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Abstract

Background: There is no clear consensus on the benefits of adjuvant chemotherapy for tumor-node-metastasis
(TNM) stage T1 (TTNOMO) breast cancer (BC). Our study investigated the effects of adjuvant chemotherapy on
TTNOMO BC patients.

Methods: Seventy-five thousand one hundred thirty-nine patients diagnosed with TTNOMO BC were selected

from the Surveillance, Epidemiology, and End Results (SEER) database. Multivariate Cox analyses were performed to
investigate the effects of adjuvant chemotherapy onT1a, T1b, and T1cNOMO BC, including various tumor grades, and
four molecular subtypes. Propensity score matching (PSM) was used to eliminate confounding factors and further
compare the results between adjuvant chemotherapy and no adjuvant chemotherapy. Additionally, 545 TTNOMO

BC patients treated at the Northern Jiangsu People’s Hospital were included as an independent external validation
cohort. Univariate and multivariate Cox analyses were used to confirm the effects of adjuvant chemotherapy inT1a,
T1b, and TTcNOMO BC. Survival curves for the different tumor grades and molecular subtypes were plotted using the
Kaplan—-Meier method.

Results: Adjuvant chemotherapy demonstrated a statistically significant improvement in overall survival (OS) in T1b
and T1c BC, but not in T1a BC. Within T1b BC, adjuvant chemotherapy was found to have effects on grade Ill, and
hormone receptor + (HoR +)/human epidermal growth factor receptor 2 + (HER2 +), HoR-/HER2 4, and HoR-/HER2-
molecular subtypes, respectively. Adjuvant chemotherapy was beneficial to OS for grade I/l and T1c BC. Identical
results were obtained after PSM. We also obtained similar results with external validation cohort, except that adjuvant
chemotherapy made a difference in grade Il and T1b BC of the external validation dataset.
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Conclusions: Partial TINOMO BC patients with grade Ill TTbNOMO, patients with tumor grade Il and Il T1cNOMO, and
excluding those with HoR +/HER2- subtype tumors, could obtain OS benefits from adjuvant chemotherapy.

Keywords: Adjuvant chemotherapy, Breast neoplasms, Small tumor, Prognosis, Molecular subtype, Lymph node-

negative

Background

Breast cancer (BC) is the most commonly occurring
malignancy in women and the leading cause of cancer-
related death among women worldwide [1]. The inci-
dence of early-stage BC has increased over the recent
decades due to the widespread use of advanced diag-
nostic imaging and longer life expectancy [2—5]. Small
tumors without lymph node infiltration have been
given much attention by physicians. These patients are
considered to have a good prognosis, even though they
undergo surgery without adjuvant therapy. TINOMO
BC includes tumors smaller than 2 cm without node
involvement. These tumors are subdivided into three
groups: Tla (<0.5 cm), Tlb (>0.5 cm but<1.0 cm),
and Tlc (>1.0 cm but<2.0 cm) [6]. According to the
seventh edition of the American Joint Committee on
Cancer, TINOMO BC has been reported to have a rela-
tively low risk of death and recurrence [7, 8].

BC is a heterogeneous disease with distinct response
to therapeutics, and consists of four different molecular
subtypes, namely, luminal A, luminal B, HER2 4, and
triple-negative breast cancer (TNBC) [9]. Considering
the results of international reviews, adjuvant therapy
for BC can reduce deaths by approximately 25% across
all the risk groups [10]. Adjuvant systematic therapy
includes chemotherapy, endocrine therapy, and tar-
geted therapy. Although adjuvant chemotherapy is an
effective treatment, it is known to cause short-term and
long-term side effects that are toxic and could result
in death [11]. Patients with early-stage BC have been
reported to achieve only a small absolute percentage
of survival benefit from adjuvant chemotherapy [12].
Therefore, it is crucial to identify the patients with
early-stage BC that may benefit from adjuvant chemo-
therapy. When considering adjuvant chemotherapy,
it is important to weigh the possible risks against the
benefits. Adjuvant chemotherapy can reduce the risk of
tumor recurrence and death, but it also increases the
damage caused by its toxic side-effects and increases
the medical expenses. Nevertheless, without further
evidence, the possible benefits of adjuvant chemother-
apy for early-stage BC are controversial. Therefore, our
study aimed to evaluate the effects of adjuvant chem-
otherapy on the overall survival (OS) of TINOMO BC
patients.

Materials and methods

Data acquisition and patient selection

The Surveillance, Epidemiology, and End Results (SEER)
database was established in 1973 by the National Can-
cer Institute and is one of the largest tumor registration
database. Data from 18 registries of the SEER program
(2010 to 2014) was used to identify TINOMO female
BC patients. Breast cancer patients that met the follow-
ing criteria were excluded: (a) did not undergo surgery;
(b) had a history of ductal carcinoma in situ or lobular
carcinoma in situ; (c) had a history of other malignancy
/chronic diseases; (d) participated for <3 months of fol-
low-up; and (e) had incomplete or missing clinicopatho-
logical data.

We collected the data of 75,139 early-stage BC patients
from the SEER database. The same inclusion and exclu-
sion criteria were applied to the external validation
cohort, consisting of patients treated at the Northern
Jiangsu People’s Hospital from 2010 to 2015. Finally, 545
female TINOMO BC patients were included in the study
from the external validation cohort.

