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Abstract

Purpose: A retrospective cohort analysis to investigate comorbidities and 5-year survival in elderly patients (265 years)
with human epidermal growth factor receptor-2-positive (HER2-positive) breast cancer (BC) using data from the Surveillance,
Epidemiology, and End Results (SEER)-Medicare program

Methods: Female patients aged 265 years with a HER2-positive BC diagnosis as the first cancer diagnosis (between 1/1/2010-
12/31/2015) were eligible. Comorbidities and 5-year survival of HER2-positive BC patients (irrespective of stage) were compared
with age/race-matched non-cancer controls. Survival data (time-to-death) were unadjusted and adjusted by comorbidities and
region.

Results Data from 8978 HER2-positive BC patients and 8978 controls were included. Mean age was 77.1 years (range: 66.0-
102.8 years). Most cancers were Stage I (35.1%) or II (33.2%) at diagnosis. Thirteen/24 predefined comorbidities were significantly
more prevalent in HER2-positive BC patients versus controls (P < 0.05). The most prevalent comorbidities in HER2-positive BC
patients were anemia, hypertension, and arthritis. Generally, comorbidities were more likely to be diagnosed before HER2-positive
BC diagnosis. The estimated probability of 5-year survival was 69.7% (95% CI: 68.6%, 70.7%) for BC patients compared to 82.4%
(95% CI: 81.5%, 83.3%) for controls. The risk of dying was higher among HER2-positive BC patients compared to non-cancer
controls, with an unadjusted hazard ratio (HR) of 1.843 (95% CI 1.734,1.960) and adjusted HR of 1.934 (95% CI 1.819,2.057).

Conclusions: Many comorbidities were more prevalent in elderly patients with HER2-positive BC compared with controls,
though few were more prevalent in controls. Comorbidities were generally more likely to be diagnosed prior to HER2-positive
BC diagnosis. Mortality risk in patients with HER2-positive BC was higher than controls even after adjusting by comorbidities,
suggesting that other factors are involved in the survival of elderly patients with HER2-positive BC. The clinical relevance of
comorbidities in HER2+ BC patients and controls requires further study.
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Abbreviations:
BC breast cancer HR hazard ratio

CHF congestive heart failure IHD ischemic heart disease

CI confidence interval KM Kaplan-Meier
COPD chronic obstructive pulmonary disease MI myocardial infarction
CVD cardiovascular disease 0S overall survival
HER2 human epidermal growth factor receptor-2 SD standard deviation
HMO Health Maintenance Organization SEER Surveillance, Epidemiology, and End Results
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Introduction

Anumber of factors can negatively impact on health outcomes in
patients with cancer, including age (elderly), socioeconomic status
(low), cancer stage (late advanced), and comorbidities (many/
severe). Comorbidities increase with age and represent additional
challenges in the management of oncology patients [1]. In elderly
patients with breast cancer (BC), the presence of comorbidities
may negatively impact health outcomes including survival [2,3].
Comorbidities such as prior myocardial infarction, liver disease,
and chronic renal failure are known to have a detrimental impact on
survival in elderly patients with BC [2]. Human epidermal growth
factor receptor-2-positive (HER2-positive) BC is an aggressive
form of BC caused by the over production of the HER2 protein [4-
6] In recent years, the prognosis and outcomes of HER2-positive
BC patients have improved considerably since the introduction
of HER2-targeted therapies such as trastuzumab, pertuzumab,
ado-trastuzumab emtansine, trastuzumab deruxtecan, neratinib,
lapatinib, and tucatinib [7-21]. Furthermore, clinical trials are
underway using cyclin-dependent kinase 4/6 inhibitor-targeted
therapies (palbociclib, abemaciclib, and ribociclib) in patients with
advanced HER2-positive BC, with the hope that such drugs could
provide a further treatment option for patients with advanced/
metastatic disease [22]. In 2010, the Surveillance, Epidemiology,
and End Results (SEER) program of the National Cancer Institute
began collecting HER2-status data for BC patients registered in
SEER (SEER-derived HER2+ recode 2010+) [23]. The data from
SEER are from registries, which collect clinical, demographic, and
cause-of-death information from people with cancer, and these
data are linked to Medicare claims for covered healthcare services
from the time a person is eligible for Medicare until their death
(SEER-Medicare). A retrospective cohort analysis was conducted to
investigate comorbidities, BC disease characteristics, demographics,
and overall survival (0S) in elderly patients (265 years) with HER2-
positive BC using SEER-Medicare data from 2010-2015. At the time
of this analysis, there were limited published data on comorbidities
and health outcomes in elderly patients with HER2-positive BC.

