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Abstract

Chemotherapy clearly adversely affects fertility in women of childbearing age. But it is not yet clear whether chemotherapy
at the expense of fertility can benefit younger patients with early-stage breast cancer. We conducted a retrospective cohort
study utilizing the Surveillance, Epidemiology, and End Results database and the Shanghai Jiao Tong University Breast
Cancer Data Base spanning from 2010 to 2020 to investigate early-stage breast malignant carcinoma in patients aged between
20 and 39 years. To address covariate imbalance, propensity score matching (PSM) was employed with a ratio of 1:1 and
caliper set at 0.02 standard deviation of propensity score. Univariate and multivariate analyses were performed to evaluate
the impact of chemotherapy on both breast cancer-specific survival (BCSS) and overall survival (OS). We identified a total of
6265 patients with complete information about breast cancer. Among them, 3855 patients received chemotherapy. Following
successful PSM, we obtained a matched cohort comprising 3038 patients where the characteristics between the two groups
were balanced except for race. Kaplan—Meier survival analysis revealed no significant differences in BCSS (P=0.183) and
OS (P=0.295) between the chemotherapy group and no-chemotherapy group. Similarly, in matched dataset. multivariate
COX analysis revealed that chemotherapy did not significantly reduce the risk of BCSS (HR 1.332; 95% CI [0.865-2.051],
P=0.193) and OS (HR 1.225; 95% CI [0.818-1.833], P=0.324). The chemotherapy group did not demonstrate a superior
benefit in any of the subgroups when stratified analyses were conducted based on molecular subtype, tumor size, age, and
ethnicity. Chemotherapy fails to significantly improve prognostic outcomes in young patients diagnosed with early-stage
breast cancer. With the help of genetic testing, these patients can expect further step-down therapy in the future.
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Background 2019 in the USA, there has been an annual increase of 0.5%

in the incidence of breast cancer [1]. Globally, it is estimated

Despite significant advancements in anti-breast cancer
research and treatment, breast cancer remains a substantial
public health concern. According to statistics from 2010 to
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that there will be 2.3 million new cases of breast cancer in
2022, making it the second most common type of cancer and
the leading cause of cancer-related deaths among women
[2]. As the incidence of breast cancer continues to rise, so
does its prevalence among young women. In developed
countries, approximately 5-7% of breast cancer patients are
under the age of 40 years [3], while this percentage can reach
as high as 10-20% in developing countries [4, 5].

Many previous studies have identified young age at diag-
nosis as an independent risk factor influencing the risk of
breast cancer recurrence [6, 7]. Younger women with breast
cancer tend to have larger tumors, later stages, and a higher
proportion of aggressive tumor subtypes such as triple-
negative and HER?2 overexpression subtypes compared to
older women [8, 9]. Therefore, in younger patients, physi-
cians tend to use more aggressive treatments and hope that
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this will reduce the risk of recurrence and death [10, 11].
However, the toxicity of chemotherapy can affect a wom-
an’s fertility by destroying the ovarian follicles that make
up her ovum reserve [12]. Although there are many well-
established methods to preserve patients’ fertility [13], many
women of reproductive age are still infertile due to antitumor
therapy, which seriously affects their quality of life [14].

To mitigate the toxic side effects of chemotherapy, the
guideline excludes certain early-stage breast cancer patients
with tumors smaller than 1 cm in diameter and negative
lymph node status from chemotherapy based on available
research evidence indicating no impact on tumor prognosis
[15]. Consequently, there is a potential opportunity to spare
young patients with early-stage breast cancer from chemo-
therapy while ensuring disease survival and optimizing fer-
tility preservation. Several studies suggest that lymph node
status, estrogen receptor status and molecular subtype of the
tumor are robust predictors of disease recurrence. Therefore,
adjuvant treatment regimens should be guided by these fac-
tors rather than solely relying on age of onset [16, 17].

