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Selective retrospective analyses suggest that TNBC
patients with node-negative disease and primary tumors
no larger than one centimeter achieve excellent 5-year
locoregional and distant control, regardless of whether they
receive adjuvant chemotherapy [1, 5, 6]. In contrast, oth-
ers have shown that adjuvant chemotherapy is associated
with improved outcomes even among cases of sub-centim-
eter disease [7]. Robust data regarding outcomes for T1a/
T1bNO TNBC are sparse, because of challenges regarding
early detection of TNBC as TNBC is more difficult to detect
mammographically compared to non-TNBC [8-10].

Adjuvant chemotherapy is included as standard treatment
in 2021 National Comprehensive Cancer Network (NCCN)
management algorithms for all node-positive TNBC and for
node-negative TNBC when the primary tumor is larger than
one centimeter. NCCN guidelines are ambiguous for cases of
node-negative T1b TNBC, with a recommendation that adju-
vant chemotherapy be “considered”’; adjuvant chemotherapy
is not usually recommended for T1aNO disease [11]. In view
of chemotherapy toxicity, cost, and risk of overtreatment,
we sought to review our experience by investigating the sur-
vival benefits associated with adjuvant chemotherapy among
women diagnosed with node-negative T1 TNBC stratified
by tumor size.

Methods
Patient population

The study design and data collection methods were approved
by the Weill Cornell Medicine (WCM) and Henry Ford
Health System (HFHS) Institutional Review Boards. HFHS
includes patients treated at two sites in metropolitan Detroit,
Michigan and WCM includes patients treated at two sites in
Manhattan, New York. We reviewed the electronic medical
records of TNBC patients ages 18 and older seen at WCM
and HFHS from December 1999 to June 2018. Patients
meeting inclusion criteria for this study were those with
pathologically confirmed TNBC defined as immunohisto-
chemistry revealing estrogen receptor < 1%, progesterone
receptor < 1%, HER2/neu immunohistochemistry (IHC)
1 +or 0; cases of HER2/neu 2 + were included if they were
negative for amplification by fluorescence in situ hybridiza-
tion (FISH) according to the guidelines of the American
Society of Clinical Oncology [12].

Patients with tumors that were pathologic stage TINO
(Tla:>1 mm but<5 mm; T1b:>5 mm but <10 mm;
Tlc:> 10 mm but <20 mm), undergoing primary surgical
therapy without the receipt of any neoadjuvant treatment
were reviewed. Patients with unknown or unverified hor-
mone receptor and/or HER2 status, an incomplete clinical
record or those in whom delivery of adjuvant chemotherapy
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could not be confirmed were excluded. Patient, disease, and
treatment characteristics were retrospectively reviewed and
entered into a RedCap database. Primary tumors and lymph
nodes were staged based on pathology reports according
to the pathological anatomic stage of the eighth edition of
the American Joint Committee on Cancer’s AJCC Cancer
Staging Manual [13].

Statistical analysis

The statistical programming language R version 3.6.1 (R
Foundation for Statistical Computing) was used. Chi-squared
tests assessed association between categorical variables; stu-
dent’s f tests were used to compare difference of continu-
ous variables within groups. Multivariable logistic regres-
sion was performed to evaluate demographic and clinical
variables associated with receipt of adjuvant chemotherapy
including age at diagnosis, tumor size, presence of grade 3
disease, lymphovascular invasion, receipt of adjuvant radia-
tion therapy, and type of breast surgery. The primary end-
points were overall survival, local recurrence-free survival,
distant recurrence-free survival, and overall recurrence-free
survival. The Kaplan—Meier plot and the unadjusted 5-year
survival probability were evaluated. Log-rank test and Cox
proportional-hazard (CPH) modeling wre used to assess the
survival differences between patients who did and did not
receive postoperative chemotherapy. Time 0 was defined
as the date of diagnosis, defined as date of biopsy-proven
malignancy. Additionally, after exclusion of patients with
unknown adjuvant chemotherapy and radiation status, joint
CPH modeling was performed to analyze the impact of adju-
vant chemotherapy and adjuvant radiation therapy on overall
survival. Survival data were censored at 15 years. Additional
survival analysis was performed on a subset of patients ages
18-80 at diagnosis with at least one year of follow-up time.