The following data of each patient were gathered:
patient number, age, death status (yes/no), follow-up
time, tumor size, grade, estrogen receptor (ER) sta-
tus, progesterone receptor (PR) status, human epider-
mal growth factor receptor-2 (HER-2) status, surgical
method, history of adjuvant chemotherapy, and history
of radiation therapy. Because chemotherapy-related tox-
icities could lead to death, we chose OS as the endpoint
instead of BC-specific survival [13]. An age of 60 years
was chosen as the threshold for distinguishing young and
old patients [14].

SEER methods

A cohort of 75,139 eligible early-stage BC patients was
identified from the SEER database. We conducted a
descriptive analysis of the baseline clinical features of eli-
gible patients and used the chi-square test to compare the
characteristics of patients among the three groups. Multi-
variate Cox regression analysis was performed to explore
whether adjuvant chemotherapy was a prognostic factor
for T1a, T1b, and T1lc BC patients. We also performed
a multivariate Cox regression analysis of diverse tumor
grades and molecular subtypes. To further confirm the
specific role of adjuvant chemotherapy for patients in the
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three groups and four molecular subtypes, a multivariate
Cox regression analysis of tumor grades was performed.
Furthermore, propensity score matching (PSM) was
performed to balance the disparities between adjuvant
chemotherapy and no adjuvant chemotherapy. The vari-
ables considered in the PSM analysis for adjuvant chemo-
therapy status were tumor grade, surgery type, radiation
record, molecular subtype, and age. Following PSM, mul-
tivariate Cox regression analysis was repeated in order to
obtain more accurate results, and to assess the usefulness
of adjuvant chemotherapy for the different tumor grades
and molecular subtypes of the three groups.

External validation methods

A total of 545 TINOMO female BC patients were included
in the external validation cohort from the Northern
Jiangsu People’s Hospital. Because of the lack of data,
we used the univariate Cox regression analysis to iden-
tify the significant variables and remove some incon-
sequential parameters. These meaningful indicators
were incorporated into the multivariate Cox regression
analysis to further evaluate the three groups. In each of
the three groups, Kaplan—Meier survival curves of the
tumor grades and molecular subtypes were plotted and
the estimated log-rank test results were used to compare
the control group (no adjuvant chemotherapy) and the
experimental group (adjuvant chemotherapy).

Statistical methods

Data analyses were performed using the R software ver-
sion 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria) and SPSS version 19.0 (IBM Corpora-
tion, Armonk, NY, USA). PSM was calculated using mul-
tivariate logistic regression, and the propensity score was
constructed using 1:1 nearest-neighbor matching within
calipers (0.005), without replacement [15]. Two-tailed
test with a p-value (P)<0.05 was considered statistically
significant.

Results

SEER results

The median follow-up time was 51 months, as calcu-
lated by the reverse Kaplan—Meier method. As shown
in Table S1, a total of 75,139 TINOMO BC patients
were divided into three groups: Tla (1=10,073);
T1b (#=24,951); and Tlc (n=40,115). T1cNOMO BC
patients tended to have worse differentiated tumor
grades than the other groups and often received adju-
vant chemotherapy. There were notable statistical dif-
ferences between the groups (P<0.01). The outcomes
of multivariate Cox proportional hazard analyses
of T1, Tla, T1lb, and Tlc are presented in Table S2.
Adjuvant chemotherapy was effective for T1b (hazard
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ratio (HR), 0.72; 95% confidence interval (CI), 0.59—
0.88; P<0.0001) and T1c (HR, 0.54; 95% CI, 0.48-0.60;
P<0.0001). Compared to the other subtypes, HoR+/
HER2- BC subtype had a better prognosis with T1b
and Tlc. Patients treated with radiotherapy had
more favorable survival rates (P<0.0001). Multivari-
ate Cox analyses (Table S3) showed that patients that
underwent breast-conserving surgery combined with
radiotherapy experienced a longer OS than patients
that underwent breast-conserving surgery or total
mastectomy or modified radical mastectomy alone
(P<0.0001). As expected, larger tumors were strong
predictors of worse OS. Multivariate Cox regres-
sion analysis of the four molecular subtypes and
tumor grades of Tla are presented in Tables S4 and
S5. Adjuvant chemotherapy did not have a role in
molecular subtypes HoR 4+ /HER2- (P=0.11), HoR +/
HER2+(P=0.36), HoR-/HER2+4(P=0.22), and
HoR-/HER2- (P=0.20) and tumor grades I (P=0.78),
II (P=0.23), and III (P=0.68). Multivariate Cox
regression analysis of the four molecular subtypes and
tumor grades of T1b are presented in Tables S6 and S7.
There were no survival benefits with adjuvant chemo-
therapy in TIbNOMO BC patients with HoR + /HER2-
(P=0.67), grade I (P=0.41), and grade II (P=0.11)
tumors. There were statistically significant survival
benefits with adjuvant chemotherapy in T1bNOMO
BC patients with HoR+ /HER2 + (HR, 0.41; 95% ClI,
0.25-0.69; P<0.0001), HoR-/HER2 + (HR, 0.50; 95%
CI, 0.25-1.02; P=0.01), HoR-/HER2- (HR, 0.53; 95%
CI, 0.36-0.78; P<0.0001), and grade III (HR, 0.52;
95% CI, 0.38-0.70; P<0.0001) tumors, as compared to
patients that did not receive any adjuvant chemother-
apy. Tlc patients that received adjuvant chemother-
apy appeared to have OS benefits compared to their
counterparts, except for those with grade I (P=0.10)
(Tables S8 and S9). Multivariate Cox regression analy-
ses of tumor grades of the Tla group and molecular
subtype subgroups are presented in Tables S10, S11,
S12, and S13. Not surprisingly, adjuvant chemother-
apy did not improve the OS of T1a patients. However,
adjuvant chemotherapy decreased the survival time
for grade II (HR, 3.23; 95% CI, 1.81-5.78; P<0.0001)
and grade III (HR, 3.26; 95% CI, 1.25-8.48; P=0.02)
Tla patients with HoR+ /HER2- subtype. Adjuvant
chemotherapy led to accelerated death in grade I
T1b patients with HoR+ /HER2- (HR, 1.62; 95% ClI,
1.02-2.57; P=0.04) (Tables S14, S15, S16, and S17).
Adjuvant chemotherapy also significantly enhanced
the OS of grade III (HR, 0.36; 95% CI, 0.16—0.80;
P=0.01) Tlb patients with HoR+ /HER2+, HoR-/
HER2 + (HR, 0.34; 95% CI, 0.14-0.84; P=0.02), and
HoR-/HER2- (HR, 0.54; 95% CI, 0.34-0.85; P=0.01).
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Table 1 Characteristics of T1a patients with or without chemotherapy in the whole cohort and matched cohorts