To comprehensively address this uncertainty, we con-
ducted an analysis using the Surveillance, Epidemiology,
and End Results (SEER) database and the Shanghai Jiao
Tong University Breast Cancer Data Base (SJTUBCDB)
spanning from 2010 to 2020 to evaluate the efficacy of
chemotherapy in young patients diagnosed with early breast
cancer. Subgroup analyses were performed considering dif-
ferent age groups, tumor size categories, and molecular sub-
types to explore the feasibility of exemption from chemo-
therapy for young early-stage breast cancer patients.

Methods

This was a retrospective cohort study using the SEER data-
base and SITUBCDB. The study used data from 2010 to
2020 to assess breast cancer-specific survival (BCSS) and
overall survival (OS) in young breast cancer patients with
chemotherapy and early stage without chemotherapy.

Data sources and patient selection

Patient data were obtained from the SEER database using
SEER*Stat software. The SEER database contains approx-
imately 28% of all tumor cases in the USA. SITUBCDB
is a breast cancer database established by Ruijin Hospital
Affiliated to Shanghai Jiaotong University School of Medi-
cine. It has included more than 96,000 breast cancer cases
from 43 breast cancer treatment centers in China. No patient
informed consent or institutional ethical review was required
for this study because the database was publicly available
and we obtained permission from both data for the use of the
data. Inclusion criteria were as follows (1) women between

@ Springer

20 and 39 years of age; (2) Pathologic diagnosis of malig-
nant tumor of the breast is invasive ductal carcinoma, code
8500; (3) no neoadjuvant therapy before surgical treatment;
(4) systemic therapy after surgery; (5) no distant metasta-
sis according to the 8th edition of the AJCC Breast Cancer
Criteria: T-stage <1, N-stage <0; (6) only one malignancy
was obtained. Exclusion criteria were (1) diagnosis of bilat-
eral breast cancer; (2) lack of key information such as race,
marital status, histologic grading, lymph node status, and
molecular subtype; and (3) death or loss to follow-up within
6 months of diagnosis.

Outcome indicators

Patients were categorized into chemotherapy and non-chem-
otherapy groups based on chemotherapy recoding in the
database. BCSS was the first endpoint of the study, and OS
was the second endpoint of the study. BCSS was defined as
the time from the diagnosis of breast cancer to death due to
breast cancer. OS was defined as the time from the diagnosis
of breast cancer to death or at the time of the last follow-up
visit. The follow-up period was from January 1, 2010 to
December 31, 2020. For patients who are alive at the end of
the follow-up period, the time from disease diagnosis to the
end of the study will be considered their follow-up time. The
follow-up time for patients lost to follow-up will be calcu-
lated from disease diagnosis until the last contact.

Statistical analysis

Demographic and clinical characteristics of chemotherapy
and non-chemotherapy cases in the whole cohort and the 1:1
propensity score matched (PSM) group were analyzed using
Chi-square tests. Hazard ratios (HR) and their corresponding
95% confidence intervals (CI) were calculated using Cox
proportional hazards regression modeling to identify factors
associated with outcomes. Variables that showed a signifi-
cance level of P <0.05 in univariate analysis were included
as candidates for multivariate analysis. The proportional
hazards hypothesis was evaluated using the Schoenfeld
residual test. To reduce baseline differences in demographic
and clinical characteristics, patients in the chemotherapy
and non-chemotherapy groups were matched one-to-one
by PSM methods, with age, race, marital status, grading,
AJCC T-stage, ER status, PR status, HER2 status, surgical
modality, and radiotherapy status as matching covariates. A
nearest neighbor matching method with a caliper distance of
0.02 was used for this purpose. Survival curves were gener-
ated using the Kaplan—Meier method, whereas the statisti-
cal significance of the difference in BCSS and OS between
patients who received chemotherapy and those who did not
was determined by the log-rank test. Statistical analysis was



92

Page 3 of 12

(2025) 25:92

Clinical and Experimental Medicine

1593 9s1031d S IOYST 4

doueoyrudis sayeorpur 2d4y pjoq pue ‘sdnois Aderoyiowayd-ou pue Aderoyiowayo 9y} U2aM)q PAJR[NO[ED SeM dNJBA J YL,

