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Does T1c-2NO-1MO triple negative breast =

cancer derive a benefit from neoadjuvant
chemotherapy?

Ruiliang Chen'", Yushuai Yu?!, Weiwei Chen*", Wenfen Fu', Chuangui Song?” and Jie Zhang'

Abstract

Objectives Although neoadjuvant chemotherapy (NCT) is a standard approach for operable triple negative
breast cancer (TNBC), the potential risks brought by it should also be noticed. Is the expanding indication of NCT
to TTcNOMO population appropriate? We conducted an investigation to compare the long-term survival of small
tumor TNBC between NCT and adjuvant chemotherapy (ACT).

Methods For this propensity-matched analysis, we used data from Surveillance, Epidemiology, and End Results
(SEER) database. We enrolled 1183 cases with NCT and 2550 cases with ACT who are AJCC clinical T1c=T2 NO-NT,
diagnosed with invasive triple-negative breast cancer, from 2016 to 2017. The propensity score matching was utilized
to minimize baseline characteristics bias. Hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated

by the Cox proportional hazard regression model.

Results Compared with patients receiving ACT, patients with NCT in this study presented a higher proportion

of younger age, T2 stage, N1 stage, and underwent more mastectomy. Multivariate analysis in matched patients
showed that NCT had no significant survival benefit compared with ACT in T1c-2N0-1MO0 TNBC patients. Stratified
analyses by T stage and N stage demonstrated NCT mainly presented a survival advantage in patients with N1 stage.
Further investigation found that NCT didn't improve BCSS (HR, 0.472; 95% Cl 0.135-1.647; P=0.239) and OS (HR, 0.392;
95% C1 0.147-1.047, P=0.062) for patients with T1TcNOMO TNBC; however, it was associated with improved OS (HR,
1.951;95% Cl 1.003-3.797; P=0.049) only for patients with T2NTM0 TNBC.

Conclusions In this study, we did not find any profit brought by NCT in the stage | and stage lla cohorts, but even
more unfavorable outcomes appeared in the T1cNOMO cohort. Therefore, whether the candidates of NCT should be
extended to TTcNOMO still need to be cautious.
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Background

Neoadjuvant chemotherapy (NCT) is now a standard
approach to operable breast cancer, particularly in tri-
ple-negative breast cancer (TNBC). As CREATE-X trial
presented better outcomes when adding post-surgical
capecitabine in non-responders, the candidates for NCT
were continuously expanding in TNBC [1]. Meanwhile,
a controversy was raised, especially when cT1c and ¢cNO
were included in the indication of NCT according to the
ASCO guide-line and NCCN guide-line [2, 3].

The traditional purpose of NCT is to shrink the tumor
in local advanced breast cancer and to increase the
opportunity of changing inoperable disease to operable
disease or to contribute to raising the breast-conserving
surgery rate. And now, it has been endowed another
important role to monitor response in vivo and tailor
follow-up adjuvant treatments. Small tumors, for those
with a tumor diameter less than 2 cm and without lymph
node involved, the only objective to undergo NCT is to
improve overall survival through the “response-adjusted”
method. If this target cannot be achieved, it means we
cannot get benefit from NCT but have to face additional
risks brought by it.

Doubtless, NCT may also be accompanied by increased
hazards. To pursue the biggest opportunities for achiev-
ing pathological complete remission (PCR), NCT typi-
cally involves the use of escalating regimens, such as
those including platinum or additional immunotherapy.
However, this approach may also increase the incidence
of serious adverse events. Although most studies dem-
onstrated benefit from adjuvant chemotherapy (ACT)
in TNBC with T1c or higher stage, they also pointed out
that less intensive chemotherapy regimens, for example,
anthracycline-free or taxane-free, can achieve excellent
survival outcomes similar to anthracycline and taxane
combination regimens in this group of patients [4-7].
This suggests that overtreatment may exist in them. Not
to mention that ineffective pre-operative treatment may
bring the possibility of disease progression or may even
dally away their best opportunity to receive an operation.
The utilization of NCT is not always associated with bet-
ter results in clinical trials. It was reported a higher risk
of local recurrence when compared with traditional adju-
vant systemic treatment in a meta-analysis recently [8].

