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Summary
Background Current prediction tools for breast cancer outcomes are not tailored to the older patient, in whom 
competing risk strongly influences treatment effects. We aimed to develop and validate a prediction tool for 5-year 
recurrence, overall mortality, and other-cause mortality for older patients (aged ≥65 years) with early invasive breast 
cancer and to estimate individualised expected benefits of adjuvant systemic treatment.

Methods We selected surgically treated patients with early invasive breast cancer (stage I–III) aged 65 years or older 
from the population-based FOCUS cohort in the Netherlands. We developed prediction models for 5-year recurrence, 
overall mortality, and other-cause mortality using cause-specific Cox proportional hazard models. External validation 
was performed in a Dutch Cancer registry cohort. Performance was evaluated with discrimination accuracy and 
calibration plots.

Findings We included 2744 female patients in the development cohort and 13631 female patients in the validation 
cohort. Median age was 74·8 years (range 65–98) in the development cohort and 76·0 years (70–101) in the validation 
cohort. 5-year follow-up was complete for more than 99% of all patients. We observed 343 and 1462 recurrences, and 
831 and 3594 deaths, of which 586 and 2565 were without recurrence, in the development and validation cohort, 
respectively. The area under the receiver-operating-characteristic curve at 5 years in the external dataset was 0·76 
(95% CI 0·75–0·76) for overall mortality, 0·76 (0·76–0·77) for recurrence, and 0·75 (0·74–0·75) for other-cause 
mortality.

Interpretation The PORTRET tool can accurately predict 5-year recurrence, overall mortality, and other-cause mortality 
in older patients with breast cancer. The tool can support shared decision making, especially since it provides 
individualised estimated benefits of adjuvant treatment.

Funding Dutch Cancer Foundation and ZonMw.
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Introduction
The number of older patients with breast cancer has 
strongly increased in recent years in high-income 
countries.1 Despite improved treatment in the past 
decades, the survival of older patients has only 
marginally improved,2 and previous studies showed that 
both breast cancer-specific and other-cause mortality 
increase with age.3 Unfortunately, the evidence base for 
treatment strategies in older patients with breast cancer 
is still poor, as clinical trials often exclude older patients 
because of age restrictions or the presence of comorbid 
conditions.4,5

Among older patients, a large variation in general 
health status, concomitant diseases, and fitness exists, all 
of which can influence outcomes of breast cancer 
treatment. Compared with their younger counterparts, 
older patients have an increased risk of treatment toxic 

effects,6,7 and experience less treatment benefit because 
of an increasing risk of dying from other causes than 
breast cancer, especially in patients with comorbidities.8 
Even more, other key endpoints such as quality of life 
might also be affected by choice of treatment.9 Therefore, 
making an individualised decision for adjuvant treatment 
for older patients that weighs the potential treatment 
benefits and possible risks is essential, but it remains a 
recognised challenge for physicians.10

Prediction tools can aid in individualising treatment 
decision making. Yet the tools that are currently available 
do not accurately predict survival in the older age groups. 
For example, we have previously shown that the widely 
used Adjuvant! Online tool does not accurately predict 
all-cause survival and recurrence in older adults with 
breast cancer, and, moreover, the tool is no longer 
available online.11 The PREDICT tool has been widely 

For more on the PREDICT tool 
see https://breast.predict.nhs.uk/
tool

https://breast.predict.nhs.uk/tool
https://breast.predict.nhs.uk/tool
https://breast.predict.nhs.uk/tool
http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-7568(21)00229-4&domain=pdf
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used in clinical practice to predict breast cancer 
outcomes. A previous validation study showed that the 
tool performed relatively well in older adults with regard 
to overall survival and recurrence, with a C-statistic of 
0·73 (95% CI 0·70–0·75) for predicted 5-year overall 
survival, yet failed to make an accurate prediction for the 
oldest patients (aged ≥85 years) and subgroups of 
patients with many comorbidities.12

Previous studies have also shown that various geriatric 
parameters or measures of frailty, such as functional 
capacity, fall risk, cognitive impairment, and nutritional 
status, are strongly associated with mortality in older 
patients with cancer.8 Thus, by adding comorbidity and 
other geriatric predictors, the prognostic accuracy for 
this target population could be enhanced, which might 
result in better individualised decision making and 
reducing both undertreatment and overtreatment.

