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The number of older patients with breast cancer has increased due to the aging of the general population. The use
of a geriatric assessment in this population has been advocated in many studies and guidelines as it can be used to
identify high risk populations for early mortality and toxicity. Additionally, geriatric parameters could predict rel-
evant outcome measures. This systematic review summarizes all available evidence on predictive factors for var-
ious outcomes (disease-related and survival, toxicity, and patient-reported outcomes), with a special focus on
geriatric parameters and patient-reported outcomes, in older patients with breast cancer.
Studies were identified through systematic review of the literature published up to September 1st 2019 in the
PubMed database and EMBASe. A total of 173 studies were included. Most studies investigated disease-related
and survival outcomes (n = 123, 71%). Toxicity was investigated in 40 studies (23%) and a mere 15% (n = 26)
investigated patient-reported outcomes. Various measures that can be derived from a geriatric assessment
were predictive for survival endpoints. Furthermore, geriatric parameters were among the most frequently
found predictors for toxicity and patient-reported outcomes.
In conclusion, this study shows that geriatric parameters can predict survival, toxicity, and patient-reported out-
comes in older patients with breast cancer. These findings can be used in daily clinical practice to identify patients
at risk of early mortality, high risk of treatment toxicity or poor functional outcome after treatment. A minority of
studies used relevant outcome measures for older patients, showing the need for studies that are tailored to the
older population.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

character of this specific population into account, with wide variability
in general health status, functionality, and the presence of comorbid
conditions.

The number of older patients with breast cancer has increased due to
the aging of the general population [1]. Approximately a third of all
newly diagnosed patients are over 70 years of age [2]. Compared to
younger patients, older patients experience less benefit from treatment
due to a reduced life expectancy, whereas the risk of treatment toxicity
is generally higher [3]. Individual weighing of expected treatment ben-
efits and possible risks could potentially aid in achieving better out-
comes in terms of survival and quality of life [4]. This is especially
relevant in older patients with breast cancer, many of whom die from
other causes than breast cancer [5,6]. Prediction models can provide
an individualized risk estimation, yet the existing tools are not tailored
to the older population, since they do not take the heterogeneous

* Corresponding author at: Department of Medical Oncology, Leiden University Medical
Center, Postzone C7-Q, P.O. Box 9600 RC, Leiden, the Netherlands.
E-mail address: W.G.van_der_Plas-Krijgsman@lumc.nl (W.G. van der Plas-Krijgsman).

https://doi.org/10.1016/j.jgo.2021.01.008

Furthermore, in addition to expected treatment benefits and risk of
toxicity, patient-reported outcomes should be taken into account in the
decision-making process. Over the last decade, it has been emphasized
that patient-reported outcomes such as functional status, dependency,
and quality of life are equally or even more relevant for older patients
than disease-specific outcomes such as recurrence and survival [7]. Al-
though patient-reported outcomes are increasingly included in random-
ized clinical trials and (prospective) cohort studies, their integration in
guidelines or prediction tools for clinical practice is still limited.

Performing a geriatric assessment (GA) could potentially provide
important predictors for patient-reported toxicity and survival out-
comes. Previous studies demonstrated that findings from a GA can pre-
dict residual life expectancy and toxicity from chemotherapy [8].
Another study by Hurria et al. showed that GA variables independently
predicted the risk of toxicity in older adults with cancer [9]. Moreover,
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available generic life expectancy prediction tools [10-12] and
chemotoxicity prediction tools, such as the Cancer and Aging Research
Group (CARG) tool, include geriatric parameters [13,14]. A recent sys-
tematic review showed that GA affects treatment decision [15]. There-
fore, implementation of a GA is strongly advocated [3].

In order to improve prediction of outcome for older patients with
breast cancer, the aim of this systematic review was to summarize all
available evidence on predictive factors for various outcomes (disease-
related and survival, toxicity, and patient-reported outcomes), with a
special focus on geriatric parameters and patient-reported outcomes,
in older patients with both early-stage and advanced breast cancer.

2. Methods
2.1. Search strategy and article selection

Eligible studies were selected by a systematic review of the available
literature in the PubMed database and Embase that was published up to

Records identified through
Pubmed and Embase

(n=2221)

Records after duplicates removed

(n=1572)

Records with irrelevant titles

(n=851)

A 4

Abstract screened for eligibility

(n=721)

Records excluded

(n=447)

A4

Full-text articles assessed for

eligibility
(n=274)
Papers excluded after full-text
assessed
(n=140)
A4
Studies included in quantitative
analysis
(n=134)
Papers included after extended
search with keyword
“association”
\4 (n=39)

Final number of studies included
in quantitative analysis

(n=173)

Journal of Geriatric Oncology 12 (2021) 696-704

September 1st, 2019. The search strategy was based on the keywords
“breast cancer”, “older patients” and “prediction”. After reviewing the
first selection of papers, we performed an extended search, replacing
“prediction” with the keyword “association”, to obtain more relevant
papers. Details of the search and a flowchart of the selection of papers
are presented in Fig. 1.