PaMOpIA pue “1ouired SSOWOP 10 PILLIEWUN “(PALLIBW 19AAU) SIS ‘Pajeedds ‘PIdIOAIP SIpN[OUl PALLIBW JON,

UMOUYU[) PUE JOPUE[S] OYIoeJ/URISY PUER JATJRU UBNSE[Y//UBIPU] UBJLIDWY SIPN[OUl 1Y,

L9 9¢ %169 €01 SY¥e Yeel  %YPC9  66LE usmouwun/ON
L61°0 1081 8¢ 0C %60ty 8L  1000> 989°'6¢ ¢8¢Cl 0001 %9¢°LE  S8TT soX  Adereyiorpey
L4 I %BIL'C S ovel 06L %10°SE  0€lT uonannsuossy
0L [43 %SE9S 01 Ievl 886 %09'6E  60vT  Awoldsew [ented
xI %CG1C0 IS € %388 01 vL 1100 €L0°6 696 9LS %6ESC  SPSI Awojoasey K1a3mg
YT € %OV LT L98 4 %09 ST 6V6 +CddH/+dH
99 [43 %61°S9 811 Y181 Ivec %999  SSov —C4ddH/+dH
SI I %188 91 06C 4! %00°S  +0€ +CddH/—4H
*100°0>  %60L°0¢ 0¢ 0 %SO 11 0c  1000> LLS STV 6SL Ll BSLTL  9LL —CddH/—dH odKigng
9 0 BlEE 9 8re €8l %0T’L8  SO€S SLL
Y6 143 %CTLOL 8CI €€ oIl BSY'CT 6Vl qIL
%6000  «VLL'8 94 C %L6°ST Ly 1000> LV yee SIc Sly %9€01L  0€9 BLL 9ZIs Jowmg,
144 14 %TS 9T 8 681¢ 008 BEL'6Y  686C AIRIII
€L or %V T el 6Lc] 911  %Cety  SLST II
100°0> LEY0T 8 Cl %SOTIT 0c  1000> 1638944 o1 86¢ %SS8  0CS I Ipeln
Lyl LL %89 VL umouury
0s 61 %1€ 69 0LST coLE  %8YYE  TTIC qPRHIEW JON
LEV0 ¥09°0 SL LE %8819 CIT 6000 orv'6 GEET eorl  %BYy'19  8ELE POLLIBJN  STIRIS [RJLIBIN
gcl 9¢  %00°00T 181 (439 61y %€9° ST 156 PO
9474 Sve BYETL 069 Foerd
100°0> 12! €SLT 0691  %eOCL  evvy AMYM ory
08 [43 %8819 (48! 0€ce 8691  %9S¥9  8T6E 6¢—C¢
9¢ Ic POV 1€ LS €L01 00S %88 ST €LSI 7e-0¢
8 4 %CS'S 01 86¢ (43! %S08 06% 6C—SC
«70S°0  %89¢°C I I %011 [4 100°0> 6€L°001 69 e %ES'T €6 ¥¢—0¢ a3y
Aderoyo Aderoyo
Aderoypowray)  -wYD-ON e Aderoyoway)  -wWYD-ON [eloL
od A1x eIep LIS od & eIep YqdS

