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Abstract
Background: Little is known about long-term treatment-related symptoms in 
older breast cancer survivors. We characterized long-term patient-reported symp-
toms and examined factors associated with the presence and severity of symp-
toms, and symptom interference with daily activities.
Methods: Texas Cancer Registry (TCR) Medicare linkage data was used to iden-
tify breast cancer patients age 65 and older with local/regional stage disease di-
agnosed between 2012–2013. Symptom burden was assessed using breast-specific 
items from the Patient-Reported Outcomes version of the Common Terminology 
Criteria for Adverse Events (PRO-CTCAE™). Demographic and clinical data 
also were collected. Logistic regression models were used to assess the associa-
tion between symptom burden and respondent sociodemographic and clinical 
characteristics.
Results: Of 4448 eligible patients, 1594 (response-rate 35.8%) completed ques-
tionnaires. Of these, 1245 eligible respondents were included in the analysis 
based on self-reported data. Median time from diagnosis to survey completion 
was 68 months (IQR: 62–73). Most frequently reported symptoms were fatigue/
lack of energy (76.8%), aching muscles (72.1%) and aching joints (72.5%). Receipt 
of chemotherapy was associated with higher symptom burden. Patients treated 
with adjuvant chemotherapy had higher risk of numbness/tingling (OR: 3.16; 95% 
CI: 2.36–4.24), hair loss (OR: 2.72; 95% CI: 2.05–3.60), and fatigue/lack of energy 
(OR: 1.80; 95% CI: 1.29–2.52). Similarly, patients who received chemotherapy 
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1   |   INTRODUCTION

The number of breast cancer survivors in the United 
States is estimated at 3.8 million and over 60% are 65 years 
and older.1–3 Although chemotherapy has contributed to 
improved survival outcomes,4,5 both short-term and late 
effects of treatment are common.6 Little is known about 
patient-reported symptoms and potential side effects of 
treatment experienced by breast cancer survivors years 
after their primary treatment, particularly among older 
women, who are vulnerable to treatment-related toxicities.

Traditionally, in clinical trials, assessments of symptom-
atic adverse effects have focused on safety using provider-
collected Common Terminology Criteria for Adverse 
Events (CTCAE).7 Importantly, patient-reported outcomes 
(PROs) provide insight regarding a patient's perspective of 
treatment effects and more accurately capture the impact 
of therapy on quality-of-life.8–10 Health-related quality-of-
life (HRQOL) measures have been developed and utilized 
in routine cancer care, but they have a limited focus on 
therapeutic toxicity.11–13 To better capture toxicity profiles 
of therapies directly from patients, the National Cancer 
Institute’ (NCI) developed the Patient-Reported Outcomes 
version of the Common Terminology Criteria for Adverse 
Events (PRO-CTCAE™) as a companion to the CTCAE.14–16

The objective of this study was to characterize long-
term patient-reported adverse effects using items from 
the PRO-CTCAE™. In a population-based cohort of older 
breast cancer survivors, we investigated factors associated 
with the presence of symptoms, severity of symptoms, 
symptom interference with daily activities, and the impact 
of prior chemotherapy on such symptoms.

2   |   METHODS

2.1  |  Study population

This study was approved by both the Institutional Review 
Boards of MD Anderson and the Texas Department of 

State Health Services. Eligible cancer survivors were 
identified from the Texas Cancer Registry (TCR) and 
Medicare-linked data, and included patients who were 
age 65 or older, were diagnosed with local/regional breast 
cancer between 2012–2013, and were Medicare benefi-
ciaries with Part A and B coverage and without HMO 
enrollment for 12 months continuously after their diagno-
sis. TCR provided names and mailing addresses for 4726 
Texas residents, and the physician of record. Of these, 278 
were identified as deceased or as having undeliverable ad-
dresses, and the survey was mailed to 4448 patients who 
met eligibility criteria.

2.2  |  Study measures and data collection

This study was one of the research projects of the 
Comparative Effectiveness Research on Cancer in Texas 
(CERCIT) program, funded by the Cancer Prevention 
and Research Institute of Texas (CPRIT). Patient-reported 
outcomes, demographic and clinical variables were col-
lected using a self-administered questionnaire, data from 
TCR, and Medicare claims. The primary outcome measure 
was derived from the PRO-CTCAE™, a PRO measure-
ment system to evaluate symptomatic toxicity over a 7-
day recall period in patients receiving cancer treatment.16 
The study questionnaire included items assessing nine 
treatment-related adverse effects were selected from the 
PRO-CTCAE™ item library, including; arm/leg swelling, 
hair loss, numbness/tingling, problem with concentration, 
problem with memory, aching muscles, aching joints, fa-
tigue/lack of energy, and hot flashes. Frequency (never/
rarely/occasionally/frequently/almost constantly), sever-
ity (none/mild/moderate/severe/very severe) and interfer-
ence with daily activities (not at all/a little bit/ somewhat/
quite a bit/very much) were assessed for each adverse effect. 
Three weeks prior to contacting eligible patients, the phy-
sician of record received mailed notification of the study, 
per TCR requirements. Eligible patients received a mailed 
study invitation letter in English and Spanish with a study 

were more likely to report the majority of symptoms as moderate to severe and as 
interfering with daily activities.
Conclusion: Receipt of chemotherapy is associated with significant symptom 
burden more than 5 years after breast cancer treatment. Long-term chemotherapy 
impact should be discussed with patients in a shared-decision making process 
and approaches to symptom management during survivorship care are needed.
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questionnaire in English and compensation worth 10 dol-
lars.17, 18 Reminder letters were sent to non-respondents at 
2, 4–6, and 8–10 weeks after the initial mailing. Data were 
collected between April 2018 and October 2019.

