ¼ 483
0.2(0.6)
0 (0–0; 0–4)
n ¼ 487
23.9(12.0)
21 (16–30; 0–70)
n ¼ 456
3.5(0.8)
3.4 (3.2–3.9; 2.1–7.0)
n ¼ 500
223 (44.6)
277 (55.4)
n ¼ 359
311 (86.6)
14 (3.9)
34 (9.5)
n ¼ 484
98 (20.2)
329 (68.0)
57 (11.8)

n ¼ 2309
0.2(0.8)
0 (0–0; 0–20)
n ¼ 2318
19.2(12.3)
17 (11–24; 0–150)
n ¼ 2172
3.5 (0.8)
3.3(3.2–4.0; 2.0–6.7)
n ¼ 2354
1084 (46.0)
1270 (54.0)
n ¼ 1911
1641 (85.9)
70 (3.7)
200 (10.5)
n ¼ 2243
399 (17.8)
1475 (65.8)
369 (16.5)

n ¼ 2792
0.2(0.7)
0 (0–0; 0–20)
n ¼ 2805
20.0(12.4)
18 (12–25; 0–150)
n ¼ 2628
3.5 (0.8)
3.4 (3.2–4.0; 2.0–7.0)
n ¼ 2854
1307 (45.8)
1547 (54.2)
n ¼ 2270
1952 (86.0)
84 (3.7)
234 (10.3)
n ¼ 2727
497 (18.2)
1804 (66.2)
426 (15.6)

No. of clinically involved nodes detectable
Mean (s.d.)
Median (i.q.r.; range)
Tumour size (mm)
Mean (s.d.)
Median (i.q.r.; range)
Nottingham Prognostic Index score
Mean (s.d.)
Median (i.q.r.; range)
Side of primary tumour
Right
Left
HER2 amplification
Negative
Inconclusive
Positive
Provisional histological grade
1
2
3

Values in parentheses are percentages unless indicated otherwise. HER2, human epidermal growth factor receptor 2.
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Fig. 2 Unmatched mean quality-of-life scores
QLQ-C30 a role functioning, b social functioning, c fatigue, and d pain; QLQ-BR23 e arm symptoms and f breast symptoms; QLQ-ELD15 g family support and
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confidence intervals.
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Fig. 3 Longitudinal modelling of effect of minor or major surgery versus primary endocrine therapy on QLQ-C30 scores in matched cohort
a Global health status/quality of life (QoL), c fatigue, and d pain. Effect sizes are shown with 95 per cent confidence intervals.

At the 6-week time point, the most noticeable change in the
surgery plus endocrine therapy group was in scores for burden of
illness, which increased from a mean of 20.3(23.5) to 30.4( 24.7),
whereas the score increased from 21.1(23.8) to 25.2(27.5) in the
primary endocrine therapy group (Fig. 2h). Scores for burden of
illness had returned to baseline levels in the surgery group by
18 months.
Domains of interest in the QLQ-ELD15 were analysed using
longitudinal modelling in the matched cohort to compare major
or minor surgery with primary endocrine therapy. Patients who
had major surgery had a greater burden of illness at the 6-week
time point than those treated with primary endocrine therapy
(mean difference 7.57, 95 per cent c.i. 0.58 to 14.56). In contrast,
minor surgery appeared to have a less marked impact (mean difference 5.17, –1.99 to 12.32) (Fig. 5a).

EQ-5D-5L

TM

and visual analogue scale outcomes

Summaries of the overall EQ-5D-5LTM score calculated from all
questions and the VAS score showed a substantial difference between baseline scores in the unmatched population owing to
imbalances in age and health status (Table S7).
Analysis by question showed the impact of surgery on several
aspects, notably ability to perform usual activities, pain and discomfort, and anxiety and depression (Fig. 2i–k). All of these scores
worsened between baseline and 6 weeks when surgery usually
took place. It is noteworthy that for none of these domains did
the scores return to baseline levels after this treatment had led to
deterioration. In the primary endocrine therapy group, the pattern was more of a slow decline over the entire 2-year interval.

