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Abstract

Background

In early stage breast cancer, radiotherapy is an integral part of locoregional treatment with
breast conserving surgery. However, few older patients are included in the clinical trials upon
which these recommendations are based. Therefore, we performed a systematic review and
meta-analysis to evaluate outcomes of radiotherapy after breast conserving surgery in older

patients.

Methods

A systematic search of Pubmed and Embase was undertaken. Inclusion was restricted to
randomized controlled trials in postmenopausal breast cancer patients. Pooled odds ratios

were calculated for locoregional recurrence, distant recurrence and overall survival.

Results

We included 5 randomized clinical trials comprising 3,190 patients. Overall, 39% of the patients
was 270 years, and most had hormone receptor positive T1 tumors without nodal involvement.
All patients received adjuvant systemic therapy. Patients who received radiotherapy had a
lower relative risk of locoregional recurrence (pooled OR 0.36 (95%CI 0.25-0.50)). The 5-years
absolute risk was 2.2% (95% CI 1.6-3.1) among patients who received radiotherapy, versus 6.5%
(95% CI 5.3-7.9) among patients who did not. The absolute risk difference was 4.3% (95% CI
2.9-5.7), corresponding with a number needed to treat of 24. No differences were observed for

distant recurrence or overall survival.

Conclusion

Although patients who received radiotherapy had a lower relative risk of locoregional
recurrence, the absolute risk was low and overall survival was not affected. We propose
that the debate should not only focus on the relative risk but also on the absolute benefit of
radiotherapy and the number needed to treat. Both treatment options may be reasonable in

clinical practice.
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Introduction

In early stage breast cancer, adjuvant breast irradiation is an integral part of locoregional
treatment with breast conserving surgery in order to obtain locoregional control'. However,
with increasing age, patients are less often included in the clinical trials upon which these
recommendations are based. Despite comprising more than 40% of new breast cancer patients,
older patients are underrepresented in clinical trials?®. Only 1-2% is estimated to participate in

clinical trials, and only those who are considered fit enough are included?.

Next to an underrepresentation in clinical trials, different factors may play a role in the
evaluation of radiotherapy after breast conserving surgery in older as compared to younger
patients. First, older patients suffer from a higher risk of competing mortality* and have a lower
remaining life expectancy. Consequently, the absolute benefit of anticancer therapy may be
smaller, while long term adverse events may be less relevant. Second, concurrent disease and
medication use may directly affect tolerability of treatment and increase toxicity of systemic
treatment®®, Last, relevant treatment outcomes may vary with age’. Therefore, results obtained
in a younger trial population may not necessarily be applicable to or appropriate for older

breast cancer patients.

The outcome of radiotherapy after breast conserving surgery specifically in older patients has
been studied by others. However, conclusions were inconsistent®!°. Meanwhile, observational
studies show that administration of radiotherapy after breast conserving surgery decreases
with increasing age'®!”. Also among patients included in a randomized clinical trial on
endocrine therapy, administration of radiotherapy after breast conserving therapy decreased
with age*. It remains unclear whether this omission of radiotherapy is appropriate or whether
radiotherapy should be an integral part of breast conserving surgery in older patients with

early stage breast cancer.

Therefore, we performed a systematic review and meta-analysis to assess the efficacy of

radiotherapy after breast conserving surgery in older patients with early stage breast cancer.

Methods

The focus of this systematic review and meta-analysis was to specifically address the outcomes
of breast conserving surgery with or without radiotherapy in older patients with early stage
breast cancer. A systematic search of Pubmed and Embase was undertaken, using several
different search strategies and keywords comprising early stage breast cancer, breast conserving
surgery, and radiotherapy (Figure 1), without restriction of publication dates, until June 1%
2013. A priori inclusion criteria were the following; studies had to be a primary research article
specifically addressing outcomes of breast conserving surgery with and without radiotherapy

in early stage breast cancer. At least a subgroup analysis comprising older patients was to be
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Title screening n=1,385
- Pubmed n = 1,090
- Embase n =295
Excluded n=1,168
Abstract evaluation n=217
Excluded n=168
Full text evaluation n =49
Excluded n =44
- Observational study n=10
- No original article n=12
- No comparison n="7
- No elderly n=10
- Not English n=2
- No efficacy endpoint n=2
- More recent publication n=1

Included in current study n=5

Figure 1. Search strategy and study selection.

reported. To increase the number of potentially interesting papers, older patients were defined

as postmenopausal patients.