Kdexaypowayd-ou pue Adereyiowayd yim sjuaned Jo sONSLINOBIRYD dUI[dseq | d|qel

pringer

As



92 Page 4 of 12 Clinical and Experimental Medicine (2025) 25:92
Table 2. Multivariate Cox BCSS 0s
proportional hazard model of
breast cancer-specific survival HR (95%CI) P HR (95%CI) P
(BCSS) and overall survival
(OS) in all patients Age 20-24 Reference 0.25 Reference 0.497
25-29 0.494 (0.163-1.497)  0.212 0.567 (0.19-1.693) 0.31
30-34 0.430 (0.152-1.212)  0.11 0.543 (0.194-1.519) 0.245
35-39 0.381 (0.138-1.057)  0.064 0.485 (0.176-1.336) 0.162
Race White Reference 0.001 Reference 0.023
Black 1.912 (1.236-2.958)  0.004 1.542 (1.018-2.335) 0.041
Other® 1.763 (1.194-2.602)  0.004 1.519 (1.048-2.203) 0.027
Marital status ~ Married Reference 0.017 Reference 0.328
Not married® 0.615 (0.428-0.885)  0.009 0.804 (0.583-1.110) 0.184
Grade 1 Reference 0.23 Reference 0.284
I 1.627 (0.661-4.004)  0.289 0.992 (0.494-1.994) 0.983
&IV 1.927 (0.806-4.826)  0.137 1.278 (0.641-2.548) 0.486
Tumor status Tla Reference 0.561 Reference 0.525
T1b 2.236 (0.497-10.055) 0.294 1.431 (0.35-5.849) 0.618
Tlc 1.210 (0.640-2.287)  0.557 1.439 (0.767-2.702) 0.257
Subtype HR-/HER2- Reference 0.002 Reference <0.001
HR-/HER2+ 0.397 (0.167-0.946)  0.037 0.337 (0.143-0.793) 0.013
HR+/HER2- 0.688 (0.457,1.035) 0.073 0.645 (0.444-0.938) 0.022
HR+/HER2+ 0.330 (0.180-0.603) <0.001 0.313(0.178-0.548) <0.001
Surgery Mastectomy Reference 0.452 Reference 0.293
Partial mastectomy  0.759 (0.445-1.295)  0.311 0.779 (0.475-1.277) 0.321
Reconstruction 0.807 (0.546-1.194)  0.284 0.759 (0.528-1.092) 0.137
Radiotherapy =~ No/unknown Reference 0.871 Reference 0.655
Yes 0.959 (0.581-1.584) 0.899 (0.562-1.436)
Chemotherapy No Reference 0.021 Reference 0.023
Yes 1.619 (1.076-2.436) 1.549 (1.061-2.262)

20Other includes American Indian/Alaskan native and Asian/Pacific Islander and Unknown

"Not married includes divorced, separated, single (never married), unmarried or domestic partner, and wid-

owed

performed using SPSS software version 26. P values less
than 0.05 indicated statistical significance.

Results
Patient demographics and tumor characteristics

A total of 6265 patients met the enrollment criteria, with
3855 receiving postoperative chemotherapy and 2410 not
receiving it. The median follow-up time was 82 months.
Table 1 shows the demographic and clinical characteristics
of the chemotherapy and non-chemotherapy groups. The age
distribution, molecular staging distribution, and proportion
of cases treated with radiotherapy were close in both data-
bases, with p values of 0.266, 0.131, and 0.139, respectively.
The SEER database had the highest proportion of grade III
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and Tlc cases, whereas the SJITU database had the highest
proportion of grade II and T1b cases. More patients under-
went breast reconstruction surgery in the USA, while more
patients underwent breast-conserving surgery in China.
Within the database, there were also clear differences in case
characteristics between the chemotherapy and non-chemo-
therapy groups, implying that physicians in both the USA
and China have certain criteria for determining whether or
not to administer chemotherapy.