The objective of this study was to develop and validate a 
new prediction tool for older patients with operable 
breast cancer who received locoregional treatment, 
that can predict recurrence (local and distant), overall 
mortality, and other-cause mortality. We also aim to 
estimate the individually expected benefits of adjuvant 
systemic treatment, with incorporation of comorbidity 
and various geriatric predictors.

Methods
Study design and participants
The PORTRET tool (from the prediction of outcome, risk 
of toxicity and quality of life in older patients treated for 
breast cancer [the PORTRET] study) was developed using 
data from the retrospective observational FOCUS 
cohort.4,11–16 In this cohort, all consecutive patients aged 
65 years or older with breast cancer who were diagnosed 
in the southwest region of the Netherlands between 
Jan 1, 1997, and Dec 31, 2004, were included. Trained 
personnel registered information from the medical 
charts on tumour characteristics, treatment, disease 

recurrence, comorbidity, and geriatric characteristics.
Follow-up for recurrence was complete for all patients. 
Follow-up survival data were obtained by linkage of 
cancer registry data with municipal population registries 
and was complete up to Jan 1, 2013. Patients with primary 
breast cancer (stage I–III) who received surgery as 
primary treatment were included in the development 
cohort.

We validated the model in an external validation cohort 
from the Netherlands Cancer Registry, including all 
consecutive patients aged 70 years or older who were 
diagnosed with breast cancer in 2005–09, nationwide. 
The inclusion criteria for the validation cohort were also 
patients with primary breast cancer (stage I-III) who 
received surgery as primary treatment. Detailed 
information of both cohorts has been published 
elsewhere.4,11–17 HER2 status was not yet systematically 
registered in the development cohort, but it was in the 
validation cohort.

Outcomes, follow-up, and predictors
Outcomes included breast cancer recurrence, overall 
mortality, and other-cause mortality, defined as mortality 
without recurrence. Breast cancer recurrence was defined 
as the first occurring recurrence (invasive, either 
locoregional or distant). For breast cancer recurrence and 
other-cause mortality, follow-up started at the diagnosis of 
the first primary breast cancer and ended at breast cancer 
recurrence or last date of follow-up (due to death, being 
lost to follow-up, or end of study), whichever occurred first. 
This implies that if a (local) recurrence occurred, this 
was an end of follow-up. For overall mortality, the follow-
up ended at death for any cause. Follow-up was 
administratively censored at 5 years. Breast cancer survival 
was not available in this database as the Netherlands 
Cancer Registry does not include causes of death.

Since the PREDICT tool had relatively good 
performance in older adults, the predictors used in the 

Research in context

Evidence before this study
Two validation studies were performed by de Glas and 
colleagues, to evaluate the validity of Adjuvant! Online and the 
PREDICT tool in older patients with breast cancer, and they 
showed that both prediction tools were not able to accurately 
predict survival and recurrence, especially in the oldest patients 
(aged ≥85 years) and in patients with many comorbidities. 
Furthermore, our research group recently conducted a 
systematic review, in which we searched PubMed and Embase 
for all relevant articles on predictors for disease-related, toxicity, 
and patient-reported outcomes that were published up to 
Sept 1, 2019, using the keywords “breast cancer”, “older 
patients”, and “prediction”. We concluded that gaeriatric 
parameters can predict all investigated outcomes in older 
patients with breast cancer.

Added value of this study
To our knowledge, this is the first prediction tool specifically 
designed for older patients with breast cancer that incorporates 
comorbidity, measures of physical functioning, and cognitive 
functioning as relevant predictors. The tool was internally and 
externally validated and showed good discriminative 
performance.