Therefore, re-investigating the value of NCT in early
stage TNBC is particularly important under the trend of
extending the indication of NCT. Since no previous stud-
ies focused on this issue, we conduct a study to explore
the impact of neoadjuvant therapy on long-term survival
compared with adjuvant therapy based on the SEER data-
base which provides information on neoadjuvant setting
from 2016 to 2017 and at least 5 years of survival data of
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breast cancer-specific survival (BCSS) and overall sur-
vival (OS). We especially focused on the population with
tumor size smaller than 5 cm and bigger than 1 cm with
the number of involved lymph nodes lower than that of
three.

Methods

Patient population

This retrospective population-based registry study used
the data from Surveillance, Epidemiology, and End
Results (SEER) database, a registry for incident can-
cers in the United States. Patients aged between 20 and
79 years who had triple negative and cT1c-2N0-1MO
invasive breast cancer from January 1, 2016, to Decem-
ber 31, 2017, due to the SEER database reported clinical
stage status only in this period, were identified from the
SEER database. Patients who had stage M1 disease, with-
out breast surgery, and with unknown surgery, radiother-
apy, or chemotherapy treatment data were excluded. Two
patient’s groups were defined according to the RX Summ
Systemic/Sur Seq code in the SEER database: neoadjuvant
systemic therapy group (Systemic therapy before surgery
or Systemic therapy both before and after surgery) or tra-
ditional adjuvant therapy (Systemic therapy after surgery)
group, and the Chemotherapy recode of both groups was
defined as YES. We collected data concerning tumor
status, nodal status, grade, race, age, marital status, lat-
erality, and HER2 status, and information concerning
surgical procedure, chemotherapy (NCT or ACT), and
radiotherapy.

Outcome measurement

The breast cancer-specific survival (BCSS) was defined
as primary outcome of this study, which was counted
from the time from diagnosis to death due to breast can-
cer. The date of the last contact, the date of death from
other causes, or the end date of the study was used for
the BCSS analysis, if the patient died from other causes.
The secondary outcome of this study was overall survival
(OS), which was counted from the date of diagnosis to
the date of death or the last follow-up time.

Statistical analysis

The statistical differences were compared by the chi-
square test for the baseline characteristics of the NCT
and ACT cases, in the whole groups and matched
groups. The annual rate of utilization for NCT in TNBC
patients was extracted from SEER database between 2010
and 2019 to examine national trends, and all rates were
age-adjusted.
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The propensity score-matched (PSM) model was
performed to reduce the bias of demographic and
clinical characteristics differences on the outcome. Pro-
pensity matching between patients treated with NCT
and patients treated with ACT was done with the near-
est-neighbor matching method. Covariables included in
the PSM model were age, race, marital status, grade, lat-
erality, tumor status, nodal status, surgery approach, and
radiation status. Univariable and multivariable analyses
were used to find the prognosis factors. Hazard ratios
(HRs) with 95% confidence intervals (CIs) were calcu-
lated by the Cox proportional hazard regression model.
We further did an additional Cox proportional hazard
regression subgroup analysis in patients with tumor sta-
tus, nodal status, and AJCC TNM stage, to establish sur-
vival outcomes between the NCT versus ACT groups.