Age at diagnosis, marital status, disease stage and 
hormone receptor status were obtained from TCR data. 
Race/ethnicity, education, household income, height and 
weight were self-reported. Charlson co-morbidity score 
was constructed using Klabunde's algorithm,17 using in-
patient and outpatient claims within a 12-month window 
preceding the 30-day timeframe of diagnosis. Receipt of 
radiation therapy and type of surgery were determined 
based on Current Procedural Terminology (CPT) codes 
and ICD-9 procedure codes abstracted from MEDPAR, 
NCH and OUTPAT claim files in the 9-month treatment 
window post-diagnosis. Receipt of endocrine therapy 
was determined using national drug codes (NDC) from 
Medicare Part-D claims in 12 months post the diagnosis 
date in addition to self-reported use. Receipt of chemo-
therapy and chemotherapeutic agents was identified using 
Healthcare Common Procedure Coding System (HCPCS) 
J codes within 6 months after the diagnosis date.

2.3  |  Statistical analysis

To evaluate differences between respondents and non-
responders, inverse probability weighing (IPW) was ap-
plied to the analysis to address potential non-response bias. 
For each case, we computed the probability of being se-
lected from a pool of 4099 eligible cases. The inversed value 
of the probability was used as a weight of each observation 
to balance out the bias due to non-response. Finally, the 
normalized inversed probability was generated by dividing 
the inverse probability by the mean and used as the final 
weight in the analysis.19 Rao-Scott Chi-Square was used to 
examine the association of chemotherapy with respondent 

sociodemographic and clinical variables. Similarly, we 
examined presence, severity, and interference of self-
reported symptoms between individuals receiving chemo-
therapy or not. Logistic regression models were conducted 
to examine the association of symptom presence, symptom 
severity, and symptom interference with respondent soci-
odemographic and clinical variables. We included odds ra-
tios (OR) and 95% CIs to present the likelihood of symptom 
presence, symptom severity, and symptom interference. 
We conducted a stepwise selection regression analysis for 
covariate selection and included the following variables 
in our initial model; age at diagnosis, gender, marital sta-
tus, BMI, race/ethnicity, education, household income, 
Charlson comorbidity, receipt of chemotherapy, radia-
tion therapy, breast/axillary surgery, and tumor stage.20 
Variables that met the significance threshold of p < 0.05 
were included in the final models. Data analyses were per-
formed using SAS (version 9.4 SAS Institute Inc.).

3   |   RESULTS

Of 4448 eligible patients who were mailed a study invita-
tion and questionnaire, 2854 declined or did not respond, 
and 1356 evaluable questionnaires were completed. Due 
to self-reported recurrent disease, 111 questionnaires 
were excluded from analysis (Figure 1). Compared to non-
respondents, respondents were younger, more likely be 
married, White, with no comorbidities, and had received 
chemotherapy (Table S1). Median survey return time was 
37 days (IQR: 21–70 days).

A total of 1245 eligible respondents were included in 
the analyses. Median time from diagnosis to survey com-
pletion was 68 months (IQR: 62–73). Demographic and 
clinical characteristics of these patients are summarized 
in Table 1. Overall, 98.9% (n = 1231) of respondents were 
female. Median age at diagnosis was 71 years (IQR: 67–75), 

F I G U R E  1   Selection of study 
participants.

No recurrence
N=1,245

Recurrence
N=111

TX Medicare beneficiaries age 65+who
were diagnosed with breast cancer

between 2012 and 2013

Undeliverable/Deceased
N=278

Eligible for the survey
N=4,448

Respondents
N=1,594

Refused
N=2,854

Complete Data
N=1,356

Partially complete
N=238



      |  17743ADESOYE et al.

T A B L E  1   Demographic, clinical and treatment characteristics of survey respondents by receipt of chemotherapy.

Total Chemotherapy

Rao-Scott 
p-value

N = 1245 Yes (N = 366) No (N = 879)

N Weighted % N Weighted % N Weighted %

Age at diagnosisa

65–69 533 36.3 191 36.1 342 63.9 <0.0001

70–74 381 26.2 114 28.9 267 71.1

75–79 200 20.2 43 20.9 157 79.1

80+ 131 17.4 18 11.2 113 88.8

Marital statusa

Married 507 37.3 143 26.7 364 73.3 0.9878

Not married 264 27.5 85 26.6 179 73.4

UNK 474 35.2 138 27.1 336 72.9

Race and ethnicity (self-reported)c

White non-Hispanic/otherd 1061 82.5 295 25.4 766 74.6 0.0242

Black 72 6.6 33 41.4 39 58.6

Hispanic 112 10.9 38 28.7 74 71.3

BMI

<25 390 30.9 111 26.5 279 73.5 0.0143

25–30 399 31.6 107 24.4 292 75.6

>30 326 26.0 117 33.4 209 66.6

Missing 130 11.6 31 19.9 99 80.1

Educationc

High school or under/missingd 445 38.5 138 28.7 307 71.3 0.3426

Some college or 2 years degree 403 31.7 123 27.5 280 72.5

College graduate 196 15.5 49 21.8 147 78.2

More than a 4 years college 
degree

201 14.4 56 25.9 145 74.1

Incomec

Less than $19,999 139 12.8 44 28.6 95 71.4 0.1211

$20,000–$49,999 356 28.6 111 28.4 245 71.6

$50,000–$99,999 299 22.3 94 29.7 205 70.3

$100,000 or more 180 12.9 54 28.2 126 71.8

UNK/Mis 271 23.4 63 20.5 208 79.5

Charlson Comorbidity Scoreb

0 784 56.3 229 27.2 555 72.8 0.7247

1 269 22.7 86 28.2 183 71.8

2+ 153 17.9 39 23.7 114 76.3

UNK 39 3.1 12 29.4 27 70.6

Diagnosis yeara

2012 609 47.1 170 26.2 439 73.8 0.6705

2013 636 52.9 196 27.4 440 72.6

Stage at diagnosisa

Localized 961 75.7 202 19.1 759 80.9 <0.0001

Regional 284 24.3 164 50.9 120 49.1

(Continues)
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and median age at survey completion was 76 years (IQR: 
73–81). The majority of respondents were white, over-
weight or obese and without comorbidities. Hormone 
receptor positive disease was present in 76.4% (n = 951) 
of patients and 77.2% (n = 961) of patients had localized 
disease. Lumpectomy was performed in 57.4% (n = 715) of 
patients, and 37.4% (n = 465) received mastectomy.

