Breast Cancer (2019) 26:386-396
https://doi.org/10.1007/512282-018-00937-0

ORIGINAL ARTICLE

@ CrossMark

Invasive breast cancers in adolescent and young adult women
show more aggressive immunohistochemical and clinical features
than those in women aged 40-44 years

Ai Hironaka-Mitsuhashi'?3 . Hitoshi Tsuda® - Masayuki Yoshida' - Chikako Shimizu®® - Sota Asaga’® -
Takashi Hojo”*? - Kenji Tamura’ - Takayuki Kinoshita’ - Toshikazu Ushijima3'° - Nobuyoshi Hiraoka' -
Yasuhiro Fujiwara®

Received: 24 July 2018 / Accepted: 30 November 2018 / Published online: 11 December 2018
© The Japanese Breast Cancer Society 2018

Abstract

Background Limited knowledge exists concerning the clinicopathological features of breast cancers (BCs) occurring in
adolescent and young adult (AYA) women. We evaluated tumor characteristics in AYA women in comparison with those in
middle-aged premenopausal women.

Methods From consecutive AYA patients (< 35-year-old) with invasive BC in a single institute, 82 patients first treated
with surgery were examined. As the control group, 82 tumors from middle-aged premenopausal patients (4044 years) were
selected by matching pathological T and N factors. We compared habitual factors, immunohistochemical parameters, and
patient outcome between the two groups.

Results Most of the study population (148 of 164, 90.2%) were in the early clinical stages (stage I or II). In the AYA group,
the number of childbirths was smaller (p <0.0001), while the volume of alcohol consumption was larger (p <0.0001), and
palpable primary tumors were more frequent (p < 0.01) than in the control group. The positivities of estrogen receptor, pro-
gesterone receptor, and androgen receptor were lower (p <0.001, p=0.03, and p <0.001, respectively), and the triple-negative
(TN) BCs rates were higher (p <0.01) in the AYA group. Distant recurrence-free survival (DRFS) curves were different in
the whole population (p =0.02) and in hormone receptor-positive cases (p =0.01).

Conclusions We confirmed that BCs occurring in AYA women had more aggressive features than those of the older pre-
menopausal women in terms of a high proportion of TN subtypes and a lower DRFS.
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Introduction

The peak incidence of breast cancer (BC) in Japan occurs
in women in their 40s and 50s, and BCs occurring in
young adult women < 35 years of age account for only
2.7% of all BCs [1]. Nonetheless, BC is the second most
frequent epithelial malignancy, and is one of the leading
causes of death in this age group [2, 3], that is, the adoles-
cent and young adult (AYA) age group. The management
of cancers in the AYA generation is socially recognized as
an important issue in terms of a high frequency of familial
cancer, fertility conservation during and after treatment,
and patients’ long-term survivorship [3].

In BC patients, being younger than 35 years of age was
shown to be an independent predictor of higher rates of
local recurrence and cancer-related death in comparison
with older age groups [3—-6]. BCs occurring in young
women tend to be diagnosed at advanced stages and/or
present themselves as having unfavorable biological char-
acteristics, including high histological grades (HGs), high
proliferation rates, high-level lymphovascular invasion,
and hormone receptor (HR) negativity [1, 3-9]. Conse-
quently, physicians tend to offer young BC patients inten-
sive treatment which can be their further burden.

Clinically, the evaluation of both histological param-
eters and immunohistochemical parameters, including HR,
human epidermal growth factor receptor 2 (HER?2), Ki-67,
and basal-like markers, form the baseline for treatment deci-
sion-making. For example, the surrogate intrinsic subtype
is defined as a combination of the status of HR, HER2, and
a cell proliferation marker, e.g., Ki-67 labeling index (Ki-
67 LI) evaluated using immunohistochemistry (IHC). This
immunohistochemical subtyping enables an approximate
determination of tumor characteristics [4, 7-11]. The triple-
negative breast cancer (TNBC), defined as a lack of both
HR and HER?2 status, usually shows a worse prognosis than
other BC subtypes. More specifically, TNBC with basal-like
features has distinct characteristics that correlate with a poor
prognosis. Several studies have shown a higher occurrence
of TNBC and basal-like types in the younger population than
in the older population [3, 4, 7, 9, 10], which also explains
the worse prognosis in AYA BC patients [9, 10].