All p values of less than 0.05 were considered as a sta-
tistical significance level. These statistical analyses were
performed by using IBM SPSS Statistics 26 and R soft-
ware version 4.0.5. IBM SPSS Statistics 26 was used to
generate the graph plots.
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Demographics and clinical characteristics of the study
population

Between Jan 1, 2016, and Dec 31, 2017, we enrolled
3733 eligible patients in this study, 1183 patients of
these patients had received NCT, and 2550 had received
ACT. The median follow-up time of these patients was
34 months. The patient baseline characteristics of the
NCT group and the ACT group are shown in Table 1.
Age varied between these two groups, with age between
20 and 49 being presented in 483 (40.8%) patients treated
with NCT, and 628 (24.6%) treated with ACT. In the
NCT group, 700 (59.2%) patients aged between 50 and
79 compared with 1922 (75.4%) in the ACT group. The
patients treated with NCT presented a higher propor-
tion of larger tumor size (T1c, 22.3% vs. 53.1%; T2, 77.7%
vs. 46.9%; p<0.001), and more lymph node involvement
(NO, 70.1% vs. 80.4%; N1, 29.9% vs. 19.6%; p<0.001).
Additionally, mastectomy was more common in the NCT
group (585 [49.5%] patients), compared with the ACT
group (989 [38.8%] patients).

Table 1 Baseline characteristics of patients with neoadjuvant chemotherapy and adjuvant chemotherapy

Characteristics Neoadjuvant Adjuvant chemotherapy Total (n=3733) P¢
chemotherapy (n=1183) (n=2550)
No % No % No %

Age (years) 20-49 483 40.8 628 246 111 298 <0.001
50-79 700 59.2 1922 754 2622 70.2

Race White 861 72.8 1772 69.5 2633 70.5 0.122
Black 215 18.2 521 204 736 19.7
Other? 107 9.0 257 10.1 364 9.8

Marital status Married 687 58.1 1461 573 2148 575 0.587
Not married® 455 385 983 385 1438 385
Other/unknown 41 35 106 4.2 147 39

Grade land |l 153 129 332 13.0 485 13.0 <0.001
llland IV 995 84.1 2202 86.4 3197 85.6
Unknown 35 30 16 0.6 51 14

Laterality Left 605 511 1295 50.8 1900 509 0.839
Right 578 489 1255 49.2 1833 49.1

Tumor status Tlc 264 223 1355 53.1 1619 434 <0.001
T2 919 777 1195 46.9 2114 56.6

Nodal status NO 829 70.1 2051 804 2880 77.1 <0.001
N1 354 299 499 19.6 853 229

Surgery approach BCS 598 50.5 1561 61.2 2159 57.8 <0.001
Mastectomy 585 495 989 38.8 1574 422

Radiation status No 523 44.2 1071 420 1594 42.7 0.204
Yes 660 558 1479 58.0 2139 57.3

BCS breast-conserving surgery

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

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

“The p value of the chi-square test was calculated between the neoadjuvant chemotherapy and adjuvant chemotherapy groups, and bold type indicates significance



Chen et al. European Journal of Medical Research (2024) 29:599

Status quo of the utilization for neoadjuvant systemic
therapy in TNBC patients

As shown in Fig. 1, the proportion of patients receiv-
ing NCT increased with the increase of the AJCC TNM
stage. Among the patients, 196 (15%) patients had been
treated with NCT in the T1cNOMO stage, 68 (24%)
patients in the T1cN1MO stage, 633 (41%) patients in the
T2NOMO stage, and 286 (51%) patients in the T2N1MO
stage. The national trends of utilization for NCT in
TNBC patients between 2010 and 2019 are presented in
Figure S1. From 2010 to 2013 the annual age-adjusted
rate of utilization for NCT remain stable about 8.5 to
10, but it began to increase in 2013 and the growth rate
was speeding up in recent 2 years. We divided the TNBC
patients into different groups according to different
stages, we could find that the rate of utilization for NCT
in stage I and stage Il TNBC was increasing largely, espe-
cially after 2015.