Implications of all the available evidence
With existing tools not being able to accurately predict survival 
and recurrence in older patients with breast cancer, the PORTRET 
tool does provide accurate predictions for 5-year overall survival, 
recurrence, and competing risk of death. The tool can support 
shared decision making, especially since it provides individualised 
estimated benefits of adjuvant treatment.
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PREDICT tool were used as a basis for the PORTRET 
tool, and they included: age (as a continuous variable), 
tumour size (as a continuous variable), tumour grade 
(defined as 1, 2, or 3), nodal status (positive or negative), 
hormone-receptor status (retrieved from the pathology 
report, and recorded as positive if positive for either 
oestrogen or progesterone receptors; positivity was 
defined as immunohistochemically present in ≥10% of 
tumour cells), HER2 status (with 2+ or 3+ by 
immunohistochemistry defined as HER2 positive, and 
0–1 defined as HER2 negative), Ki67 (defined as posi
tive if Ki67 was immunohistochemically present in 
≥10% of tumour cells, and negative if less than 10% of 
tumour cells had visible staining), and mode of 
detection (defined as symptomatic or screen-detected). 
Additionally, we included the absolute number of 
comorbidities according to the ICD-10 classification as a 
predictor. The full list of comorbidities that was counted 
in our database has been previously published elsewhere 
(appendix 2, p 6).16 To further improve prediction, we 
collected geriatric predictors retrospectively from 
medical charts. These predictors included walking 
difficulties (defined as positive when walking difficulties 
or use of a walking stick was reported in the medical 
charts), dementia or cognitive impairment (defined as 
positive if a diagnosis of dementia or cognitive impair
ment was reported in the medical charts), polypharmacy 
(defined as positive if taking five or more types of drugs 
per day), and sensory deficits (defined as positive either 
if using a hearing aid or if poor vision was reported in 
the medical charts). Geriatric predictors were not 
recorded in the validation cohort.

Missing data were imputed ten times using a 
substantive model-compatible version of fully conditional 
specification.18 This approach ensures that the predictors 
used in the imputation model are compatible with the 
cause-specific hazards models used for the analyses, 
assuming the missing data mechanism are missing at 
random. All predictors used in the analysis models were 
used for the imputation.

Model development and validation
Cause-specific Cox proportional hazard models were used 
to predict all outcomes. The resulting cause-specific hazard 
ratios (HRs) with the corresponding 95% CIs were pooled 
from the ten imputed data sets using the Rubin’s rules.18 
The assumption of the proportional cause-specific hazard 
was graphically checked using Schoenfield residuals.

The full model comprised all 13 predictors and was 
only internally validated because of the presence of 
systematic missing values in the validation cohort. 
Therefore, a reduced model was developed for both 
internal and external validations,19 and included the 
following predictors: age, tumour size, grade, nodal 
status, hormone-receptor status, HER2 status, and 
number of comorbidities. Subsequently, a submodel was 
developed, excluding comorbidity and geriatric predictors, 

to assess differences in discriminative performance 
compared with the full model in the development cohort.

Estimates of expected benefits of adjuvant treatment 
were calculated by combining risk functions for all 
outcomes with estimates of treatment effects from the 
Early Breast Cancer Trialists’ Collaborative Group that 
provide specific subanalyses from randomised clinical 
trials in older patients.20 The relative risk was assumed to 
be 0·70 for chemotherapy, 0·49 for endocrine therapy, 
and 0·84 for combined chemotherapy and endocrine 
therapy.

The performance of the models was evaluated for 
discrimination, to differentiate between patients who 
experienced the endpoint of interest and those who did 
not, and calibration, which measures the agreement 
between observed and predicted absolute risks. 
Discrimination was quantified by time-dependent area 
under the receiver operating characteristic curves (AUCs) 
based on inverse censoring probability weighting at 
5 years. Values of AUCs close to 1 indicate good 
discriminative ability, while values close to 0·5 indicate 
poor discriminative ability. Calibration was assessed 
using calibration plots and the expected and observed 
ratio with the corresponding 95% CI. Discrimination 
and calibration were estimated in the development 
cohort and externally validated in the validation cohort.

To assess the validity of the tool in the oldest age 
groups, a post-hoc sensitivity analysis was performed by 
calculating the AUCs for patients aged 70–80 years and 
for patients aged 80 years and older.

