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receptor-negative Tla and
T1bNOMO breast cancer patients

Yaxiong Liu?, Honghui Li%, Jinsong Li*, Changlong Wei?, Jinsheng Zeng** & Qiuhong Tian2**

The benefit of adjuvant chemotherapy (CT) for hormone receptor-negative T1a and TLbNOMO breast
cancer remains uncertain. Our study was to explore prognostic value and identify candidates of
adjuvant CT for these patients. The data of hormone receptor-negative T1a and TLbNOMO breast cancer
patients were extracted from the Surveillance, Epidemiology, and End Results (SEER) database from
2010 to 2015. All patients were divided into two groups according to the history of adjuvant CT namely
the CT group and the no CT (No CT) group. Univariate and multivariate Cox regression analysis were
utilized to identify factors linked with cancer specific survival (CSS) and overall survival (OS) for the
patients. Kaplan-Meier method was employed to determine survival benefit of adjuvant CT. A total

of 3889 patients were included. After propensity score-matching, 1217 patients were assigned to the
CT group and 1217 patients were assigned to the No CT group respectively. Based on multivariate Cox
regression analysis of OS, older age, single, T1b stage, triple-negative tumor and absence of adjuvant
CT were identified as risk factors related to OS. Besides, multivariable Cox regression analysis of CSS
showed significant association between grade IlI+IV, T1b stage, triple-negative tumor and absence

of adjuvant CT and CSS. The results from Kaplan-Meier curves revealed that adjuvant CT could bring
OS benefit for these patients with more than two risk factors and could improve CSS for the patients
with more than one risk factor. Our study supports the implementation of individualized strategies for
hormone receptor-negative T1la and TLbNOMO breast cancer patients. Adjuvant CT was recommended
for potential beneficial patients after undertaking a risk-benefit discussion.

Keywords Survival benefit, Adjuvant chemotherapy, Hormone receptor-negative, T1a and TIbNOMO breast
cancer patients

Breast cancer is one of the most common diagnosed malignancy, which leads to an estimated 2.3 million
new cases and an estimated 666,000 new deaths in 2022 around the world!. With increased health awareness
and widespread use of diagnostic imaging, we have witnessed an increasing frequency of T1a and T1IbNOMO
breast cancer?*. In the absence of adjuvant therapy, these patients show a relatively low incidence of death and
recurrence™®. Hence, the application of adjuvant chemotherapy (CT) for hormone receptor-negative T1a and
T1bNOMO breast cancer remains controversial.

Hormone receptor-negative T1a and TIbNOMO breast cancer was a subtype characterized by no expression
of estrogen receptor (ER) and progesterone receptor (PR). It was well established that adjuvant CT is effective in
reducing disease recurrence and improving survival for breast cancer’. According to the National Comprehensive
Cancer Network guidelines, adjuvant CT was recommended consideration for hormone receptor-negative
Tla and T1bNOMO breast cancer®. However, there were no specific guidelines that guide patient selection
for adjuvant CT to data. Some experts hold that adjuvant CT should be empirically applied to these patients
because it behaved more aggressively in the absence of targets for endocrine therapy’. Whereas, toxic side-
effects and medical costs of adjuvant CT may be the primary obstacles that stop these patients from receiving
adjuvant CT!%!. Some scholars believed that all these patients could be exempted from adjuvant CT because
they exhibited excellent prognosis'>!3. Besides, limited studies concentrated on the administration and survival
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benefit of adjuvant CT for hormone receptor-negative T1a and TIbNOMO breast cancer. As a result, decision-
making of adjuvant CT for these patients is puzzling and challenging in clinical practice. A heat debate about
benefit or harm of adjuvant CT for hormone receptor-negative Tla and T1IbNOMO breast cancer patients has
been aroused. Therefore, a precise selection of the potential patient population who can benefit from adjuvant
CT was necessary and helpful.

Hence, we examined the survival benefit of adjuvant CT on the hormone receptor-negative Tla and
T1bNOMO breast cancer patients from Surveillance, Epidemiology, and End Results (SEER) database to explore
prognostic value of adjuvant CT on the population. In addition, we implemented a series of survival analyses to
choose candidates who may gain survival benefit from adjuvant CT.

Materials and methods

Study population

All included cases were from the SEER database, whose data were retrospectively reviewed. Cases met the
following inclusion criteria were enrolled in this study: (1) female patients diagnosed breast cancer from 2010 to
2015; (2) pathological staged at T1a and T1bNOMO; (3) negative ER and PR status; and (4) breast cancer as the
first primary malignancy. The cases fulfilled the following criteria were excluded: (1) male breast cancer patients;
(2) unknown tumor grade, human epidermal growth factor receptor-2 (HER2) status and cause of death; (3)
missing survival time or survival time was 0; and (4) received neoadjuvant chemotherapy. All cases were split
into two groups according to the history of adjuvant CT namely the chemotherapy group (CT) and the no
chemotherapy group (No CT). The informed consent of patients and ethical approval were waived by the Ethics
Committee of the First Affiliated Hospital of Nanchang University because the data were publicly available from
SEER database.