Comparison of survival between neoadjuvant systemic
therapy group and traditional adjuvant therapy group

The univariate Cox regression analysis in all patients
for each variable is presented in Table S1. The result of
multivariate Cox regression analysis shown in Table 2
indicated NCT didn't bring benefit compared with the
survival of overall patients in the ACT group, accord-
ing to BCSS and OS (HR=1.063, 95% CI 0.771-1.465,
p=0.711; HR=1.101, 95% CI 0.828-1.463, p=0.507,
respectively). In the 1:1 PSM analysis, a total of 1914
patients were successfully matched between the group
treated with NCT and ACT group, and finally each group
included 957 patients. The baseline characteristics of
matched patients are shown in Table 3. The chi-square
test indicated that each variable didn’t have a statistical
difference, which confirms the propensity score over-
lapped well between the two groups.

®
o
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In the matched patients, patients still couldn’t ben-
efit from NCT in both BCSS and OS (BCSS, HR=1.164,
95% CI 0.788-1.721, p=0.445; OS, HR=1.099, 95% CI
0.777-1.554, p=0.594, shown in Table 4). We strati-
fied the patients by different clinical features or AJCC
TNM stages to investigate the effect of NCT on patients
with different subgroups (Table 5, Figs. 2, 3, 4). Nodal
status is an important predictor of NCT administra-
tion. In adjusted Cox regression subgroup analysis,
N1 status was associated with significantly improved
BCSS and OS in the NCT group versus the ACT group
(BCSS, HR=2.015, 95% CI 1.010-4.021, p=0.047; OS,
HR=1.923, 95% CI 1.053-3.512, p=0.033, shown in
Table 5, Figs. 2, 3, 4), but NO status didn’t show any ben-
efit from NCT (BCSS, HR=0.873, 95% CI 0.536-1.422,
p=0.586; OS, HR=0.796, 95% CI 0.514—1.234, p =0.308).
Larger tumor size always tends to be more selective for
NCT in clinical practice. However, NCT group didn’t
improve outcome in both T1c and T2 status (T1c status:
BCSS, HR=0.932, 95% CI 0.384-2.264, p=0.877; OS,
HR=0.692, 95% CI 0.325-1.475, p=0.341; T2 status:
BCSS, HR=1.224, 95% CI 0.791-1.895, p=0.364; OS,
HR=1.238, 95% CI 0.835-1.835, p=0.289). To explore
the effects of NCT on patients with different AJCC
TNM stages, we categorized the patients into T1cNOMO,
T1cN1IMO, T2NOMO, and T2N1MO. From the results,
we did not find NCT could lower the risk of cancer spe-
cific mortality and all-cause mortality in the T1cN1MO
and T2NOMO cohort (T1cN1IMO: BCSS, HR=2.072,
95% CI 0.505-8.507, p=0.312; OS, HR=2.072, 95% CI
0.505-8.507, p=0.312; T2NOMO: BCSS, HR=0.968,
95% CI 0.567-1.651, p=0.905; OS, HR=0.961, 95% CI
0.584-1.582, p=0.876), but even more unfavorable out-
comes appeared in T1cNOMO cohort (BCSS, HR=0.472,
95% CI 0.135-1.647, p=0.239; OS, HR=0.392, 95% CI
0.147-1.047, p=0.062). NCT can lower the risk of all-
cause mortality in patients diagnosed with T2N1MO

o
¢

® Neoadjuvant chemotherapy

= Adjuvant chemotherapy

Fig. 1 Proportion of patients receiving neoadjuvant chemotherapy or adjuvant chemotherapy in different AJCC TNM stages: AT1cNOMO; B

T1cNTMO; CT2NOMO; D T2NTMO
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Table 2 Multivariate cox proportional hazard model of breast cancer-specific survival (BCSS) and overall survival (OS) in all patients

Variables BCSS oS
HR (95% Cl) HR (95% Cl)

Age (years) 20-49 Reference Reference

50-79 1.551(1.100-2.189) 0.012 1.772 (1.295-2.424) <0.001
Marital status Married Reference Reference

Not married?® 1.318(0.979-1.775) 0.068 1.336 (1.031-1.731) 0.028

Other/unknown 1.017 (0471-2.196) 0.996 0.762 (0.355-1.634) 0484
Race White Reference Reference