Chemotherapy was administered to 29.4% (n = 366) of 
patients and of these, 34.2% (n = 125) received doxorubi-
cin, while 88.5% (n = 324) received a taxane (Table  S2). 
Of patients who received chemotherapy, 55.2% (n = 202) 
had localized disease. A total of 50.8% (n = 632) of patients 
received endocrine therapy and of these patients, 16% 
(n = 101) reported current use.

Compared to patients who did not receive chemother-
apy, patients who received chemotherapy were younger, 
white and normal weight and were more likely to have 
been diagnosed with regional stage and hormone receptor 
negative disease (Table 1).

3.1  |  Patient-reported outcomes

3.1.1  |  Presence of symptoms

Overall, 93.5% (n = 1162) of patients reported at least 1 
symptom in the prior 7 days. The most commonly reported 

symptoms were fatigue/lack of energy (76.8%), aching 
muscles (72.1%) and aching joints (72.5%). These symp-
toms were also more likely to have higher mean score on 
severity and interference with daily activities (Table S3).

Patients who received chemotherapy were more 
likely to report experiencing all symptoms compared 
to those who did not receive chemotherapy (Figure 2A) 
Compared to those who did not receive chemotherapy, 
those who did reported differences in numbness/tin-
gling (62.6% vs. 35.3%, p < 0.0001), hair loss (55.6% vs. 
31.8%, p < 0.0001), and problems with memory (61.1% 
vs. 46.9%, p < 0.0001).

In logistic regression models to examine the associa-
tion of symptom presence with respondent sociodemo-
graphic and clinical variables, receipt of chemotherapy 
was independently associated with the presence of all 
symptoms except hot flashes (Figure 3A). The highest es-
timates of effect size were noted for numbness/tingling 
(OR = 3.16; 95% CI: 2.36–4.24), hair loss (OR = 2.72; 95% 
CI: 2.05–3.60), and fatigue/lack of energy (OR = 1.80; 
95% CI: 1.29–2.52) (Figure 3A, Table S4A). BMI was also 
a significant predictor of symptoms and patients who 
were overweight or obese were more likely to report the 
presence of all symptoms compared to normal weight 
patients except for hot flashes (Table  S4A). Similarly, 
compared to patients with no comorbidities, patients 
with one or more comorbidities were more likely to 

Total Chemotherapy

Rao-Scott 
p-value

N = 1245 Yes (N = 366) No (N = 879)

N Weighted % N Weighted % N Weighted %

Hormone receptor positive (ER+/PR+)a

Yes 951 78.4 226 21.9 725 78.1 <0.0001

No 294 21.6 140 44.8 154 55.2

Radiation therapyb

Yes 747 52.3 214 26.8 533 73.2 0.9999

No 498 47.7 152 26.8 346 73.2

Endocrineb

Yes 596 47.0 144 22.5 452 77.5 0.0019

No 649 53.0 222 30.7 427 69.3

Doxorubicin

Yes 125 8.8 125 100.0 0 0.0 N/A

No 1120 91.2 241 19.8 879 80.2

Note: Other category for race includes Native American, Asian, Pacific Islander.
Abbreviations: ER, endocrine receptor; PR, progesterone receptor.
aData obtained from Texas Cancer Registry.
bData obtained from Medicare claims.
cData is self-reported.
dCategories are combined for confidentiality to avoid any cell size N < 11.

T A B L E  1   (Continued)
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(A) Presence of Symptoms#

#For all comparisons p<0.05

42.2%

55.6%

62.6%

48.6%

61.1%

78.7% 78.3%

83.5%

48.9%

33.5%
31.8%

35.3% 36.4%

46.9%

69.6% 70.3%
74.3%

41.6%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

Arm/Leg Swelling Hair Loss Numbness/Tingling Problem with
Concentration

Problem with
Memory

Aching Muscles Aching Joints Fatigue/Lack of
Energy

Hot Flashes

Chemo No Chemo

(B) Presence of Moderate to Severe Symptoms%

%For all comparisons p<0.01 except arm/leg swelling (p=0.078) and hot flashes (p=0.22)

19.8%

39.8%

21.9%
25.4%

48.3% 49.7%

56.2%

22.3%

14.8%
18.3%

14.1%
18.0%

37.1%
40.6%

45.8%

18.9%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

Arm/Leg Swelling Numbness/Tingling Problem with
Concentration

Problem with
Memory

Aching Muscles Aching Joints Fatigue/Lack of
Energy

Hot Flashes

Chemo No Chemo

F I G U R E  2   Patient-reported symptoms by receipt of chemotherapy. (A) Presence of symptoms#. #For all comparisons p ≤ 0.05. (B) 
Presence of moderate to severe symptoms%. %For all comparisons p < 0.01 except arm/leg swelling (p = 0.078) and hot flashes (p = 0.22). (C) 
Symptom interference with daily activities#. #For all comparisons p < 0.05.
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report the presence of all symptoms except for aching 
muscles and hot flashes (Table  S4A). Having a lower 
income was associated with the presence of extremity 
swelling compared to patients who had localized dis-
ease. Patients with lower income were more likely to 
report extremity swelling, numbness/tingling, problems 
with concentration, problems with memory, aching 
muscles, and aching joints. Compared to white patients, 
black patients were more likely to report numbness/
tingling (OR = 2.63; 95% CI: 1.46–4.74) and hot flashes 
(OR = 2.20; 95% CI: 1.25–3.88) (Table S4A).