However, there is limited information regarding the
clinicopathological features of BC arising in AYA women
compared with BC arising in older patients within Japa-
nese premenopausal women. In this study, which mainly
comprised early-stage BCs, we compared habitual fac-
tors, immunopathological parameters including surrogate
intrinsic subtypes, and patient outcomes between BCs
occurring in women aged < 35 years and those occurring
in women aged from 40 to 44 years through matching
pathological T and N factors.

Patients and methods
Patients

This study was approved by the internal review board of
the National Cancer Center, Tokyo, Japan (No. 2011-015
and 2014-386). Patient cohorts in the present study are
presented in Fig. 1. Briefly, clinical data were obtained
for 193 women aged < 35 years, who had been diagnosed
with BC at the National Cancer Center Hospital, Tokyo,
Japan, between September 1997 and April 2011. Five
patients declined to provide a tissue sample for use in the
research. From the patients who received informed con-
sent, we excluded 20 BCs, including 10 cases at advanced
stages, six bilateral BCs and four BCs with concurrent
cancer in another organ to be treated. In total, 168 women
who had been diagnosed with primary operable BC at
clinical stages I to III were identified from the institu-
tional pathology database. Next, we excluded 70 patients
who had received neoadjuvant systemic therapies, and 12
patients whose BC comprised multiple lesions. We also
excluded one TONT1 patient, one T4N2 patient, and two
T3NO patients, as no counterparts in the control group
were identified within the same period. A total of 82
patients comprised the AYA patient group. As the control
group consisted of BCs that matched pathological T and
N factors, 82 older premenopausal patients (40—44 years
old) who were first treated with surgery in the same period
were identified. Tumor-node-metastasis status was re-
staged according to the 7th edition of the American Joint
Committee on Cancer staging manual [12]. In total, 164
cases were entered for analyses.

Breast cancer under 35 years of age
diagnosed between 1997 and 2011 (N = 188)

’[ Advanced cancer with metastasis (N = 10) ]

N Previous history of cancer (N = 10)
(Bilateral breast cancer/Other cancer: 6/4)

v
[ Primary operable breast cancer (N = 168) }

"[ With neo-adjuvant therapy (N = 70) ]

v
[ Without neo-adjuvant therapy (N = 98) ]

> Multiple invasive lesion (N = 12) ]

2% No counterparts in the control group (N = 4)

A 4
Case (N =282)

Breast cancer aged 40-44 years, pathological
T and N factors matched to the case

Control (N = 82) J

Fig. 1 Patient cohort selection in this study. Flow diagram shows der-
ivation of the analytic cohort of patients enrolled in this study
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The clinical information consisted of the chief complaint,
family history, smoking history, alcohol consumption, body
mass index (BMI), and menstrual and reproductive factors,
and the contents of adjuvant therapies were obtained from
medical records. Alcohol consumption over the previous
year was evaluated through self-assessment. The question-
naire included the average consumption of beer, wine, and
spirits, and the frequency of drinking responses were either
“never,” “hardly ever to three times or less a week,” and
“four times or more a week.” Those who consume alcohol
four or more times a week tend to drink more than those who
consume alcohol three times or less; therefore, we consid-
ered this classification correlated with the volume of alcohol
consumption.