Black 1.203 (0.856-1.692) 0.287 1.333(0.994-1.789) 0.055

Other® 0.587 (0.317-1.087) 0.090 0.777 (0.477-1.265) 0.309
Grade land I Reference Reference

llhand IV 1.344 (0.834-2.167) 0.224 1.670 (1.065-2.618) 0.025

NA 1.052 (0.243-4.549) 0.946 1.577 (0.467-5.327) 0.463
Laterality Left Reference Reference

Right 0.966 (0.726-1.286) 0.814 0.895 (0.696-1.149) 0.383
Tumor status Tic Reference Reference

T2 1.528 (1.113-2.096) 0.009 1.527 (1.160-2.010) 0.003
Nodal status NO Reference Reference

N1 1.776 (1.299-2.427) <0.001 1.879 (1.434-2.462) <0.001
Surgery approach BCS Reference Reference

Mastectomy 1.103 (0.764-1.592) 0.602 0.790 (0.575-1.085) 0.145
Radiation status No Reference Reference

Yes 0.728 (0.504-1.053) 0.092 0.563 (0.410-0.772) <0.001
Chemotherapy model Neoadjuvant Reference Reference

Adjuvant 1.063 (0.771-1.465) 0.711 1.101 (0.828-1.463) 0.507

20-49 20-49 years, 50-79 50-79 years, BCS Breast Conserving Surgery, HR hazard ratio
? Not married includes divorced, separated, single (never married), unmarried or domestic partner, and widowed

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

Bold type indicates significance

(OS, HR=1.951, 95% CI 1.003-3.797, p=0.049), how-
ever, there is no significant difference in BCSS level
was detected (BCSS, HR=2.019, 95% CI 0.911-4.474,
p=0.083).

Discussion

TNBC is considered a highly aggressive subtype with
a high risk of early recurrence and distant metastasis.
Meanwhile, high heterogeneity of it always induces
therapeutic resistance. Therefore, the administration
of chemotherapy before rather than after surgery is
regarded as an effective tool for testing drug-sensitivity
in vivo which may help physicians to monitor the thera-
peutic efficacy and avoid futile treatment as far as pos-
sible. This may be one of the reasons why the rate of
neoadjuvant in TNBC kept on raising in recent years.
As shown in Figure S1, from 2010 to 2013 the annual
age-adjusted rate of utilization for NCT remain sta-
ble about 8.5-10, but it began to increase in 2013 and
the growth rate was speeding up in recent 2 years. If

we divided the TNBC patients into different groups
according to different stages, we could easily find that
the rapid increasing rate was largely due to more and
more TNBC in stage I and stage II being enrolled in
NCT, especially after 2015. We suggested that the ben-
efit evidence from CTREATX trial which presented on
SABCS2015 promoted the occurrence of this phenom-
enon. Between 2016 and 2017, nearly 41% of T2NOMO
and 15% of TINOMO TNBC were arranged to receive
systemic therapy before surgery. Although CREATEX
trial showed us post operation intensive treatment
for non-PCR cohort may improve the prognosis in
TNBC. Does this strategy really suit the whole group
of patients? As we could see from the subgroup analy-
sis of DFS in CREATEX, those patients with T1 or NO
did not acquire significant benefit from the potentiate
treatment strategy [1]. Thus, considering those poten-
tial risks which may be brought by NCT, we really need
to re-evaluate the necessity of performing neoadjuvant
in small tumor of TNBC.
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Table 3 Baseline characteristics of patients with neoadjuvant chemotherapy and adjuvant chemotherapy in PSM group

Characteristics Neoadjuvant chemotherapy Adjuvant chemotherapy Total (n=1914) P¢

(n=957) (n=957)
No % No % No %

Age (years) 20-49 338 353 344 359 682 356 0.775
50-79 619 64.7 613 64.1 1232 64.4

Race White 721 753 720 75.2 1441 753 0.962
Black 168 176 166 173 334 17.5
Other® 68 7.1 71 74 139 7.3