The eligibility of the studies that were identified by the search was
assessed independently by two authors (WK and ADB) and any discrep-
ancies were discussed with a third author (NDG). Based on title and ab-
stract screening we retrieved and screened the full text of all potentially
relevant studies. We included all longitudinal cohort studies (both ret-
rospective and prospective) that investigated the association between
potential predictors and disease-related-, toxicity- and/or patient-
reported outcomes in patients with breast cancer (both early-stage
and advanced disease), aged 65 years or older. Studies without age
specification in the inclusion criteria were included if a subgroup analy-
sis in older patients was performed. Studies that included patients with
cancer types other than breast cancer were also included if a subgroup

Pubmed search:

("Breast Neoplasms"[majr] OR (("Breast"[majr] OR "Breast"[ti] OR "breasts"[ti] OR
"mammary"[ti] OR "mamma"[ti]) AND ("Neoplasms"[Mesh:NoExp] OR
"Neoplasm"[ti] OR "neoplasms"[ti] OR "tumor"[ti] OR "tumors"[ti] OR "tumour"[ti]
OR "tumours"[ti] OR "Carcinoma"[Mesh:NoExp] OR "carcinoma"[ti] OR
"carcinomas"[ti] OR "cancer"[ti] OR "cancers"[ti] OR "malignancy"[ti] OR
"malignancies"[ti] OR "malignant"[ti]))) AND ("predictive"[tw] OR
"predictable"[tw] OR "predictability"[tw] OR "predict"[tw] OR "predicting"[tw] OR
"predictor"[tw] OR "predictors"[tw] OR "prediction"[tw] OR "predictions"[tw] OR
"prognosis"[tw] OR "prognostic"[tw] OR "prognoses"[tw] OR "Prognosis"[Mesh])
AND ("Aged"[majr] OR "Aged, 80 and over"[majr] OR "elderly"[ti] OR "elder"[ti] OR
"aged"[ti] OR "old"[ti] OR "older"[ti] OR "oldest"[ti] OR septuagenarian*[ti] OR
octagenarian*[ti] OR octogenarian*[ti] OR nonagenarian*[ti] OR centenarian*[ti]
OR senescen*[ti] OR "frail elderly"[Majr] OR "geriatric"[ti] OR "geriatrics"[ti] OR
"geriatrics"[Majr])

Embase search:

(exp *breast tumor/ OR ((exp *breast/ OR "Breast".ti. OR "breasts".ti. OR
"mammary".ti. OR "mamma".ti.) AND (*neoplasm/ OR "Neoplasm".ti. OR
"neoplasms".ti. OR "tumor".ti. OR "tumors".ti. OR "tumour".ti. OR "tumours".ti.
OR *carcinoma/ OR "carcinoma".ti. OR "carcinomas".ti. OR "cancer".ti. OR
"cancers".ti. OR "malignancy".ti. OR "malignancies".ti. OR "malignant".ti.))) AND
("predictive".ti,ab. OR "predictable".ti,ab. OR "predictability".ti,ab. OR
"predict".ti,ab. OR "predicting".ti,ab. OR "predictor".ti,ab. OR "predictors".ti,ab.
OR "prediction".ti,ab. OR "predictions".ti,ab. OR "prognosis".ti,ab. OR
"prognostic".ti,ab. OR "prognoses".ti,ab. OR exp prognosis/) AND (exp *aged/ OR
"elderly".ti. OR "elder".ti. OR "aged".ti. OR "old".ti. OR "older".ti. OR "oldest".ti.
OR septuagenarian*.ti. OR octagenarian*.ti. OR octogenarian*.ti. OR
nonagenarian*.ti. OR centenarian*.ti. OR senescen*.ti. OR exp *frail elderly/ OR
"geriatric".ti. OR "geriatrics".ti. OR exp *geriatrics/)

Extended search in Pubmed:

("Breast Neoplasms"[majr] OR (("Breast"[majr] OR "Breast"[ti] OR "breasts"[ti] OR
"mammary"[ti] OR "mamma"[ti]) AND ("Neoplasms"[Mesh:NoExp] OR
"Neoplasm"[ti] OR "neoplasms"[ti] OR "tumor"[ti] OR "tumors"[ti] OR "tumour"[ti]
OR "tumours"[ti] OR "Carcinoma"[Mesh:NoExp] OR "carcinoma"[ti] OR
"carcinomas"[ti] OR "cancer"[ti] OR "cancers"[ti] OR "malignancy"[ti] OR
"malignancies"[ti] OR "malignant"[ti]))) AND ("Aged"[majr] OR "Aged, 80 and
over"[majr] OR "elderly"[ti] OR "elder"[ti] OR "aged"[ti] OR "old"[ti] OR "older"[ti]
OR "oldest"[ti] OR septuagenarian*[ti] OR octagenarian*[ti] OR octogenarian*[ti]
OR nonagenarian*[ti] OR centenarian*[ti] OR senescen*[ti] OR "frail
elderly"[Majr] OR "geriatric"[ti] OR "geriatrics"[ti] OR "geriatrics"[Majr]) AND
("association”[tw] OR "associated”[tw] OR ”association”[Mesh])

Fig. 1. Flowchart and search details.
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analysis in patients with breast cancer was available. Only papers writ-
ten in English were included. Duplicate studies were excluded.

2.2. Data extraction

The following data were extracted from each selected article: year of
publication, study design, study population and total number of patients
with breast cancer included in the analysis, investigated outcome(s),
significant predictors, type of statistical analysis (univariable or multi-
variable). For this review we focused on positive findings, meaning
that we selected only the statistically significant predictors that were
presented in the results and supplementary tables. Predictors were con-
sidered statistically significant if the 95% confidence interval of the
univariable hazard or odds ratio did not include unity or, in case a haz-
ard or odds ratio was not reported, if the p-value was smaller than 0.05.
Since we were only interested in prediction and not looking for causal-
ity, we chose to primarily include significant predictors identified
through univariable analysis, to avoid missing predictors when
adjusting for other factors. Results of the multivariable analysis were
used if results of a univariable model were not presented. Treatments
were not considered as predictive factors because we were interested
in predictors that can guide treatment decisions. A meta-analysis was
considered unfeasible due to the heterogeneity of the included studies
in terms of study population and definitions of predictors and outcomes.

2.3. Data synthesis and analysis

Results of the included studies were summarized by outcome:
disease-related-, toxicity- and patient-reported outcomes. Disease-
related outcomes comprise survival endpoints, including overall sur-
vival, breast cancer-specific survival, and disease recurrence. Composite
endpoints, such as disease-free survival, were also included in the anal-
ysis. Toxicity-related outcomes included adverse events described for
all treatment modalities (surgery, radiotherapy and systemic treat-
ment). Patient-reported outcomes were defined as quality of life out-
comes or any outcome concerning a decline in physical, cognitive, or
emotional/psychological functioning.

The predictors were categorized in the following categories: disease-
related factors, age, sociodemographic factors, comorbidity, perfor-
mance status, geriatric parameters, and laboratory measures.
Sociodemographic factors comprised for example race, partner status,
educational and financial status, home situation, and smoking. Geriatric
parameters comprised measures of physical function, cognitive func-
tion, frailty, emotional and psychological function (such as mood and
depression), and nutritional status (such as BMI and assessment of mal-
nutrition). Physical function comprised both objective physical mea-
sures such as gait speed and functional status measures related to
activities of daily living (ADL) and instrumental activities of daily living
(IADL) and falls. Performance score was categorized separately. Cogni-
tive function comprised pre-existing dementia diagnosis, MMSE scores,
and QoL measures in relation to the cognitive domain. Frailty measures
included primarily well-defined screening tools such as the Vulnerable
Elderly Survey-13 (VES-13) and the Cancer-Specific Geriatric Assess-
ment (C-SGA). Living in a nursing home was also considered a measure
of frailty.

3. Results

A total of 1572 unique titles were first identified for evaluation. Of
these, 721 abstracts were selected for screening and eventually 274
full texts were reviewed. With the initial and extended search strategy
combined, a total of 173 articles were included in this review (Fig. 1).
Characteristics of the included studies are presented by outcome in
Table 1 and Supplementary Tables 1-2.
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The first publication dated to 1991, but most of the included studies
were published in the last ten years (75%), highlighting that there has
been an increase of interest in this topic.

3.1. Disease-related- and survival outcomes

Most papers (n = 123, 71%) investigated disease-related and sur-
vival outcomes such as overall survival, breast cancer-specific survival,
or recurrence. Forty-one studies (33%) investigated composite end-
points consisting of a combination of two outcomes, such as disease-
free survival or progression-free survival. Most studies were performed
in retrospective cohorts (67%), often with the use of large,
population-based registries (31%). Eighteen studies (15%) were per-
formed in a clinical trial-based population, of which eleven trials were
composed of patients with advanced or metastatic breast cancer. The
median sample size of all 123 studies investigating disease-related and
survival outcomes was 950, and 87 papers (71%) specifically included
patients aged >65 years. Details on all studies investigating disease-
related and survival outcomes are presented in Supplementary Table 1.