Studies were excluded if they were a review or meta-analysis on the subject. Published
abstracts without complete articles were excluded because of the inability to obtain detailed
information. All citations were independently reviewed by two of the authors (WW and EB)
and categorized as relevant, potentially relevant, or not relevant. Citations categorized as
relevant or potentially relevant by one of the authors, were selected for abstract review. After
review of the abstract, potentially relevant and relevant abstracts were selected for full text
evaluation. Upon full text evaluation, it was decided not to include any of the observational
studies, as outcomes in observational data are prone to confounding by indication'®. Therefore,

inclusion in the current study was further restricted to randomized controlled trials.
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For each included study, we recorded study characteristics (aim; randomization; eligibility
criteria; number of patients), and main outcomes and conclusions as reported by the authors
(primary and secondary outcomes; conclusions; comments). Numbers of events were extracted
to conduct a meta-analysis of the different outcomes under study. If the numbers of events
were not available, then survival graphs or survival rates were used to estimate the numbers of

events. All data were obtained from the intention-to-treat analyses.

STATA SE 12 was used to pool the different outcome estimates. Outcomes were analysed
as odds ratios. The I statistic was used to test for heterogeneity across studies'®. An I value
greater than 50% was considered to represent substantial heterogeneity. Publication bias was
tested by using funnel plots; an inverted symmetrical funnel plot assumes the absence of

publication bias?°.

Next to relative outcome measures, pooled absolute risks were calculated. The pooled absolute
risk per study arm was calculated as Z(number of events in study arm) / (N study arm),
including a 95% confidence interval (CI). The absolute risk difference was calculated as the
pooled estimate of the absolute risk difference per study, including a 95% CI. Next, number

needed to treat was calculated as 1 divided by the absolute risk difference.

Results

Results of search strategy

Overall, 1,385 unique citations were identified, of which 217 citations were selected for
abstract review, and of those, full text evaluation was undertaken for 49 publications. Overall,
10 publications were excluded because they were observational studies; 12 publications were
excluded because they were no original research article; 7 were excluded because they did not
report on a direct comparison between breast conserving surgery versus breast conserving
surgery plus radiotherapy; 10 were excluded because no (subgroup) analysis of older patients
was included; 2 were excluded because they were not in English; 2 were excluded because no
primary efficacy endpoint was included; and 1 was excluded because a more recent publication
of the same study was available?!. This resulted in 5 studies which were included the current

systematic review and meta-analysis!!132%23,

Description of studies

Characteristics of the included studies are shown in Table 1. The total number of patients
included in this systematic review and meta-analysis is 3,190. The studies included patients
between 1981 and 2005 and were published between 2004 and 2013. Inclusion in all studies
was restricted to patients with relatively favourable tumor characteristics; the majority of

patients had T1 tumors, without nodal involvement, and with positive hormone receptor

status. All patients received adjuvant systemic therapy; in the majority of the studies, patients
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received adjuvant tamoxifen; in one study patients received either tamoxifen or chemotherapy

depending on hormone receptor status.

As shown in Table 2, most studies restricted inclusion to postmenopausal patients. Although
Ford et al included patients under 70 years of age (range 25-69 years), subgroup analyses by
menopausal status were performed and hence only the results of postmenopausal patients were
included in the meta-analysis'!. Fyles et al included patients aged 50 years or older with a median
age of 68 years, and reported that more than 95% of the participants were postmenopausal, 3%
were premenopausal and 2% had an unknown menopausal status!?. Therefore, we decided to
include all these patients in the meta-analysis. Although the overall median age of all studies
could not be calculated directly, one can derive from the data that the median age was over 65

years of age. Moreover, at least 1,254/3,190 (39%) patients were 70 years or older.

The primary outcome of most studies was locoregional recurrence, which was defined as a
recurrence or a secondary breast tumor in the ipsilateral breast, or a recurrence in ipsilateral
axillary lymph nodes or infra- or supraclavicular lymph nodes!i'32223 (Table 3). Frequent
secondary outcomes were distant recurrence or distant disease free survival, and overall

survival.