Characteristic T1a: Whole cohort [cases (%)] T1a: Matched cohort [cases (%)]

Chemotherapy P-value Chemotherapy P-value
No Yes No Yes

GRADE <0.01 0.87
I 4254 (46.11%) 128 (15.09%) 135 (16.03%) 128 (15.20%)

Il 3906 (42.34%) 368 (43.40%) 358 (42.52%) 366 (43.47%)
il 1065 (11.54%) 352 (41.51%) 349 (41.45%) 348 (41.33%)

SURGERY <0.01 094
Breast-conserving 6054 (65.63%) 400 (47.17%) 393 (46.67%) 400 (47.51%)

Total mastectomy 2603 (28.22%) 353 (41.63%) 355 (42.16%) 349 (41.45%)
Modified radical mastectomy 568 (6.16%) 95 (11.20%) 94 (11.16%) 93 (11.05%)

RADIATION <0.01 0.66
No 4016 (43.53%) 466 (54.95%) 475 (56.41%) 466 (55.34%)

Yes 5209 (56.47%) 382 (45.05%) 367 (43.59%) 376 (44.66%)

SUBTYPE <0.01 0.86
HoR+/HER2- 7766 (84.18%) 311 (36.67%) 323 (38.36%) 311 (36.94%)
HoR+/HER2 4 621 (6.73%) 239 (28.18%) 224 (26.60%) 239 (28.38%)

HoR-/HER2 + 302 (3.27%) 38 (16.27%) 138 (16.39%) 135 (16.03%)
HoR-/HER2- 536 (5.81%) 160 (18.87%) 157 (18.65%) 157 (18.65%)

AGE (year) <0.01 0.71
<60 3818 (41.39%) 575 (67.81%) 580 (68.88%) 573 (68.05%)
>60 5407 (58.61%) 273 (32.19%) 262 (31.12%) 269 (31.95%)

Abbreviations: HoR hormone receptor, HER-2 human epidermal growth factor receptor-2

Table 2 Characteristics of T1b patients with or without chemotherapy in the whole cohort and matched cohorts

Characteristic T1b: whole cohort [cases (%)] T1b: Matched cohort [cases (%)]

Chemotherapy P-value Chemotherapy P-value
No Yes No Yes

GRADE <0.01 0.83
| 9790 (45.96%) 466 (12.77%) 443 (16.07%) 455 (16.50%)

Il 9455 (44.38%) 1442 (39.53%) 1197 (43.42%) 1176 (42.66%)
Il 2058 (9.66%) 1740 (47.70%) 1117 (40.52%) 1126 (40.84%)

SURGERY <0.01 092
Breast-conserving 15,453 (72.54%) 2235 (61.27%) 1676 (60.79%) 1665 (60.39%)

Total mastectomy 4615 (21.66%) 1147 (31.44%) 869 (31.52%) 883 (32.03%)
Modified radical mastectomy 1235 (5.80%) 266 (7.29%) 212 (7.69%) 209 (7.58%)

RADIATION <001 0.77
No 7997 (37.54%) 1569 (43.01%) 1238 (44.90%) 1227 (44.50%)

Yes 13,306 (62.46%) 2079 (56.99%) 1519 (55.10%) 1530 (55.50%)

SUBTYPE <0.01 0.96
HoR +/HER2- 19,702 (92.48%) 1509 (41.37%) 1512 (54.84%) 1508 (54.70%)
HoR+/HER2 + 712 (3.34%) 876 (24.01%) 538 (19.51%) 548 (19.88%)

HoR-/HER2 + 147 (0.69%) 339 (9.29%) 139 (5.04%) 144 (5.22%)
HoR-/HER2- 742 (3.48%) 924 (25.33%) 568 (20.60%) 557 (20.20%)

AGE (year) <0.01 0.83
<60 7510 (35.25%) 2243 (61.49%) 1416 (51.36%) 1424 (51.65%)
>60 13,793 (64.75%) 1405 (38.51%) 1341 (48.64%) 1333 (48.35%)

Abbreviations: HoR hormone receptor, HER-2 human epidermal growth factor receptor-2
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Table 3 Characteristics of T1c patients with or without chemotherapy in the whole cohort and matched cohorts

Characteristic T1c: whole cohort [cases (%)] T1c: Matched cohort [cases (%)]

Chemotherapy P-value Chemotherapy P-value
No Yes No Yes

GRADE <0.01 0.64
| 9648 (32.86%) 836 (7.77%) 777 (11.42%) 802 (11.79%)