Clinical utility
A decision curve analysis was performed to evaluate the 
clinical utility of the PORTRET tool, by calculating the 
net benefit for using the model at various risk threshold 
probabilities for 5-year recurrence, compared with the 
strategies of treat all or treat none. The strategy or model 
with the highest net benefit has a higher clinical utility.21,22 
Moreover, the distribution of the estimated individual 
benefit of treatment was summarised according to 
commonly accepted thresholds as defined in the Dutch 
guidelines, specifically whether the benefit of adjuvant 
treatment was less than 3% in absolute 10-year risk of 
mortality.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
We included 2744 female patients in the development 
cohort and 13 631 female patients in the validation cohort. 
The number of events were more than sufficient to 
reliably develop and validate this new prediction 
model.23,24 Median age was 74·8 years (range 65–98) in 
the development cohort and 76·0 years (70–101) in the 

See Online for appendix 2

For more on the thresholds 
from the Netherlands Breast 
Cancer guidelines see 
https://richtlijnendatabase.nl/
richtlijn/borstkanker/algemeen.
html

https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
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validation cohort (table 1). In the development cohort, 
1415 (52%) patients had multiple comorbidities, sensory 
deficits were present in 522 (19%) patients, and 
280 (10%) patients experienced walking difficulties. In 
the validation cohort, data on comorbidity was missing 
for 7019 (52%) patients. When excluding patients with 
missing values, 2585 (37%) patients had multiple 
comorbidities.

5-year follow-up was complete for nearly all 
patients (>99%) in the development and validation cohorts. 
The total number of events comprised 343 recurrences in 
the development cohort and 1462 recurrences in the 
validation cohort, 831 deaths in the development cohort 
and 3594 deaths in the validation cohort. 586 deaths in the 
development cohort and 2565 deaths in the validation 
cohort were without recurrence.

Of the 343 recurrences in the development cohort, 
72 (21%) were locoregional and 260 (76%) were distant, 
with ten (3%) recurrences of unknown type. In the 
validation cohort, we observed a similar mix of type of 
recurrence, with 290 (20%) of 1462 recurrences being 
locoregional and 1172 (80%) being documented as distant 
recurrences.

The predictors with the largest effect size for 
recurrence were tumour size, grade, and nodal status 
(appendix 2, pp 7–8). Age was the strongest 
predictor for other-cause mortality (HR 3·5, 95% CI 
3·3–3·6 for reduced model, appendix 2, p 8). The 
geriatric variables dementia or cognitive impairment, 
walking difficulties, and polypharmacy proved to be 
highly prognostic for other-cause mortality and overall 
mortality (appendix 2, p 7).

The estimates of treatment benefits at 5 years for 
chemotherapy, endocrine therapy, and combined systemic 
therapy are shown in the appendix 2 (p 2).

Development cohort 
(n=2744)

Validation cohort 
(n=13 631)

Median age, years 
(range)

74·8 (65–98) 76·0 (70–101)

Tumour size

Median size, cm (IQR) 2·0 (1·4–3·0) 1·9 (1·3–2·6)

Not known 208 (8%) 270 (2%)

TNM stage

I 1001 (36%) 6043 (44%)

II 1346 (49%) 5947 (44%)

III 281 (10%) 1615 (12%)

Not known 116 (4%) 26 (<1%)

Grade

I 383 (14%) 3263 (24%)

II 1067 (39%) 6479 (48%)

III 641 (23%) 3438 (25%)

Not known 653 (24%) 451 (3%)

Nodal status

Negative 1685 (61%) 9215 (68%)

Positive 956 (35%) 4345 (32%)

Not known 103 (4%) 71 (1%)

ER/PR status

ER/PR negative 444 (16%) 1886 (14%)

ER and/or PR positive 1905 (69%) 11552 (85%)

Not known 395 (14%) 193 (1%)

HER2-status

Negative 1243 (45%) 11109 (81%)

Positive 342 (12%) 1201 (9%)

Not known 1159 (42%) 1321 (10%)

Ki-67 status

Negative 1359 (50%) NA

Positive 127 (5%) NA

Not known 1258 (46%) NA

Mode of detection

Symptomatic 1461 (53%) NA

Screen-detected 704 (26%) NA

Not known 579 (21%) NA

(Table 1 continues in next column)

Development cohort 
(n=2744)

Validation cohort 
(n=13 631)

(Continued from previous column)

Number of comorbidities

Median (IQR) 2·0 (0·0–3·0) 1·0 (0·0–2·0)

0–1 1329 (48%) 4027 (30%)

2–4 1143 (42%) 2473 (18%)

5 or more 272 (10%) 112 (1%)

Not known 0 7019 (51%)