Marital status Married 570 59.6 570 59.6 1140 59.6 0.989
Not married® 363 379 364 380 727 38.0
Other/unknown 24 2.5 23 24 47 2.5

Grade land I 93 9.7 92 9.6 185 9.7 0.261
llland IV 859 89.8 864 90.3 1723 90.0
Unknown 5 0.5 1 0.1 6 03

Laterality Left 494 516 495 51.7 989 51.7 0.964
Right 463 484 462 483 925 483

Tumor status Tlc 234 24.5 238 249 472 24.7 0.832
T2 723 755 719 751 1442 753

Nodal status NO 723 755 721 753 1444 754 0915
N1 234 24.5 236 24.7 470 24.6

Surgery approach BCS 515 538 509 532 1024 535 0.783
Mastectomy 442 46.2 448 46.8 890 46.5

Radiation status No 417 436 420 439 837 43.7 0.890
Yes 540 564 537 56.1 1077 56.3

BCS breast-conserving surgery

2 Other 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

“The p value of the chi-square test was calculated between the neoadjuvant chemotherapy and adjuvant chemotherapy groups, and bold type indicates significance

We enrolled the patients with T1lc and T2 and NO or
N1. In this population, the only purpose of NCT is to
evaluate the drug sensitivity in vivo and guide the treat-
ment in an adjuvant period to improve long-term out-
comes. However, we did not see any difference in survival
outcomes whatever in BCSS or OS between NCT and
ACT groups in the analysis of the multivariate Cox pro-
portional hazard model. To eliminate the interference of
the unbalance baseline characteristics, we analyzed the
survival difference between the two groups after PSM
and we got the same conclusion again that NCT could
not improve the prognosis in these patients. This phe-
nomenon suggests that the use of NCT should not be
excessive in low-stage TNBC. The ubiquity of over-treat-
ment in NCT needs to pay attention to. Anthracycline
combined with taxane could bring about 35-45% PCR
rates and be used as a routine regimen in NCT, however,
it could lead to 30-40% of grade 3—4 side effects at the
same time [9-12]. Adding platinum to the regimen could
increase the PCR rate by 25-30% but also double the inci-
dence of severe toxicity [9, 10]. As recent studies showed

that a combination of PD-L1 inhibitor with anthracy-
cline and taxane or even adding platinum should be the
most efficient NCT regimen [13, 14]. The patients who
receive this prescription also need to face up to 77% of
side effects higher than grade 3 [15, 16]. This is obviously
unreasonable to low tumor burden TNBC.

As the result still cannot tell us the definitive cohort
who should not receive NCT. We continue to do further
analysis in subgroups. Firstly, we separated the popula-
tion according to the status of the lymph node. Lymph
node metastasis is considered an indication for per-
forming NCT in TNBC according to NCCN and ASCO
guidelines [2, 3]. As might be expected, the patients with
lymph node positive in this study could obtain signifi-
cantly better survival when receiving NCT. The hazards
of breast cancer-specific mortality and all causes of mor-
tality were both reduced by nearly 50%. As lymph node
metastasis is associated with poorer prognosis and sug-
gests that stronger treatment is needed [3, 17-19]. This
principle should also be applied in a neoadjuvant setting.
In addition, there is always a lower PCR rate in lymph
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Variables BCSS os
HR (95% Cl) P HR (95% Cl) P

Age (years) 20-49 Reference Reference

50-79 1.756 (1.113-2.770) 0.015 1.839(1.217-2.779) 0.004
Marital status Married Reference Reference

Not married® 1.528 (1.019-2.293) 0.040 1.599 (1.117-2.289) 0.010

Other/unknown 0.962 (0.232-3.980) 0.957 0.714 (0.174-2.932) 0.640
Race White Reference Reference

Black 1.255(0.782-2.015) 0.364 1.160 (0.753-1.789) 0.501

Other® 0.595 (0.217-1.631) 0313 0.945 (0.458-1.952) 0.879
Grade land I Reference Reference

llland IV 1.295 (0.623-2.693) 0.488 1.720 (0.835-3.545) 0.141
Laterality Left Reference Reference