Materials and Methods

Patient population

This retrospective cohort analysis used data derived from 18
registries that form or formed part of the SEER-Medicare database
based on the year they entered the SEER-Medicare program:
(Connecticut [1973+]; Detroit [1973+]; Hawaii [1973+]; lowa
[1973+]; New Mexico [1973+]; Seattle-Puget sound [1974+]; Utah
[1973+]; Kentucky [2001+]; Louisiana [2001+]; New]Jersey [2000+],
San Francisco-Oakland [1973+]; Los Angeles [1992+]; San Jose-
Monterey [1992+]; Greater California (excluding SF, Los Angeles,
and S]) [2001+]; Atlanta [1974+]; Rural Georgia [1974+]; Greater
Georgia [excluding AT and RG] [2010+], and Alaska [1999+]).
Eligible patients for this study were female, aged 265 years, with
a HER2-positive BC diagnosis as the first cancer diagnosis, which
was first confirmed (first diagnosis date) between January 1, 2010,
and December 31, 2015. Patients were also required to have been

continuously enrolled in both Medicare Part A (hospital, skilled-
nursing facility, hospice, and some home healthcare) and Part B
(physician and outpatient services) for 12 months prior to their
index date (the first diagnosis date was used as the index date for
the purpose of the analysis). Patients were excluded if they were
enrolled in a Health Maintenance Organization (HMO) plan and/or
if the reason for their original enrollment was due to disability or
end-stage renal disease.

Matched Control Population

The control population were non-cancer subjects matched by
age and race to the HER2-positive BC study group. Non-cancer
controls were drawn from a 5% random sample of the Medicare
population who resided in SEER areas and who did not have any
cancer diagnosis at the time of the survey (data accessed via the
Summarized Denominator file). In addition, non-cancer controls
had to be female, aged 265 years in 2010, and still alive in 2010
when the data were collected for analysis, and their original
enrollment in Medicare could not be due to a disability or end-stage
renal disease. A 1:1 matching of non-cancer controls with patients
was performed based on age (year of birth) and race (white, black,
Asian, Hispanic, Native American, other, and unknown). In cases
where more than one non-cancer control subject matched a HER2-
positive BC patient, the non-cancer control subject was randomly
selected. We compared comorbidities and OS between HER2-
positive BC patients and non-cancer controls.

Statistical analysis

Determining Diagnosis Date

The index date was defined as the first diagnosis date of
HER2-positive BC. The full date of HER2-positive BC diagnosis
(day/month/year) was required for the analysis. However, SEER-
Medicare only provided the year and month of diagnosis, so the
diagnosis day was imputed. ‘Day’ was set to the 15th of every month,
except February, when the diagnosis day was set to the 14th. If the
diagnosis month was missing from the record, the month (and day)
was imputed by searching the record for another diagnosis with a
non-missing month, death, or last contact date in the same year and
applying an algorithm to determine the diagnosis date. The same
index date imputed for a HER2-positive BC patient was used as the
index date for the matched non-cancer control.

Data Presentation and Survival Analysis

Summary statistics (mean, median, range, and quartile range)
are presented for demographics, comorbidities, and deaths for
both HER2-positive BC patients and non-cancer controls. Tumor
stage, grade, and size information were also collected for HER2-
positive BC patients. Cause of death (due to BC or any other cause)
is reported for HER2-positive BC patients only. The prevalence of
24 predefined comorbidities (organized by system/organ class
disorder) in HER2-positive BC versus non-cancer controls was
assessed (Table 1). These 24 comorbidities represent a broad range
of disease states that may be present in elderly (=65 years of age)
people. The Chi-square test was used to compare the frequency of
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each comorbid condition between HER2-positive BC cases and non-
cancer controls. Twenty-one of these comorbidities (excluding the
three cancer comorbidities of endometrial cancer, colorectal cancer,
and lung cancer) were also assessed ‘before’ and ‘on/after’ HER2-
positive BC diagnosis (Table 1). Time to death due to HER2-positive
BC was defined as the time from first diagnosis of HER2-positive
BC to death due to BC. Patients were followed for a maximum of
eight years after first diagnosis. Survival outcomes were estimated
by the Kaplan-Meier (KM) method and compared using the log-
rank test for HER2-positive BC patients versus non-cancer controls.
For those patients and control subjects who had not died at the

time of data collection, the last known ‘alive’ date was recorded as
December 31, 2017 for the purpose of this analysis. A univariate
Cox proportional model for unadjusted data and a multivariate
Cox proportional hazard model with an initial stepwise selection
method for adjusted data were used to estimate the risk of dying
for HER2-positive BC patients compared with matched non-cancer
controls. Geographical US region and the 24 comorbidities (Table
1) were used in the selection process, with 0.1 as entry criterion
and 0.05 as the stay-on criterion. Comorbidities prior to diagnosis
of HER2-positive breast cancer that did not meet entry and stay-on
criterion were removed from the multivariate model.