The top-3 predictor categories for disease-related and survival out-
comes were disease-related factors, age, and comorbidity (Fig. 2). In 86
out of the 123 papers investigating disease-related outcomes (70%),
tumor characteristics such as tumor stage, grade, hormonal status and
tumor markers (e.g., HER2-status) were indicated as predictors. Age
was found to be predictive in 60 studies (49%). Besides age and
disease-related factors, comorbidity measures such as the Charlson Co-
morbidity Index (CCI), number of comorbidities, and specific conditions
such as cardiovascular disease and diabetes were also predictive in 34
studies (28%), specifically for overall or relative survival and non-
cancer mortality. For example, in a large retrospective population-
based registry study with 64,034 patients included, the CCI score was
found to be predictive for all-cause mortality, with a reported unadjusted
hazard ratio of HR 3.69 (95% CI 3.54-3.84) for patients with a CCI score of
three or higher compared to patients with a CCI score of zero [16].

In addition, survival endpoints were also predicted by geriatric pa-
rameters in a total of 24 studies (20%).

In eleven studies, physical function measures such as gait speed, im-
paired mobility, and ADL and IADL scores were predictive for survival.

Furthermore, frailty measures such as the Groningen Frailty Indica-
tor and the G8 questionnaire and cognitive status measures such as
MMSE scores or pre-existing dementia, were reported as predictive
for overall survival in respectively five and four studies. For example,
in a prospective multicenter cohort study including 660 patients aged
65 and older with stage I-III breast cancer, three or more deficits in
the cancer-specific geriatric assessment (C-SGA) were found to be pre-
dictive for both 10-year all-cause mortality and breast-cancer specific
mortality, with reported unadjusted hazard ratios of respectively 1.81
(95% ClI 1.45-2.26) and 2.19 (95% CI 1.34-3.57) [17].

3.2. Toxicity outcomes

Forty studies (23%) investigated toxicity outcomes, such as dose re-
duction or early treatment discontinuation and in nineteen studies
(48%) the outcome was defined by the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (NCI CTCAE). One study
used a composite endpoint with a combined toxicity and survival out-
come [18]. Most studies investigated toxicity due to treatment with che-
motherapy (n = 26, 65%), whilst the remaining studies addressed
adverse events due to surgical treatment, radiotherapy, endocrine ther-
apy, targeted therapy, or a combination of treatment modalities. Thir-
teen studies were performed in clinical (randomized controlled) trial
populations (33%), of which nine studies were composed of patients
with advanced or metastatic breast cancer. The median sample size of
all 40 studies investigating toxicity outcomes was 507 and 35 papers
(88%) specifically included patients aged >65 years. Details on all studies
investigating toxicity outcomes are presented in Supplementary Table 2.
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Table 1

Characteristics of the 26 included studies investigating patient-reported outcomes.