Il 15,475 (52.70%) 3823 (35.55%) 3028 (44.52%) 2979 (43.80%)
Il 4239 (14.44%) 6094 (56.67%) 2997 (44.06%) 3021 (44.41%)

SURGERY <0.01 0.61
Breast-conserving 19,489 (66.37%) 6389 (59.42%) 3956 (58.16%) 3974 (58.42%)

Total mastectomy 7640 (26.02%) 3379 (31.42%) 2174 (31.96%) 2190 (32.20%)
Modified radical mastectomy 2233 (7.61%) 985 (9.16%) 672 (9.88%) 638 (9.38%)

RADIATION 0.96 041
No 12,848 (43.76%) 4708 (43.78%) 3307 (48.62%) 3259 (47.91%)

Yes 16,514 (56.24%) 6045 (56.22%) 3495 (51.38%) 3543 (52.09%)

SUBTYPE <0.01 093
HoR+/HER2- 26,924 (91.70%) 4984 (46.35%) 4579 (67.32%) 4579 (67.32%)
HoR+/HER2 + 973 (3.31%) 2324 (21.61%) 873 (12.83%) 891 (13.10%)

HoR-/HER2 + 256 (0.87%) 769 (7.15%) 246 (3.62%) 250 (3.68%)
HoR-/HER2- 1209 (4.12%) 2676 (24.89%) 1104 (16.23%) 1082 (15.91%)

AGE (year) <0.01 0.76
<60 10,350 (35.25%) 6891 (64.08%) 3645 (53.59%) 3663 (53.85%)
>60 19,012 (64.75%) 3862 (35.92%) 3157 (46.41%) 3139 (46.15%)

Abbreviations: HoR hormone receptor, HER-2 human epidermal growth factor receptor-2

However, adjuvant chemotherapy was not useful for
grade I Tlc patients with HoR+ /HER2- (P=0.20),
HoR + /HER2 + (P=0.28), HoR-/HER2 + (P =0.41),
and HoR-/HER2- (P=0.67) (Tables S18, S19, S20,
and S21). Tables 1, 2 and 3 summarize the associa-
tion of adjuvant chemotherapy with other variables.
The results of the adjuvant chemotherapy group were
clearly contrary to that of the no adjuvant chemo-
therapy group of the entire cohort (P<0.01). After
PSM, the parameters of the above two groups were
similar in the matched cohort. Consequently, these
matched data were used for further analyses and vali-
dation. In the matched cohort, adjuvant chemother-
apy was statistically significant for T1b (HR, 0.44; 95%
CI, 0.38-0.51; P<0.001) and Tlc (HR, 0.47; 95% CI,
0.41-0.54; P<0.001) (Table 4). Similarly, T1a patients
of the matched cohort (Tables 5 and 6) with tumor
grades I (P=0.27), I (P=0.99), and III (P=0.57) and
molecular subtypes HoR + /HER2- (P=0.66), HoR + /
HER2 + (P=0.20), HoR/HER2 4 (P =0.27), and HoR-/
HER2- (P=0.48) did not obtain OS benefit from
adjuvant chemotherapy. Furthermore, T1b patients
with HoR+ /HER2 + (HR, 0.38; 95% CI, 0.21-0.66;
P<0.01), HoR-/HER2 + (HR, 0.51; 95% CI, 0.23-1.15;

P=0.01), HoR-/HER2- (HR, 0.44; 95% CI, 0.28-0.67;
P<0.0001) and grade III (HR, 0.51; 95% CI, 0.36-0.72;
P<0.0001), that received adjuvant chemotherapy,
showed OS benefits (Tables 7 and 8). T1c patients that
received adjuvant chemotherapy, appeared to obtain
OS benefits compared to their counterparts, except
for those with grade I (P=0.33) of the matched cohort
(Tables 9 and 10).

External validation results

The median follow-up time was 60 months, as calculated
by the reverse Kaplan—Meier method. The external vali-
dation cohort consisted of 545 early-stage BC patients
and was comprised of three groups: Tla (n=98), T1lb
(n=130), and T1lc (n=317) (Table S22). Larger tumors
tended to have worse differentiated tumor grades and
often received adjuvant chemotherapy (P<0.01). Results
of the univariate and multivariate Cox regression analy-
ses of T1la, T1b, and T1c are presented in Tables S23, S24,
and S25. T1a early-stage BC patients did not benefit from
adjuvant chemotherapy (P=0.47). Nevertheless, patients
with T1b (HR, 0.02; 95% CI, 0.00-0.09; P<0.0001) and
Tlc (HR, 0.06; 95% CI, 0.03-0.11; P<0.0001) BC had
longer survival with adjuvant therapy. Kaplan—Meier



Shen et al. BMC Cancer (2022) 22:863

Page 6 of 15

Table 4 Multivariate Cox regression analyses of overall survival for T1a, T1b, and T1c breast cancer patients in the matched cohort

Variables T1a

T1b T1c

Multivariate Analysis

Multivariate Analysis Multivariate Analysis

HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value

GRADE

I reference reference reference

Il 2.17(0.98-4.83) 0.06 1.01(0.89-1.14) 092 1.25(0.95-1.63) 0.11

Il 2.24(0.95-5.27) 0.07 1.19(0.99-1.43) 0.06 1.59(1.22-2.08) <0.01
SURGERY

Breast-conserving reference reference reference

Total mastectomy 0.67(0.31-1.43) 030 0.74(0.63-0.88) <0.01 0.58(0.48-0.69) <0.0001