In the matched analysis by domain, many of the differences
between surgery (major and minor) disappeared (Fig. 5b–d).

Discussion
This study included data from a large, multicentre cohort study
of women with operable breast cancer treated between 2013 and
2018, 82.5 per cent of whom had surgery as primary treatment.
Surgery plus endocrine therapy was shown to have a discernible
and clinically valid impact on a range of QoL domains. Women
undergoing major surgery had more noticeable changes in pain,
role functioning, social functioning, and arm symptoms than
those who received primary endocrine therapy which is in keeping with clinical observations. It is noteworthy that, although the
majority of scores returned to baseline levels by 24 months, this
was not always the case and for some there appeared to be permanent impairment. Again, this accords with clinical observations, particularly in respect of axillary lymph node clearance,
after which long-term shoulder stiffness, lymphoedema and pain
are relatively common chronic side-effects.
In the primary endocrine therapy group, the pattern of
change was largely a slow decline across all domains over the
2-year interval. There was an increase in mobility problems in
both groups, which progressed slowly over time, and probably
relates to the fact that the majority of the women in both
groups were taking an aromatase inhibitor throughout this period, which is known to cause joint pain. This was also seen in
the QLQ-ELD15 domain for joint stiffness, where there was a
sharp rise in symptoms between 6 weeks and 6 months in both
groups; this was in line with most women having started
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Fig. 4 Longitudinal modelling of effect of minor or major surgery versus primary endocrine therapy on QLQ-BR23 scores in matched cohort
a Body image, c breast symptoms, and c arm symptoms. Effect sizes are shown with 95 per cent confidence intervals.

aromatase inhibitor therapy between baseline and 8 weeks after diagnosis.
The impact of cancer treatment was well reflected in the
EQ-5D-5LTM score for usual activities. There was a marked
decline between baseline and 6 weeks in the surgery plus endocrine therapy group, but this never recovered and plateaued at
this lower level after treatment. In the primary endocrine

therapy group, there was just a slow steady decline across the
study interval.
For some women, surgery plus endocrine therapy causes
both acute and long-term pain, as seen in both the QLQ-C30
and the EQ-5D-5LTM pain domains. Levels of pain increased
sharply between baseline and 6 weeks, but never really
recovered.
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Fig. 5 Longitudinal modelling of effect of minor or major surgery versus primary endocrine therapy on QLQ-ELD15 and EuroQol Five Dimensions
scores in matched cohort
a ELD15: burden of illness; EuroQol Five Dimensions 5L (EQ-5D-5LTM) b usual activities, c pain/discomfort, and d anxiety/depression. Effect sizes are shown with
95 per cent confidence intervals.

The survival data for this study have been published elsewhere10, and highlight that, for some older frailer patients with
breast cancer who have limited life expectancy, standard therapy
with surgery plus endocrine therapy may offer limited survival
benefit but with a potential reduction in QoL in the short term,
with some patients not recovering fully from these effects by
2 years. Women in this borderline group, which appears to include those in moderate or poor health aged over age 85 years, or
women older than 90 years (equating to a predicted life expectancy of less than 5 years), should be offered an informed choice
of breast cancer treatment and be supported in making the decision based on their own preferences. The Age Gap Decision Tool
(https://agegap.shef.ac.uk/) has been developed based on UK registry data; it has been fully validated27 and tested with older
women for usability and acceptability28–30 to aid in this type of
shared decision-making. Recruiting older patients is challenging

and many trials fail to recruit well from this age group. The Age
Gap study was no exception, and recruited greater numbers of
women in their early 70s and fewer in their 90s. Similarly, rates
of deaths and withdrawals were higher in the older age groups. In
addition, women were able to opt out of QoL form completion to
reduce the burden of the trial for frailer patients, and women
with severe cognitive impairment were also not expected to complete the forms. Consequently, the study population did not fully
represent the UK population of older women and failed to capture QoL outcomes for the oldest and frailest. However, it is based
on real-world UK data and represents a large older breast cancer
population.
There was attrition in the data collection for QoL forms
and different numbers of patients completed the questions at
baseline compared with other time points, which could be a
confounding factor. The population was heterogeneous with
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