Journal of Geriatric Oncology 12 (2021) 696-704

Sorted by investigated outcome

Publication Study setting and population Results
Author Year Setting Stage  Age criteria  No of Treatment Outcome Predictors
of patients?®
disease
Bellury 2013 Retrospective  All >70 184 All treatments®  Physical function Comorbidity, symptom bother, marital
cohort, registry  stages status
Derks 2016 Prospective All <60, 60-69, 431 Endocrine Functional decline Age
cohort, stages and > 70 treatment
multicenter
Girones 2010 Prospective Stage 270 91 All treatments  Decline in performance status Age
cohort, single  I-III and decline in function
center (ADL/IADL)
Huang 2018 Retrospective  All 265 2489 All treatments  Falls or balance and walking Stage, age, comorbidity, ADL, physical
cohort, registry stages difficulty activity, fatigue, pain interfering with work,
depression, urinary incontinence, vision
problem, hearing problem, sensory
impairment, race, marital status
Huang 2019 Retrospective  All >65 437 All treatments ~ Report of falls in past 12 months  ADL, comorbidity, history of falls,
cohort, registry stages self-reported balance of walking difficulty,
sensory impairment in feet
Hurria 2019 Substudy from Stage 265 256 Chemotherapy Decline in physical function and  Pretreatment fatige, number of comorbid
randomized [-111 resilience (recovery of physical conditions, nodal status, marital status,
clinical trial function) appetite, dyspnea, age
(prospective)
Klepin 2010 Retrospective  All 70-79 49 All treatments ~ 2-year progression to disability or 20 m usual gait speed and 400 m
cohort, stages death long-distance corridor walk
multicentre
Owusu 2016 Prospective Stage 265 184 All treatments  Functional decline or death Stage, age, Charlson comorbidity index,
cohort, [-111 within 12 months of BC Vulnerable Elders Survey (VES-13) score at
multicentre treatment baseline, race, education, marital status,
income
Owusu 2017 Prospective Stage 265 123 All treatments ~ Functional decline (defined as a Charlson comorbidity index, short physical
cohort, I-111 decrease in at least one point on perfomance battery (sppb), gait speed, grip
multicentre the ADL and/or IADL scales from strength, physical activity, functional
baseline to 12 months) disability, geriatric syndromes, Vulnerable
Elders Survey (VES-13) score, race,
educational status, median household
income
Sehl 2013 Prospective Stage 265 689 All treatments ~ Functional decline Educational status, initial physical function
cohort, I-111 score, charlson comorbidity index, BMI
multicenter
Singh 2018 Retrospective  Stage 265 314 All treatments ~ Functional decline (defined as an ~ Stage, complaints of weakness at diagnosis
cohort, single  O-III increase of at least one point in
centre ECOG scores within one year of
diagnosis)
Van Abbema 2017 Prospective Stage  50-69 398 All treatments  Functional decline (defined as ADL Age, polypharmacy, fatigue
cohort, I-IV and > 70 decline, IADL decline or functional
multicentre decline)
Westrup 2006 Prospective Stage 265 644 All treatments ~ Upper body function and Age, BMI, mental health
cohort, I-lla symptoms
multicentre
Baxter 2009 Retrospective  Stage  66-80 21,362  Chemotherapy Development of dementia Stage, ER, age, Charlson comorbidity index,
cohort, registry [-IIl marital status
Du 2010 Retrospective  Stage 265 62,565 Chemotherapy Time to cognitive impairment Age, number of comorbidities
cohort, registry [-IV Vs not
Lange 2016 Prospective Stage 265 119 Chemotherapy Decline in cognitive function Age
cohort, I-111 Vs not
multicenter
Mandelblatt 2016 Prospective Stage 265 1280 All treatments  Accelerated cognitive decline Number of comorbidities, mental health
cohort, I-111 (EORTC prediagnosis, physical health prediagnosis,
multicenter QLQ-C30 scale) frailty score at baseline (based on Searle
index)
Raji 2009 Retrospective  Stage 268 6932 Chemotherapy Incident dementia after Age, number comorbidities, race
cohort, registry I-III chemotherapy
Clough 2007 Prospective Stage 265 660 All treatments ~ Changes in emotional health Comorbidity, physical function at baseline,
cohort, I-Illa emotional support, education, income,
multicenter perception of never being cured
Perkins 2007 Retrospective  All >70 127 All treatments  Life satisfaction, depression and  Life satisfaction: fatigue, physical
cohort, registry stages general health perceptions functioning, optimism, mastery, spirituality,

satisfaction with support Depression: Age,
fatigue, physical functioning, optimism,
mastery, spirituality, satisfaction with
support General health perceptions:

699
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Table 1 (continued)
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Sorted by investigated outcome

Publication

Study setting and population

Results

Author

Year

Setting

Stage
of

disease

Age criteria

No of
patients?®

Treatment

Outcome

Predictors

Dura-Ferrandis 2017

Magnuson

Mandelblatt

Mogal

Neuner

Williams

2019

2003

2017

2014

2019

Prospective
cohort,
multicentre

Prospective
cohort,
multicenter
Retrospective
cohort, registry

Retrospective
cohort, registry

Retrospective
cohort, registry

Retrospective
cohort, single
center

Stage
I-111

Stage
I-11I

Stage
I-1I

Stage
-1V

Stage
I-IvV

Stage
I-Iv

265

>50
(subanalysis)

267

>65

1280

133

1812

373

3083

63

All treatments

Chemotherapy

Surgical
treatment

Surgical
treatment

All treatments

All treatments

Accelerated decline in physical,
emotional and cognitive
functioning

Change in frailty score (based on
Fried frailty phenotype)

Several domains of
patient-reported symptoms and
QoL

Low physical and mental
component summary score
(PCS-12 and MCS-12)

General HR-QoL and breast
cancer-specific HR-QoL

HR-QoL domains: fatigue,
physical function, pain
interference, social roles, anxiety,
depression and sleep disturbance

fatigue, comorbidity, physical functioning,
optimism, mastery, spirituality, social
support

Physical decline: age, comorbidity, SF-12
phyical and mental scores, tangible support
Cognitive decline: comorbidity, SF-12
physical and mental scores, disengagement,
tangible support, education

Emotional decline: comorbidity, SF-12
physical and mental scores, optimism,
disengagement, selfdistraction, tangible
support, education

Cognitive function at baseline
(patient-reported and objective function
tests), frailty score at baseline