3.1.2  |  Symptom severity

Overall, 71% (n = 869) of patients reported at least one symp-
tom as moderate to severe in the preceding 7 days. The most 
severe symptoms included fatigue/lack of energy (48.6%), 
aching joints (43.1%) and aching muscles (40.1%) (Table S3). 
Compared to patients who did not receive chemotherapy, a 
higher proportion of patients who received chemotherapy 
reported moderate to severe symptoms for all symptoms ex-
cept hot flashes (Figure 2B). The highest differences were 
noted for numbness/tingling (39.8% vs. 18.3%, p < 0.0001), 

aching muscles (48.3% vs. 37.1%, p = 0.001) and fatigue/lack 
of energy (56.2% vs. 45.8%, p = 0.002).

In logistic regression models, patients who received 
chemotherapy were more likely to report all symptoms 
as moderate to severe except hot flashes (Figure  3B). 
Similarly, the presence of one or more comorbidities in-
dependently predicted the presence of moderate to se-
vere symptoms (Table  S4B). Compared to patients with 
localized disease, patients with regional disease were 
more likely to report severe extremity swelling (OR = 19.4; 
95% CI: 1.27–2.95). Overweight and obese BMI were also 
strongly associated with majority of symptoms and, com-
pared to normal weight, obese patients were more likely 
to report extremity swelling (OR = 5.41; 95% CI: 3.08–
9.53), numbness/tingling (OR = 1.62; 95% CI: 1.05–2.48), 
fatigue/lack of energy (OR = 1.60; 95% CI: 1.14–2.24) and 
aching joints (OR = 2.63; 95% CI: 1.88–3.69) (Table S4B).

3.1.3  |  Symptom interference with daily  
activities

A total of 77.1% (n = 950) patients reported that at least one 
symptom interfered with their daily activities. Fatigue/

F I G U R E  2    (Continued)

(C) Symptom Interference with Daily Activities #

#For all comparisons p<0.05

21.3%

44.1% 42.9%

47.5%

57.8% 59.4%

77.5%

15.3%
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30.7% 31.7%
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47.5%

65.6%
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F I G U R E  3   Logistic regression models of breast cancer patient reported symptoms and association with receipt of chemotherapy. (A) 
Presence of symptoms. (B) Presence of moderate to severe symptoms. (C) Symptom interference with daily activities.
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lack of energy (68.8%), aching joints (50.7%) and aching 
muscles (47.8%) were the symptoms most reported as 
interfering with daily activities (Table  S3). Patients who 
received chemotherapy were significantly more likely 
to report interference of daily activities by all symptoms 
(Figure 2B). The largest differences were seen for numb-
ness/tingling (44.1% vs. 22.9%, p < 0.0001), aching muscles 
(57.8% vs. 44.1%, p < 0.0001) and problems with memory 
(47.5% vs. 31.7%, p < 0.0001). Receipt of doxorubicin was 
associated with symptom interference of daily activity 
compared to receipt of other chemotherapy regimens or 
no chemotherapy (Table S3).

In logistic regression models assessing interference of 
symptoms with daily activities, receipt of chemotherapy, 
higher number of comorbidities and overweight or obese 
BMI were independently associated with all symptoms 
evaluated (Figure 3C, Table S4C).

4   |   DISCUSSION

To our knowledge, this is the first study evaluating patient-
reported long-term adverse effects in a population-based 
sample of older breast cancer survivors and how these 
symptoms differ by prior receipt of chemotherapy. Using 

the PRO-CTCAE™ questionnaire administered approxi-
mately 5–6 years after diagnosis, we found that patients 
who previously received chemotherapy were more likely 
to report the presence of symptoms, a higher severity of 
symptoms and symptom interference of their daily activi-
ties. In adjusted analyses, receipt of chemotherapy was 
strongly associated with greater symptom burden. These 
findings suggest that receipt of chemotherapy confers 
a higher risk of adverse effects that persists well beyond 
treatment and into survivorship.

Chemotherapy-related toxicities among breast cancer 
patients have been well documented during therapy and 
in the short-term post-treatment, particularly in clinical 
trials.4,6,21–25 In our study, 93.3% of patients reported at 
least 1 symptom in the prior 7 days and 69.8% reported at 
least one symptom as moderate to severe. Patients who re-
ceived doxorubicin were more likely to report symptoms 
compared to patients who received other chemotherapy 
regimens or no chemotherapy. Receipt of chemotherapy 
was the strongest predictor of physical and cognitive symp-
toms with regards to presence, severity or interference with 
daily activity. Our results expand upon studies describing 
toxicities with receipt of chemotherapy within a year of di-
agnosis.26–29 The iCanCare population-based study exam-
ined frequency and severity of treatment-related toxicities 

F I G U R E  3    (Continued)
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using a scaled patient-reported measure (completed, on 
average, 7 months after surgery) and found that receipt of 
chemotherapy was associated with higher toxicity sever-
ity.30 Using the EORTC QLQ C30, Bottomely et al demon-
strated that chemotherapy negatively impacts HRQOL in 
a dose related fashion in the first few months of therapy.31

In this study, median time from diagnosis to survey 
completion and symptom reporting was 68 months sug-
gesting that treatment-related symptoms persist well 
beyond active treatment. Late chemotherapy treatment 
effects such as cardiotoxicity,32,33 premature ovarian fail-
ure,34 and development of future cancers35 have been 
described, but there are limited data on patient experi-
ence after therapy, especially in older patients who are 
less likely to participate in clinical trials and more likely 
to experience toxicities related to chemotherapy. Earlier 
studies suggested that decline in HRQOL secondary to 
chemotherapy may be transient.21,31,36,37 Ganz et al eval-
uated QOL in breast cancer survivors 3 years after various 
adjuvant treatments and found no significant differences 
in energy/fatigue, emotional functioning or overall QOL 
using standardized measures of HRQOL including the 
Medical Outcomes Study Short Form-36 (MOS-SF-36).37 
However, after 6 years of follow-up, survivors treated 
with chemotherapy had lower global QOL compared to 
survivors who did not receive systemic therapy.38 In our 
study, it is unclear whether symptoms persist after receipt 
of chemotherapy or if they develop years after therapy as 
PRO measures were not collected at multiple time points. 
Furthermore, in the elderly population, some symptoms 
may be secondary to normative aging. Nonetheless, these 
findings of greater symptoms with receipt of chemother-
apy have important implications for informed decision 
making regarding chemotherapy use among older breast 
cancer patients39,40 Additionally, it is critical to ensure the 
development of an effective long-term symptom manage-
ment plan as a priority for survivorship care.41–43