Results

We identified 756 TNBC cases at WCM and HFHS. Clin-
icopathologic characteristics of the 282 patients with
T1NO disease at each site are shown in Table 1. Regard-
ing the two study sites, the population at HFHS was
composed of more Black American patients compared
to WCM (57.1% vs. 11.1%; p <0.0001), reflecting dif-
ferences in the population demographics of Detroit com-
pared to Manhattan. There were also differences between
the two sites regarding histology; however, at both sites
the majority of patients had invasive ductal carcinoma
(84.52% vs. 93.43%; p <0.0001). A higher proportion of
grade 3 disease was seen at WCM than at HFHS (81.31%
vs. 71.43%; p=0.048). Additionally, patients at WCM
were more likely to undergo contralateral prophylactic
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Table 1 Characteristics of 282 TINO triple-negative breast cancer
patients stratified by site (HFHS=Henry Ford Health System and
WCM = Weill Cornell Medicine)

HFHS (n=84) WCM (n=198)  p value
Race
Black American 48 (57.1%) 22 (11.1%) <0.0001
White American 36 (42.9%) 140 (70.7%)
Other 0(0%) 36 (18.2%)
Age 50
<50 14 (16.7%) 54 (27.3%) 0.0798
>50 70 (83.3%) 144 (72.7%)
Histology
Invasive ductal carcinoma 71 (84.5%) 185 (93.43%) <0.0001
Invasive ductal/invasive 7 (8.33%) 0 (0%)
lobular carcinoma
Invasive lobular carci- 5(5.95%) 3(1.51%)
noma
Metaplastic 0 (0%) 3(1.51%)
Other 0(0%) 6 (3.03%)
Unknown 1(1.19%) 1(0.50%)
Grade 3 disease
No 22 (26.1%) 30 (15.15%) 0.048
Yes 60 (71.4%) 161 (81.31%)
Unknown 2(2.238%) 7 (3.54%)
Any lymphovascular invasion
No 77 (91.7%) 141 (71.2%) 0.119
Yes 6 (7.14%) 25 (12.63%)
Unknown 1(1.19%) 32 (16.16%)
Mastectomy
No 62 (73.8%) 131 (66.2%) 0.261
Yes 22 (26.2%) 67 (33.8%)
Contralateral prophylactic mastectomy
No 79 (94.0%) 159 (80.30%) 0.00357
Yes 4 (4.76%) 38 (19.19%)
Unknown 1(1.19%) 1 (0.50%)
Adjuvant radiation therapy (RT)?
Breast 56 (66.7%) 111 (56.06%) 0917
Breast/regional 1(1.19%) 2 (1.01%)
None 26 (30.9%) 53 (26.77%)
Post-mastectomy radia- 0 (0%) 1 (0.50%)
tion
Unknown 1(1.19%) 31 (15.66%)
Pathologic T stage
Tla 7 (8.3%) 34 (17.17%) 0.115
T1b 27 (32.1%) 66 (33.33%)
Tlc 50 (59.5%) 998 (49.49%)
Adjuvant chemotherapy
No 19 (22.6%) 58 (29.29%) 0.146
Yes 63 (75.0%) 118 (59.60%)
Unknown 2 (2.38%) 22 (11.11%)
*Breast=patients undergoing lumpectomy+breast RT, Breast/
regional =patients undergoing lumpectomy + breast/regional RT,

None = patients undergoing no adjuvant RT, Post-Mastectomy Radia-
tion Therapy = patients undergoing post-mastectomy RT

mastectomy than at HFHS (19.19% vs. 4.76%; p=0.00357
(Table 1). Among the 282 T1NO patients, the receipt of
adjuvant chemotherapy was unknown for 24; therefore,
a total of 258 patients comprised the final study popula-
tion. Mean follow-up was 5.3 years (median 4.7 years;
range < 1 month to 15 years). Median age was 62 years
(range 29-92). More than half of patients (137; 53.1%)
had Tlc tumors, with 36 (13.9%) having Tla and 85
(32.9%) having T1b disease.

Factors associated with delivery of adjuvant
chemotherapy

Among T1NO TNBC patients in whom adjuvant chemother-
apy status could be confirmed (n =258), adjuvant chemo-
therapy was delivered to 30.5% of Tla, 64.7% T1b, and
83.9% T1lc (p<0.0001). Patients receiving adjuvant chem-
otherapy were younger (age <50 years 29.8% vs. 13.0%;
p=0.007), more likely to have grade 3 disease (83.43% vs.
64.94%; p=0.00169), and more likely to have received post-
operative radiation therapy (70.2% vs. 50.6%; p=0.00733).
In both groups, patients were most likely to have invasive
ductal histology (92.8% vs. 87.0%; p=0.0337) (Table 2).
For the multivariable analysis, a strong correlation was
demonstrated between type of breast surgery and receipt of
adjuvant radiation where 76.4% of patients having mastec-
tomy did not have adjuvant radiation and 82.4% of patients
who did not have mastectomy had radiation (p <0.0001).
Therefore, we built two separate models, one utilizing adju-
vant radiation as a covariate and another with type of breast
surgery as a covariate. On multivariable analysis, tumor
size (OR 5.66, CI 2.787-12.194; p <0.0001), grade 3 dis-
ease (OR 2.75, CI 1.244-6.141; p=0.0126), and postop-
erative radiation therapy (RT) (OR 2.66, CI 1.329-5.392;
p=0.0059) were associated with receipt of adjuvant chemo-
therapy. With inclusion of mastectomy as a covariate, only
tumor size (OR 5.94, CI 3.006-12.457; p <0.0001) and
grade 3 disease (OR 2.59, CI 1.218-5.589; p=0.0014) were
associated with receipt of adjuvant chemotherapy (Table 3).

