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Abstract. Background/Aim: The number of older patients
with breast cancer has been increasing and a major
challenge is to develop optimal treatment strategies for these
patients, who often have comorbidities. Obesity is reportedly
a poor prognostic factor in breast cancer, however there is
limited research on underweight patients. Clarifying the
relationship between physique and prognosis may contribute
to the establishment of optimal treatment strategies for older
patients with breast cancer. Patients and Methods: This
retrospective study examined clinicopathological data from
a multicenter collaborative database on 1,076 patients aged
70 years or older who had undergone curative surgery.
According to the body mass index (BMI), patient physique
was defined as underweight (<18.5 kg/mz), normal (18.5-
24.9 kg/mz) or obese (225 kg/mz). In this study, we explored
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the relationship between the physique of patients with breast
cancer and outcomes. Results: Underweight patients had a
significantly lower rate of chemotherapy administration
(p=0.017) and a higher rate of presence of other cancer
(p=0.022). During the observation period (median of 75.2
months), 133 patients (12%) developed recurrent disease and
131 patients (12%) died. Age, BMI, tumor size, progesterone
receptor and the presence of other cancer were independent
factors relating to overall survival (p<0.001, p=0.027,
p=0.002, p=0.008 and p=0.005, respectively). Patients with
a low BMI had a significantly shorter overall survival, but
there was no association with disease-free survival in this
subset of patients. Conclusion: Overall survival was shorter
in underweight older patients with breast cancer. Our data
indicate that being underweight should be considered both
in treatment decisions and in future studies of outcomes for
older patients with breast cancer.

The number of older people is increasing worldwide. There
were 727 million people aged over 65 years in 2020, and it
is generally accepted that this number will have doubled by
2050 (1). For instance, in Japan, patients over 75 years of
age accounted for 45.4% of all patients with cancer in 2019
(2). The same applies to breast cancer (3, 4). A major
challenge is to develop optimal treatment strategies for older
patients, who often have comorbidities. For example, the
efficacy of chemotherapy in the elderly remains controversial
(5, 6), mainly due to the exclusion of older patients from
many prospective clinical trials. We recently established a
database of older patients with breast cancer aged 70 years
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Table 1. Clinicopathological features of invasive breast carcinoma in elderly patients according to body mass index.

Subgroup Underweight Normal Obese p-Value
Factor N=103 N=639 N=334
Age, years Median (range) 75.0 (70-93) 75.0 (70-92) 74.5 (70-93) 0.234
Tumor size, mm Median (range) 17.0 (0.07-60) 18.0 (0.2-100) 19.0 (0.2-120) 0.062
pN, n (%) Positive 27 (26.2) 187 (29.2) 87 (26.0) 0.791
Negative 73 (70.8) 435 (68.1) 198 (59.3)
Unknown 3(3.0) 43 (6.7) 49 (14.7)
pStage, n (%) 0 (pCR) 0 (0) 6 (1.0) 2 (0.6) 0.058
I 63 (61.2) 317 (50.0) 144 (43.1)
1T 33 (32.0) 252 (39.7) 154 (46.1)
I 7 (6.8) 59 (9.3) 34 (10.2)
Tumor grade, n (%) High 72 (69.9) 453 (70.9) 252 (75.4) 0.180
Low/intermediate 28 (27.2) 161 (25.2) 68 (20.4)
Unknown 3(29) 32(39) 14 (4.2)
ER, n (%) Positive 70 (68.0) 423 (66.2) 235 (70.4) 0.350
Negative 14 (13.6) 104 (16.3) 44 (13.2)
Unknown 19 (18.4) 112 (17.5) 55 (16.4)
PgR, n (%) Positive 56 (54.4) 344 (53.8) 201 (60.2) 0.152
Negative 28 (27.2) 182 (28.5) 78 (23.4)
Unknown 19 (18.4) 113 (17.7) 55 (16.4)
HER2, n (%) Positive 10 (9.7) 59 (9.2) 35 (10.5) 0.839
Negative 74 (71.9) 465 (72.8) 241 (72.2)
Unknown 19 (18.4) 115 (18.0) 58 (17.3)
Subtype, n (%) Luminal-HER2- 74 (71.8) 470 (73.6) 259 (77.5) 0.246
Luminal-HER2+ 8(7.3) 45 (7.0) 19 (5.7)
HER2+* 8(7.8) 32(5.0) 23 (6.9)
TNBC 11 (10.7) 88 (13.8) 30 (9.0)
Unknown 2(1.9) 4 (0.6) 3(0.9)
Ki67 L1, n (%) <30% 24 (23.3) 164 (25.7) 81 (24.3) 0.932
>30% 10 (9.7) 69 (10.8) 31(9.3)
Unknown 69 (67.0) 406 (63.5) 222 (66.5)
Systemic therapy, n (%) Chemotherapy 9/102 (8.8) 124/635 (19.5) 65/333 (19.5) 0.017
Hormone therapy 70/103 (67.9) 476/639 (74.5) 260/333 (78.1) 0.111
Comorbidity, n (%) Diabetes 9/103 (8.7) 90/639 (14.1) 64/334 (19.2) 0.016
Cardiovascular events 2/103 (1.9) 13/639 (2.0) 9/334 (2.7) 0.786
Presence of Yes 19 (18.4) 69 (10.8) 28 (8.4) 0.022
other cancer, n (%) No 83 (80.6) 570 (89.2) 306 (91.6)
Unknown 1(1.0) 0 0