Comparison of survival between chemotherapy
group and no-chemotherapy group

Because of the large number of cases in the SEER data-
base, the results of the multifactorial statistical analysis of
the two groups of patients in the SEER database using COX
regression are presented in Table 2. Both BCSS and OS
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Z;l;l:ﬁ?;enl;a:gltgli llcillir;itg;;t}llcs Total ;)(;Chemother- Chemotherapy — x2 p¢
and no-chemotherapy in PSM
group Age 20-24 42 1.38% 22 0.73% 20 0.66% 2.792 0.425
25-29 226  7.44% 105  347% 121  3.98%
30-34 783 2577% 379 12.52% 404 13.30%
35-39 1987 65.40% 1013 33.45% 974 32.06%
Race White 2208 72.68% 1123 37.09% 1085 35.71% 7.517 0.023
Black 314 10.34% 134 443% 180 592%
Other® 516 16.98% 262 8.65% 254 8.36%
Marital status Married 1891 62.24% 953 3147% 938 30.88% 2.875 0.237
Not married® 1042 3430% 522 17.24% 520 17.12%
Unknown 105  3.46% 44 145% 61 2.01%
Grade I 92 3.03% 35 1.16% 57 1.88% 5.791 0.055
1I 1755 57.77% 876 28.93% 879 28.93%
NI&IV 1191 39.20% 608 20.08% 583 19.19%
Tumor status  Tla 198  6.52% 105 3.47% 93  3.06% 1.756 0.416
Tlb 9 0.30% 3 0.10% 6 0.20%
Tlc 2831 93.19% 1411 46.60% 1420 46.74%
Subtype HR-/HER2- 33 1.09% 17 0.56% 16 0.53% 0.189 0.979
HR-/HER2+ 30 0.99% 14 0.46% 16 0.53%
HR-+/HER2- 2815 92.66% 1407 46.47% 1408 46.35%
HR+/HER2+ 160  5.27% 82 2.71% 79  2.60%
Surgery Mastectomy 815 26.83% 410 13.54% 405 13.33% 3.758 0.153
Partial mastectomy 1146 37.72% 549 18.13% 597 19.65%
Reconstruction 1077 3545% 560 18.49% 517 17.02%
Radiotherapy  Yes 1122 36.93% 551 18.20% 571 18.80% 0.565 0.452
No/unknown 1916 63.07% 968 31.97% 948 31.20%

4Qther includes American Indian/Alaskan native and Asian/Pacific Islander and Unknown

YNot married includes divorced, separated, single (never married), unmarried or domestic partner, and wid-

owed

“The P value of the Chi-square test was calculated between the chemotherapy and no-chemotherapy
groups, and bold type indicates significance

were influenced by race and molecular subtype factors. Both
BCSS and OS were influenced by ethnicity and molecular
subtype as factors. Marital status only showed significant
differences in BCSS. Conversely, tumor size, histological
grading, surgical approach, and the presence or absence of
radiotherapy had no significant impact on prognosis. To
ensure comparability between the two groups, a 1:1 pro-
pensity-matched analysis was conducted with a caliper value
of 0.02 resulting in 1519 matched pairs out of 6084 patients.
A Chi-square test was performed on the matched dataset
(Table 3), demonstrating that apart from a slight difference
in ethnic composition percentage, all other influences were
well balanced between the two patient groups. Subsequently,
another multifactorial statistical analysis using COX regres-
sion was conducted on the matched dataset which revealed
that age and ethnicity were independently associated with
the risk of tumor-related death in patients regardless of their
OS. Chemotherapy did not improve BCSS or OS in early-
stage breast cancer patients (Table 4).

Survival analysis in propensity score matched

Kaplan—Meier survival analyses of the SEER dataset and
the SJTU dataset showed that patients in the chemotherapy
group did not show an advantage in BCSS and OS. Even in
the SEER dataset, patients in the non-chemotherapy group
gained an advantage in BCSS and OS before PSM (Fig. 1).
In the SJTU dataset, 4 of 56 patients who did not receive
chemotherapy experienced a recurrence, 7 of 125 patients
who received chemotherapy experienced a recurrence, and
1 of these patients died of breast cancer recurrence. The
analysis of invasive disease-free survival and BCSS/OS did
not show statistical differences, with P values of 0.601 and
0.497, respectively.

