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Abstract Background: Recommendations on adjuvant chemotherapy in pT1N0M0 triple-

negative breast cancer (TNBC) differ among international guidelines owing to lack of ran-

domized trial data. We evaluated associations of adjuvant chemotherapy with a long-term

outcome in a population-based cohort of pT1N0M0 TNBC.

Methods: All patients diagnosed with pT1N0M0 TNBC in the Netherlands between 2005 and

2016 were identified from the Netherlands Cancer Registry. Patient, tumour and treatment

characteristics were recorded. The date and cause of death were obtained from Statistics

Netherlands. We used multivariable Cox regression models to evaluate associations of adju-

vant chemotherapy with breast cancerespecific survival (BCSS) and overall survival (OS),
tio; ALN, axillary lymph node; BCSS, breast cancerespecific survival; CI, confidence interval; DMFS,

strogen receptor; ESMO, European Society for Medical Oncology; HER2, human epidermal growth-factor

erquartile range; ITCs, isolated tumour cells; LAR, luminal androgen receptor; LVI, lymph vascular in-

e Cancer Network; NCR, Netherlands Cancer Registry; OS, overall survival; PARP, poly (ADP-ribose)

te response; PR, progresterone receptor; PS, propensity score; sTILs, stromal tumour-infiltrating lym-

is; TNBC, triple-negative breast cancer; UICC, Union for International Cancer Control.
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Table 1
Recommendation for patients with pT1

Guideline Pathological stag

ESMO [5] pT1N0M0

St Gallen [43] pT1N0M0

NCCN [6] pT1aN0M0

pT1aNmiM0

pT1bN0M0

pT1cN0M0

Dutch [7] pT1aN0M0

pT1bN0M0

pT1cN0M0

ESMO, European Society for Medical O
a It should be noted that during the 20

for “sometimes”. [44]. Yet, an updated
b For all histological subtypes.
adjusted for baseline characteristics and performed sensitivity analyses using propensity score

(PS) weighting.

Results: We identified 4366 patients: 284 with pT1a, 923 with pT1b and 3159 with pT1c tu-

mours. Adjuvant chemotherapy was administered in 53% of patients. Patients receiving

chemotherapy had more unfavourable baseline characteristics including younger age, larger

tumours and higher tumour grade. At 8.2 years median follow-up (interquartile range

Z 5.8e10.9), 671 patients had died, of whom 311 because of breast cancer. After adjustment

for baseline characteristics, chemotherapy was associated with improved BCSS (adjusted haz-

ard ratio [aHR] Z 0.65; 95% confidence interval [CI] Z 0.48e0.89). The effect of chemo-

therapy differed by tumour size (pT1a: aHR Z 4.28, 95% CI Z 1.12e16.44; pT1b:

aHR Z 1.12, 95% CI Z 0.51e2.49; pT1c: aHR Z 0.60, 95% CI Z 0.43e0.82;

pinteraction Z 0.02). Findings for OS were in line with BCSS results. PS-weighting analysis

confirmed the results of the primary analysis.

Conclusions: Adjuvant chemotherapy is associated with better BCSS and OS in pT1N0M0

TNBC. Better outcome is most evident in pT1c tumours and may not outweigh harm in

pT1a/pT1b tumours.

ª 2020 Elsevier Ltd. All rights reserved.
1. Introduction

About 10e15% of patients with small node-negative

breast cancer is diagnosed with the triple-negative sub-

type, associated with a high early recurrence risk [1e3].

Based on randomized evidence, most of these patients

receive (neo)adjuvant chemotherapy, but patients with

pT1N0M0 triple-negative breast cancer (TNBC) were

largely excluded from phase-3 trials. Five-year overall
survival (OS) for this latter group ranges from 83 to

99%, and the added value of chemotherapy remains

uncertain [2,4].

Current guidelines advise adjuvant chemotherapy for

most patients with stage-1 TNBC (Table 1). The Euro-

pean Society for Medical Oncology guideline recom-

mends chemotherapy for all pT1 tumours with the

possible exception of low-risk special histological sub-
types [5]. The National Comprehensive Cancer Network

(NCCN) guideline recommends chemotherapy for pT1c

tumours and to consider chemotherapy for pT1b
N0M0 triple-negative breast cance

e Recommendation for ad

Adjuvant chemotherapy

exception of low-risk spe

secretory juvenile, apocr

Adjuvant chemotherapy

Adjuvant chemotherapy

Consider adjuvant chem

Consider adjuvant chem

Adjuvant chemotherapy

Adjuvant chemotherapy

Adjuvant chemotherapy

Adjuvant chemotherapy

ncology

19 St Gallen expert meeting 34.7%

guideline is not available.
tumours, but to withhold chemotherapy in pT1a tu-

mours [6]. The current Dutch guideline recommends

chemotherapy for pT1c if the tumour is grade 3 or grade
�2 if the patient is aged < 35 years [7].