BMI: Body mass index; ER: estrogen receptor; HER2: human epidermal growth factor receptor type 2; Ki67 LI: Ki67 labelling index; pCR:
pathological complete response; PgR: progesterone receptor; TNBC: triple-negative breast cancer. Statistically significant p-values are shown in bold.

or more and revealed that adjuvant chemotherapy did not
improve their survival (7). While it is impossible to draw
general conclusions about the efficacy of chemotherapy due
to inter-study variability in treatment details and target
patients, there is a need for research into what treatment has
true benefit in older patients with breast cancer.

In the current study, we focused on the physique of
patients. Obesity is a risk factor for breast cancer in post-
menopausal women (8, 9) and the recurrence rate in obese
patients with breast cancer is reportedly higher (10, 11).
While many studies have investigated the relationship
between obesity and the prognosis of breast cancer (10-15),
only a few have examined the characteristics of underweight
patients with breast cancer (13, 16, 17). In other diseases, it
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is reported that underweight patients have poorer outcomes
(18-20). However, the prognosis of underweight older
patients with breast cancer remains unclear. We posited that
a better understanding of the relationship between physique
and prognosis might help in the development of future
treatment strategies. As such, in this study, we explored the
relationship between patient physique and outcomes, along
with other clinicopathological factors, using retrospective
data from older patients with breast cancer.

Patients and Methods

Patients. We recently established a database of 1,095 Japanese women
aged over 70 years with invasive breast cancer who underwent curative
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Figure 1. Age distribution in relation to physique. distribution of patients’ ages according to physique as indicated by body mass index (BMI) are shown
for underweight patients (BMI <18.5 kg/m?) (A), normal-weight patients (BMI=18.5-24.9 kg/m?) (B) and obese patients (BMI 230 kg/m?) (C).

surgery between January 2008 and December 2013 at seven institutions
(National Cancer Center Hospital, Juntendo University, Gunma
University, Kyoto Prefectural University of Medicine, Fukushima
Medical University, Japanese Red Cross Saitama Hospital and Saiseikai
Shiga Hospital) (7). Patients who were diagnosed with non-invasive
breast cancer, who had bilateral breast cancer, or who lacked clinical
data were excluded. Clinicopathological data and details of the clinical
course were obtained from the patient’s medical records. Of these,
information about the physique of 1,076 patients was available, and
these were the subjects of this study. The median age of these patients
was 75 (range=70-93) years. According to the body mass index
(BMI), a patient’s physique was defined as either underweight (BMI
<18.5 kg/m?2), normal (18.5-24.9 kg/m2) or obese (=25 kg/m?).