According to current guidelines, adjuvant treatment
options for early breast cancer are recommended based on
tumor size and molecular subtype. Therefore, we stratified
these two factors separately using paired patient data and
conducted Kaplan—Meier survival analyses with BCSS and
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Table 4 Multivariate Cox proportional hazard model of breast cancer-specific survival (BCSS) and overall survival (OS) in PSM group

BCSS oS
HR (95%CI) P HR (95%CI) P
Age 20-24 Reference 0.014  Reference 0.053
25-29 1.364 (0.297-6.252) 0.69 1.274 (0.279-5.811) 0.754
30-34 0.417 (0.092-1.887) 0.256  0.474 (0.107-2.104) 0.326
35-39 0.600 (0.140-2.572) 0.492  0.677 (0.159-2.877) 0.598
Race White Reference 0.021  Reference 0.168
Black 2.014 (1.101-3.682) 0.023  0.699 (0.424-1.150) 0.159
Other® 1.726 (1.035-2.877) 0.036  1.101 (0.549-2.207) 0.786
Marital status Married Reference 0.061  Reference 0.526
Not married® 0.615 (0.428-0.885) 0.028  0.771 (0.491-1.210) 0.258
Unknown 0.455 (0.110-1.883) 0.277  0.954 (0.343-2.657) 0.929
Grade I Reference 0.425  Reference 0.101
I 1.149 (0.278-4.755) 0.848  0.426 (0.181-1.001) 0.05
HI&IV 1.509 (0.364-6.261) 0.571  0.559 (0.237-1.319) 0.184
Tumor status Tla Reference 0.999  Reference 0.954
T1b 0.000054 (9.8758E-228-2.977E+218) 0.97 0.000032 (1.678E-208-6.257E+198) 0.965
Tlc 0.986 (0.350-2.778) 0.979  1.171 (0.424-3.231) 0.76
Subtype HR-/HER2- Reference 0.994  Reference 0.987
HR-/HER2+ 0.672 (1.0385E-181-4.351E+180) 0.999  0.827 (1.3104E-174-5.219E+173) 0.999
HR+/HER2- 19,078.313 (3.161E-123-1.303E+131) 0.947  19,495.176 (1.0284E-3.696E+130) 0.947
HR+/HER2+ 16,311.766 (2.7102E-123-1.116E+131)  0.948  15,905.626 (8.3765E-123-3.020E+130)  0.948
Surgery Mastectomy Reference 0.769  Reference 0.674
Partial mastectomy  0.781 (0.383-1.593) 0.497  0.779 (0.475-1.277) 0.38
Reconstruction 0.874 (0.505-1.512) 0.631  0.759 (0.528-1.092) 0.671
Radiotherapy No/unknown Reference 0.228  Reference 0.226
Yes 1.493 (0.778-2.866) 1.479 (0.785-2.786)
Chemotherapy  No Reference 0.193  Reference 0.324
Yes 1.332 (0.865-2.051) 1.225 (0.818-1.833)

20ther includes American Indian/Alaskan native and Asian/Pacific Islander and Unknown

®Not married includes divorced, separated, single (never married), unmarried or domestic partner, and widowed

OS as endpoints (Figs. 2 and 3). Unfortunately, complete
survival curves could not be obtained due to an insuffi-
cient number of events in certain subgroups. Nevertheless,
based on current statistics, both T1a and T1c patients did
not derive benefit from chemotherapy; HR+HER2— and
HR+HER2+ patients also did not show any benefit from
chemotherapy. Cox regression analysis of the post-PSM
dataset identified age and ethnicity as two factors associated
with BCSS among patients. Subsequently, Kaplan—Meier
survival analyses were performed for these two factors strati-
fied by BCSS as an endpoint (Figs. 4 and 5). The statistical
analysis reveals a marginal advantage of the non-chemother-
apy group over the chemotherapy group in terms of BCSS
within both the 30- and 34-year-old subgroup and the white
subgroup. However, no significant difference in BCSS was
observed between the two groups in other subgroups.