Right 1.077 (0.729-1.590) 0.710 0.919 (0.650-1.300) 0.634
Tumor status Tic Reference Reference

T2 1.320 (0.806-2.161) 0.270 1.157 (0.759-1.764) 0.498
Nodal status NO Reference Reference

N1 1.761 (1.147-2.704) 0.010 1.924 (1.322-2.801) 0.001
Surgery approach BCS Reference Reference

Mastectomy 1.204 (0.706-2.054) 0.495 0916 (0.571-1.472) 0.718
Radiation status No Reference Reference

Yes 0.895 (0.518-1.549) 0.693 0.744 (0.458-1.209) 0.233
Chemotherapy model Neoadjuvant Reference Reference

Adjuvant 1.164 (0.788-1.721) 0.445 1.099 (0.777-1.554) 0.594

20-49 20-49 years, 50-79 50-79 years, BCS Breast Conserving Surgery, HR hazard ratio
2 Not married includes divorced, separated, single (never married), unmarried or domestic partner, and widowed

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

Bold type indicates significance

node positive patients which means more opportunity
for this group of patients to be put into receiving post-
operative intensified treatment schedule in current clini-
cal practice [12]. This may improve the prognosis as well.
Hence, we believed nodal status is an important predic-
tive factor of NCT in small tumor TNBC. On the other
hand, we divided the patients into two groups according
to the size of the tumor and took 2 cm as the boundary.
There was not a significant difference in BCSS and OS
between NCT and ACT in both two groups. Interest-
ingly, we found the survival curves between the two treat-
ment strategies were reversed in the two groups. It hinted
NCT may bring better efficacy in larger tumors but the
advantage is not significant in patients whose tumor is
smaller than 2 cm. Tumor size may be another important
considering factor for NCT, but the cutoff value is uncer-
tain. Is 2 cm or 5 cm the reasonable threshold for choos-
ing NCT in TNBC? It requires in-depth discussion. As
showed by EBCTCG in their meta-analysis, NCT led to
worse outcomes in distant recurrence and breast cancer

mortality if the clinical tumor size is between 1 and 2 c¢m,
but trends leading to better outcomes if the tumor size
is larger than 2 cm [8]. Does this mean 2 cm may be the
more appropriate minimum threshold to differentiate
the applicable group of receiving NCT? We need more
evidence from prospective studies based on the current
treatment strategy.

Without a doubt, we cannot separate the influence of
the status of tumor size and lymph node on treatment
selection. Next, we further subdivided the population by
combining both the factors of T and N. We found that
overall survival was significantly higher with NCT than
with ACT in the T2N1MO group, but not in the other
groups. NCT did not show survival advantages in the
stage I and stage Ila cohorts and even result in unfavora-
ble outcomes in the T1cNOMO cohort. The numerically
worse outcomes associated with NCT warrant our atten-
tion. The NCCN guidelines regarding lymph node-neg-
ative T1lc TNBC are ambiguous, merely recommending
that NCT be ‘considered. Previous studies have indicated
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chemotherapy and adjuvant chemotherapy in clinical variables using a multivariate Cox proportional hazard model in the propensity

score matched group

Variables BCSS 0os
HR (95% ClI) P HR (95% ClI) P2

NO

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 0.873 (0.536-1.422) 0.586 0.796 (0.514-1.234) 0.308
N1

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 2.015(1.010-4.021) 0.047 1.923 (1.053-3.512) 0.033
Tic

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 0.932 (0.384-2.264) 0877 0.692 (0.325-1.475) 0.341
T2

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 1.224 (0.791-1.895) 0.364 1.238 (0.835-1.835) 0.289
T1cNOMO

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 0472 (0.135-1.647) 0.239 0.392 (0.147-1.047) 0.062
T1cNTMO

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 2.072 (0.505-8.507) 0312 2.072 (0.505-8.507) 0312
T2NOMO