Immunohistochemical analysis

A histopathological review was performed for routinely pro-
cessed hematoxylin and eosin (HE)-stained pathology slides
of the main tumor. Parameters assessed were the invasive
size of the primary tumor, histological type, HG of both
invasive and intraductal components, tumor infiltrating
lymphocytes (TILs), lymphovascular invasion, necrosis of
tumor, and comedo necrosis in the intraductal component.
Histological type was determined based on the World Health
Organization classification, 4th Edition [13]. HG was evalu-
ated according to Elston and Ellis [14]. TILs were graded
as follows: O if mononuclear cells including lymphocytes
and plasma cells were absent inside the tumor; 1+ if mono-
nuclear cells were present in = 10% of tumor cells; and 2+
if mononuclear cells were present in > 10%. Tumors that
scored 0 and 1+ were considered low TILs, and tumors that
scored 2+ were considered high TILs. Lymphovascular inva-
sion and necrosis were classified as negative or positive.
Formalin-fixed paraffin-embedded tumor blocks from
each patient were used for the construction of tissue microar-
rays (TMAs). Two cores 2 mm in diameter were enucleated
from a representative tumor tissue block and transferred to

Table 1 Antibodies used for immunohistochemistry

recipient paraffin blocks with an arrayer (Azumaya, Tokyo,
Japan). These TMA blocks were cut into 3-um-thick sec-
tions. We confirmed the presence of tumor tissues on HE-
stained sections. If both cores from a tumor were not inform-
ative, due to loss or no inclusion of tumor tissue, the whole
section from the representative block was also assessed.

We examined estrogen receptor (ER), progesterone recep-
tor (PgR), androgen receptor (AR), HER2, Ki-67, p53, epi-
dermal growth factor receptor (EGFR), and cytokeratin 5/6
(CK5/6) expression status using IHC. Antibodies used, and
details of assay conditions are presented in Table 1. The BC
tissues that had been previously confirmed as positive for
these eight molecules were used as positive controls. These
tissues, without loading the primary antibody, were used as
negative controls.

The expression status of ER, PgR, AR, and p53 was
recorded using the Allred scoring system [15]. Tumors that
scored three or more were judged to be positive for ER, PgR,
and AR, and those that scored four or more were judged to
be positive for p53. HER?2 status was classified following
criteria recommended by the American Society of Clinical
Oncology/College of American Pathologists in 2013 [16].
HER?2 was judged to be positive if membranous staining was
34 or 24+ with HER2 gene amplification through dual color
in situ hybridization using a Ventana Inform Dual ISH HER2
kit (Roche Diagnostics. Tokyo, Japan). Ki-67 LI was calcu-
lated by dividing the number of Ki-67 positive tumor cells
by the number of all tumor cells calculated, usually 1,000
in the invasive component. We regarded Ki-67 LI< 14% as
low, and Ki-67 LI = 14% as high, in accordance with Cheang
et al. [17]. EGFR expression was also scored according to
the criteria developed for HER2. Scores of 1+, 2+ and 3+
were regarded as EGFR-positive. A strong cytoplasmic
stain was considered as positive for CK5/6 regardless of
the proportion. All slides were evaluated independently by
two investigators (A.H. and H.T. or M.Y.). Discrepancies
between observers were resolved through reviewing the slide
together and discussing it until consensus was reached.

Antibody Clone Dilution Source Detection Pretreatment
ER Rabbit mono (SP1) Ready to use Roche Diagnostics ultraView None

PgR Rabbit mono (1E2) Ready to use Roche Diagnostics ultraView None

HER2 Rabbit poly Not applicable Dako HercepTest™ None

Ki-67 Mouse mono (MIB-1) 1:100 Dako EnVision™ FLEX Citric acid
AR Mouse mono (AR441) 1:50 Dako EnVision™ FLEX TRS9 (Dako)
pS3 Mouse mono (DO-7) 1:100 Dako EnVision™ FLEX Citric acid
EGFR Mouse mono (2-18C9) Not applicable Dako EGFR pharmDx Proteinase K
CK5/6 Mouse mono (D5/16 B4) 1:400 Dako EnVision™ FLEX TRS9 (Dako)

AR androgen receptor, CK5/6 cytokeratin 5/6, EGFR epidermal growth factor receptor, ER estrogen receptor, HER2 human epidermal growth

factor receptor 2, PgR progesterone receptor
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The definition for each molecular subtype was based on
the 2013 modified St. Gallen International Expert Consensus
recommendations [18]. These definitions included luminal
A-like: ER and/or PgR positive, HER2 negative, and Ki-67
low; luminal B-like (HER2-negative): ER and/or PgR posi-
tive, HER?2 negative, and Ki-67 high; luminal B-like (HER2-
positive): ER and/or PgR positive, HER2 overexpressed or
amplified, and any Ki-67 LI; HER2-enriched: HER2 over-
expressed or amplified, and ER/PgR negative; TNBC: ER,
PgR, and HER2 negative. The expression of either EGFR or
CK5/6 was regarded as a basal-like feature of TNBC [19].