Table 1: Demographics, BC disease characteristics, and predefined comorbidities of interest obtained from SEER registries and used

in the analysis.

REESTanIIe (HER2+ BC patients)

BC disease characteristics at diagnosis included in this analysis

Predefined comorbidities of interest before
and on/after index datea (24 selected)

* Age e Stage

ychiatric/neurodegenerative disorders

» Race (white, blackAsian, Hispanic, Native Ameri-

e Tumor grade
can, other, and unknown) 8

e Alzheimer’s disease

¢ US geographical region:

e Tumor size (cm)Stage

¢ Dementia

Connecticut;

e Depression

Detroit; Hawaii;

Respiratory disorders:

Iowa; New

* COPD

Mexico; Seattle

e Asthma

Puget sound;

Blood/lymphatic disorders:

Utah; Kentucky;

¢ Anemia

Louisiana; New

Cardiac/vascular disorders:

Jersey; San e Atrial fibrillation
Francisco- e Stroke
Oakland; Los e CHF
Angeles; San Jose- o [HD

Monterey; Greater

e Hypertension

California

Metabolic/nutritional disorders:

(excluding SF, Los Angeles & SJ); Atlanta; Rural
Georgia; Greater Georgia (excluding AT and RG);
Alaska

» Hyperlipidemia

¢ First diagnosis year

Endocrine disorders:

e Diabetes

¢ Hypothyroidism

Renal/urinary disorders:

e Chronic kidney disease

Musculoskeletal /connective tissue disorders:

o Arthritis

¢ Osteoporosis
Other cancers/neoplasms:

e Lung cancer

e Colorectal cancer

¢ Endometrial cancer

Eye disorders:

e Cataract
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e Glaucoma

Injury:

o Hip fracture

First diagnosis date (index date); in non-cancer controls, the index date was the same as the matched HER2-positive BC patient’s index date

BC breast cancer; CHF congestive heart failure; COPD chronic obstructive pulmonary disease; HER2 human epidermal growth factor receptor-2; IHD
ischemic heart disease; MI myocardial infarction; SEER Surveillance, Epidemiology, and End Results

Results

Patient population

A total of 237,810 patients with newly diagnosed BC were
registered and had data shared with the SEER-Medicare program
between January 1, 2010 and December 31, 2015. Of these, 10,604
(4.5%) met the inclusion criteria for the current analysis. Of these
10,604 patients, we were able to identify age- and race-matched

information for HER2-positive BC patients and non-cancer controls
is presented in Table 2. The mean age of HER2-positive BC patients
and non-cancer controls was 77.1 years (range: 66.0-102.8 years)
and the majority were white (82.0%). Just under 50% of HER2-
positive BC patients and non-cancer controls were located in the
West region of the US. Tumor stages across HER2-positive BC
patients at diagnosis were: Stage 0, 6.2%; Stage 1, 35.1%; Stage II,
33.2%; Stage 111, 13.4%; and Stage 1V, 8.4%. Just over half (50.9%)

non-cancer controls in the 5% random sample of the Medicare
population for 8,978 (84.7%) patients (Figure 1). Demographic

of patients had a Grade-3/poorly differentiated /high grade tumor,
and the majority (91.7%) had a tumor size of 1-10 cm (Table 2).

Table 2: Demographic characteristics of female HER2-positive BC patients and non-cancer controls

HER2+ BC (N = 8978) Non-cancer control® (N = 8978)
Age (years)
Mean (SD) 77.1(6.8) 77.1(6.8)
Median (min, max) 75.8(66.0, 102.8) 75.8(66.0, 102.8)
Age (years), n (%)
65-74 4049(45.1) 4049(45.1)
75-84 3586(39.9) 3586(39.9)
85+ 1343(15.0) 1343(15.0)
Race, n (%)
White 7362(82.0) 7362(82.0)
Black 856(9.5) 856(9.5)
Asian 311(3.5) 311(3.5)
Hispanic 121(1.3) 121(1.3)
Native American 21 (0.2) 21 (0.2)
Other 295(3.3) 295(3.3)
Unknown 12 (0.1) 12 (0.1)
US geographical region, n (%)
Midwest 908 (10.1) 966 (10.8)
Northeast 1491(16.6) 1558(17.4)
South 2260(25.2) 2057(22.9)
West 4319(48.1) 4391(48.9)
2010 1620(18.0) 1620(18.0)
2011 1585(17.7) 1585(17.7)
2012 1538(17.1) 1538(17.1)
2013 1429(15.9) 1429(15.9)
2014 1395(15.5) 1395(15.5)
2015 1411(15.7) 1411(15.7)
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Tumor stage, n (%)