Three observational studies compared outcomes in

patients with pT1N0M0 TNBC with and without

chemotherapy. A study in 354 patients from China re-

ported improved recurrence-free survival after adjuvant

chemotherapy only in pT1cN0M0 tumours after 3.8

years median follow-up, adjusted for lymphovascular

invasion (LVI) [8]. Another observational study in 264
patients with pT1abN0M0 tumours from the NCCN

database showed better distant metastasisefree survival

(DMFS) with adjuvant chemotherapy at 5.5 years me-

dian follow-up, although not adjusted for differences in

baseline characteristics [9]. An observational study from

France included 284 patients with pT1abN0M0 TNBC

and did not show statistically significant better DMFS

at 4 years median follow-up with adjuvant chemo-
therapy adjusted for age, tumour size, tumour grade and
r in different international guidelines.

juvant chemotherapy

recommended, with the possible

cial histological subtypes, such as,

ine or adenoid cystic carcinomas.

recommended for all stagesa

not recommended

otherapy for N1 micrometases

otherapyb

recommendedb

not recommended

not recommended

recommended if tumour grade 3 or if � grade 2 and aged � 35 years

voted to never use chemotherapy in pT1aN0 TNBC and 65.3% voted
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LVI [10]. All studies were limited by small numbers of

events and relatively short follow-up.

We report real-world evidence from the largest

population-based analysis of adjuvant chemotherapy in

pT1N0M0 TNBC, based on long-term follow-up data

from the nationwide Netherlands Cancer Registry

(NCR).
2. Material and methods

All patients with pT1N0M0 TNBC diagnosed between

01-01-2005 and 31-12-2015 were identified in the NCR.

Patients who had received neoadjuvant treatment were

excluded (n Z 146). Patients with isolated tumour cells

(ITCs) detected in axillary lymph nodes (ALNs) were
regarded as node-negative and included [7,11,12].

The NCR has almost complete nationwide coverage

(>96%) of invasive cancers in the Netherlands since

1989 [13]. Trained registration clerks collect detailed
Table 2
Patient and treatment characteristics.

Total (n Z 4366) Chemotherap

No. (%) No. (%)

Age

�60 years 2544 (58.3%) 1775 (77.2%)

>60 years 1822 (41.7%) 524 (22.8%)

Pathological tumour stage

pT1a 284 (6.5%) 18 (0.8%)

pT1b 923 (21.1%) 154 (6.7%)

pT1c 3159 (72.4%) 2127 (92.5%)

Pathologic nodal stage

pN0 4230 (96.9%) 2217 (96.4%)

pN0iþ 136 (3.1%) 82 (3.6%)

Tumour grade

1 235 (5.4%) 5 (0.2%)

2 935 (21.4%) 235 (10.2%)

3 3051 (69.9%) 2018 (87.8%)

Unknown 145 (3.3%) 41 (1.8%)

Histology

NST 3798 (87.0%) 2032 (88.4%)

Medullary 221 (5.1%) 158 (6.9%)

Metaplastic 77 (1.8%) 41 (1.8%)

Lobular 68 (1.6%) 19 (0.8%)

Apocrine 43 (1.0%) 14 (0.6%)

Other 159 (3.6%) 35 (1.5%)

Local therapy breast

BCS with RT 3238 (74.2%) 1742 (75.8%)

BCS without RT 62 (1.4%) 28 (1.2%)

Mastectomy with RT 29 (0.7%) 16 (0.7%)

Mastectomy without RT 1037 (23.8%) 513 (22.3%)

Axillary node dissection

Yes 240 (5.5%) 111 (4.8%)

No 4126 (94.5%) 2188 (95.2%)

Endocrine therapy

Yes 21 (0.5%) 13 (0.6%)

No 4345 (99.5%) 2286a (99.4%

Abbreviations: BCS, breast-conserving surgery; NST, invasive ductal carci
a 14 patients underwent ovariectomy.
b 5 patients underwent ovariectomy.
c P-values are based on the c2 test or the Wilcoxon’s rank-sum test.
information of patient, tumour and treatment from the

original hospital records after notification by the na-

tional pathology archive. Tumour grades were recorded

as per the Bloom and Richardson grading system, his-

tology data were based on original pathology reports,

and stages were recorded as per the 6th edition of the

Union for International Cancer Control (UICC)

tumour-node-metastasis (TNM) staging system for pa-
tients diagnosed between 01-01-2005 and 31-12-2009

and as per the 7th of UICC TNM-staging system for

patients diagnosed between 01-01-2010 and 31-12-2015.