Statistical analysis

The statistical calculations were performed using JMP®9.02
software (SAS 2009). Clinicopathological parameters were
compared using the Chi-square test. Distant recurrence-free
survival (DRFS) and overall survival curves were drawn
using the Kaplan—-Meier method, and compared using a log-
rank test. DRFS was defined as the time from surgery to the
event of distant relapse. We did not consider local recurrence
and metachronous contralateral BC as an event. Overall sur-
vival was defined as the time from surgery until the date of
death from any cause, or the date of the last follow-up. All
statistical tests were two-sided and the significance level was
defined as p <0.05.

Results
Habitual and clinical characteristics

The median ages were 32.0 years (range 22-34) and
42.0 years (range 40-44) in the AYA patient and control
groups, respectively. Comparisons of habitual and clini-
cal characteristics between these two groups are shown in
Table 2.

Compared with the control group, the AYA group had
a significantly fewer number of childbirths (p <0.0001).
Additionally, 20% of the young women answered “four
or more times a week” to the question regarding the fre-
quency of alcohol consumption, and this percentage was
higher than that of the older women who provided the same
answer (9%). Therefore, the volume of alcohol consump-
tion was considered to be higher in the AYA patient group
(p<0.0001).

On the other hand, there was no significant difference
between the two groups with respect to BMI, the age of
menarche, smoking patterns, and family history of BCs. The
rate of women with a family history of other cancers was
higher in the AYA patient group (66%) than in the control
group (52%), although the difference was not significant
(p=0.08).

Clinical stages of the disease were Ia, IIa, IIb, IIla, and
IlIc in 41, 23, 10, six, and two patients in the AYA patient
group and 44, 20, 10, six and two patients in the control
group, respectively. Therefore, the majority of all the
patients (148 of 164, 90%) were at either stage I or II.

The rate of cancer detection by mass, pain, or nipple dis-
charge was higher in the AYA patients (91%) than in the
older patients (74%) (p <0.01). In the AYA patient group,
93% of women received adjuvant therapies, as follows: 26%
received hormone therapy only, 27% received chemotherapy
only, and 40% received both hormone therapy and chemo-
therapy. In the control group, these rates were 87%, 38%,
9%, and 40%, respectively. There was no disproportion in
these rates between the two groups (p =0.20).

Immunohistopathological characteristics

The histopathological features of the two groups are pre-
sented in Table 3. There was no significant difference in
pT, pN, and histological type between the two groups. The
mean invasive tumor sizes were 1.99 cm in the AYA patient
group and 2.02 cm in the control group. The most frequent
type was invasive carcinoma of no special type in both
groups (72% versus 73%). There was no statistical differ-
ence in HG of both the invasive and noninvasive compo-
nents between these two groups. The HG of the invasive
carcinoma component was not assessed in four patients due
to only a small number of invasive cells present, and the HG
of the intraductal carcinoma component was not evaluated in
18 patients where no intraductal component was observed.
There were also no significant differences between the two
groups for TILs, lymphovascular invasion, necrosis, or the
comedo necrosis in the intraductal component.

The results of positivity of biomarkers are presented in
Table 4. In comparison with tumors in the control group,
tumors in the AYA patient group were more frequently
ER negative (28% versus 6%, p <0.001), PgR negative
(22% versus 10%, p=0.03), AR negative (23% versus 5%,
p<0.001), and EGFR positive (28% versus 15%, p=0.04).
The percentages of HR-negative tumors were also signifi-
cantly higher in the AYA patient group (21%) than in the
control group (5%, p <0.01).