@ Springer

Discussion

We used multicenter, large-scale data from the SEER data-
base and the SJTU database to investigate whether young
women with early-stage breast cancer can be spared from
chemotherapy and to reduce the bias associated with small
sample data from a single center. It is also possible to vali-
date the findings of the databases against each other. The
current definition of breast cancer in young women lacks
consistency. Previous studies have defined “young women”
as those below 35 years of age or categorized them into two
groups: those under 40 years old versus those aged 40 and
above, or used menopausal status as a surrogate [18, 19].
According to the European College of Oncology and the
European Society for Medical Oncology, a “young woman”
is defined as an individual younger than 40 years at the time
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Fig. 1 Kaplan—-Meier curves for patients’ breast cancer (BC)-specific
survival (A) and overall survival (B). The 95% confidence intervals
(derived from simulated hazard estimates), the number of patients at

of breast cancer diagnosis [20]. Considering that women
often have high fertility intentions before reaching 40 years
old and that chemotherapy significantly impacts their
reproductive function, we selected a study population aged
between 20 and 39 years by taking into account subgroups
within the SEER database.

It has been suggested that younger women are a unique
subgroup of breast cancer patients with poorer biological
characteristics, such as poorly differentiated tumors, high
Ki-67 expression, extensive lymph node metastasis, and a
higher proportion of triple-negative and HER2+ tumors,
compared to older women [6, 7]. However, the distribution
of patients with different molecular subtypes in this study
was very similar to the overall incidence of breast cancer in
all age groups [1]. In addition, no overrepresentation of tri-
ple-negative and HER2+ tumors was observed. This discrep-
ancy may be due to regional and demographic differences
between the study cohorts. The data from the study by Prof.
Fangjian Guo was obtained from only a sub-database of the

~ITchemotherapy
no-chemotherag
—1—chemotherapy

Py
1= chemotherapy

80 80 100 120 140 0 0 100 1590 m

Time (month) Time (month)

risk at different time points, and the log-rank test for P are displayed
on the graphs

SEER database [6]. The data from the study by Prof. Akemi
Kataoka was obtained from patients in the Japanese region.
From the data of this study, the target and range of income
differed [7]. The meta-analysis of Early Breast Cancer Trial-
ists” Collaborative Group (EBCTCG) age had little effect on
the risk of recurrence reduced by chemotherapy [21].
Current guidelines do not differentiate adjuvant treatment
options based on age, as treatment decisions are primar-
ily guided by disease stage, biological characteristics, and
patient preference. The guidelines delineate the specific cir-
cumstances under which exemption from chemotherapy may
be considered [22]. However, in these same circumstances,
young women often receive more aggressive treatment. This
approach may result in excessive treatment and impaired
fertility in specific patient populations. Subgroup survival
analysis of this study demonstrated no improvement in
BCSS and OS with chemotherapy across three dimensions:
tumor size, molecular subtype, and ethnicity. Previous stud-
ies have shown that some young women achieve favorable

@ Springer



92 Page 8 of 12

Clinical and Experimental Medicine (2025) 25:92

a Kaplan-Meyer curves for patients' BCSS of patients at different molecular subtypes.
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Fig.2 a Kaplan—Meier curves for patients BCSS of patients at different molecular subtypes. b Kaplan-Meier curves for patients” OS of patients
at different molecular subtypes. The log-rank test for P are displayed on the graphs

clinical outcomes with endocrine therapy alone [23]. There-
fore, the decision to administer chemotherapy should not
solely rely on age as an indicator; instead, greater considera-
tion should be given to the pathological characteristics of
the tumor [16, 17]. Currently available genetic testing tools
can aid in identifying HR+HER2— breast cancers that do
not require chemotherapy among young patients [24]. How-
ever, for other molecular subtypes of young breast cancer,
we anticipate the development of similar tools in the future.

A higher prevalence of pathogenic variants in cancer sus-
ceptibility genes like BRCA1/BRAC?2 is observed among
young female breast cancer patients when compared to those
with late-onset breast cancer [25]. However, due to unavail-
able data regarding patient’s genetic predisposition from the
SEER database during grouping and matching processes for
this particular study, balancing for potential effects caused