Stage unknown/occult 339(3.8) NA
Stage 0 557(6.2) NA
Stage | 3150(35.1) NA
Stage IIA 2014(22.4) NA
Stage 1IB 963(10.7) NA
Stage III NOS 15 (0.2) NA
Stage I11A 529(5.9) NA
Stage I1IB 367(4.1) NA
Stage IIIC 293(3.3) NA
Stage IV 751(8.4) NA
Tumor grade, n (%)
GX: cell type not 598(6.7) NA
determined/undetermined grade
G1: Well, differentiated /low grade 606(6.8) NA
G2: Moderately 3143(35.0) NA
differentiated /intermediate
G3: Poorly | 4565(50.9) | NA
differentiated /high grade
G4: Undifferentiated /high grade ‘ 66(0.7) ‘ NA
Tumor size, cm, n (%)
1-10 8233(91.7) NA
>11 86(1.0) N/A
NA/unknown 659(7.34) NA

aMatched non-cancer controls to HER2-positive BC cases were obtained for the following demographic information: gender (all fe-
male), age, race, and first diagnosis year BC breast cancer; G Grade; HER2 human epidermal growth factor receptor-2; NA not applica-
ble; NOS not otherwise specified; SD standard deviation

Newly diagnosed BC
between 2010-2015

N =237,810
Inclusion criteria:
» HERZ2+ Exclusion criteria:
» Female » HER2-
* Age =65 years at first diagnosis * Male
+ BC is the first cancer diagnosis |« > « Age <65 years at first diagnosis
+ Plan A and Plan B enroliment & Did not enral in Plan A and
12 months prior to first diagnosis Plan B, or enrolled in HMO
of BC » Reason for original enroliment
was disability or end-stage
renal disease
¥
Met inclusion criteria | HER2+ case found a non-cancer control, N = 8,978
N = 10,604 “| Non-cancer control, N = 8,978

BC breast cancer; HER2-positive/HER2- human epidermal growth factor receptor-2. positive/negative; HMO Health Maintenance
Organization; SEER Surveillance, Epidemiology, and End Results.

Figure 1: Flow chart for screening newly diagnosed BC patients for potential inclusion in the SEER database analysis of elderly HER2-positive

BC patients.
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Comorbidities Alzheimer’s disease, dementia, and hip fracture (Table 3). Of the

Table 3 lists all 24 predefined comorbidities and their 21 predefined comorbidities with ‘before’ and ‘on/after’ data

prevalence in HER2-positive BC and non-cancer controls. Thirteen
comorbidities (13/24; 54.2%) were significantly more prevalent
in HER2-positive BC patients compared with non-cancer controls
overall (P < 0.05) and 3/24 (12.5%) comorbidities (P < 0.05)
were significantly more prevalent in the non-cancer control group
compared with HER2-positive BC patients (Table 3). Of the 13
comorbidities that were significantly more prevalent in HER2-
positive BC patients, those with a higher overall prevalence (250%)

(so excluding ‘other’ cancer comorbidities) in HER2-positive
BC patients, there were significant differences in dementia,
depression, asthma, COPD, anemia, CHF IHD, chronic kidney
disease osteoporosis, and arthritis between the two groups. Only
hip fracture was more likely to be diagnosed ‘on/after’ the index
date (51.1% [on/after] vs. 48.9% [before]), although the difference
was small; the remaining 20 comorbidities were more likely to be
diagnosed ‘before’ the index date (Table 3). Of those comorbidities

in this group were: anemia (59.4% vs. 50.7%), hypertension, that were diagnosed on or after the index date (although, overal],

(72.1% vs. 69.5%), and arthritis (55.0% vs. 53.2%). The three
comorbidities that were significantly more prevalent in non-

fewer than before diagnosis), all except two (hyperlipidemia and
Alzheimer’s disease) were diagnosed at a higher rate in HER2-

cancer controls compared with HER2-positive BC patients were positive BC patients compared with non-cancer controls (Table 3).

Table 3: Comorbidities before and on/after HER2-positive BC diagnosis and between cases and non-cancer controls.