Meta-analysis

The odds ratios for locoregional recurrence, distant recurrence and overall survival are
shown in Figure 2. All studies observed a lower risk of locoregional recurrence for patients
who were randomized to radiotherapy in addition to breast conserving surgery. The pooled
analyses confirmed a lower relative risk of locoregional recurrence in patients who received
radiotherapy; OR 0.36 (95% CI 0.25-0.50). There was no substantial heterogeneity across the
studies (> was 43%, p=0.130).

Since distant disease free survival was not uniformly described in all studies, we specifically
extracted the number of distant recurrences in order to assess the pooled risk of a distant breast
cancer recurrence. The relative risk of a distant recurrence was not affected by radiotherapy;
the pooled OR was 0.96 (95% CI 0.68-1.36). Overall survival was also similar for both treatment
modalities; the pooled OR for overall survival was 0.92 (95% CI 0.74-1.15). Again, there was no
substantial heterogeneity among the studies for both outcomes.

Two sensitivity analyses were performed. First, the meta-analyses were repeated without the
study results of Fyles et al'?, since a minority of the patients in this study may not have been
postmenopausal. The results were unchanged (data not shown). Second, the analyses were
repeated without the study results of Ford et al'! and Hughes et al'3, since the median follow-
up of these studies was twice as long, as compared to 4.5-5.6 years in the other studies. Instead

we included the prior publication by Hughes et al, comprising the 5-years results®. Again,
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the results were unchanged (data not shown). The associated funnel plots did not suggest
significant publication bias (Supplementary figure 1).

Table 2. Age and tumor characteristics of patients in the included randomized clinical trials.

Study Age Tumor characteristics
Hughes All 270 years; 351/636 (55%) =75 years 622/636 (98%) T1, 636/636 (100%) NO, 618/636
(2013) (97%) ER+
Tinterri All postmenopausal; range 50-75 years; 361/749 649/749 (87%) T1, 619/749 (83%) NO, 658/749
(2009) (48%) =65 years (88%) ER+
Potter All postmenopausal; range 46-80 years; median 753/831 (91%) T1, 831/831 (100%) NO, 831/831
(2007) age 66 years; 587/831 (71%) 260 years; 293/831 (100%) HR+

(35%) >70 years
Ford All postmenopausal; range 44-69 years; median 57/205 (28%) T1, 155/205 (76%) NO, 278/400
(2006) age 59 years (70%) ER+*
Fyles 734/769 (95%) postmenopausal; median age 68 639/769 (83%) T1, 639/639 (100% NO, 621/769
(2004, years; 586/769 (76%) =60 years; 325/769 (42%) 270  (81%) HR+**

years

ER+: estrogen receptor positive; HR+: hormone receptor positive. * Calculated for the whole population of
pre- and postmenopausal patients; ** 127/769 (17%) unknown hormone receptor status, 46/769 (6%) negative
hormone receptor status.

Absolute risk

Additionally, we calculated the pooled absolute risk of locoregional recurrence, distant
recurrence and all cause death for patients in both study arms. Since absolute risks are
dependent on the duration of follow-up, the study by Ford et al'! and Hughes et al'* were not
included in the calculation; the median follow-up of these studies was more than twice as much
as compared to the other studies. For the study by Hughes et al, we used the prior publication
in which the 5 years results were presented?!. After a median follow-up of approximately 5
years, the absolute risk of a locoregional recurrence among those who received radiotherapy
was 2.2% (33/1,490, 95% CI 1.6-3.1), versus 6.5% (97/1,495, 95% CI 5.3-7.9) among patients who
did not receive radiotherapy. The absolute risk difference was 4.3% (95% CI 2.9-5.7), in favour of
those who received radiotherapy in addition to breast conserving surgery, corresponding with
a number needed to treat of 24 to prevent one locoregional recurrence in five years.