Sensory handicap

No 2222 (81%) NA

Yes 522 (19%) NA

Difficulty walking

No 2464 (90%) NA

Yes 280 (10%) NA

Dementia or cognitive impairment

No 2637 (96%) NA

Yes 107 (4%) NA

Polypharmacy (>5 medications per day)

No 2369 (86%) NA

Yes 375 (14%) NA

Adjuvant chemotherapy

No 2599 (95%) 13402 (98%)

Yes 145 (5%) 229 (2%)

Adjuvant endocrine therapy

No 1589 (58%) 7168 (53%)

Yes 1155 (42%) 6463 (47%)

Adjuvant radiotherapy

No 1472 (54%) 6982 (51%)

Yes 1272 (46%) 6649 (49%)

Data are n (%), unless otherwise specified. All differences were significant. 
ER=oestrogen receptor. NA=not available. TNM=Tumour-Node-Metastases 
classification of malignant tumours. PR=progesterone receptor. 

Table 1: Baseline characteristics of the development cohort and 
validation cohort
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Internal validation of the full model showed that the 
AUCs were 0·77 (95% CI 0·75–0·79) for overall mortality, 
0·74 (0·72–0·77) for recurrence, and 0·79 (0·77–0·81) for 
other-cause mortality (table 2). Internal validation of the 
reduced model showed AUCs of 0·76 (0·74–0·78) for 
overall mortality, 0·73 (0·70–0·76) for recurrence, and 
0·78 (0·76–0·80) for other-cause mortality. External 
validation of the reduced model showed AUCs of 0·76 
(0·75–0·76) for overall mortality, 0·76 (0·76–0·77) for 
recurrence, and 0·75 (0·74–0·75) for other-cause 
mortality (table 2). To assess differences in discriminative 
performance when excluding comorbidity and the 
geriatric predictors, a submodel was internally validated, 
which resulted in a 0·02 decrease in AUC for overall 
mortality (0·75 [0·73–0·77]) and other-cause mortality 
(0·77 [0·75–0·80]) compared with the full model (table 2).

Calibration plots are depicted in the figure. The 
expected–observed events ratio was 0·96 (95% CI 
0·93–0·99) for overall mortality, 1·03 (0·98–1·09) for 
recurrence, and 1·13 (1·09–1·18) for other-cause 
mortality (table 2).

The PORTRET tool had clinical utility for a range of 
risk thresholds from 12·5% to 30% risk of 5-year breast 
cancer recurrence. Use of the PORTRET tool would 
result in additional clinical benefit and was superior to 
reference strategies of treat none or treat all (appendix 2, 
pp 3–5). The full model, including comorbidity and 
geriatric predictors, showed the highest net benefit 
compared with both the reduced model and the submodel 
(appendix 2, p 9).

As a sensitivity analysis we calculated the AUCs for the 
oldest age groups. The AUCs for patients aged 70–80 years 
were 0·72 (95% CI 0·71–0·72) for overall mortality, 
0·77 (0·77–0·78) for recurrence, and 0·68 (0·67–0·68) for 
other-cause mortality. For patients aged 80 years and older, 
the AUCs were 0·68 (0·68–0·69) for overall mortality, 
0·73 (0·72–0·73) for recurrence, and 0·67 (0·67–0·68) for 
other-cause mortality.

Discussion
In this study, we developed and validated the PORTRET 
tool to predict recurrence, overall mortality, and other-
cause mortality in older patients with breast cancer, 
including individualised estimations of adjuvant 
treatment benefits. The tool showed good internal and 
external validation performance,23 with improved 
accuracy in older patients compared with existing breast 
cancer prediction models, by incorporating comorbidity 
and geriatric predictors.

Several prediction tools have been developed for 
patients with early breast cancer. As previously stated, 
the widely used PREDICT tool was relatively accurate in 
predicting survival in older patients,12 and it was therefore 
chosen as a starting point for the development of our 
tool. However, PREDICT could not accurately predict 
outcome for the oldest patients and patients with 
comorbidities; for example, it overestimated overall 