In our comorbidity assessment, patients with one or 
more co-morbidities within 12 months of cancer diag-
nosis were more likely to report that physical symptoms 
(extremity swelling, numbness/tingling, aching muscles, 
fatigue/lack of energy) and cognitive symptoms (problems 
with concentration and problems with memory) interfered 
with their daily activities. A meta-analysis by Edwards 
et al evaluating the influence of comorbidities on adjuvant 
chemotherapy use for early breast cancer found that while 
patients with comorbidities received less chemotherapy, 
they experienced greater toxicity compared to their coun-
terparts with no comorbidities.44 However, other studies 
have demonstrated that despite higher grade toxicities in 
older patients compared to younger patients, treatment is 
still well tolerated and majority will complete therapy.45 
Interestingly, decline in HRQOL in breast cancer survivors 

has been shown to vary by age.46,47 When compared to 
an age-matched general population, younger patients ex-
perienced a larger decline in QOL in the immediate post-
treatment period with subsequent improvement while 
older patients showed a gradual decrease over time.47 
Cancer management in this population is challenging as 
forgoing curative intent therapy to avoid treatment-related 
toxicity may impact cancer-related survival. Validated 
comprehensive geriatric assessment (CGA) tools and 
toxicity prediction tools such as the Chemotherapy Risk 
Assessment Scale for High-Age Patients (CRASH) and 
Cancer and Aging Research Group's (CARG) may help 
guide treatment decisions for older patients.48–52

We observed a strong association between higher BMI 
at the time of survey completion and reported symptom 
incidence and severity. Previous studies found a higher 
severity of chemotherapy-related peripheral neuropathy 
(CIPN) in patients with a higher baseline BMI.29,53 A cross-
sectional study evaluated the impact of obesity on CIPN 
and overall symptom burden in cancer survivors and found 
that patients with coexisting obesity and CIPN reported 
higher symptom severity and pain using a patient-reported 
questionnaire.54 In this study, it is unknown whether re-
spondents who reported high BMI on the study question-
naire also had elevated BMI prior to treatment. Regardless, 
we observed an association of current BMI with symptom 
incidence and severity. This is hypothesis-generating as 
our data suggests that high BMI in survivorship increases 
risk for symptom burden potentially independent of BMI 
prior to treatment. Our findings also support increased 
surveillance for symptom burden and mitigation among 
patients with high BMI prior to treatment and among pa-
tients who develop obesity in survivorship.55

Study limitations include its observational design 
using claims data as unmeasured variables may account 
for some of our findings. Utilizing Medicare claims to 
accurately ascertain receipt of chemotherapy also has 
limitations which varies by disease site and chemother-
apy type.56 We implemented standard methodology for 
minimizing non-response in population-based surveys; 
however, our response rate was 35.8%.57,58 This may limit 
generalizability of our findings given differences be-
tween responders and non-responders as described. The 
PRO-CTCAE™ measure was included as part of a larger 
study questionnaire that conferred a potentially greater 
respondent burden, which also may have contributed to 
the response rate. While we utilized the validated PRO-
CTCAE™ measure to elicit chemotherapy toxicity, this 
measure was not explicitly designed to assess long-term 
toxicities and additional toxicities pertinent to geriatric 
populations may be uncaptured. Additionally, we did not 
administer the survey at multiple time points which sub-
jects our findings to recall bias and limits our ability to 
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understand patterns of symptom development over time. 
We also have no information on symptom management 
through the follow up period, utilization of healthcare ser-
vices, and subsequent impact on severity.

5   |   CONCLUSION

In summary, our findings demonstrate significant symp-
tom burden associated with chemotherapy more than 
5 years after breast cancer diagnosis. This data highlights 
the importance of patient-centered discussion of each 
patient's risk of adverse events and benefit from chemo-
therapy in a shared-decision making approach. Accurate 
and timely diagnosis of symptoms during and after cancer 
treatment is essential to optimize symptom management 
and improve quality of life for cancer survivors. Our study 
findings highlight the need for such assessment and sup-
port long after active treatment.

AUTHOR CONTRIBUTIONS
Taiwo Adesoye: Data curation (supporting); visualiza-
tion (supporting); writing – original draft (lead); writing 
– review and editing (lead). Kai-Ping Liao: Data cura-
tion (lead); formal analysis (lead); methodology (sup-
porting); writing – review and editing (supporting). 
Susan Peterson: Conceptualization (supporting); data 
curation (lead); investigation (lead); methodology (lead); 
writing – review and editing (supporting). Liang Li: 
Conceptualization (supporting); formal analysis (lead); 
methodology (lead); writing – review and editing (sup-
porting). Daria Zorzi: Investigation (supporting); project 
administration (lead); writing – review and editing (sup-
porting). Holly M. Holmes: Conceptualization (support-
ing); writing – review and editing (supporting). Mariana 
Chavez-MacGregor: Conceptualization (supporting); 
writing – review and editing (supporting). Sharon H. 
Giordano: Conceptualization (lead); funding acquisition 
(lead); investigation (lead); methodology (lead); writing – 
original draft (supporting); writing – review and editing 
(supporting).