Modified radical mastectomy 0.26(0.08-0.85) 0.03 0.96(0.77-1.19) 0.70 0.63(0.50-0.80) <001
RADIATION

No reference reference

Yes 0.32(0.15-0.70) <0.01 0.72(0.59-0.88) <0.0001 0.39(0.33-0.47) <0.0001
CHEMOTHERAPY

No reference reference reference

Yes 1.09(0.67-1.76) 0.73 0.44(0.38-0.51) <0.0001 047(041-0.54) <0.0001
SUBTYPE

HoR 4 /HER2- reference reference reference

HoR+/HER2 + 0.35(0.16-0.75) 0.01 1.32(1.05-1.68) 0.02 1.31(1.09-1.57) <0.01

HoR-/HER2 + 0.70(0.35-1.38) 0.30 1.64(1.14-2.37) 0.01 1.41(1.06-1.86) 0.02

HoR-/HER2- 0.55(0.27-1.13) 0.10 1.65(1.33-2.05) <0.0001 1.83(1.57-2.14) <0.0001
AGE (year)

<60 reference reference reference

>60 3.22(1.95-5.31) <0.0001 3.72(3.17-4.36) <0.0001 3.08(2.65-3.58) <0.0001

Abbreviations: HR hazard ratio, HoR hormone receptor, HER-2 human epidermal growth factor receptor-2

survival curves were plotted for tumor grades and molec-
ular subtypes: T1a (Figure S1), T1b (Figure S2), and T1lc
(Figure S3). All statistically significant results are sum-
marized in Figs. 1 and 2. For T1la BC patients, adjuvant
chemotherapy was ineffective for those with grade I
(P=0.43), grade II (»=0.25), HoR + /HER2- (P=0.75),
HoR+ /HER2+ (P=0.26), and HoR-/HER2+ (P=1).
Grade III and triple-negative BC groups could not be
plotted due to limited data available for T1a. For patients
with grade II (P<0.0001), grade III (P<0.01), HoR+/
HER2 + (P<0.01), HoR-/HER2 + (P<0.0001), and HoR/
HER2- (P<0.0001) T1b BC (Fig. 1A, B, C, D and E), adju-
vant chemotherapy had beneficial effects on OS. Adju-
vant chemotherapy improved OS (P<0.0001) for patients
with T1c BC (Fig. 2A, B, C, D, E, and F), but not for those
with grade I (P=0.07).

Discussion

In spite of the dramatic increase in the number of early-
stage BC patients [3-5, 16], the role of adjuvant chemo-
therapy in TINOMO BC remains controversial. Therefore,
it is imperative to establish a safe, specific, and effective

adjuvant chemotherapy strategy to guide treatment and
improve the prognosis of these patients. In addition to
creating the strategy, we utilized PSM and external vali-
dation dataset to verify the association between adjuvant
chemotherapy and OS in TINOMO BC patients.

Adjuvant chemotherapy is recognized as a primary sys-
tematic adjuvant modality. However, it negatively influ-
ences survival and reduces the quality of life due to its
short-term toxicities, including alopecia, nausea, vom-
iting, and fatigue, and potential long-term side-effects,
including myelosuppression, cardiovascular toxicity,
neurotoxicity, marrow neoplasm, and cessation of men-
ses and fertility [17-20]. Early-stage BC patients are
expected to survive their cancer diagnosis. As adjuvant
chemotherapy associated toxicity could cause death, it
is better to consider OS instead of BC-specific mortal-
ity as an end-point [13, 21]. Furthermore, our study sug-
gests that adjuvant chemotherapy possibly accelerates
death for some HoR + /HER2- T1aNOMO, and T1bNOMO
patients.

Postmastectomy radiation therapy is widely con-
sidered to reduce the risk of local recurrence and
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Variable HoR +/HER2- HoR+/HER2 + HoR-/HER2 + HoR-/HER2-
Multivariate Analysis Multivariate Analysis Multivariate Analysis Multivariate Analysis
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value

GRADE

I reference reference reference reference

Il 221(091-5.36) 0.08 - - 0.55(0.07-4.62) 0.58 - -

Il 292(1.08-792) 0.04 - - 0.35(0.04-3.24) 035 - -
SURGERY

Breast-conserving reference reference reference reference

Total mastectomy 046(0.17-123) 0.2 22.06(2.09-23247) 0.01 1.79(0.11-2843) 0.68 044(0.11-1.85) 0.26

Modified radical mastectomy  0.29(0.07-124)  0.09 - - 1.09(0.04-27.13)  0.96 - -
RADIATION

No reference reference reference reference

Yes 0.20(0.07-0.58) <0.01 6.33(0.66-60.72) 0.11 141(0.09-21.27) 0.80 0.19(0.04-0.85) 0.03
CHEMOTHERAPY

No reference reference reference reference

Yes 2.25(1.09-4.62) 066 0.27(0.06-1.25) 0.10 0.51(0.15-1.70)  0.27 0.66(0.21-2.10) 048
AGE (year)

<60 reference reference reference reference

>60 522(240-11.32) <0.0001 52.09(6.10-444.61) <0.01 1.31(0.37-4.67) 0.68 047(0.13-1.77) 0.27

Abbreviations: HoR hormone receptor, HER2 human epidermal growth factor receptor-2, HR hazard ratio

Table 6 Multivariate Cox regression analyses of overall survival for tumor grades of T1a breast cancer patients in the matched cohort

Variable T1a: GRADEI T1a: GRADEII T1a: GRADEIII
Multivariate Analysis Multivariate Analysis Multivariate Analysis
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value