HER2, Ki-67 LI, p53, and CK5/6 were not significantly
different between the two groups. The HER?2 status was eval-
uated in the invasive carcinoma component. We excluded
four patients in the AYA patient group because the invasive
component was lost in the slides. Ki-67 was mainly exam-
ined in the invasive component. We excluded 12 patients
where the number of tumor cells was under 1000 cells (8
patients in the AYA patient group, 4 patients in the control
group). The mean Ki-67 LI was 29.2% in the AYA patient
group, and 28.2% in the control group.
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Table 2 Comparison of clinical

characteristics between the Parameter Number of patients (%) p-value
AYA patient group and the AYA group (N = 82) Control group (N = 82)
control group 3
BMI (kg/m”) (mean + SD) 20.9+3.5 212433 0.53
Menarche (years) 12.3 (10-16, 12) 12.4 (10-15, 12) 0.59
[mean (range, median)]
Number of children
0 55 (67) 27 (33)
1 19 (23) 11(13) - <0.0001
2 5(6) 33 (40)
3 3 (4) 10312y |
4 0(0) 11 -
Smoking habit
Never 60 (73) 60 (73) 7 0.46
Previous 10 (12) 6(7) r
Current 12 (15) 16 (19) -
Alcohol consumption
Never 35 (43) 65 (79) <0.0001
Hardly ever to <4 times a week 31 (38) 10 (12) 7 }
Four or more times a week 16 (20) 79) ;
Family history of breast cancer
Yes 20 (24) 16 (20) 7 0.45
No 62 (76) 66 (80) J
Family history of other cancer
Yes 54 (66) 43 (52) 7 0.08
No 28 (34) 3948) |
Initial detection of cancer
Palpable mass 72 (88) 58 (71) <0.01
Nipple discharge 34 2(2) -
Breast pain 0(0) 1(1) A }
Detection by screening 709 21 (26)
Adjuvant therapy
Not received 6(7) 11(13) 0.20
Hormonal therapy 21 (26) 31 (38)
Chemotherapy 22 (27) 70)
Hormone + chemotherapy 33 (40) 33 (40)
SD standard deviation
On evaluation of the surrogate intrinsic subtype, four  Survival

patients without HER2 data were excluded. All of the
TNBCs showed basal-like features. Therefore, TNBCs and
basal-like subtypes were more frequent in the AYA patient
group than in the control group (13 versus two patients)
(»<0.01).

@ Springer

Mean follow-up periods were 8.5 years (range
0.9-16.4 years) for the AYA patient group and 8.7 years
(range 0.2-16.5 years) for the control group. During these
periods, 18 patients showed distant recurrences, and 10
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-}rl?sli:)epzthii?glf;i ngZtgies Parameter Number of patients (%) p-value
between the AYA patient group AYA group (N = 82) Control group (N = 82)
and the control group pT factor
pT1 57 (70) 58(71) A 0.98
pT2 22 (27) 21 (26) r
pT3 3(4) 3¢4)
pN factor
pNO 51 (62) 51(62) 0.99
pN1 23 (28) 24 (29)
pN2 6 (7) 5(6) I
pN3 2(2) 2(2) J
Histological type
Microinvasion 1(1) 1(1) 7 0.55
Invasive, no special type 59 (72) 60 (73)
Invasive lobular 2(2) 6(7)
Mucinous 2(2) 2(2)
With medullary features 7(09) 3(4)
With apocrine differentiation 0(0) 1(1) '
Invasive micropapillary 4(5) 34
Invasive papillary 2(2) 0 (0)
Cribriform 3(4) 6(7)
Metaplastic 1(1) 0(0)
Secretory 1(1) 0 (0) -
Histological grade of invasive component
1 8 (10) 9(1) 7 0.44
2 27 (34) 34 (43) r
3 45 (56) 37 (46)
Not Assessed* 2 2
Histological grade of intraductal component
1 17 (24) 22 (29) 0.67
2 32 (45) 34 (45)
3 22 (31) 19 (25)
No component* 11 7
Tumor infiltrating lymphocytes
Low 24 (29) 18 (22) 0.28
High 58 (71) 64 (78) }
Lymphovascular invasion
Negative 42 (51) 42 (51) 1.00
Positive 40 (49) 40 (49) }
Necrosis
Negative 49 (60) 52 (63) 0.63
Positive 33 (40) 30 (37) }
Comedo necrosis
Negative 31 (44) 43 (57) 0.10
Positive 40 (56) 32 (43) }
Not Assessed** 11 7
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Table 3 (continued)