Variables

Several variables including age, gender, race, marital status, tumor grade, TNM stage, ER, PR, HER2 and survival
status and survival months were gathered. The age at diagnosis was categorized into <70 and >70. Tumor grade
was split into two groups namely the grade I+II group and the grade ITI+IV group. The 7th AJCC staging system
was utilized to stage all cases. Tumor diameter ranging from 2 to 5 mm was divided into T1la and from 6 to
10 mm was divided into T1b.

Statistical analysis

Statistical analysis was performed by SPSS software (version 26.0, IBM, Chicago, IL, USA) and R software
(version 3.6.3). A 1:1 propensity score-matching (PSM) analysis was performed according to age, tumor grade,
pathological T stage, molecular subtype and marital status with a caliper width of 0.01. Categorical variables
which were described as numbers and percentages were evaluated by means of chi-square test. Risk factors linked
with overall survival (OS) and cancer specific survival (CSS) were identified by univariate and multivariate Cox
regression analysis. The Kaplan-Meier curve was utilized to explore the effect of adjuvant CT on OS and CSS
determined by log-rank test. Statistical threshold was set at P<0.05.

Results

Baseline characteristics of study population

A total of 3889 eligible cases were enrolled in this study, which includes 2001 cases in the CT group and 1888
cases in the No CT group. As was shown in Table 1, we noted there was significant difference in terms of T stage,
tumor grade, molecular subtype, marital status and age between the two groups. There was no difference in race
between the two groups. After PSM analysis, a total of 1217 cases were enrolled in the CT group and 1217 cases
were enrolled in the No CT group respectively. No difference was noted in the above baseline characteristics
between the two groups after PSM analysis.

Identification of prognostic factors

We conducted Cox regression analysis on all eligible cases to explore risk factors related to hormone receptor-
negative Tla and TIbNOMO breast cancer. As was displayed in Fig. 1, age, marital status, T stage, molecular
subtype and the history of adjuvant CT were linked with OS for this disease based on the univariate Cox
regression analysis (all P<0.05). After multivariate Cox regression analysis, we found that these factors were
also linked with OS (all P<0.05). As Fig. 2 showed, tumor grade, T stage, molecular subtype and the history
of adjuvant CT were relevant to CSS for this disease according to the univariate Cox regression analysis (all
P<0.05). Of note, the results of multivariate Cox regression analysis indicated that these factors were also
relevant to CSS (all P<0.05).

Survival benefit of adjuvant CT

Based on the number of risk factors identified (except the history of adjuvant CT), all patients were categorized
into different subgroups (Tables 2 and 3). Survival analyses were implemented on the different subgroups before
and after PSM analysis to investigate survival benefit of adjuvant CT. The results from Fig. 3 implied that the
patients with more than two risk factors could gain OS benefit from adjuvant CT. The findings from Fig. 4
revealed that adjuvant CT could bring CSS benefit for the patients with more than one risk factor.

Discussion
In this study, we found that adjuvant CT was linked with OS and CSS for Tla and TIbNOMO breast cancer.
Besides, we noted that adjuvant CT could achieve survival benefit for subgroups with higher risk of disease
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Before PSM After PSM

CT (n=2001) No CT (n=1888) | P CT (n=1217) No CT (n=1217) |P
Age <0.01 0.48
<70 1156 610 483 500
270 845 1278 734 717
Race 0.86 0.80
White 1528 1454 923 923
Black 246 222 151 143
Other 227 212 143 151
MS <0.01 0.42
Married 1295 1055 770 744
Single 632 727 442 417
Unknown 74 106 45 56
T stage <0.01 0.67
Tla 438 895 408 418
T1b 1563 993 809 799
Grade <0.01 0.77
I+11 623 951 442 449
II+IV 1378 937 775 768
Subtype <0.01 0.38
el;llfi}c{]'%ed 1304 1361 840 820
Triple-negative | 697 527 377 397
Follow-up
?rl:ll:;lt%l;) 77.00 (59.00-98.00) | 78.50 (60.00-98.00) | 0.41 77.00 (59.00-99.00) | 80.00 (61.00-98.00) | 0.14

Table 1. Baseline characteristics of study population.

recurrence. In addition, we identified the candidates who could benefit from adjuvant CT. As a consequence,
the results indicated that individual decision of adjuvant CT should be made after comprehensive evaluation of
clinicopathologic characteristics.