The primary endpoint of the current study was overall survival
(OS), defined as the length of time from primary surgery to the
death from any cause, and the secondary endpoint was disease-free
survival (DFS), defined as the length of time from primary surgery
to any recurrence of breast cancer. Pathological examination was
carried out based on the fifth edition of the WHO Classification of
Tumors of the Breast. Tumor grade was judged based on the
modified Bloom—Richardson histological grading system.

This study was approved by the Institutional Review Board of
each hospital (approval number 2019-093). The need for written
informed consent was waived due to it being a retrospective study.

We present the findings following the format recommended by
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

Statistical assessment. Statistical analyses were performed using JMP
Pro 16.0.0 statistical software (SAS Institute Inc., Cary, NC, USA).
Associations between clinicopathological parameters and patient
physique were evaluated using Pearson’s chi-squared test and Fisher’s
exact test. For comparisons of mean values among two or more than
two groups, two-sided Student’s #-test or analysis of variance were

680

employed, respectively. To evaluate variables for independent
prognostic effects, the Cox proportional hazard model was applied
with a 95% confidence interval. Kaplan—-Meier curves were drawn
and the log-rank test was applied for comparisons of survival between
two groups. A value of p<0.05 was considered statistically significant.

Results

Clinicopathological features of invasive carcinoma in
relation to physique. Clinicopathological features of patients
in relation to physique are shown in Table I. Samples were
stratified by estrogen receptor (ER), progesterone receptor
(PgR) (hormone receptor, HR) and human epidermal growth
factor receptor type 2 (HER2) status, as luminal-HER2™
(HR*/HER2"), luminal-HER2* (HR*/HER2"), HER2*
(HR™/HER2%), and triple-negative (HR™/HER27). Of 1,076
patients, 103 (9.6%) were underweight, 639 (59.4%) were
normal weight, and 334 (31.0%) were obese. There was no
significant difference in age among groups (age distributions
are shown in Figure 1). Compared with the normal and obese
groups, the underweight group had a significantly lower rate
of chemotherapy (p=0.017) and a significantly higher rate of
having a presence of other cancer (p=0.022), while diabetes
was more frequent in the obese group (p=0.016).

Patient outcomes. We evaluated clinicopathological factors in
relation to patient outcome. During the observation period
(median=75.2 months, range=0.2-147.9 months), 133 patients
had tumor recurrence and 131 patients died, including 47 who
died due to breast cancer; of the 1,076 patients, there was no data
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Table II. Patient outcomes according to subtype of breast cancer.

Recurrence, n (%)

Death, n (%)

Subtype n Yes No p-Value n Yes No p-Value
Luminal-HER2~ 801 78 (9.7) 728 (90.3) <0.001 803 79 (9.8) 724 (90.2) <0.001
Luminal-HER2+ 72 6 (8.3) 66 (91.7) 72 8 (11.1) 64 (88.9)
HER2+ 62 10 (16.1) 52 (83.9) 63 13 (20.6) 50 (79.4)
TNBC 125 39 (31.2) 86 (68.8) 129 31 (24.0) 98 (76.0)

HER2: Human epidermal growth factor receptor type 2; TNBC: triple-negative breast cancer. There were no data about subtype of breast cancer
for 9 patients and about recurrence for 7 patients. Statistically significant p-values are shown in bold.

for seven patients on whether they developed recurrent disease
or not. When the patients were divided into two groups, namely
the underweight group (BMI<18.5 kg/m?) and the normal/obese
group (=18.5 kg/mz), 11 (10.7%, 11/103) and 122 (12.6%,
122/966) patients had tumor recurrence, respectively, with no
statistical difference between these rates (p=0.569). We also
compared patient outcomes in relation to tumor subtypes. There
were significant differences in recurrence rates among subtypes
(Table II; p<0.001), wherein patients with triple-negative tumors
had the highest rate of recurrence (31.2%). Differences were also
observed in relation to patient death (p<0.001), where patients
with HER2" or triple-negative breast cancer had higher rates of
death (20.6% and 24.0%, respectively; Table II).