survival in patients over 75 years of age by 10–15%,12 
which might be due to the under-representation of the 
oldest patients in the development cohort. Moreover, 
comorbidity and other determinants of frailty were not 
incorporated as predictors in previous models. This 
means that the general risk prediction was based on 
chronological age and tumour characteristics, which is 
sufficient in a younger patient population that is more 
homogeneous than the older population in terms of 
general health and functioning. Yet, within the older 
population and its wide diversity in health status and 
concomitant diseases, a more individual risk estimation 
is needed to accurately weigh the expected benefits and 
potential harms of treatment, also considering the 
individual competing risk of death. The need to take 
geriatric factors and comorbidity into consideration was 
confirmed by our findings in the submodel analysis, in 
which the exclusion of comorbidity and geriatric 
predictors led to lower AUCs and lower clinical net 
benefit than did the full model (table 2, appendix 2, p 9). 
By including comorbidity and geriatric predictors, the 
PORTRET tool can further individualise risk estimation 
compared with PREDICT, and it can add benefit 
especially for predicting outcomes in the oldest patients 
and patients with multiple comorbidities.

The accurate prediction of the competing risk of death 
is a substantial aspect of the PORTRET tool. Although 
there are existing tools that estimate remaining life 
expectancy in older adults available such as Lee-index/
ePrognosis, the major advantage of the PORTRET tool is 
that it combines this outcome with breast cancer-specific 
outcomes.25 Competing risk increases with age3 and is 
therefore an important factor to consider in the decision 
making for adjuvant treatment in older patients with 
breast cancer,26 especially in patients with higher 
comorbidity count or with pre-stated vulnerability in 
terms of physical or cognitive functioning. Previous 
studies showed that both age and comorbidity are strong 
predictors of other-cause mortality,27 which was also 

Performance Overall 
mortality

Recurrence Other-cause 
mortality

Internal validation

Full model* AUC at 5 years (95% CI) 0·77 (0·75–0·79) 0·74 (0·72–0·77) 0·79 (0·77–0·81)

Reduced model† AUC at 5 years (95% CI) 0·76 (0·74–0·78) 0·73 (0·70–0·76) 0·78 (0·76–0·80)

Submodel‡ AUC at 5 years (95% CI) 0·75 (0·73–0·77) NA 0·77 (0·75–0·80)

External validation

Reduced model AUC at 5 years (95% CI) 0·76 (0·75–0·76) 0·76 (0·76-0·77) 0·75 (0·74–0·75)

Reduced model Expected/observed 
ratio ratio (95% CI)

0·96 (0·93–0·99) 1·03 (0·98–1·09) 1·13 (1·09–1·18)

AUC=area under the curve. NA=not available. *The full model comprised all 13 predictors: age, tumour size, nodal 
status, grade, hormone-receptor status, HER2 status, Ki67, mode of detection, comorbidity, polypharmacy, difficulty 
walking, sensory handicap, and dementia. †The reduced model comprised seven predictors: age, tumour size, nodal 
status, grade, hormone receptor status, HER2 status, comorbidity. ‡The submodel was the full model excluding 
comorbidity and the geriatric predictors: polypharmacy, difficulty walking, sensory handicap, and dementia.

Table 2: Discriminative performance of the PORTRET tool in the development and validation cohorts
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confirmed in this study and in a recent systematic review 
that we conducted before the development of the tool.28 
By not considering competing risks, physicians might 
tend to overtreat a proportion of older patients, especially 
patients with lower risk tumours and a higher burden of 
comorbidity, who will not experience the desired 
treatment benefit because of a high probability of early 
death due to other causes. On the contrary, older patients 
with a lower burden of comorbidity and low competing 
risk currently might face undertreatment, when using 
models that provide predictions averaged for age alone 
and adjuvant systemic treatment is omitted despite 
longer life expectancy.

A major strength of this study was that we were able to 
develop the tool within a large, population-based cohort, 
with a high mean age of 76 years and a sample size of 
over 2700 patients. A large percentage of patients had 
multiple comorbidities (51%) and a fair proportion of 
patients had functional problems. The geriatric variables 
that are incorporated in the model were not collected 
through a formal comprehensive geriatric assessment, 
but they are easy to assess in daily clinical practice. 
We deliberately decided to use absolute numbers of 
comorbidities to enhance the feasibility of the tool. This 
is consistent with recent studies that confirm that the 
number of comorbidities is highly predictive of mortality 
in an older population with breast cancer.16,29