L HER2+ BC Non-cancer controls
Category and statistics®
N =8978 N =8978
Psychiatric/neurodegenerative disorders
Yes 638 (7.1) 811 (9.0)
P-value <0.001
Alzheimer’s disease
Before diagnosis/index date 346 (54.2) 428 (52.8)
On/after diagnosis/index date 292 (45.8) 383 (47.2)
P-value 0.5808
Yes 1524 (17.0) 1671 (18.6)
P-value 0.0041
i Before diagnosis/index date 774 (50.8) 916 (54.8)
Dementia
On/after diagnosis/index date 750 (49.2) 755 (45.2)
P-value 0.0226
Yes 2906 (32.4) 2739 (30.5)
P-value 0.0073
Before diagnosis/index date 1996 (68.7) 2034 (74.3)
Depression . .
On/after diagnosis/index date 910 (31.3) 705 (25.7)
P-value <0.001
Respiratory disorders
Yes 1302 (14.5) 1271 (14.2)
P-value 0.5091
Asthma Before diagnosis/index date 923 (70.9) 992 (78.0)
On/after diagnosis/index date 379 (29.1) 279 (22.0)
P-value <0.001
Yes 2047 (22.8) 1969 (21.9)
COPD P-value 0.1624
Before diagnosis/index date 1465 (71.6) 1472 (74.8)
On/after diagnosis/index date 582 (28.4) 497 (25.2)
P-value 0.0226
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Blood/lymphatic disorders
Yes 5332(59.4) 4555(50.7)
P-value <0.001
Anemia Before diagnosis/index date 3772(70.7) 3699(81.2)
On/after diagnosis/index date 1560(29.3) 856(18.8)
P-value <0.001
Cardiac/vascular disorders
Yes 359(4.0) 365(4.1)
P-value 0.8199
Acute MI Before diagnosis/index date 199 (55.4) 211 (57.8)
On/after diagnosis/index date 160 (44.6) 154 (42.2)
P-value 0.5189
Yes 1392(15.5) 1216(13.5)
P-value <0.001
Atrial fibrillation Before diagnosis/index date 888(63.8) 789 (64.9)
On/after diagnosis/index date 504(36.2) 427(35.1)
P-value 0.6587
Yes 1307(14.6) 1278(14.2)
P-value 0.6587
Stroke Before diagnosis/index date 875 (66.9) 866 (67.8)
On/after diagnosis/index date 432 (33.1) 412 (32.2)
P-value 0.6587
Yes 2663(29.7) 2264(25.2)
P-value <0.001
CHF Before diagnosis/index date 1668(62.6) 1599(70.6)
On/after diagnosis/index date 995 (37.4) 665 (29.4)
P-value <0.001
Yes 3860(43.0) 3552(39.6)
P-value <0.001
IHD Before diagnosis/index date 3026(78.4) 2934(82.6)
On/after diagnosis/index date 834 (21.6) 618 (17.4)
P-value <0.001
Yes 6469(72.1) 6241(69.5)
P-value <0.001
Hypertension Before diagnosis/index date 5850(90.4) 5694(91.2)
On/after diagnosis/index date 619(9.6) 547(8.8)
P-value
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Metabolic/nutritional disorders