We performed a Kaplan—-Meier analysis comparing the
underweight and normal/obese groups (Figure 2 and Figure
3). While there was no statistically significant difference in
DFS between the underweight and normal/obese groups,
with DFS of 91.2% and 88.9% at 60 months, respectively
(Figure 2A; p=0.624). OS tended to be shorter in the
underweight group, with an OS rate at 60 months of 87.3%
compared with 91.7% (Figure 3A; p=0.053). In patients with
luminal-HER2™ tumors, underweight patients had a shorter
OS (Figure 3B; p=0.027).

Next, we investigated clinicopathological factors relating to
DFS and OS. In the univariate analysis, older age, larger
tumor size, positive lymph node metastasis, high tumor grade,
ER™, PgR™ and receiving chemotherapy were related to poorer
DFS (Table III; p=0.040, p<0.001, p=0.004, p<0.001,
p<0.001, p<0.001 and p=0.002, respectively). In multivariate
analysis, larger tumor size, high tumor grade and HER?2 status
were independent factors for poor DFS (p=0.001, p=0.031
and p=0.038, respectively); patients with HER2™ tumors had
a shorter DFS than those with HER2" tumors. Regarding OS,
in the univariate analysis, older age, larger tumor size, positive
lymph node metastasis, high tumor grade, ER™, PgR™ , and the
presence of other cancer were associated with OS (Table 1V;
p<0.001, p<0.001, p=0.001, p<0.001, p=0.001, p<0.001 and
p<0.001, respectively). In multivariate analysis, older age, low
BMI, larger tumor size, PgR™ and the presence of other cancer
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were independent factors for poorer OS (p<0.001, p=0.027,
p=0.002, p=0.008 and p=0.005, respectively); patients with
low BMI had a significantly shorter OS, although no
significant difference in DFS was observed.

Discussion

The current study found OS was shorter in underweight older
patients with breast cancer who had undergone curative
surgery. However, the breast cancer recurrence rate was not
high in this population, suggesting that short survival was
driven by factors other than breast cancer. Being underweight
is reportedly a factor of poor prognosis in patients with
cancer (21, 22). A higher recurrence rate and worse mortality
have also been reported in underweight patients with breast
cancer (14, 23). The definite cause of this remains unknown.
Moon et al. suggested that chronic undernutrition may reduce
the effectiveness of systemic treatments (23). However, in our
study, this was not the case as recurrent disease was not more
common in underweight patients compared to the remaining
patients. Poorer prognosis in underweight patients has been
observed in other diseases apart from cancer. For example,
poorer outcomes have been reported in underweight patients
with hypertension and cardiovascular diseases (18-20).

Poor prognosis in underweight patients is likely the result of
multiple interacting factors. However, increased ‘vulnerability’
due to sarcopenia and frailty may be a key reason. It is suggested
that sarcopenia and frailty should be considered when deciding
the treatment plan for older patients with cancer (24-26).
Sarcopenia with muscle atrophy leads to a higher risk of falls,
fractures, reduced quality of life, and increased risk of infection
and mortality (27-30). Frailty is a multidimensional concept that
includes physical ability and social and environmental elements,
and is known to be associated with an increased risk of death
(31, 32). Frailty is composed of various components (33), with
sarcopenia considered one such component (34). BMI is also
sometimes included as an evaluation factor (35-37). Thus, we
suspect this underlying vulnerability might be a cause of why,
in our study, underweight patients had shorter OS. It should be
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noted however, that sarcopenia is defined by muscle mass and
walking speed, so strictly speaking, being underweight does not
automatically indicate sarcopenia. Due to lack of detailed data,
we were unable to analyze whether being underweight affected
patient outcomes by contributing to the presence of sarcopenia
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Figure 2. Kaplan—-Meier curves of disease-free survival (DFS)
comparing the underweight group (body mass index <18.5 kg/m2) and
the normal/obese group (body mass index =18.5 kg/m?). Kaplan—Meier
curves are shown for all patients (A), and patients with luminal-human
epidermal growth factor receptor type 2 (HER2)~ (B), luminal-HER2*
(C), HER2* (D), and triple-negative (E) breast cancer.

and frailty; further studies designed to specifically evaluate these
events are warranted.