@ Springer

by variations within the aforementioned genes could not
be achieved. The POSH study analyzed 2733 women and
found that patients with pathogenic variants of BRCA1/2
had a comparable prognosis to non-carriers. Patients with
BRCA1/2 gene mutations exhibited a 97.0% 2-year overall
survival (OS) rate, which was similar to the rate of 96.6% in
non-carriers [26]. Another large international multicenter
retrospective cohort study involving 1236 breast cancer
patients aged <40 years diagnosed with germline BRCA1/2
mutations demonstrated that BRCAI1 carriers had a lower
8-year disease-free survival (DFS) compared to BRCA?2 car-
riers; however, no significant difference was observed in dis-
tant recurrence-free interval (DRFI) or overall survival (OS)
[27]. Despite the absence of data on BRCA1/2 mutations
in this particular study, based on the results from these two
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a Kaplan-Meyer curves for patients' BCSS of patients at different T stages.
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extensive studies, it can be concluded that the mutational
status of BRCA1/2 did not impact the study endpoints.
Even more critical than the BRCA gene is the fact that we
do not have access to specific regimens for chemotherapy, tar-
geted therapy, and endocrine therapy from the SEER database.
Often this information is important for the prognosis of breast
cancer patients. Unfortunately, our study population was all
premenopausal women in stage Ia and to ensure as much con-
sistency in treatment regimens as possible, we selected patients
diagnosed between 2010 and 2020. The consensus of guide-
lines for young breast cancer during this period shows that
chemotherapy during this period is an anthracycline- or zirco-
nia-based regimen; targeted therapy is a 1-year single-targeted
treatment with Herceptin; and in terms of endocrine therapy,
prolonged therapy and GNRH are still in the research phase,
with 5 years of TAM being the choice for most premenopausal
women [28]. Admittedly, oncology studies are complex and

rigorous, and it is difficult to be exhaustive as the type, num-
ber, dose, and cycle of drugs all have an impact on the final
outcome. In the randomized controlled study of TAILORX,
we were also unable to specify the exact regimen and dosage
of chemotherapy and endocrine therapy for all patients [24].
However, as an oncology specialist, we can still get very valu-
able reference and guidance from it.

We obtained a large, multicenter, and standardized case
dataset using the SEER database. By limiting the pathologic
type of the tumor to invasive ductal carcinoma, we excluded the
effect of different pathologic types on patient prognosis [29].
Efforts were made to reduce the influence of factors such as
tumor size, histological grading, molecular typing, and other
factors that are now clearly known to affect prognosis on the
results of the study through statistical methods such as pro-
pensity score matching (PSM). However, it must be acknowl-
edged that retrospective studies still have inherent shortcomings
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of pairs in these subgroups after PSM. There were no target
events at follow-up, and our study could not perform survival
analysis for these subgroups. However, de-escalation therapy
for early-stage tumors is the current trend. Chemotherapy was

compared with randomized controlled trials (RCTs), which can
introduce unavoidable bias to the study results. The fact that
chemotherapy was the standard treatment regimen for the HR-
HER2— and HR-HER?2+-subgroups resulted in a lower number
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not found to improve prognosis in stage la patients in a retro-
spective study of 12,156 TNBC patients aged 18—70 years [30].
For early-stage HER2+ breast cancer, the ATTEMPT study still
achieved excellent results with the use of novel targeted agents
in adjuvant therapy as an alternative to chemotherapy combined
with targeted therapy [31]. With the further popularization and
improvement of quantitative tests such as Oncotype and Mind-
act, in the future, the treatment regimen for patients with T1a-
bNOMO will surely be more accurate, low-toxicity, and efficient.

Conclusion

Based on analysis of real-world clinical data, current evidence
suggests that adjuvant chemotherapy does not provide a signif-
icant survival benefit for young patients with early-stage breast
cancer. Specifically, the potential for therapeutic downstaging
exists in a subgroup of young breast cancer patients who are
hormone receptor-positive (HR+), lymph node-negative, and
have tumors less than 2 cm in size. The integration of advanced
gene profiling technologies, particularly multigene expression
assays, promises to enable more precise risk stratification and
treatment optimization. This paradigm shift toward personal-
ized medicine is expected to improve the quality of life of these
patients by significantly reducing chemotherapy-related toxic-
ity while maintaining optimal oncologic outcomes.
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