5-Year unadjusted overall survival

A total of 14 deaths occurred over the study period, with
71.4% (10/14) occurring in patients with Tlc disease
(Table 4). For all TINO TNBC patients, 5-year unadjusted
overall survival was similar for patients both with (95.7%)
and without (91.6%) the use of adjuvant chemotherapy
(Fig. 1, log-rank p value=0.077). When stratified by tumor
size, there was no significant improvement in survival within
the subcategories of T1a (5-year unadjusted overall survival
probability 100% vs. 100%; p=0.3778) and T1b (5-year
unadjusted overall survival probability 100% vs. 95.8%;
p=0.2362) disease. Conversely, adjuvant chemotherapy
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Table 2 Characteristics of

258 TINO triple-negative
breast cancer patients stratified
by receipt of adjuvant
chemotherapy

@ Springer

No adjuvant chemo-  Adjuvant chemotherapy p value
therapy (n=181)
(n="17)
Age at diagnosis 64 (38,92) 61 (29,85) 0.0035
Median follow-up time (years) 4.22 5.41 0.0278
Race
Black American 15 (19.5%) 51 (28.2%) 0.155
White American 54 (70.1%) 108 (59.7%)
Other 8 (10.4%) 22 (12.2%)
Age 50
<50 10 (13.0%) 54 (29.8%) 0.0067
>50 67 (87.0%) 127 (70.2%)
Histology
Invasive ductal ccarcinoma 67 (87.01%) 168 (92.82%) 0.0337
Invasive ductal/invasive lobular 3(3.90%) 4 (2.21%)
carcinoma
Invasive lobular carcinoma 2 (2.60%) 3 (1.66%)
Metaplastic 0 (0%) 3 (1.66%)
Other 5(6.49%) 1 (0.55%)
Unknown 0 (0%) 2 (1.10%)
Grade 3 disease
No 24 (31.17%) 25 (13.81%) 0.00169
Yes 50 (64.94%) 151 (83.43%)
Unknown 3 (3.90%) 5(2.76%)
Any lymphovascular invasion
No 63 (81.82%) 137 (75.69%) 0.332
Yes 6 (7.79%) 23 (12.71%)
Unknown 8 (10.39%) 21 (11.60%)
Mastectomy
No 46 (59.7%) 127 (70.2%) 0.137
Yes 31 (40.3%) 54 (29.8%)
Contralateral prophylactic mastectomy
No 67 (87.0%) 148 (81.8%) 0.496
Yes 10 (13.0%) 31 (17.1%)
Unknown 0 (0%) 2 (1.1%)
Adjuvant radiation therapy (RT)*
Breast 37 (48.05%) 125 (69.06%) 0.00733
Breast/regional 2 (2.60%) 1 (0.55%)
Post-mastectomy radiation 0 (0%) 1 (0.55%)
None 33 (42.85%) 45 (24.86%)
Unknown 5 (6.94%) 9(4.97%)
Pathologic T stage
Tla 25 (32.47%) 11 (6.08%) <0.0001
T1b 30 (38.96%) 55 (30.39%)
Tlc 22 (28.57%) 115 (63.5%)

“Breast=patients undergoing lumpectomy + breast RT, Breast/regional =patients undergoing lumpec-
tomy + breast/regional RT, None = patients undergoing no adjuvant RT, Post-Mastectomy Radiation Ther-
apy = patients undergoing post-mastectomy RT
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Table 3 Multivariable association with receipt of adjuvant chemo-
therapy in T1NO triple-negative breast cancer patients

Variable OR  95% confidence interval p value

Inclusion of adjuvant radiation as a covariate

Age at diagnosis 0.956 0.928-0.984 0.0026

Tumor size 5.659 2.787-12.194 <0.0001

Grade 3 disease 2.747 1.244-6.141 0.0126

Lymphovascular inva-  1.067 0.357-3.682 09111
sion

Adjuvant radiation 2.660 1.329-5.392 0.0060
Therapy

Inclusion of type of breast surgery as a covariate

Age at diagnosis 0.960 0.933-0.986 0.0032

Tumor size 5.940 3.006-12.457 <0.0001

Grade 3 disease 2.595 1.218-5.589 0.0137

Lymphovascular inva- ~ 1.551 0.543-5.183 0.0437
sion

Mastectomy surgery 0.655 0.332-1.299 0.223

did improve overall survival for patients with T1lc disease
(5-year unadjusted overall survival probability 93.2% vs.
75.2%; p=0.008) (Table 5).