Table 4 Comparison of
biomarker status between the
AYA patient group and the
control group

@ Springer

“Histological grade was not assessed in four cases because of small amount of tumor volume

"These 18 cases did not have intraductal component

Parameter Number of patients (%) p-value
AYA group (N = 82) Control group (N = 82)

Estrogen receptor

Negative 23 (28) 5(6) } <0.001
Positive 59 (72) 77 (94)
Progesterone receptor
Negative 18 (22) 8 (10) } 0.03
Positive 64 (78) 74 (90)
Androgen receptor
Negative 19 (23) 4(5) } <0.001
Positive 63 (77) 78 (95)
HER2
Negative 67 (86) 74 (90) } 0.40
Positive 11 (14) 8 (10)
No data* 4 2
Ki-67
High 61 (82) 60 (77) } 0.40
Low 13 (18) 18 (23)
Not included** 8 4
p53
Negative 42 (51) 39 (48) 0.64
Positive 40 (49) 43 (52) }
Epidermal growth factor receptor
Negative 59 (72) 70 (85) 0.04
Positive 23 (28) 12 (15) }
Cytokeratin 5/6
Negative 64 (78) 70 (85) } 0.23
Positive 18 (22) 12 (15)
Surrogate subtype
Luminal A-like 14 (17) 18 (22) <0.01
Luminal B-like (HER2-negative) 40 (49) 54 (66)
Luminal B-like (HER2-positive) 8 (10) 6 (7)
HER2-enriched 34 2(2)
Triple-negative 13 (16) 2(2)
Not Assessed* 4(5) 0

“HER2 was not assessed in four cases because invasive component was lost in the slide of immunohisto-
chemistry

PKi-67 data were not analyzed in 12 cases because the number of invasive carcinoma cells was < 1000



Breast Cancer (2019) 26:386-396

393

patients died in the AYA patient group. In contrast, distant
recurrences in six patients and deaths in six patients were
observed in the control group. All deaths in both groups
were due to BC.

The DRFS curves showed a significant difference
between the two groups (p =0.02) (Fig. 2a). Stratified by HR
status, the difference in the DRFS curves was larger in the
HR-positive tumors (p =0.01), while there was no significant
difference in HR-negative tumors (p =0.97). (Fig. 3a, c).

However, overall survival curves did not show a signifi-
cant difference between the two groups in the whole popula-
tion (p =0.20) (Fig. 2b). Even when stratified by HR status,
overall survival did not show significant differences between
the two groups (Fig. 3b, d).

Discussion

In this study, we compared habitual factors, background fac-
tors, and clinicopathological and immunohistochemical fea-
tures between the BCs that occurred in the AYA generation
and those that occurred in women between 40 and 44 years
of age as controls. Compared with older patients, the AYA
group was characterized with a smaller number of child-
births, a larger volume of alcohol consumption, and symp-
tomatic lesions. In the present study, in patients primarily
at clinical stages I or II, we could show that BCs occurring
in the AYA generation women had more aggressive immu-
nohistochemical features and biological properties than the
older women in terms of a higher proportion of TNBC and
a lower DRFS.