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 0.968 (0.567-1.651) 0.905 0.961 (0.584-1.582) 0.876
T2NTMO

Neoadjuvant chemotherapy Reference Reference

Adjuvant chemotherapy 2.019(0911-4.474) 0.083 1.951 (1.003-3.797) 0.049

HR hazard ratio, C/ confidence interval, BCSS breast cancer-specific survival, OS overall survival

2 p value was adjusted by a multivariate Cox proportional hazard regression model

Bold type indicates significance

that women with clinical TINOMO tumors generally
have an excellent prognosis and may derive limited ben-
efit from NCT [20, 21]. Moreover, they may experience
adverse effects related to NCT, including overtreatment
and delays in necessary treatment. Therefore, we should
cautiously consider recommending NCT for the Tlc
population, as the evidence suggests potential negative
impacts of NCT in this patient group.

It is undeniable that NCT has already changed our
clinical strategy. Relying on this treatment strategy, we
could distinguish the population who need to enhance
their treatment intensity by in vivo drug sensitivity evalu-
ation and make further improvements in overall efficacy.
We also believe that in the near future, depending on this
platform, we could even perform de-escalation treat-
ment in selected populations as the evidence showed
by ADAPT trials [22]. NCT may be an effective way to
progressively realize precision medicine. However, the

advantages of traditional treatment strategies should
not be overlooked. Several studies have shown that the
long-term prognosis of clinical TINOMO TNBC patients
receiving ACT is similar to that of those treated with
NCT [6, 23-25]. On one hand, T1 tumors are relatively
small and may exhibit favorable biological characteris-
tics, leading to diminished sensitivity to chemotherapy.
As a result, they may not respond as effectively to NCT
compared to larger or higher-grade tumors. On the
other hand, for patients with low tumor burden, accurate
pathological assessment of the initial tumor status after
surgery can inform a reasonable treatment strategy that
offers an excellent prognosis and mitigates the risks asso-
ciated with NCT. This study suggests that the eligibility
criteria for NCT should not be extended to the TILcNOMO
population. However, to date, limited data exist compar-
ing the outcomes of NCT and ACT in clinical TINOMO
disease. Further prospective trials are needed.
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Due to inherent limitations of the SEER database, this
study has several deficiencies. First, the lack of detailed
information on specific chemotherapy regimens restricts
our ability to balance potential differences in therapeu-
tic intensity between NCT and adjuvant treatments.
However, our results align with those of the EBCTCG
meta-analysis, which provides comprehensive treatment
details and enhances the credibility of our conclusions

[8]. Second, the absence of data on PCR rates is signifi-
cant. PCR is often used as a surrogate marker to evalu-
ate the immediate efficacy of neoadjuvant treatment.
However, as previous studies have noted, PCR rates are
generally easier to obtain in smaller tumors, which does
not necessarily indicate that neoadjuvant therapy is the
preferred choice for those tumors. Ultimately, long-term
outcomes are the only standard for evaluating the value
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of a treatment method. This study, using BCSS and OS
as endpoints, more accurately reflects the advantages of
both treatment strategies and provides more reliable con-
clusions. Third, we acknowledge that the retrospective
nature of this study may introduce selection bias, limiting
causal inferences. However, after PSM, we were able to
reduce inter-group bias associated with the retrospective
design. We are the first study to exclusively focus on the
indication of NCT in small tumors, specifically enroll-
ing patients who received NCT after 2015, which aligns
with current treatment principles. Given the large patient
cohort and adequate follow-up period provided by the
SEER database, we believe that our research offers cred-
ible evidence for evaluating the benefits of NCT in small
tumor TNBC.

Conclusion

In this study, we did not find any profit brought by NCT
in the stage I and stage Ila cohorts, but even more unfa-
vorable outcomes appeared in the T1cNOMO cohort.
Therefore, whether the candidates of NCT should be
extended to T1cNOMO still need to be cautious.
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