The 5-years absolute risk of a distant recurrence was 2.7% (40/1,490, 95% CI 1.9-3.5) in patients
who received radiotherapy, versus 2.3% (35/1,495, 95% CI 1.6-3.1) in patients who did not
receive radiotherapy. For all cause death, the 5-years absolute risks were 7.7% in both study
arms (115/1,490, 95% CI 6.4-9.1; 115/1,495, 95% CI 6.3-9.0).
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A. Locoregional recurrence

odds %

Trialname ratio (95% CI) ~ Weight
Hughes (2013) —_— 0.17 (0.07, 0.42) 14.36
Tinterri (2009) 0.25 (0.05, 1.18) 4.66
Potter (2007) VAR 0.10 (0.02, 0.44) 5.27
Ford (2005) —r— 0.45 (0.24, 0.85) 27.82
Fyles (2004) —+— 0.46 (0.28, 0.74) 47.88
Overall (I-squared = 43.8%, p = 0.130) <> 0.36 (0.25, 0.50) 100.00

T T

S5 1
favours RT

2
favours no RT

odds ratio

B. Distant recurrence

odds %
Trialname ratio (95% CI) ~ Weight
Hughes (2013) 1.34(0.69, 2.63) 26.13
Tinterri (2009) 1.24(0.51, 3.03) 14.71
Potter (2007) > 1.26 (0.34, 4.73) 6.71
Ford (2005) 0.52 (0.28, 0.98) 29.15
Fyles (2004) 1.13 (0.56, 2.30) 23.31
Overall (I-squared = 23.2%, p = 0.266) < > 0.96 (0.68, 1.36) 100.00

5 1 2
favours RT favours no RT
odds ratio
C. Overall survival
odds %
Trialname ratio (95% CI) Weight
Hughes (2013) —_ 0.99 (0.72, 1.35) 49.74
Tinterri (2009) 1.29 (0.65,2.58) 10.04
Dotter (2007) 0.61 (0.28, 1.30) 8.28
Ford (2005) 0.62 (0.35,1.11) 14.60
Fyles (2004) 1.07 (0.63,1.81) 17.33
N
Overall (I-squared = 7.7%, p = 0.363) <y> 0.92 (0.74, 1.15) 100.00
T T
. 1 2
favours RT favours no RT
odds ratio

Figure 2. Odds ratios for locoregional recurrence, distant recurrence and overall survival.
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Discussion

Summary of results

The current systematic review and meta-analysis clearly shows a decreased risk of locoregional
recurrence for postmenopausal patients with early stage breast cancer who received
radiotherapy after breast conserving surgery. The absolute risk difference for a locoregional
recurrence was 4.3% after five years, corresponding with a number needed to treat of 24. No

differences were observed with regards to the risks of a distant recurrence, or overall survival.

The effect of radiotherapy after breast conserving surgery has been evaluated by others'?*,
However, few specifically studied older patients, or addressed age related considerations as
competing mortality and remaining life expectancy. We decided not to include observational
studies, as treatment outcomes in observational studies are confounded by indication'®; frailty,
age, tumour characteristics and presence of comorbidity all affect treatment decisions as
well as outcome. As expected, most observational studies indeed observed a higher overall,
disease specific or other cause mortality in patients who received breast conserving surgery as
compared to patients receiving radiotherapy in addition to breast conserving surgery®:2>26,
although one study did not observe differences in overall survival between both treatment
modalities'®. With respect to locoregional recurrence, most observational studies'*1%27:28, but
not al'® observed a higher risk for patients who received breast conserving surgery without
radiotherapy. Recently, the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
performed an age specific subgroup analysis of 7,287 node negative patients who received
either breast conserving surgery plus or minus radiotherapy'. The relative risk reduction in
10-years locoregional recurrence by radiotherapy remained similar over age (overall relative
risk 0.46 (95% CI 0.41-0.51)). The current study confirms a clear statistically significant benefit
of radiotherapy in addition to breast conserving surgery in terms of prevention of a locoregional
recurrence, even though the included patients were considered to have a low absolute risk of
recurrence; the median age was over 65 years, and the majority of patients had T1 tumors

without nodal involvement, with positive hormone receptor status.

To enhance the number of eligible studies, inclusion in the current study was permitted
for all trials including postmenopausal patients. We are well aware of the discongruency
between ‘postmenopausal’” and ‘older’, and the wide variation in age and phenotype among
postmenopausal women. However, the median age of all patients in this study was over
65 years and 39% of the patients was 70 years or older. Moreover, sensitivity analyses were
performed to exclude potential confounding of one study in which a minority of the patients
may not have been postmenopausal. In addition, tumor and treatment characteristics were
comparable among the included studies, and all patients received adjuvant systemic therapy.
Nevertheless, the variation in phenotype of the included patients in the current study limits
explicit recommendations for advocating omission or administration of radiotherapy. Rather

than an attempt to indicate specific subgroups of patients, for clinical guidance we propose not
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only to focus on relative risks but also on the absolute benefit of postoperative radiotherapy

and the number needed to treat.