ACKNOWLEDGMENTS
We acknowledge the Centers for Medicare and Medicaid 
Services, Information Management Services, Inc, and 
Surveillance, Epidemiology, and End Results (SEER) in 
the creation of the SEER- Medicare database. We also 
acknowledge National Cancer Institute's review and ap-
proval on the data confidentiality and the compliance of 
this project outlined in the approved SEER- Medicare data 
use agreement. Cancer incidence data have been provided 
by the Texas Cancer Registry, Cancer Epidemiology and 
Surveillance Branch, Texas Department of State Health 

Services, 1100 West 49th Street, Austin, TX 78756, https://
www.dshs.texas.gov/tcr/. Support provided, in part, by 
the Assessment, Intervention and Measurement (AIM) 
Shared Resource through a Cancer Center Support Grant 
(CA16672, PI: P. Pisters, MD Anderson Cancer Center), 
from the National Cancer Institute, National Institutes of 
Health.

FUNDING INFORMATION
This study was supported by the Cancer Prevention and 
Research Institute of Texas (CPRIT) grant RP160674, and 
in part by the Susan G. Komen Breast Cancer Foundation 
grant SAC150061, SAC22022, BCRF-22-190, and by the 
National Institutes of Health/National Cancer Institute 
through Cancer Center Support grant P30CA016672.

CONFLICT OF INTEREST STATEMENT
None.

DATA AVAILABILITY STATEMENT
Data from this manuscript will be made available for 
submission.

ORCID
Taiwo Adesoye   https://orcid.org/0000-0001-8980-1266 
Mariana Chavez-MacGregor   https://orcid.
org/0000-0002-7189-0763 

REFERENCES
	 1.	 DeSantis CE, Ma J, Gaudet MM, et al. Breast cancer statistics, 

2019. CA Cancer J Clin. 2019;69(6):438-451.
	 2.	 American Cancer Society. Cancer facts and figures 2019–

2020. 2019–2020 https://www.cancer.org/conte​nt/dam/cance​
r-org/resea​rch/cance​r-facts​-and-stati​stics/​breas​t-cance​r-facts​
-and-figur​es/breas​t-cance​r-facts​-and-figur​es-2019-2020.pdf

	 3.	 American Cancer Society. Cancer treatment & survivorship 
facts & figures 2019–2021. Accessed November 11, 2021. 
https://www.cancer.org/conte​nt/dam/cance​r-org/resea​rch/
cance​r-facts​-and-stati​stics/​cance​r-treat​ment-and-survi​vorsh​
ip-facts​-and-figur​es/cance​r-treat​ment-and-survi​vorsh​ip-facts​
-and-figur​es-2019-2021.pdf

	 4.	 Early Breast Cancer Trialists' Collaborative Group (EBCTCG), 
Peto R, Davies C, et al. Comparisons between different polyche-
motherapy regimens for early breast cancer: meta-analyses of 
long-term outcome among 100,000 women in 123 randomised 
trials. Lancet (London, England). 2012;379(9814):432-444.

	 5.	 Muss HB, Woolf S, Berry D, et al. Adjuvant chemotherapy in 
older and younger women with lymph node–positive breast 
cancer. JAMA. 2005;293(9):1073-1081.

	 6.	 Muss HB, Berry DA, Cirrincione C, et al. Toxicity of older and 
younger patients treated with adjuvant chemotherapy for node-
positive breast cancer: the Cancer and Leukemia Group B expe-
rience. J Clin Oncol. 2007;25(24):3699-3704.

	 7.	 U.S. Department of Health and Human Services NIH, National 
Cancer Institute. Common Terminology Criteria for Adverse 
Events (CTCAE) Version 5.0. Accessed November 1, 2021. 

https://www.dshs.texas.gov/tcr/
https://www.dshs.texas.gov/tcr/
https://orcid.org/0000-0001-8980-1266
https://orcid.org/0000-0001-8980-1266
https://orcid.org/0000-0002-7189-0763
https://orcid.org/0000-0002-7189-0763
https://orcid.org/0000-0002-7189-0763
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf


      |  17751ADESOYE et al.

https://ctep.cancer.gov/proto​colde​velop​ment/elect​ronic_appli​
catio​ns/docs/CTCAE_v5_Quick_Refer​ence_8.5x11.pdf

	 8.	 Howell D, Molloy S, Wilkinson K, et al. Patient-reported out-
comes in routine cancer clinical practice: a scoping review of 
use, impact on health outcomes, and implementation factors. 
Ann Oncol. 2015;26(9):1846-1858.

	 9.	 Klag MJ, MacKenzie EJ, Carswell CI, Bridges JFP. The role of 
the patient in promoting patient-centered outcomes research. 
Patient. 2008;1(1):1-3.

	10.	 Osoba D. Translating the science of patient-reported outcomes 
assessment into clinical practice. J Natl Cancer Inst Monogr. 
2007;2007(37):5-11.

	11.	 Aaronson NK, Ahmedzai S, Bergman B, et al. The European 
Organization for Research and Treatment of Cancer QLQ-C30: 
a quality-of-life instrument for use in international clinical tri-
als in oncology. J Natl Cancer Inst. 1993;85(5):365-376.

	12.	 Cella DF, Tulsky DS, Gray G, et al. The Functional Assessment 
of Cancer Therapy scale: development and validation of the 
general measure. J Clin Oncol. 1993;11(3):570-579.

	13.	 Riley WT, Rothrock N, Bruce B, et al. Patient-reported out-
comes measurement information system (PROMIS) do-
main names and definitions revisions: further evaluation of 
content validity in IRT-derived item banks. Qual Life Res. 
2010;19(9):1311-1321.

	14.	 Dueck AC, Mendoza TR, Mitchell SA, et al. Validity and reli-
ability of the US National Cancer Institute's patient-reported 
outcomes version of the common terminology criteria for ad-
verse events (PRO-CTCAE). JAMA Oncol. 2015;1(8):1051-1059.

	15.	 Kluetz PG, Chingos DT, Basch EM, Mitchell SA. Patient-
reported outcomes in cancer clinical trials: measuring symp-
tomatic adverse events with the National Cancer Institute's 
patient-reported outcomes version of the common terminology 
criteria for adverse events (PRO-CTCAE). Am Soc Clin Oncol 
Educ Book. 2016;36:67-73.