Habitual and background features shown to be charac-
teristic in the present study support the results of previous

—_
1
A2

~ 100 .
g —
Tg 80 1
I3
7 60
gn Log-rank p-value = 0.02
= 40
[
£
& 20 AYA group
= w= ==Control group
0 L L B B B B B L B B B
0 2 4 6 8 10
Number at risk (years)
AYA group: 82 76 68 56 46 27
Control group: 82 82 78 69 52 37

Fig.2 Distant recurrence-free survival (DRFS) curves and overall
survival curves for the adolescent and young adult (AYA) patient
group and the control group. a DRFS curves. Two curves show sig-
nificant difference (p=0.02). b Overall survival curves. Two curves

studies [1, 20, 21]. A smaller number of childbirths in the
AYA group than in the older group might reflect the dif-
ferences among the generation. For example, the younger
generation should have less children than older generation
even in women without BC because an increasing number
of women give births after the age of 35 years in Japan. The
likelihood of alcohol consumption and the volume of alco-
hol consumption were considered to be higher in the AYA
patient group in our study. From National Health and Nutri-
tion Survey of e-stat, the official statistics of Japan (http://
www.e-stat.go.jp/), habitual drinking is more frequent in
the middle-aged women than in the AYA women in general
population. Therefore, the present result may be of signifi-
cance. Alcohol consumption has been linked to BC risk in
multiple studies [20, 21]. Chen et al. reported that alcohol
consumption in early adult life was related to BC risk [21],
but it is still unknown if the volume and duration of alco-
hol consumption has an influence on tumorigenicity in the
breast. Further detailed epidemiological cohort studies are
necessary to clarify the relationship between patient char-
acteristics and breast carcinogenesis.

Using the BC registration data of the Japanese Breast
Cancer Society, Kataoka et al. reported that young patients
(<35 years) had a more frequent family history of BCs and
lower BMISs than the older (35 years or older) patients [1].
The absence of a BC family history relationship to BCs in
our study might be due to the exclusion of patients with
bilateral BCs and having excluded patients with concur-
rent cancers in other organs from the analyses. The rate
of women who had a family history of other cancers was
higher in the AYA patient group than in the older patient
group (66% vs 52%, respectively). On the other hand, the
different significance in BMI found in Kataoka’s study

(b)

100 - e S

§ —

= 80

2

g

2 60

o Log-rank p-value = 0.20

<

s 40

S

L 20 'AYA group

= w= ==Control group
0 L B L L B B B B B B
0 2 4 6 8 10

Number at risk (years)
AYA group: 82 81 72 60 51 31
Control group: 82 82 79 69 53 37

do not show a significant difference, but then clinical outcome of the
AYA group (red) tends to be worse than that of the control group
(blue) (p=0.13)
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Fig.3 Distant recurrence-free survival (DRFS) curves and overall
survival curves for the young patient group and the control group
stratified by hormone receptor (HR) status. a DRFS curves for the
patients with HR-positive tumors. b Overall survival curves for the
patients with HR-positive tumors. DRFS curves in a show a sig-

may have been due to the difference in the age distribu-
tion of the control group, which was 35 years old or older
and included postmenopausal women in Kataoka’s study
[1] and was 40—44 years old in the present study.

With regard to clinical findings, the rate of cancer
detection by mass, pain or nipple discharge was higher in
the AYA patients than in the older patients, despite these
two groups having had almost the same pT factor. The
same findings have been previously reported by Kataoka
et al. [1], and as one reason of these results, the lower
screening receiving rate of the young generation was
considerable in Japan. On the other hand, there was no
statistical difference in the HG of both the invasive and
noninvasive components between these two groups, which
was contrary to most previous studies [3, 6, 8]. There were
no distinct histopathological characteristics in AYA BC
patients.
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nificant difference (p=0.01), but overall survival curves in b do
not show a significant difference (p=0.29). ¢ DRES curves for the
patients with HR-negative tumors. d Overall survival curves for the
patients with HR-negative tumors. In ¢ and d, DRFS and overall sur-
vival curves do not show significant differences (p=0.49, and 0.97)

In our results, TNBCs and basal-like subtypes were more
frequent in the AYA patient group than in the control group.
These results are compatible with the results of many other
studies [3, 4, 7, 9, 10]. At the mRNA level, Anders et al.
[6] showed that the mean expression level of EGFR was
higher in the patient group aged <45 years than in those
aged 65 years or older. Contrary to these results, Lin et al.
reported a higher prevalence of HR-positive tumors and a
lower prevalence of basal-like subtypes in young patients
than in older patients in a Taiwanese cohort by IHC [11].