Yes 0.1164
P-value 6062(67.5) 5965(66.4)
Hyperlipidemia Before diagnosis/index date 0.1237
On/after diagnosis/index date 5576(92.0) 5436(8.9)
P-value 0.0931
Endocrine disorders
Yes 3047(33.9) 2829(31.5)
P-value <0.001
Diabetes Before diagnosis/index date 2529(83.0) 2393(84.6)
On/after diagnosis/index date 518 (17.0) 436 (15.4)
P-value 0.0990
Yes 2779(31.0)
P-value 0.5936
Hypothyroidism Before diagnosis/index date 2278(82.0) 2264(82.4)
On/after diagnosis/index date 501(18.0) 482 (17.6)
P-value
Renal/urinary disorders
Yes 2590 (28.8) 2255 (25.1)
P-value <0.001
Chronic kidney disease Before diagnosis/index date 1300 (50.2) 1233 (54.7)
On/after diagnosis/index date 1290 (49.8) 1022 (45.3)
P-value 0.0018
Musculoskeletal/connective tissue disorders
Yes 2959 (33.0) 2836 (31.6)
P-value 0.0496
Osteoporosis Before diagnosis/index date 2144 (72.5) 2326 (82.0)
On/after diagnosis/index date 815 (27.5) 510 (18.0)
P-value <0.001
Arthritis Yes 4935 (55.0) 4777 (53.2)
P-value 0.0180
Before diagnosis/index date 4067 (82.4) 4012 (84.0)
On/after diagnosis/index date 868 (17.6) 765 (16.0)
P-value 0.0381
Other cancer/neoplasm®
Yes 89 (1.0) 30(0.3)
Colorectal cancer
P-value <0.001
Yes 207 (2.3) 22(0.3)
Lung cancer
P-value <0.001
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Yes 35 (0.4) 12(0.1)
Endometrial cancer
P-value <0.001
Eye disorders
Yes 5766 (64.2) 5669 (63.1)
P-value 0.1323
Cataract Before diagnosis/index date 5088 (88.2) 5011 (88.4)
On/after diagnosis/index date 678 (11.8) 658(11.6)
P-value 0.8008
Yes 2124 (23.7) 2077 (23.1)
P-value 0.4074
Glaucoma Before diagnosis/index date 1803 (84.9) 1765 (85.0)
On/after diagnosis/index date 321 (15.1) 312(15.0)
P-value
Injury
Hip fracture Yes 470 (5.2) 565 (6.3)
P-value 0.0024
Before diagnosis/index date 230 (48.9) 308(54.5)
On/after diagnosis/index date 240 (51.1) 257(45.5)
P-value 0.0738
All values are N (%) unless otherwise stated
aP-values are for HER2-positive BC cases versus matched non-cancer controls using the Chi-square test
bAll data are on/after diagnosis as all patients had BC as the first cancer diagnosis BC breast cancer; CHF congestive heart
failure; COPD chronic obstructive pulmonary disease; HER2 human epidermal growth factor receptor-2; IHD ischemic
heart disease; MI myocardial infarction

Survival Analysis

A total of 6246 (69.6%) HER2-positive BC patients and 7341
(81.8%) non-cancer controls were alive at data cut-off for the
analysis (Table 4). Of the patients with HER2-positive BC who
died during the study period, the cause of death was BC in 43.8%
of patients; 48.0% died due to other disease and cause was ‘not
available’ in 8.3% of patients (Table 4). As this component of
the analysis did not adjust for comorbidities, it is likely that an
important factor contributing to the deaths by ‘other disease’ is the
presence of comorbidities. Figure 2 shows a KM plot of survival for
HER2-positive BC vs. non-cancer controls. Using the log-rank test
(unadjusted variables), time to death was significantly shorter for
patients with HER2-positive BC versus non-cancer controls (P <
0.0001), and the unadjusted hazard ratio (HR) using the univariate

Cox model was 1.84 (95% confidence interval [CI] 1.73-1.96)
(Table 4; Figure 2). There were 3337 BC patients alive at 5 years
versus 3926 non-cancer controls. The estimated probability of
survival at 5 years for HER2-positive BC patients was 69.7% versus
82.4% for non-cancer controls. Comorbidities prior to diagnosis
were used in the Cox regression model with step-wise selection
of 0.1 as entry criterion and 0.05 as the stay-on criterion, 15 out
of the 21 non-cancer comorbidities prior to diagnosis and region
were selected for inclusion in the multivariate analysis (glaucoma,
diabetes, depression, cataract, osteoporosis, arthritis and region
were not selected as they did not meet the selection criterion).
After adjusting for the 15 comorbidities, the risk of dying among
HER2-positive BC patients was 1.934 times the risk of dying in non-
cancer controls (HR: 1.934 [95% CI 1.818, 2.057]; Table 4).
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The log-rank test was used to compare survival for HER2-positive BC cases versus matched non-cancer controls.
BC breast cancer; HER2-positive human epidermal growth factor receptor-2 positive; OS overall survival.

Figure 2: Kaplan-Meier survival curve of OS for HER2-positive BC patients and non-cancer controls after first diagnosis (index date).

Discussion

Published data describing the comorbidities and health
outcomes of elderly (265 years) patients with HER2-positive BC
are limited. Our retrospective cohort analysis using data from 18
registries associated with SEER-Medicare found that the prevalence
of many comorbidities was significantly higher in HER2-positive
BC patients compared with age- and race-matched non-cancer
controls. For example, many of the comorbidities associated with
cardiovascular disease (CVD) included in the list of 24 predefined
comorbidities (congestive heart failure [CHF]
heart disease) and also risk factors for CVD (atrial fibrillation,
hypertension, and diabetes) were significantly more prevalent in
elderly patients with HER2-positive BC compared with non-cancer
controls. Hyperlipidemia is also a CVD risk factor and showed a
higher prevalence in HER2-positive BC patients compared with
controls, but the difference was not statistically significant. Previous
studies have shown that the presence of 22 CVD risk factors during
or after BC treatment increases the risk of cardiac dysfunction
[24]. For patients who develop cardiovascular comorbidities