SURGERY

Breast-conserving reference reference reference

Total mastectomy 0.36(0.03-3.94) 041 2.13(0.59-7.72) 0.25 0.52(0.14-1.90) 032

Modified radical mastectomy 0.54(0.03-10.37) 0.68 1.99(0.46-8.65) 0.36 0.29(0.05-1.78) 0.18
RADIATION

No reference reference reference

Yes - - 1.78(0.52-6.12) 036 0.23(0.06-0.87) 0.03
CHEMOTHERAPY

No reference reference reference

Yes 2.54(0.49-13.09) 0.27 1.00(0.51-1.94) 0.99 1.27(0.56-2.91) 0.57
SUBTYPE

HoR + /HER2- reference reference reference

HoR+/HER2 + - - 0.22(0.06-0.75) 0.02 0.10(0.01-0.79) 0.03

HoR-/HER2 + 1.73(0.20-15.15) 0.62 1.00(043-2.33) 1.00 0.68(0.22-2.15) 0.52

HoR-/HER2- - - 1.13(0.44-2.93) 0.80 0.58(0.21-1.57) 0.28
AGE (year)

<60 reference reference reference

>60 0.31(0.03-3.20) 032 3.35(1.64-6.83) <0.01 2.89(1.25-6.68) 0.01

Abbreviations: HR hazard ratio, HoR hormone receptor, HER2 human epidermal growth factor receptor-2
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Table 7 Multivariate Cox regression analyses of overall survival for four molecular subtypes of T1b breast cancer patients in the
matched cohort

Variable HoR +/HER2- HoR+/HER2 + HoR-/HER2 + HoR-/HER2-
Multivariate Analysis Multivariate Analysis Multivariate Analysis Multivariate Analysis
HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value HR (95%Cl) P-value

GRADE

I reference reference reference reference

Il 0.82(0.52-1.29) 0.39 0.74(0.30-1.85) 052 0.83(0.10-6.79)  0.87 1.29(0.31-544) 0.73

Il 0.93(0.58-148) 0.76 0.88(0.35-2.23) 0.79 0.87(0.11-6.77)  0.89 1.32(0.32-542) 0.70
SURGERY

Breast-conserving reference reference reference reference

Total mastectomy 1.14(061-2.11)  0.68 0.64(0.28-1.46) 0.29 0.28(0.09-0.84)  0.02 1.65(0.77-3.54) 0.20

Modified radical mastectomy  1.64(0.81-3.30) 0.17 1.05(0.34-3.23) 0.94 0.40(0.09-1.70)  0.21 1.79(0.72-4.44) 0.21
RADIATION

No reference reference reference reference

Yes 0.63(0.35-1.14)  0.13 0.59(0.27-1.27) 0.18 0.33(0.10-1.06) 0.06 0.93(045-193) 084
CHEMOTHERAPY

No reference reference reference reference

Yes 0.94(0.66-134) 0.74 0.38(0.21-0.66) <0.01 0.51(0.23-1.15)  0.01 044(0.28-0.67)  <0.0001
AGE (year)

<60 reference reference reference reference

>60 3.92(267-5.74) <0.0001 4.93(237-10.28) <0.0001 2.34(0.87-6.32) 0.09 3.34(1.81-6.15)  <0.0001

Abbreviations: HoR hormone receptor, HER2 human epidermal growth factor receptor-2, HR hazard ratio

Table 8 Multivariate Cox regression analyses of overall survival for tumor grades of T1b breast cancer patients in the matched cohort

Variable T1b: GRADEI T1b: GRADEII T1b: GRADEIII
Multivariate Analysis Multivariate Analysis Multivariate Analysis
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value

SURGERY

Breast-conserving reference reference reference

Total mastectomy 0.88(0.35-2.19) 0.78 1.23(0.60-2.52) 0.58 0.91(0.50-1.66) 0.77

Modified radical mastectomy 2.34(0.79-6.96) 0.13 2.06(0.91-4.67) 0.08 0.71(0.32-1.58) 040
RADIATION

No reference reference reference

Yes 0.55(0.23-1.34) 0.19 0.83(0.41-1.65) 0.59 0.76(0.43-1.36) 0.36
CHEMOTHERAPY

No reference reference reference

Yes 0.83(0.45-1.52) 0.54 0.80(0.55-1.18) 0.26 0.51(0.36-0.72) <0.0001
SUBTYPE

HoR + /HER2- reference reference reference

HoR+/HER2 + 1.68(0.77-3.64) 0.19 1.10(0.68-1.78) 0.70 1.25(0.74-2.10) 041

HoR-/HER2 + 1.13(0.15-8.40) 0.90 1.99(0.96-4.13) 0.06 2.09(1.19-3.68) 0.01

HoR-/HER2- - - 1.32(0.78-2.23) 031 147(0.97-2.23) 0.07
AGE (year)

<60 reference reference reference

>60 6.42(3.13-13.17) <0.0001 2.70(1.74-4.20) <0.0001 2.44(1.62-3.67) <0.0001

Abbreviations: HR hazard ratio, HoR: hormone receptor, HER2 human epidermal growth factor receptor-2
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Table 9 Multivariate Cox regression analyses of overall survival for four molecular subtypes of T1c breast cancer patients in the

matched cohort

Variable HoR + /HER2- HoR+/HER2 + HoR-/HER2 + HoR-/HER2-
Multivariate Analysis Multivariate Analysis Multivariate Analysis Multivariate Analysis
HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value