To data, it is inconclusive to apply adjuvant CT to Tla and TIbNOMO breast cancer patients. Excellent
prognosis of Tla and TIbNOMO breast cancer making administering adjuvant CT to these patients seem
unnecessary. However, survival benefit brought by adjuvant CT may lead to under-treatment by omitting
adjuvant CT. Hence, it is crucial to clarify the survival beneficial effect of adjuvant CT on those patients. After
conducting Cox regression analysis on the cohort from SEER database, we noticed that adjuvant CT could
bring CSS and OS survival benefit for these patients which was consistent with previous studies'*!>. While
existing evidence showed that adjuvant CT did not achieve survival benefit for these patients'®!”. Controversial
conclusions may be attributed to the different study cohort or limited sample size. Different study cohort exhibit
diverse baseline characterizes, which may affect the outcomes of adjuvant CT. In addition, the regimens and
dosages of adjuvant CT are another confounding factors for assessing the survival benefit. As a consequence,
further studies which minimized the confounders are warranted to clarify the survival benefit of adjuvant CT
for Tla and TIbNOMO breast cancer patients. Besides, in agreement with prior studies, we noticed that tumor
grade, T stage and molecular subtype were linked with prognosis'®-%. The conclusions suggested that treatment
effect of adjuvant CT may be influenced by other factors. The extent of survival benefit varies from person to
person due to different baseline characterizes, which imply that precise personalized administration of adjuvant
CT should take all prognostic indexes into consideration.

To better assistant the decision of adjuvant CT for Tla and T1IbNOMO breast cancer patients in clinical
practice, we performed survival analysis on subgroups according to risk stratification to explore the prognostic
value of adjuvant CT. As a result, a comprehensive survival analysis was carried out on the cohort stratified by the
number of risk factors to assessed the necessity of adjuvant CT. We found that the patients with more than two
risk factors could benefit from adjuvant CT as regarding OS. There were many studies focused on the survival
benefit of adjuvant CT for T1a and TIbNOMO breast cancer patients. Several researches concluded that adjuvant
CT could achieve survival benefit for these patients?! 23, While An et al. and Nonneville et al. demonstrated
adjuvant CT could not bring survival benefit for these patients?*?>. The contradictory results indicated that there
may be an optimal cut-off to select the patients who could benefit from adjuvant CT. Hence, it is imperative to
find the threshold that determines survival benefit of adjuvant CT to avoid over-treatment or under-treatment
of these patients. In this study, separated survival analyses were performed on stratified subgroups, which may
be a feasible way to find the optimal threshold. Besides, the results revealed that adjuvant CT could bring CSS
benefit for the patients with more than one risk factor who are identified as high-risk patients. According to our
findings, we recommend administration of adjuvant CT for these high-risk patients. Surprisingly, the findings
go exactly counter to conclusion of Daniela’s study that adjuvant CT was useless for in lymph node-negative,
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B
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Marital status
Married

Single
Unknown

T stage

Ta

T1b

Subtype
HER2 enriched
Triple-negative
CT

No

Yes

I
1 2

HR (95%Cl) P value
<0.01
Reference
2.99 (2.36-3.80) <0.01
<0.01
Reference
1.67 (1.36-2.06) <0.01
2.11 (1.44-3.11) <0.01
0.62
Reference
1.05(0.86-1.29) 0.62
Reference
1.51 (1.20-1.89) <0.01
Reference
1.74 (1.36-2.22) <0.01
Reference
0.43 (0.35-0.53) <0.01
HR (95%Cl) P value
2.32 (1.81-2.97) <0.01
<0.01
Reference
1.40 (1.14-1.73) <0.01
1.70 (1.16-2.51) 0.01
Reference
1.65 (1.31-2.10) <0.01
Reference
1.30 (1.01-1.67) 0.04
Reference
0.50 (0.39-0.62) <0.01

Fig. 1. Factors related to overall survival for T1a and T1IbNOMO breast cancer patients determined by
univariate and multivariate Cox regression analysis.

Tla triple-negative breast cancer®. This may be attributed to different study cohort. We include hormone
receptor-negative Tla and TIbNOMO breast cancer patients, while that study focuses on lymph node-negative,
T1a triple-negative breast cancer patients. One another explanation is that we implemented survival analyses on
subgroups stratified by the number of risk factors, while Daniela’s study drew conclusion based on whole study
cohort. Hence, more studies are warranted to verify our conclusions. Altogether, these results may help develop
management strategies and gain understanding of adjuvant CT for this disease.
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Fig. 2. Factors related to cancer specific survival for T1la and TIbNOMO breast cancer patients evaluated by
univariate and multivariate Cox regression analysis.