Changes in physical functioning domains:
age, stage, education, Charlson comorbidity
index, arthritis, arm problems at baseline
Changes in mental health domains: Age,
race, education, Charlson comorbidity
index, arthritis, arm problems at baseline
Changes in satisfaction domains: perceived
ageism, perception of having a choice of
therapy, arm problems at baseline

Low physical component score: Age,
number of comorbidities, ADL, stage Low
mental component score: number of
comorbidities, ADL

General HR-QoL, physical domain (PSC-12):
age, race, educational status, income, stage,
number of comorbidities General HR-QoL,
mental domain (MSC-12): number of
comorbidities Breast cancer-specific
HR-QoL: income, stage, number of
comorbidities

Pre-frail or frail at baseline (Carolina Frailty
Index)

2 All treatments: surgery with/without radiotherapy, chemotherapy, endocrine therapy.

number of studies

100
90
80
70
60
50
40
30
20

. < o )
& & & & & N
& £ & EY &
& & & & <®
& ¥ & ® A
O > ((\ O\
N 5 \\ x$
xS o & 2
2 o < K
& @((\ QQ’ 00
& S N
('J\O
®

Fig. 2. Predictors found for disease-related and survival outcomes.
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Fig. 3. Predictors found for toxicity outcomes.

The top-3 predictor categories for toxicity outcomes were comorbid-
ity, age, and geriatric parameters together with disease-related factors
(Fig. 3). Comorbidity measures were the most frequently found predic-
tors for toxicity outcomes (n = 21, 53%). These comorbidity measures
comprised CCI score, number of comorbidities, polypharmacy, diabetes,
and cardiovascular comorbidity. Age was also frequently indicated as a
predictor for toxicity in twenty-one studies (53%). In one-third of the in-
cluded studies (n = 13), geriatric parameters were indicated as predic-
tors for toxicity outcomes, mostly measures of frailty (either defined as
living in a nursing home or with use of a prespecified frailty index). For
example, in a prospective multicenter cohort study, including 990 pa-
tients aged 65 and older with stage I-III breast cancer and receiving en-
docrine therapy, discontinuation of therapy was predicted by lower
cognitive function (HR 1.22, 95% CI 1.08-1.37) and frailty (based on
Searle's Frailty Index [19]) with an unadjusted HR of 1.82 (95% CI
1.09-3.06) [20].

Furthermore, laboratory measures such as baseline creatinine clear-
ance and baseline white blood cell count were reported to be predictive
for treatment toxicity in seven studies.

20
18
16
14
1
1

onN

number of studies

ON B~ O

3.3. Patient-reported outcomes

Patient-reported outcomes were investigated in twenty-six studies
(15%). Physical function was assessed in thirteen studies, cognitive
function in five studies and eight studies investigated other health-
related quality of life outcomes, such as life satisfaction or mental health,
or a combination of domains. The median sample size of the 26 studies
investigating patient-reported outcomes was 414. All studies investi-
gated patients with non-advanced breast cancer and 23 studies (88%)
specifically included patients aged 65 years or older. Four out of the
five studies investigating cognitive function outcomes included older
patients specifically treated with chemotherapy. One study was per-
formed in a randomized controlled trial population [21]. Details on all
studies investigating patient-reported outcomes are presented in
Table 1.

The top-3 predictor categories for patient-reported outcomes were
geriatric parameters, comorbidity and age (Fig. 4). In nineteen out of
the 26 papers (73%) investigating patient-reported outcomes, geriatric
measures were found to be predictors. For physical function outcomes,

Fig. 4. Predictors found for patient-reported outcomes.
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such as functional decline or report of falls, the most frequently found
predictors were objective physical measures such as gait speed, self-
reported balance or walking difficulties, previous falls, and ADL
dependency.

Sociodemographic factors and comorbidity scores were also predic-
tive for physical function outcomes.

For example, in a large retrospective registry-based cohort study,
consisting of nearly 2500 patients with breast cancer aged 65 years
and older, falls or balance and walking difficulty was predicted by age,
comorbidity and various geriatric parameters such as ADL and physical
activity, urinary incontinence, sensory impairments, and the presence of
depression [22].

For cognitive decline (n = 5), age and the number of comorbidities
were most frequently found as predictors for the development of cogni-
tive impairments after treatment. For example, in a large prospective,
multicenter cohort study, including 1280 older patients with
nonmetastatic, invasive breast cancer, self-reported cognitive decline
was predicted by comorbidity, together with geriatric parameters such
as physical health and frailty scores at baseline [23].

4. Discussion

This systematic review provides an overview of all available evi-
dence on predictors of several outcomes in older patients with breast
cancer. This paper shows that most studies in older patients with breast
cancer investigate disease-related and survival outcomes, and only a
mere 15% assess patient-reported outcomes (Fig. 5). Furthermore, in ad-
dition to age and comorbidity, geriatric parameters were among the
top-3 most frequently found predictors for toxicity and patient-
reported outcomes.