and ischemic

after BC diagnosis, an important reason may be adverse effects
associated with adjuvant/neoadjuvant targeted therapy and/or
chemotherapy [24]. Targeted therapies for HER2-positive BC can
cause left ventricular cardiac dysfunction and CHF in some patients,
and the severity of cardiac toxicity may increase with concomitant
chemotherapy [7, 9, 10]. However, over half of the CVD-associated
comorbidities and risk-factor comorbidities for CVD in our study
were diagnosed before HER2-positive BC diagnosis, so it is unlikely

that, for these patients, drug therapy for BC is contributing to the
greater number of CV comorbidities or CVD risk factors versus non-
cancer controls.

In addition to CVD-related comorbidities and risk-factor
comorbidities for CVD among HER2-positive BC patients in our
study, anemia was also highly prevalent (250%) in HER2-positive
BC patients relative to non-cancer controls (59.4% vs. 50.7%; P <
0.001). The proportion of patients diagnosed with anemia before
BC diagnosis was 70.7%. The higher prevalence of pre-HER2-
positive BC diagnosis anemia in our study is not surprising because
anemia is relatively common in cancer patients [25]. Our HER2-
positive BC cohort included 1955 (21.8%) patients with Stage
[1I/IV BC at diagnosis, which increases the risk of anemia further
if the bone marrow is impacted. Risk factors for anemia in cancer
patients (outside of the risk imposed by chemotherapy/targeted
treatments) are chronic diseases, iron deficiency, myelodysplastic
syndromes, and bone marrow infiltration in cases of more
advanced cancers [25-29] The presence of comorbidities such as
those associated with CVD, a high number of CVD risk factors, and/
or anemia are associated with poor cancer outcomes and/or limit
curative treatment options [7,9,10,24,30,31]. In BC patients who
have comorbid CV risk factors and/or CVD at diagnosis, treatment
options may be reduced if the risks of intervention (and associated
cardiac toxicity risk) are likely to outweigh the benefits [7,9,10,24].
The presence of anemia before neoadjuvant therapy can result in
patients being less likely to have a pathological complete response
to treatment and inferior OS, and patients are also more likely to
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progress to advanced cancer compared with cancer controls who
do not have anemia [30,31]. In elderly patients with pre-existing
CVD risk factors, comorbidities associated with CVD, or anemia, it
is important that decisions on HER2-positive BC treatment should
be made on an individual patient basis, with consideration of the
number and severity of comorbidities as well as the appropriate
management of these comorbidities.

However, it should be noted that although statistically
significant differences in prevalence of comorbidities were found
for 13 comorbidities that were more common in HER2+ BC patients
and for three that were more common in non-cancer controls,
many of these differences were small. For example, the difference
in prevalence of hip fracture between HER2+ BC patients and non-
cancer controls was only about 1% (5.2% vs. 6.3%, respectively).
Furthermore, the difference in prevalence of arthritis between
HER2+ BC patents and non-cancer controls was less than 2%
(55.0% vs. 53.2%, respectively). Though these differences were
found to be statistically significant, their clinical relevance is
questionable based on the results of this study, and this requires
further research. Among patients with HER2-positive BC, 48.0%
died due to a cause other than BC, suggesting that comorbidities
may have been an important factor in these deaths. Included in
these comorbidities are other cancers (lung, endometrial, and/
or colorectal cancer) that occurred after the BC diagnosis and
showed a significantly higher prevalence in HER2-positive BC
patients compared with non-cancer controls (3.7% vs. 0.7%) and
may have also contributed to the mortality due to a cause other
than BC. However, as cause-of-death data for these patients are not
available, it is not possible to confirm this. In contrast, 43.8.% of
HER2-positive BC patients had died as a result of BC. Time to death
was significantly shorter for HER2-positive BC patients compared
with non-cancer controls (4 years vs. 7 years; P < 0.0001 [log-rank
test]) and the univariate Cox proportional model (unadjusted data)
showed the risk of death was 1.84 greater for HER2-positive BC
patients compared with non-cancer controls. To account for the
potential impact of comorbidities on survival for HER2-positive
BC patients versus non-cancer controls, a stepwise multivariate
analysis was conducted. Using the stepwise approach, 15 out of
the 21 predefined comorbidities prior to diagnosis were selected
for multivariate analysis; there was still a 1.934 times greater risk
of death in the HER2-positive BC cohort compared with subjects
in the non-cancer control cohort. Given that this is based on data
adjusted to account for comorbidity covariates, our data suggest
that the patients with HER2-positiveBC in our study had a greater
risk of death compared with non-cancer controls but that this may
not be entirely associated with comorbidity. Another factor that
may have contributed to the higher death rate in patients with
HER2-positive BC relative to non-cancer controls after adjustment
for comorbidities in our study is cancer stage. A high BC stage at
diagnosis (and associated increased mortality risk relative to early-
stage cancer) and the impact of BC progression through cancer
stages over the <8-year follow-up period may have also influenced
the results. Advanced BC stage (Stage 11I+) may be harder to treat