GRADE

I reference reference reference reference

Il 1.27(0.92-1.77) 0.14 1.02(0.54-1.93) 095 0.19(0.04-0.88) 0.03 1.71(069-4.24) 0.25

Il 1.74(1.26-240)  <0.01 1.12(0.58-2.13) 0.74 0.19(0.04-0.83) 0.03 2.19(0.90-5.31)  0.08
SURGERY

Breast-conserving reference reference reference reference

Total mastectomy 0.54(040-0.74)  <0.0001 0.60(0.40-0.89) 0.01 041(0.21-0.78)  0.01 0.67(049-091) 0.01

Modified radical mastectomy  0.75(0.52-1.09)  0.13 0.52(0.29-093) 0.03 0.53(0.23-1.21) 013 0.55(0.36-0.85) 0.01
RADIATION

No reference reference reference reference

Yes 0.36(0.26-0.48)  <0.0001 0.37(0.25-0.56) <0.0001 0.36(0.16-0.77) 0.01 0.48(0.35-0.66)  <0.0001
CHEMOTHERAPY

No reference reference reference reference

Yes 061(0.51-0.74)  <0.00017 042(0.30-0.58) <0.0001 0.33(0.19-0.59) <0.0001 0.35(0.27-044)  <0.0001
AGE (year)

<60 reference reference reference reference

>60 3.62(298-441) <0.0001 3.27(213-5.02) <0.0001 259(1.34-5.04) <0.01 2.01(1.50-2.69) <0.0001

Abbreviations: HoR hormone receptor, HER2 human epidermal growth factor receptor-2, HR hazard ratio

Table 10 Multivariate Cox regression analyses of overall survival for tumor grades of T1c breast cancer patients in the matched cohort

Variable T1c: GRADEI T1c: GRADEI T1c: GRADEII
Multivariate Analysis Multivariate Analysis Multivariate Analysis
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value

SURGERY

Breast-conserving reference reference reference

Total mastectomy 0.63(0.26-1.52) 0.31 0.51(0.37-0.71) <0.0001 0.63(0.49-0.80) <0.01

Modified radical mastectomy 1.04(0.39-2.78) 094 0.60(0.39-0.93) 0.02 0.57(0.42-0.79) <0.01
RADIATION

No reference reference reference

Yes 043(0.18-1.01) 0.05 0.40(0.29-0.55) <0.0001 043(0.34-0.55) <0.0001
CHEMOTHERAPY

No reference reference reference

Yes 0.78(0.48-1.28) 033 0.53(0.43-0.66) <0.0001 0.44(0.37-0.53) <0.0001
SUBTYPE

HoR +/HER2- reference reference reference

HoR+/HER2 + 1.70(0.92-3.14) 0.09 1.53(1.17-2.01) <0.01 1.26(0.96-1.65) 0.09

HoR-/HER2 + 6.54(0.88-48.72) 0.07 2.16(1.30-3.59) <0.01 1.14(0.79-1.63) 049

HoR-/HER2- 1.58(0.61-4.07) 0.34 2.05(1.53-2.73) <0.0001 1.81(1.50-2.20) <0.0001
AGE (year)

<60 reference reference reference

>60 3.38(1.98-5.77) <0.0001 3.68(2.82-4.81) <0.0001 2.19(1.81-2.66) <0.0001

Abbreviations: HR hazard ratio, HoR hormone receptor, HER2 human epidermal growth factor receptor-2
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mortality, especially in patients with locally advanced
tumors, as these patients are at a high risk due to large
tumors and axillary lymph node involvement [22-24].
However, the majority of TINOMO BC patients prefer
to undergo breast-conserving surgery instead of mas-
tectomy. Adjuvant radiotherapy is a locoregional treat-
ment that is often combined with breast-conserving
surgery to achieve local control benefits and OS advan-
tages [25-30]. These results are consistent with the
results from our study.

The results from the SEER database were in contra-
diction to the results obtained from the external vali-
dation cohort. The external validation results indicated
that patients with grade II T1bNOMO could acquire
survival benefit from adjuvant chemotherapy. How-
ever, this was not observed in the results from the
SEER database. There are two explanations for this phe-
nomenon. Firstly, the data used for external validation
were relatively limited, Therefore, inevitable deviations
might have occurred during the statistical analyses.
Secondly, the two cohorts of data were derived from
China and the United States, respectively. Admittedly,
the factors that affect a patient’s lifetime vary from
country to country and are influenced by cultural barri-
ers, ethnic differences, and genetics [31]. Consequently,
the final conclusions refer to the results obtained from
the SEER database.

The results from our study, the guidelines of the
National Comprehensive Cancer Network (NCCN), and
the guidelines of the St. Gallen International BC Confer-
ence (BCC) are nearly identical [32, 33]. The NCCN sug-
gests the following:

1. For node-negative HoR+ /HER2- BC, if the tumor is
0.5 cm or smaller, adjuvant chemotherapy is not rec-
ommended. If the tumor is larger than 0.5 cm, then
performing a 21-gene reverse-transcription polymer-
ase chain reaction assay (Oncotype DX) is strongly
recommended [34-36].

a If the recurrence score is> 31, the risk of recur-
rence is high and adjuvant chemotherapy is rec-
ommended.

b If the recurrence score is between 26-30, the
risk of recurrence is moderate and the decision
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to perform adjuvant chemotherapy is based on
other clinical factors.

¢ If the recurrence score is< 26, the risk of recur-
rence is low and adjuvant chemotherapy is not
recommended.