We showed that various measures that can be derived from GA were
predictive for survival endpoints. For example, a prospective cohort
study by DuMontier et al. showed that, besides age, tumor stage and co-
morbidity, better mental health and physical function were associated
with lower 10-year mortality [24]. However, these findings should be
interpreted with caution. Overall survival, and composite endpoints in-
cluding survival such as disease-free survival, make no distinction be-
tween mortality from breast cancer and from other causes. Therefore,
our finding that comorbidity, age, and geriatric parameters predict sur-
vival outcomes could be (partially) explained by the effect on non-
cancer mortality.

Non-cancer mortality is an important endpoint to study in older
adults with breast cancer, as the risk of dying due to other causes
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strongly increases with age. When the factor of competing risk is con-
sidered, older patients might experience less benefit of treatment than
is demonstrated in clinical trials. Moreover, these patients are more
likely to experience toxicity of treatment and decline in quality of life
or function due to treatment. In this review, we found only four studies
that investigated predictors for other cause mortality, which shows that
this subject is still understudied despite the clinical relevance [25-28].

Approximately a quarter of the included studies investigated toxicity
outcomes, often combined with disease related endpoints and con-
ducted in a clinical trial setting. Besides well-known predictive factors
such as comorbidity, disease-related measures, and baseline laboratory
measures, we found that geriatric measures such as physical function
and functional independence prior to diagnosis, mental health status
(such as mood changes or anxiety), and nutritional status were predic-
tive for toxicity.

For example, Hurria et al. conducted a phase II trial in which the ef-
ficacy and tolerability of nab-paclitaxel was assessed in older patients
with metastatic breast cancer. The validated Cancer and Aging Research
Group (CARG) chemotherapy toxicity risk score was calculated prior to
treatment. The results showed that this risk score based on GA and
other clinical parameters was a significant predictor for treatment toler-
ability, with a higher mean risk score associated with a higher likelihood
of dose reductions and hospitalizations [29]. Another well-established
tool for predicting the risk of chemotoxicity in older patients is the Che-
motherapy Risk Assessment Scale for High-Age Patients (CRASH),
which includes GA domains, along with clinical and laboratory parame-
ters, to predict the risk of hematological and non-hematological toxicity
on chemotherapy [30].

Unfortunately, only 15% of all studies addressed patient-reported
outcomes. Although there is an increasing support and awareness for
patient-reported outcome measures, the incorporation of such out-
comes is still limited in clinical research and treatment guidelines. The
International Society for Geriatric Oncology (SIOG) has previously
stated that patient-reported outcomes such as quality of life and preser-
vation of functional and cognitive capacity are just as relevant in the
older population with cancer than disease-specific outcomes, empha-
sizing that such endpoints should be integrated in clinical studies for
the older patient [7]. Given explanations for the lack of
patient-reported outcomes incorporated in studies is that they are
time consuming, requiring the assessment of questionnaires or geriatric
screening tools. In contrast, disease specific factors, demographics, age
and comorbidity measures are often available in medical registries,
thus far less time consuming to investigate as possible predictors.

Patient reported
outcomes

Fig. 5. Number of included studies per outcome.
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Nevertheless, a GA can be performed by a nurse in a limited amount of
time and requires significantly lower costs compared to many routine
diagnostic procedures used in oncologic workup [31], and therefore
we would advocate to include PROMs in registry databases. Further-
more, it remains a challenge how to quantify and correctly interpret
PROM s such as health-related quality of life or functional decline, as
part of these changes might be due to aging itself and not to the cancer
or cancer treatments [7].

Our findings emphasize the need for studies investigating patient-
reported outcomes. Two examples of included studies can demonstrate
how patient-reported outcomes can be incorporated. First, Owusu et al.
conducted a multicenter prospective cohort study including 123 pa-
tients with breast cancer aged 65 years and older, in which they found
that three different performance-based measures, namely the Short
Physical Performance Battery (SPPB), gait speed and grip strength,
were highly predictive for functional decline among older patients
with breast cancer. Besides these functional measures, the use of the
Vulnerable Elders Survey (VES-13), a short self-report measure used to
identity vulnerable older adults, also appeared to be a useful instrument
to predict functional decline [32]. Second, in a prospective, quality of life
study in older breast cancer survivors, Dura-Ferrandis et al. found that,
besides comorbidity, physical and mental summary scores and socio-
emotional factors such as disengagement and tangible support were sig-
nificantly predictive for accelerated decline in cognitive functioning [33].