To our best of knowledge, this is the first study that clarifies the survival benefit of adjuvant CT based on risk
stratification. Additionally, this study aids the decision of adjuvant CT by identifying candidate who may benefit
from adjuvant CT for Tla and TIbNOMO breast cancer patients. However, with increased understanding of
breast cancer, the precise decision of adjuvant CT may be made instead of solely relying on clinicopathological
indicators. Accumulating evidence showed genetic counseling may enable precise determination of adjuvant
CT?8, Moreover, a series of encouraging results implied that immunotherapy could result in improved
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0 1 2 3
Number of risk factor(s) CT NoCT | CT NoCT | CT NoCT | CT No CT
Number of patients 113 128 332 321 755 494 801 945
Before PSM | Number of 5-year overall deaths | 3 4 5 9 30 29 46 126
5-year overall survival rate 97.10% | 96.80% | 98.30% | 97.10% | 95.80% | 93.90% | 94.10% | 86.30%
Number of patients 113 112 178 200 299 288 627 617
After PSM | Number of 5-year overall deaths | 3 4 2 3 9 17 37 88
5-year overall survival rate 97.10% | 96.30% | 98.70% | 98.40% | 96.90% | 93.80% | 94.00% | 85.30%

Table 2. Details of different subgroups regarding overall survival.

0 1 2
Number of risk factor(s) CT NoCT | CT No CT | CT No CT
Number of patients 105 207 349 518 1547 1163
Before PSM | Number of 5-year cancer specific deaths | 0 3 7 7 46 51
5-year cancer specific survival rate 100.00% | 98.50% | 97.70% | 98.40% | 96.90% | 95.30%
Number of patients 105 110 226 238 886 869
?Sﬁg Number of 5-year cancer specific deaths | 0 1 3 3 24 39
5-year cancer specific survival rate 100.00% | 99.10% | 98.50% | 98.50% | 97.20% | 95.20%

Table 3. Details of different subgroups regarding cancer specific survival.

survival, which indicated omission of adjuvant CT may be feasible?*°. Immunotherapy may be the way out
of the dilemma of the administration of adjuvant CT for the patients. Besides, great breakthroughs in target
therapy making omission of adjuvant CT reasonable for HER2-enriched breast cancer®'~3. Improvement in
immunotherapy and target therapy has optimized management strategies of breast cancer, which may resolve
the issue of adjuvant CT for hormone receptor-negative T1la and TIbNOMO breast cancer. In addition, fewer
cycles of adjuvant CT or low-toxicity adjuvant CT regimen may be another feasible way to address this issue.
There exist many limitations in our study. First, information regarding prognostic factors such as Ki-67
and lymphovascular invasion are not available in the SEER database that are crucial for assessing the risk of
recurrence. Besides, we did not perform external validation to verify the conclusions that weakens the strength
of the conclusions. Hence, we should interpret the conclusions cautiously. In addition, the regimen and dose
of adjuvant CT are not provided in the SEER database, which are essential factors to determine the effect of
adjuvant CT on OS and CSS. Different regimen and dose of adjuvant CT of patients may act as a confounder
influence statistical power. Besides, the clinical managements of HER2-positive and triple-negative breast cancer
are different, so it is better to investigate survival impact of adjuvant CT on them separately. While we failed to
conduct a separated analysis to explore survival benefit of CT for HER2-positive and triple-negative Tla and
T1bNOMO breast cancer owing to small sample size. Furthermore, a limited study cohort size may also damage
statistical power. Further randomized, controlled clinical trials are warranted to confirm our conclusions.

Conclusion

Our results confer OS and CSS advantages of adjuvant CT for T1a and TIbNOMO breast cancer patients with
high risk of recurrence. Additionally, our study indicated that T1a and TIbNOMO breast cancer patients can be
stratified into subgroups that could benefit from adjuvant CT and is unsuitable for adjuvant CT. Hence, when
considering adjuvant CT for T1a and T1bNOMO breast cancer patients, it is wise to tailor personal therapeutic
approaches for these patients based on clinicopathological parameters.
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Fig. 3. Overall survival analysis on total cohort stratified by the number of risk factor related to overall
survival. (A) No risk factor; (B) One risk factor; (C) Two risk factors; (D) More than two risk factors. Overall
survival analysis on the cohort after propensity score matching stratified by the number of risk factor related to
overall survival. (E) No risk factor; (F) One risk factor; (G) Two risk factors; (H) More than two risk factors.
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Fig. 4. Cancer specific survival analysis on total cohort stratified by the number of risk factor related to cancer
specific survival. (A) No risk factor; (B) One risk factor; (C) More than one risk factor. Cancer specific survival
on the cohort after propensity score matching stratified by the number of risk factor related to cancer specific
survival. (D) No risk factor; (E) One risk factor; (F) More than one risk factor.
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