(curative intent) than early-stage BC, particularly in elderly patients
who have comorbidities, which may limit their treatment options

(3]-

In our study, a total of 1204 (13.4%) HER2-positive BC patients
had Stage III and 751 (8.4%) patients had metastatic (Stage 1V)
disease at diagnosis - this represents 1955 (21.8%) of the total
population at risk. In addition, 2977 (33.2%) patients had Stage Il
disease at diagnosis, and it is reasonable to hypothesize that some
of these patients will have progressed to more advanced disease
over the course of follow-up. However, it is important to note that
cancer-stage data at diagnosis relative to cancer stage at the end of
follow-up or death were not collected; having this information may
have revealed a pattern between cancer stage and mortality risk.
These assertions regarding cancer stage at diagnosis are supported
by the results from a separate SEER analysis that included data
from women aged 267 years with BC [32]. In this study, women
with Stage I BC had improved comorbidity-adjusted survival
compared with non-cancer controls, but survival was worse for
women with Stage II or higher BC compared with non-cancer
controls [32], hence supporting the suggestion that patients with
Stage II or higher HER2-positive BC in our study were at higher risk
of BC mortality than those with Stage I or 0 BC. The analysis also
found that women aged =67 years with Stage I BC were more likely
to die of CVD than of BC [32]. Although the number and severity
of comorbidities present at BC diagnosis, along with age, race, and
cancer stage, are important predictors of survival in BC patients,
other prognostic factors such as socioeconomic status, recurrence,
metastasis (BC not primary site) and secondary cancer, hormone-
receptor status, and gene expression profile can impact on the long-
term survival of patients with BC [33]. The comorbidity-adjusted
HR for mortality of 1.84 relative to non-cancer controls in our
analysis appears to support this assumption as there are factors
other than comorbidities that are contributing to the mortality rate.

This analysis has a number of limitations. The analysis
population identified from the SEER-Medicare program was
predominantly white (82.0%), which is consistent with historic
data showing the highest incidence of BC in non-Hispanic white
women [34]; however, the limited number of patients from other
racial groups means that the comorbidity and survival results of
our study may not be an accurate reflection in other races and it
is not possible to determine the effects of race on comorbidities or
mortality. In addition, cancer-stage data for each patient at the end
of follow-up or death (relative to cancer stage at diagnosis) were
not collected. Having this data would have enabled us to determine
how many patients had progressed through the different tumor
stages over the 5-year period (2010-2015) of data collection and
up to the end of follow-up (<8 years). We did not collect data on
how many comorbidities each patient experienced or the severity
of these comorbidities - having these data would have enabled us
to determine the overall comorbidity burden per patient compared
with non-cancer controls. Including these additional analytic
approaches may have further strengthened our findings. Despite
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the limitations, our study provides a valuable insight into the
comorbidities and survival of elderly female patients with HER2-
positive BC. As the study included data from almost 9000 patients
in the SEER-Medicare program, it is reflective of real-world clinical
practice and provides clinicians with information on the types of
comorbidities likely to be encountered. Itis important that clinicians
consider the potential impact of comorbidities in the therapeutic
management of patients with HER2-positive BC, and the need to
effectively treat the comorbidities in the context of ongoing optimal
cancer treatment.

Conclusion

Usingdata from the SEER-Medicare program, our study provides
a valuable real-world insight into the comorbidities and survival
of elderly female patients with HER2-positive BC. The higher
incidence of comorbidities, including CVD-related comorbidities, in
these patients compared to their age- and race-matched non-cancer
controls highlights the importance of considering the impact of
comorbidities in HER2-positive BC, particularly when considering
treatment choices for individual patients. In addition, the higher
mortality risk in HER2-positive BC patients compared with non-
cancer controls, both before and after adjusting for comorbidities,
suggests additional factors are involved in survival.

Data Availability
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request and with permission from SEER.
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