	16.	 Basch E, Reeve BB, Mitchell SA, et al. Development of the 
National Cancer Institute's patient-reported outcomes version 
of the common terminology criteria for adverse events (PRO-
CTCAE). J Natl Cancer Inst. 2014;106(9):dju244.

	17.	 Klabunde CN, Legler JM, Warren JL, Baldwin LM, Schrag D. A 
refined comorbidity measurement algorithm for claims-based 
studies of breast, prostate, colorectal, and lung cancer patients. 
Ann Epidemiol. 2007;17(8):584-590.

	18.	 Edwards PJ, Roberts I, Clarke MJ, et al. Methods to increase 
response to postal and electronic questionnaires. Cochrane 
Database Syst Rev. 2009;2009(3):MR000008.

	19.	 Höfler M, Pfister H, Lieb R, Wittchen HU. The use of weights 
to account for non-response and drop-out. Soc Psychiatry 
Psychiatr Epidemiol. 2005;40(4):291-299.

	20.	 Hocking RR. A biometrics invited paper. The analysis 
and selection of variables in linear regression. Biometrics. 
1976;32(1):1-49.

	21.	 Hürny C, Bernhard J, Coates AS, et al. Impact of adjuvant 
therapy on quality of life in women with node-positive oper-
able breast cancer. International Breast Cancer Study Group. 
Lancet. 1996;347(9011):1279-1284.

	22.	 Partridge AH, Bunnell CA, Winer EP. Quality of life issues 
among women undergoing high-dose chemotherapy for breast 
cancer. Breast Dis. 2001;14:41-50.

	23.	 Gelber RD, Goldhirsch A, Cavalli F. Quality-of-life-adjusted 
evaluation of adjuvant therapies for operable breast cancer. 

The International Breast Cancer Study Group. Ann Intern Med. 
1991;114(8):621-628.

	24.	 Martín M, Lluch A, Seguí MA, et al. Toxicity and health-
related quality of life in breast cancer patients receiving ad-
juvant docetaxel, doxorubicin, cyclophosphamide (TAC) 
or 5-fluorouracil, doxorubicin and cyclophosphamide 
(FAC): impact of adding primary prophylactic granulocyte-
colony stimulating factor to the TAC regimen. Ann Oncol. 
2006;17(8):1205-1212.

	25.	 Ahles TA, Saykin AJ, Furstenberg CT, et al. Quality of life of 
long-term survivors of breast cancer and lymphoma treated 
with standard-dose chemotherapy or local therapy. J Clin 
Oncol. 2005;23(19):4399-4405.

	26.	 Tierney AJ, Leonard RC, Taylor J, Closs SJ, Chetty U, Rodger 
A. Side effects expected and experienced by women receiving 
chemotherapy for breast cancer. BMJ. 1991;302(6771):272.

	27.	 Wefel JS, Saleeba AK, Buzdar AU, Meyers CA. Acute and late 
onset cognitive dysfunction associated with chemotherapy in 
women with breast cancer. Cancer. 2010;116(14):3348-3356.

	28.	 de Jong N, Candel MJ, Schouten HC, Abu-Saad HH, 
Courtens AM. Prevalence and course of fatigue in breast can-
cer patients receiving adjuvant chemotherapy. Ann Oncol. 
2004;15(6):896-905.

	29.	 Nyrop KA, Deal AM, Shachar SS, et al. Patient-reported toxici-
ties during chemotherapy regimens in current clinical practice 
for early breast cancer. Oncologist. 2019;24(6):762-771.

	30.	 Friese CR, Harrison JM, Janz NK, et al. Treatment-associated 
toxicities reported by patients with early-stage invasive breast 
cancer. Cancer. 2017;123(11):1925-1934.

	31.	 Bottomley A, Therasse P, Piccart M, et al. Health-related quality 
of life in survivors of locally advanced breast cancer: an inter-
national randomised controlled phase III trial. Lancet Oncol. 
2005;6(5):287-294.

	32.	 Valagussa P, Zambetti M, Biasi S, Moliterni A, Zucali R, 
Bonadonna G. Cardiac effects following adjuvant chemother-
apy and breast irradiation in operable breast cancer. Ann Oncol. 
1994;5(3):209-216.

	33.	 Zambetti M, Moliterni A, Materazzo C, et al. Long-term cardiac 
sequelae in operable breast cancer patients given adjuvant che-
motherapy with or without doxorubicin and breast irradiation. 
J Clin Oncol. 2001;19(1):37-43.

	34.	 Partridge AH, Burstein HJ, Winer EP. Side effects of chemo-
therapy and combined Chemohormonal therapy in women 
with early-stage breast cancer. J Natl Cancer Inst Monogr. 
2001;2001(30):135-142.

	35.	 Fisher B, Anderson S, Wickerham DL, et al. Increased intensi-
fication and total dose of cyclophosphamide in a doxorubicin-
cyclophosphamide regimen for the treatment of primary breast 
cancer: findings from National Surgical Adjuvant Breast and 
Bowel Project B-22. J Clin Oncol. 1997;15(5):1858-1869.

	36.	 Poole CJ, Earl HM, Hiller L, et al. Epirubicin and cyclophos-
phamide, methotrexate, and fluorouracil as adjuvant therapy 
for early breast cancer. N Engl J Med. 2006;355(18):1851-1862.

	37.	 Ganz PA, Rowland JH, Meyerowitz BE, Desmond KA. Impact of 
different adjuvant therapy strategies on quality of life in breast 
cancer survivors. Recent Results Cancer Res. 1998;152:396-411.

	38.	 Ganz PA, Desmond KA, Leedham B, Rowland JH, Meyerowitz 
BE, Belin TR. Quality of life in long-term, disease-free survi-
vors of breast cancer: a follow-up study. J Natl Cancer Inst. 
2002;94(1):39-49.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf


17752  |      ADESOYE et al.