2. For node-negative HoR+/HER2+BC, if the tumor
is 1.0 cm or smaller, it is unclear whether adju-
vant chemotherapy is required. However, adjuvant
chemotherapy is recommended for T1a category 2B,
which means that there is an NCCN consensus that
intervention is appropriate based on lower-level evi-
dence. If the tumor is larger than 1.0 cm, adjuvant
chemotherapy is recommended.

3. For node-negative HoR-/HER2 + BC, adjuvant chem-
otherapy is recommended. Also, adjuvant chemo-
therapy is recommended for category 2B when the
tumor is smaller than 0.5 cm.

4. For node-negative HoR-/HER2- BC, if the tumor is
smaller than 0.5 cm, adjuvant chemotherapy is not
recommended. However, adjuvant chemotherapy is
necessary for all other cases.

The BCC guidelines are different but somewhat simi-
lar to the NCCN guidelines [33]. Routine adjuvant
chemotherapy is not recommended for T1aNOMO
BC; this is similar to the results from our study. The
BCC panel recommends adjuvant chemotherapy
for HER2+and triple-negative BC (TNBC) stage
T1bNOMO and higher. For ER+/HER2- T1NOMO
BC, regardless of luminal-A-like qualities (strongly
ER+and PR+, HER2-, with lower grade and prolif-
eration markers) or luminal-B-like tumors, the BCC
panel does not recommend adjuvant chemotherapy
for patients with low genomic risk scores, according to
the Oncotype DX and 70-gene signature tests (Mam-
maPrint) [37-40]. Additionally, the European Society
for Medical Oncology guidelines are in agreement with
the St. Gallen guidelines regarding adjuvant chemo-
therapy for early-stage BC [41].

In our opinion, which is also supported by the St. Gal-
len guidelines, adjuvant chemotherapy should not be
performed for T1aNOMO BC patients. For HoR 4+ /HER2-
T1bNOMO and T1cNOMO BC, adjuvant chemotherapy is
recommended for grade II and grade III T1cNOMO BC

(See figure on next page.)

Fig. 1 Statistically significant Kaplan-Meier survival curves of the adjuvant chemotherapy and no adjuvant chemotherapy groups according to the
grades and molecular subtypes of TTbNOMO breast cancer patients treated at the Northern Jiangsu People’s Hospital. AT1b Grade II; B: T1b Grade
IIl; CT1b HoR+HER2+; D T1b HoR- HER2 4; E T1b HoR- HER2-. Abbreviations: HoR, hormone receptor; HER2, human epidermal growth factor

receptor 2
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Fig. 2 Statistically significant Kaplan—Meier survival curves of the adjuvant chemotherapy and no adjuvant chemotherapy groups according to the
grades and molecular subtypes of T1cNOMO breast cancer patients treated at the Northern Jiangsu People’s Hospital. AT1c Grade II; BT1c Grade ll;
CTlc HoR+HER2-; D T1c HOR+HER2 +; ET1c HoR- HER2 +; F T1c HoR- HER2-. Abbreviations: HoR, hormone receptor; HER2, human epidermal
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when no genetic signature test has been performed or
when the 21-gene assay indicates a medium risk. If the
conditions are suitable, we propose to perform genetic
testing for these patients, in accordance with the guide-
lines. For the other three molecular subtypes, adjuvant
chemotherapy is recommended for stage TIbNOMO and
higher; this is also mentioned in the St. Gallen guidelines.
Previous retrospective studies have demonstrated the
survival benefits of adjuvant chemotherapy for patients
with T1IcNOMO TNBC [42-44]. We incorporated tumor
grade, which is an independent prognostic indicator, to
assess the effects of adjuvant chemotherapy [45-47].
Patients, including those with TNBC, can be exempt
from adjuvant chemotherapy if they have grade I/II
T1bNOMO and grade I T1cNOMO BC [48].

Our study has several limitations. Firstly, the SEER
database lacked information regarding the genetic back-
ground of the patients such as the 21-gene assay and
schemes, and data regarding the therapies given to the
patients, including details about the dosages of adju-
vant chemotherapy and endocrine therapies. Secondly,
this study lacked data regarding the muscle mass of the
patients. Previous studies reported that chemotherapy
could increase the hematological toxicity of BC patients
with a low muscle mass, which might further affect their
OS [49, 50]. Thirdly, because the endpoint was OS, age
was a significant factor that could not be included to
evaluate the effects of adjuvant chemotherapy. Fourthly,
because we used a retrospective cohort population, inevi-
table selection bias might have affected the conclusions.
Further large-scale, prospective, randomized, controlled
clinical trials are warranted to accurately identify the
outcomes.

Conclusions

Our study found that adjuvant chemotherapy is not ben-
eficial and might even be detrimental to T1aNOMO BC
patients. Moreover, adjuvant chemotherapy is recom-
mended for patients with tumor grade III T1bNOMO
and grade II/III T1cNOMO BC, but not to patients with
HoR+/HER2- BC. Regarding the molecular subtype
HoR+ /HER2-, in the absence of genetic testing, adju-
vant chemotherapy is recommended for tumor grade
II and grade III T1cNOMO BC. However, further rand-
omized, controlled clinical trials are needed to confirm
these results.

Abbreviations

BC: Breast cancer; SEER: Surveillance, Epidemiology, and End Results; PSM: Pro-
pensity score matching; OS: Overall survival; HoR: Hormone receptor; ER: Estro-
gen receptor; PR: Progesterone receptor; HER-2: Human epidermal growth
factor receptor-2; HR: Hazard ratio; NCCN: National Comprehensive Cancer
Network; BCC: Breast Cancer Conference; TNBC: Triple-negative breast cancer.
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