This study has some limitations. First, some details 
were more frequently missing in the development 
cohort, such as HER2 status. This is explained by 
changes in the Dutch Cancer Registry. This systematic 
pattern supported the missing at random assumption as 
needed for multiple imputation. Also, breast cancer 
mortality was not available as the Dutch Cancer registry 
does not include causes of death. We note that 
establishing causes of death is notoriously unreliable in 
older adults, which makes recurrence a more suitable 
endpoint for effects of breast cancer treatment.30 

Our definition of other-cause mortality might have 
underestimated the risk of dying from other causes, 
as all patients with recurrence could not die of other 
causes per definition. Yet, we have recently investigated 
mortality rates in patients with recurrences, and we 
showed that older patients with breast cancer recurrence 
almost always die of breast cancer, even if this was only 
a local recurrence (unpublished material; Anna Z de Boer). 
Further evaluation of the occurrence of other cause 
mortality after recurrence is necessary. In addition, the 
geriatric predictors were not available in the validation 
set, which might explain the slightly lower AUC.

The development and validation cohorts have structural 
differences, in terms of timeframe and region. However, 
treatment strategies in the Netherlands are nationally 
applied, with strong adherence to guidelines. There are 
no major differences in treatment strategy in the country, 
as was shown in a previous publication.31 There was no 
possibility of duplicate entry between the two cohorts, as 

Figure: Observed versus 
predicted 5-year overall 
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only the first diagnosis of breast cancer allowed patients 
to enter the dataset. Furthermore, shifts in diagnostic 
methods (such as the determination of hormone-receptor 
status, HER2, and Ki67), and changes in clinical practice 
and prognosis might have occurred since the inclusion 
years of both cohorts, which would limit generalisability 
to current patients. However, previous studies have 
shown that both treatment strategies and prognosis 
improved only marginally in older patients.32 Model 
implementation and further validation of the tool should 
be encouraged to evaluate its prognostic value in current 
clinical practice. We aim to keep updating the model with 
more recent data and longer follow-up of existing cohorts, 
and with additional geriatric predictors, especially when 
new data with regard to treatment effects and markers 
for older adults with breast cancer will become available. 
Our predictions can probably be more individualised if 
more such markers are included. The current version of 
the PORTET tool contains a relatively small set of key 
prognostic factors, and it is well interpretable.

The estimates of adjuvant treatment effects were 
derived from pooled randomised clinical trial data, for 
which additional modelling was needed. Randomised 
clinical trial data might lack external validity for older 
adults, as the included older patients are usually highly 
selected.4 Furthermore, there are no data for different 
chemotherapy regimens, extended endocrine therapy, 
or trastuzumab in the older population available.1 
Nevertheless, with very limited data on systemic 
treatment effects in older patients,1 this is currently the 
best available data. Our approach is similar to that used 
for Adjuvant! Online and PREDICT.33,34 Ideally, a 
prediction model is developed within a large randomised 
controlled trial, including predictive analyses of hetero
geneity of treatment effects within the same trial to 
obtain an individualised prediction.35 We deliberately 
chose not to use available data from the development 
cohort because of the small sample size, and the 
substantial risk of bias by indication when estimating 
treatment effects in observational data.36

The available follow-up data on survival and recurrence 
enabled us to predict 5-year outcomes, but they were not 
sufficient to provide additional 10-year outcome 
predictions. Nevertheless, the predictive value for the 
given length of time is particularly relevant for the older 
patient with breast cancer, and we aim to update the 
model with longer follow-up in the future. We were 
unable to predict breast cancer-specific mortality because 
causes of death were unregistered in the development 
cohort, yet previous studies show that determining 
cancer-specific mortality is complex in older patients, 
with often a high frequency of competing events in 
relation to the cancer-specific events, especially when 
studying indolent cancer types such as hormone-
receptor-positive breast cancer.37

Finally, while the percentage of patients who received 
adjuvant chemotherapy is low in both cohorts, it is 

similar to known percentages from Dutch clinical 
practice, where the administration of chemotherapy is 
substantially lower than in other European countries.38

The PORTRET tool accurately predicts 5-year overall 
survival and recurrence in older patients with breast 
cancer, and it can aid in shared decision making. 
Individualised estimates of expected benefits from 
adjuvant systemic treatments are now readily available, 
also regarding the impact of comorbidity and measures 
of frailty on the competing risk of other-cause mortality.
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