Moreover, another possible reason might be the presence of
other malignant diseases. In the present study, underweight
patients, especially those who had luminal-HER2™ tumors,
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frequently had other cancer that may have contributed to their
shorter OS. In addition, we were unable to test this hypothesis
due to a lack of information on other cancer, such as the
primary organ, time of onset, clinical stage and treatment.
Whether patients had lost weight due to other cancer or related
treatments is also unknown. The cause of death for some of
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Figure 3. Kaplan-Meier curves of overall survival comparing the
underweight group (body mass index <I18.5 kg/m?) and the
normal/obese group (body mass index >18.5 kg/m?). Kaplan—Meier
curves are shown for all patients (A), and patients with luminal-human
epidermal growth factor receptor type 2 (HER2)~ (B), luminal-HER2*
(C), HER2* (D), and triple-negative (E) breast cancer.

the patients was also unknown. This lack of some data was a
major limitation of this retrospective study.

In conclusion, OS was shorter in underweight elderly
patients with breast cancer. As such, being underweight may
need to be considered when discussing treatment options and
studying patient outcomes in older patients with breast cancer.
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Table II1. Clinicopathological factors relating to disease-free survival in elderly patients with breast cancer.

Univariate Multivariate
Variable HR 95% CI p-Value HR 95% CI p-Value
Age 2.60* 1.07-6.30 0.040 2.81% 0.92-8.05 0.062
BMI <18.5 vs. 218.5 kg/m? 0.86 0.63-1.59 0.618 0.84 0.38-1.83 0.660
Tumor size 34.27* 13.0-82.1 <0.001 9.59% 2.46-37.3 0.001
pN Positive vs. negative 1.93 1.34-2.78 0.004 1.20 0.76-1.91 0.436
Tumor grade High vs. low/moderate 241 1.69-3.45 <0.001 1.69 1.05-2.72 0.031
ER Positive vs. negative 0.35 0.24-0.52 <0.001 0.65 0.35-1.23 0.189
PgR Positive vs. negative 0.42 0.29-0.62 <0.001 0.64 0.36-1.11 0.114
HER2 Positive vs. negative 1.03 0.58-1.84 0916 0.47 0.23-0.96 0.038
Chemotherapy Yes vs. no 1.82 1.25-2.64 0.002 1.37 0.81-2.31 0.235
Presence of other cancers Yes vs. no 0.58 0.30-1.14 0.117 0.60 0.27-1.30 0.193

BMI: Body mass index; CI: confidence interval; ER: estrogen receptor; HER2: human epidermal growth factor receptor type 2; HR: hazard ratio;
PgR: progesterone receptor; pN: pathological N stage. *Across range. Statistically significant p-values are shown in bold.

Table IV. Clinicopathological factors relating to overall survival in elderly patients with breast cancer.

Univariate Multivariate
Variable HR 95% CI p-Value HR 95% CI p-Value
Age 6.55% 2.73-15.1 <0.001 7.85% 2.81-21.9 <0.001
BMI <18.5 vs. 218.5 kg/m? 1.61 0.99-2.62 0.056 1.89 1.08-3.32 0.027
Tumor size 21.02* 7.27-54.6 <0.001 17.80%* 3.89-81.8 0.002
pN Positive vs. negative 1.89 1.30-2.75 0.001 1.06 0.65-1.72 0.812
Tumor grade High vs. low/moderate 2.00 1.39-2.88 <0.001 143 0.86-2.38 0.170
ER Positive vs. negative 0.49 0.32-0.74 0.001 1.28 0.68-2.42 0.447
PgR Positive vs. negative 0.43 0.30-0.64 <0.001 0.50 0.30-0.84 0.008
HER2 Positive vs. negative 1.42 0.83-2.41 0.200 0.60 0.44-1.60 0.602
Chemotherapy Yes vs. no 1.45 0.98-2.16 0.063 1.10 0.61-1.97 0.762
Presence of other cancers Yes vs. no 2.74 1.84-4.08 <0.001 2.08 1.25-3.46 0.005

BMI: Body mass index; CI: confidence interval; ER: estrogen receptor; HER2: human epidermal growth factor receptor type 2; HR: hazard ratio;
PgR: progesterone receptor; pN: pathological N stage. *Across range. Statistically significant p-values are shown in bold.
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