Unadjusted local recurrence-free survival

No significant benefit was observed in unadjusted 5-year
local recurrence-free survival for the entire TINO TNBC
cohort (84.5% with adjuvant chemotherapy vs. 83.3% with-
out; p=0.3367). When stratified by tumor size, a numeric
trend was observed favoring an association between adjuvant
chemotherapy and improved local recurrence-free survival
with the increase in tumor size, but the differences were not
statistically significant: T1a (81.8% with adjuvant chemo-
therapy vs. 89.5% without; p=0.9856), T1b (95.2% with
adjuvant chemotherapy vs. 87.7% without; p=0.160), and
T1c (80.0% with adjuvant chemotherapy vs. 69.1% without;
p=0.1506).

Unadjusted distant recurrence-free survival
Delivery of adjuvant chemotherapy was not significantly

associated with improvements in distant recurrence-free
survival for the entire TINO TNBC cohort (91.1% with

Table 4 Survival outcomes stratified by tumor size

adjuvant chemotherapy vs. 88.3% without; p=0.0927) or
within the smallest size subgroups: T1a (100% with adjuvant
chemotherapy vs. 95.5% without; p=0.2505), T1b (93.8%
with adjuvant chemotherapy vs. 91.7% without; p=02,506),
and T1c (88.5% with adjuvant chemotherapy vs. 74.8% with-
out; p=0.098). Consistent with our findings regarding adju-
vant chemotherapy and overall survival endpoints, distant
recurrence-free survival was numerically higher for Tlc
patients receiving adjuvant chemotherapy compared to those
not receiving systemic treatment, but the difference did not
achieve statistical significance (88.5% vs. 74.8%; p=0.098).

Unadjusted overall recurrence-free survival

A total of 37 recurrences occurred overall, with 64.9%
(24/37) occurring in patients with T1c disease (Table 4). A
similar pattern in unadjusted 5-year overall recurrence-free
survival was seen for the entire TINO TNBC cohort (82.0%
with adjuvant chemotherapy vs. 78.7% without; p =0.1304).
Within the subgroup of Tla and T1b, there was no statisti-
cally significant improvement for patients receiving adjuvant
chemotherapy (T1a 81.8% with adjuvant chemotherapy vs.
84.8% without; p=0.7517 and T1b 92.1% with adjuvant
chemotherapy vs. 83.6% without; p=0.0713). For Tlc,
although the difference was not statistically significant,
there was a greater difference in unadjusted recurrence-free
survival difference among T1c (77.4% with adjuvant chemo-
therapy vs. 64.8% without; p=0.1212).

Adjusted multivariate outcomes

Joint modeling was performed on patients in whom adjuvant
chemotherapy and RT status was known to account for the
effect of both adjuvant chemotherapy and adjuvant RT on
overall survival, given the substantial difference in receipt of
adjuvant RT among patients who received adjuvant chemo-
therapy. With joint modeling of both adjuvant chemotherapy
and RT, the delivery of RT did not change our results; over-
all survival was improved only in patients with T1c disease
with receipt of adjuvant chemotherapy.

T1 (n=258) Tla (n=36) T1b (n=385) Tlc (n=137) p value
Number of distant recurrences 17/258 (6.59%) 2/36 (2.78%) 4/85 (4.70%) 11/137 (8.03%) 0.602
Number of local recurrences 30/258 (11.63%) 5/36 (13.89%) 4/85 (4.70%) 21/137 (15.33%) 0.0506
Number of any recurrences 19/258 (76.00%) 6/36 (16.67%) 3/85 (3.53%) 10/137 (7.30%) 0.371
Number of deaths 32/258 (12.40%) 1/36 (2.78%) 7/85 (8.23%) 24/137 (17.52%) 0.145
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Fig.1 5-year unadjusted overall survival of TINO triple-negative
breast cancer patients treated with and without adjuvant chemother-
apy stratified by tumor size a TINO b T1aNO ¢ T1bNO d T1cNO. Note

Subset analysis of patients ages 18-80 with > 1 year
of follow-up

Subset analysis of patients with TINO TNBC ages 18-80

at time of diagnosis with at least one year of follow-up
(but including four patients that died within one year of

@ Springer

Figure created utilizing statistical programming language R version
3.6.1 (R Foundation for Statistical Computing)

diagnosis) identified a total of 235 patients with a mean
follow-up of 6.05 years (median 5.56 years, range 0.27 to
15.0 years). Mean follow-up for the 231 patients that were
alive for at least one year was 6.14 years (median 5.57 years,
range 1.17 to 15.0 years). Among these 235 patients, receipt
of adjuvant chemotherapy was unknown for 7; therefore, a