Predicting outcomes in older patients with breast cancer can en-
hance individual treatment decision making and provide better esti-
mates on the risk of toxicity and other unwanted effects of treatment
such as decline in function and quality of life. For this specific target pop-
ulation, it is key that the right set of outcomes are incorporated in breast
cancer prediction tools, including competing risk, toxicity and patient-
reported outcomes. Currently available prediction tools for breast can-
cer are not tailored to the older population, and solely predict disease
related outcomes with the use of primarily tumor-related characteris-
tics. Besides that, studies have shown that these tools are not able to ac-
curately predict survival in older patients [34]. A first key attempt has
recently been made with the Age Gap decision tool, a prognostic
model for older patients with estrogen-positive, early breast cancer,
that predicts survival outcomes, with incorporation of tumor character-
istics, comorbidity, and ADL [35].

In this systematic review we found that, besides age and well-
known disease-related characteristics, multiple variables that can be de-
rived from a GA were predictive for all investigated outcomes. Even
more, patient-reported outcomes were predicted by geriatric measures
in over 80% of the included studies. Unfortunately, the assessment of ge-
riatric parameters such as measures for physical function or cognitive
decline and frailty screening are often left out in the work-up of older
patients with cancer, whilst they are predictive of poor outcome in gen-
eral oncology [36]. Our review supports the recommendation, as given
in a recent consensus paper by SIOG, to perform GA in older patients
with breast cancer [37]. Furthermore, as stated before, previous studies
have shown that geriatric evaluation affects treatment decisions and
can possibly lead to better treatment outcomes [15]. The examples pre-
viously given reinforce the additional benefits and usefulness of
implementing a GA in the routine clinical care for older patients with
breast cancer, providing clinicians with relevant information on geriat-
ric domains that can help identifying those patients at risk of treatment
toxicity or poor cognitive and functional outcome. Consequently, with
an accurate prediction of all relevant outcomes, clinicians should be
able to compose a more individualized treatment plan, with better un-
derstanding of the patient's wishes and goals of care.

Currently, our research group is working on the development of the
PORTRET tool (Prediction of Outcome, Risk of toxicity and quality of life
in older patients TREaTed for breast cancer), specified for older patients
with early-stage breast cancer to predict the effect of adjuvant treat-
ment on relevant outcomes. To achieve this, we will estimate survival
and recurrence risks while considering the competing risk and present
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the risk of dying from other causes as a separate outcome. Predicting
the risk of toxicity will be integrated in the tool, as well as relevant
patient-reported outcomes concerning quality of life such as functional
and cognitive decline. This systematic review supports our hypothesis
that geriatric parameters can improve prediction of these outcomes.

4.1. Strengths and limitations

This systematic review is to our knowledge the first overview on
prediction of outcomes specifically in older patients with breast cancer.
We were able to identify a large number of studies and provide a sum-
mary of all available evidence. However, by specifying our search as
such, we unintentionally may have lost information on predictive vari-
ables in studies that did not solely focus on breast cancer.

For this systematic review, we chose to include studies on patients
with both curable and non-curable disease, although we understand
that goals of care and the impact on the investigated outcomes may cer-
tainly differ for patients with early-stage versus advanced-stage breast
cancer. However, stage of disease and curability of the cancer is a con-
tinuum, in which goals of care and the relevance of certain outcomes
may change. We also believe that the relevance of patient-reported out-
comes is not only affected by disease related factors, but also by comor-
bidity and other geriatric parameters, which are similarly present in
both curable and non-curable older patients with breast cancer. Fur-
thermore, we chose to only report predictors of outcomes that were sta-
tistically significant, and we did not report negative studies as this
would result in an overload of information. The heterogeneity of studies
made it impossible to perform formal meta-analyses of the data.

For this review, we did not intend to analyze the significant predic-
tors in terms of importance or ranking. Nevertheless, it is relevant to
state that the number of times certain variables are found to be predic-
tive is highly dependable on the frequency with which they are investi-
gated. For instance, age was one of the most found significant
predictors, yet it is also one of the most included variables in prognostic
analyses. Finally, it is possible that we may have missed some relevant
articles but given the large number of included studies we believe that
we were able to provide a comprehensive overview.

5. Conclusion

This study shows that various geriatric parameters that are derived
from a GA can predict survival, toxicity, and patient-reported outcomes
in older patients with breast cancer. This can be used in daily clinical
practice to identify patients at risk of early mortality, high risk of treat-
ment toxicity or poor functional outcome after treatment. Only a minor-
ity of studies in this population used these specific relevant outcome
measures for older patients, showing the need for studies that are tai-
lored to the older population. The findings of this systematic review
serve as a background study to develop a unique prediction tool specif-
ically designed for older patients with early breast cancer in which both
disease-related outcomes and competing risk of death, risk of toxicity
and patient-reported outcomes will be incorporated.
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