We demonstrated that both ER-negative and PgR-negative
tumors and AR-negative tumors were more frequent in the
AYA patient group than in the control group. These results
are compatible with previous studies [4, 7-9]. Niemeier
et al. reported that AR was positive in 95% and 34% of ER-
positive and ER-negative cases, respectively, and that AR
and ER statuses were strongly associated with each other
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[22]. Recently, AR has drawn interest as the target of therapy
in TNBCs [23]. In this cohort, all TNBC cases had basal-
like features, and one of these TNBCs was also AR positive.

Although most previous studies have demonstrated
that the rate of HER2 overexpressing BCs was higher in
the younger patients than in the control patient groups [1,
4, 6, 7], we could not identify such a positive relationship
between HER?2 overexpression and the AYA patient group
in this study. However, some previous studies have been in
line with our results [7, 11]. HER2 overexpression rates dif-
fer according to tumor progression. The rate increases in
high-grade ductal carcinoma in situ (DCIS) and high-grade
invasive carcinoma with extensive intraductal spread [24].
In the present study, no DCIS cases were included, and the
number of advanced stage cases was very small. It is neces-
sary to consider that these characteristics of the study popu-
lation may have influenced the results.

In our study, almost the same clinical stages between
the AYA and the control groups were taken into considera-
tion, the AYA patient group showed a higher rate of distant
metastases than the control group. Our findings are in line
with those of previous studies [3, 5-7]. We showed that there
were significant differences in the DRFS curves. Such dif-
ferences were observed not only in the whole cases but also
in the HR-positive cases. Different significance in DRFS
curves according to HR status is in line with the recent stud-
ies that reported different effects of subtypes on biological
propertied of breast cancer among age groups [7, 25]. The
difference in DRFS rate between the AYA patient group and
the control group appear have derived not only from higher
incidences of HR-negative cases and TNBCs, but also from
more aggressive nature of HR-positive cases in the former
because of unknown reasons. As one possible reason for
high incidence of HR-negative cases, TNBCs, or basal-
like subtypes, we may be able to speculate distribution of
patients with germline mutation BRCAI or other genes in
the AYA patient group. However, we could not find a differ-
ence in overall survival between the two groups in the whole
population even when we stratified the cases by HR status.
Taking into consideration the relatively long follow-up peri-
ods in this study, the lack of differences in overall survival
curves between these groups or between these subgroups
might be attributed to recent advances of effective drugs for
young BC patients. Therefore, further studies are warranted
for treatment strategy concerning young BC patients.

This study has some limitations. First, we conducted this
study in a single institute as a retrospective study. Gener-
ally, young BC patients under 35 years of age are rare. As
such, our research cohort was not large. Second, we excluded
patients who had received neoadjuvant therapies. However,
these exclusions enabled us to avoid the therapeutic effects
over primary cancers on the evaluation of immunohisto-
chemical features [26]. Third, there were limitations in our

study design. We evaluated the parameters as a case—control
study and used TMAs for biomarker assessment. Although
the assessment using TMAs might raise issues regarding
intratumor heterogeneity [27], we had to select our patients
accordingly, given the high costs of immunochemical analy-
sis. However, taking into consideration the need for data
without missing values, we succeeded in obtaining informa-
tion on the clinicopathological and immunohistochemical
features in almost all patients, which allowed this study to
elucidate tumor characteristics more effectively.

In summary, we confirmed that invasive BCs occurring
in patients aged < 35 years old showed more aggressive bio-
logical properties than those that occurred in older premeno-
pausal patients in terms of immunohistochemical subtype
and DRFS. Our results may add significant information that
will contribute towards understanding the characteristics of
BCs in the AYA generation.
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