	39.	 Binkley JM, Harris SR, Levangie PK, et al. Patient perspectives 
on breast cancer treatment side effects and the prospective 
surveillance model for physical rehabilitation for women with 
breast cancer. Cancer. 2012;118(8 Suppl):2207-2216.

	40.	 Chawla N, Blanch-Hartigan D, Virgo KS, et al. Quality of 
patient-provider communication among cancer survivors: find-
ings from a nationally representative sample. J Oncol Pract. 
2016;12(12):e964-e973.

	41.	 Robson M, Ruddy KJ, Im SA, et al. Patient-reported outcomes 
in patients with a germline BRCA mutation and HER2-negative 
metastatic breast cancer receiving olaparib versus chemother-
apy in the OlympiAD trial. Eur J Cancer. 2019;120:20-30.

	42.	 Adams S, Diéras V, Barrios CH, et al. Patient-reported outcomes 
from the phase III IMpassion130 trial of atezolizumab plus 
nab-paclitaxel in metastatic triple-negative breast cancer. Ann 
Oncol. 2020;31(5):582-589.

	43.	 Conte P, Schneeweiss A, Loibl S, et al. Patient-reported out-
comes from KATHERINE: a phase 3 study of adjuvant trastu-
zumab emtansine versus trastuzumab in patients with residual 
invasive disease after neoadjuvant therapy for human epider-
mal growth factor receptor 2-positive breast cancer. Cancer. 
2020;126(13):3132-3139.

	44.	 Edwards MJ, Campbell ID, Lawrenson RA, Kuper-Hommel MJ. 
Influence of comorbidity on chemotherapy use for early breast 
cancer: systematic review and meta-analysis. Breast Cancer Res 
Treat. 2017;165(1):17-39.

	45.	 Monteiro AR, Garcia AR, Póvoa S, et al. Acute toxicity and 
tolerability of anthracycline-based chemotherapy regimens in 
older versus younger patients with breast cancer: real-world 
data. Support Care Cancer. 2021;29(5):2347-2353.

	46.	 Koch L, Jansen L, Herrmann A, et al. Quality of life in long-term 
breast cancer survivors – a 10-year longitudinal population-
based study. Acta Oncol. 2013;52(6):1119-1128.

	47.	 Roine E, Sintonen H, Kellokumpu-Lehtinen P-L, et al. Long-
term health-related quality of life of breast cancer survivors 
remains impaired compared to the age-matched general popu-
lation especially in young women. Results from the prospective 
controlled BREX exercise study. Breast. 2021;59:110-116.

	48.	 Kimmick GG, Major B, Clapp J, et al. Using ePrognosis to esti-
mate 2-year all-cause mortality in older women with breast can-
cer: Cancer and Leukemia Group B (CALGB) 49907 and 369901 
(Alliance A151503). Breast Cancer Res Treat. 2017;163(2):391-398.

	49.	 Wildiers H, Heeren P, Puts M, et al. International Society of 
Geriatric Oncology consensus on geriatric assessment in older 
patients with cancer. J Clin Oncol. 2014;32(24):2595-2603.

	50.	 Extermann M, Boler I, Reich RR, et al. Predicting the risk of 
chemotherapy toxicity in older patients: the Chemotherapy 

Risk Assessment Scale for High-Age Patients (CRASH) score. 
Cancer. 2012;118(13):3377-3386.

	51.	 Hurria A, Mohile S, Gajra A, et al. Validation of a prediction 
tool for chemotherapy toxicity in older adults with cancer. J 
Clin Oncol. 2016;34(20):2366-2371.

	52.	 Moth EB, Kiely BE, Stefanic N, et al. Predicting chemotherapy 
toxicity in older adults: comparing the predictive value of the 
CARG Toxicity Score with oncologists' estimates of toxicity 
based on clinical judgement. J Geriatr Oncol. 2019;10(2):202-209.

	53.	 Bandos H, Melnikow J, Rivera DR, et al. Long-term peripheral 
neuropathy in breast cancer patients treated with adjuvant che-
motherapy: NRG Oncology/NSABP B-30. J Natl Cancer Inst. 
2018;110(2):djx162.

	54.	 Cox-Martin E, Trahan LH, Cox MG, Dougherty PM, Lai EA, 
Novy DM. Disease burden and pain in obese cancer patients 
with chemotherapy-induced peripheral neuropathy. Support 
Care Cancer. 2017;25(6):1873-1879.

	55.	 Ligibel JA, Bohlke K, May AM, et al. Exercise, diet, and weight 
management during cancer treatment: ASCO guideline. J Clin 
Oncol. 2022;40:2491-2507.

	56.	 Lund JL, Stürmer T, Harlan LC, et al. Identifying specific che-
motherapeutic agents in Medicare data: a validation study. Med 
Care. 2013;51(5):e27-e34.

	57.	 Fox RJ, Crask MR, Kim J. Mail survey response rate: a meta-
analysis of selected techniques for inducing response. Public 
Opin Q. 1988;52(4):467-491.

	58.	 Kelly BJ, Fraze TK, Hornik RC. Response rates to a mailed 
survey of a representative sample of cancer patients randomly 
drawn from the Pennsylvania Cancer Registry: a randomized 
trial of incentive and length effects. BMC Med Res Methodol. 
2010;10(1):65.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Adesoye T, Liao K-P, 
Peterson S, et al. Patient-reported outcomes in 
older breast cancer survivors with and without 
prior chemotherapy treatment. Cancer Med. 
2023;12:17740-17752. doi:10.1002/cam4.6394

https://doi.org/10.1002/cam4.6394

	Patient-­reported outcomes in older breast cancer survivors with and without prior chemotherapy treatment
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study population
	2.2|Study measures and data collection
	2.3|Statistical analysis

	3|RESULTS
	3.1|Patient-­reported outcomes
	3.1.1|Presence of symptoms
	3.1.2|Symptom severity
	3.1.3|Symptom interference with daily activities


	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