A low absolute risk results in a higher number needed to treat to prevent one recurrence. The
number needed to treat in the current study was 24. This is expected to be higher in a non-trial
population; Smith and colleagues evaluated the number of patients needed to be irradiated
in order to prevent one local recurrence!®. Patients of advanced age or those with moderate
to severe comorbidity were less likely to benefit from radiotherapy, with an adjusted number
needed to treat up to 125. In addition, the EBCTCG meta-analysis showed that the absolute
risk reduction of radiotherapy decreased significantly with increasing age, from 24.6 (95% CI
13.2-36.0) to 8.9 (95% CI 4.0-13.8) in the oldest patients, due to a lower absolute recurrence
ratel. This age specific decrease was also observed in other studies'??2. The more recently
conducted randomized trials which were included in the current study seemed to observe an
even lower locoregional recurrence rate!%!32%23, This may be explained by the fact that studies
included in the EBCTCG meta-analysis were mostly conducted in the 1970s and 1980s. These
days, selection of patients may have been less precise, and hormonal status was not included in
the selection criteria. Improvements in surgical treatment and the increased use and efficacy
of currently available systemic treatment may have further tempered recurrence rates? and
thereby limit the attributive effect of radiotherapy. As mentioned, all patients included in
the current study received adjuvant systemic therapy. To summarize, the absolute risk of a
locoregional recurrence decreases with increasing age and decreasing fitness. Moreover, the

absolute risk has declined in more recent years.

As mentioned, a low absolute risk results in a higher number needed to treat. To decrease the
number needed to treat and to personalize treatment, others have tried to identify subgroups
of patients in which radiotherapy could be safely omitted, based on the risk of a locoregional
recurrence. The American College of Radiotherapy Appropriateness Criteria state that for
women older than 70 years, with hormone receptor positive breast cancer less than two
centimetre, who receive endocrine therapy, omission of radiotherapy may be reasonable®.
A comparable statement was included in the most recent National Comprehensive Cancer
Network treatment guidelines on senior adult oncology®'. Although in the recently updated
recommendations of the International Society of Geriatric Oncology (SIOG) it is stated that
after breast conserving surgery, whole breast irradiation with a boost to the tumor bed should

be considered in all older patients, room is left to balance pro and cons in individual cases®?.

In the debate whether or not to treat older breast cancer patients with radiotherapy in
addition to breast conserving surgery, and in the identification of subgroups of patients in
whom radiotherapy could be safely omitted, which outcome should be leading? The clinical
significance of the observed relative risks should be considered critically: as mentioned, the
absolute risk of a locoregional recurrence was low, and thereby the absolute risk reduction

is rather small. Moreover, the risk of a distant recurrence and overall survival were not
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affected by radiotherapy. On the other hand, it was previously shown that older patients were
less willing to exchange a prolonged survival for current quality of life”. Administration of
radiotherapy requires frequent hospital visits, which may be impeded by decreased mobility in
old age. Moreover, inferior cosmetic results and adverse events?! may affect quality of life. Of
note, development and treatment of a locoregional recurrence may also impact quality of life.

We propose that the debate should not only focus on the relative risk of a locoregional
recurrence and on the identification of subgroups based on the relative risk of a locoregional
recurrence, but instead should also be focused on the absolute benefit of radiotherapy and
the number needed to treat. Both treatment options may be reasonable in clinical practice.
The absolute recurrence risk should be discussed with respect to tumor characteristics, other
treatment and estimated remaining life expectancy. Recently, a nomogram was developed to
predict the absolute risk of mastectomy for a locoregional recurrence in older breast cancer
patients in case of omission of adjuvant radiotherapy. These kind of decision tools may further
aid in shared decision making when evaluating adjuvant treatment options®>. Moreover,

treatment options and quality of life in case of locoregional recurrence should be considered.
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A. Locoregional recurrence
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Supplementary figure 1. Funnel plots for evaluation of publication bias.
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