TNBC was defined as <10% of the tumour cells staining

positive for the oestrogen receptor (ER) and progester-

one receptor (PR) and no HER2 protein overexpression

or gene amplification [7]. Data on mutations in BRCA1/

2 genes were not available.
Between 2005 and 2008, the Dutch guideline recom-

mended chemotherapy for stage-I patients with tumour

grade-3 pT1c tumours. Between 2009 and 2016,
y (n Z 2299) No chemotherapy (n Z 2067) pc

No. (%)

<0.001

769 (37.2%)

1298 (62.8%)

<0.001

266 (12.9%)

769 (37.2%)

1032 (49.9%)

0.08

2013 (97.4%)

54 (2.6%)

<0.001

230 (11.1%)

700 (33.9%)

1033 (50.0%)

104 (5.0%)

<0.001

1766 (85.4%)

63 (3.0%)

36 (1.7%)

49 (2.4%)

29 (1.4%)

124 (6.0%)

0.06

1496 (72.4%)

34 (1.6%)

13 (0.6%)

524 (25.4%)

0.05

129 (6.2%)

1938 (93.8%)

0.39

8 (0.4%)

) 2059b (99.6%)

noma of no special type; RT, radiotherapy.



Fig. 1. Flow diagram of included patients. Abbreviations: TNBC, triple-negative breast cancer.
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recommendation for chemotherapy also included

tumour grade-2 pT1c tumours. Recommendation for
chemotherapy in patients �35 years included all pT1

except grade-1 pT1ab, throughout the inclusion period.

OS data were available for all patients through

annual linkage of the NCR to the Municipality Regis-

try. OS was calculated as time from date of primary

diagnosis until the date of death (irrespective of cause)

or censored at last follow-up, which was 01-02-2019 [14].

The cause-of-death data were completed through link-
age with Statistics Netherlands. Statistics Netherlands

receives a death certificate of each deceased individual

who is registered in a municipality in the Netherlands

and records causes of death in accordance with the

World Health Organization International Classification

of diseases, 10th revision. A 95% concordance between

the cause of death registered with Statistics Netherlands

and medical records is shown for patients with a history
of breast cancer [15]. Breast cancerespecific survival

(BCSS) was calculated as time from diagnosis until

death due to breast cancer or censored at the last follow-

up or death from another cause [14].

2.1. Statistical analysis

Characteristics of patients with and without chemo-

therapy were compared with the Chi2-test for categorical

variables and the Wilcoxon’s rank-sum test for contin-

uous variables. Associations of chemotherapy with
BCSS and OS were adjusted for prognostic factors using

Cox regression models. Variables were selected if the

hazard ratio (HR) of systemic therapy changed by more

than 10% or were significant at the 0.10 level in
univariable analyses. The proportionality of hazards

was tested using the Schoenfeld residual test. The pro-
portional hazards assumption was only violated in OS

analyses using age as a continuous variable. This issue

was solved by using a natural cubic spline with three

degrees of freedom for age (with knots at 51 and 63

years). HRs are reported with their corresponding 95%

confidence intervals (CIs). Interactions of chemotherapy

with tumour size and tumour grade were investigated.

The treatment effects for subgroups were obtained from
a model with the treatment-by-subgroup interaction,

adjusted for prognostic factors as described in earlier

passages. The 95% CI of the association with chemo-

therapy per subgroup was obtained by calculating the

variance of the sum of the coefficient of chemotherapy

and the interaction coefficient for that specific subgroup

from the multivariable model.

To evaluate the robustness of the effect of chemo-
therapy, we performed sensitivity analysis using hospi-

tals either as covariate or as strata in the Cox model and

another sensitivity analysis excluding patients with

pN0itcþ. In addition, we performed a propensity score

(PS)-weighting analysis to deal with confounding by

indication. In this latter analysis, the conditional pro-

pensity to receive chemotherapy was estimated in a lo-

gistic regression model based on hospital, year of
diagnosis, age, pT stage, presence of ITCs, tumour

grade, local treatment for the primary tumour and his-

tology. The logistic model assigns a PS between 0 and 1

to each patient, representing the probability to receive

chemotherapy. The PS weights were trimmed at the 5th

and 95th percentile [16]. We then ran PS-weighted Cox

regression models for BCSS and OS for all patients and
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subgroups based on tumour size, using 1/PS as weight

for patients receiving chemotherapy and 1/(1�PS) for

patients not receiving chemotherapy [16]. The 95% CI

reported for PS analyses are based on robust sandwich

standard errors [17].

All reported p-values are two-sided, and P-values

<0.05 are considered statistically significant. All statis-

tical analyses were performed with R v3.5.1.
3. Results

We identified 4512 patients who were diagnosed with

pT1N0M0 TNBC and treated across 79 hospitals in the

Netherlands. The median age at diagnosis was 58 years

(interquartile range [IQR] Z 48e66 years). Three pa-
tients were male. Two hundred eighty-four (6.5%) pa-

tients had a pT1a tumour, 923 (21.1%) a pT1b tumour,

and 3159 (72.4%) a pT1c tumour (Table 2). The axillary

stage was based on sentinel node procedure in 4220

(96.6%) patients and on ALN dissection in 133 (3.0%).

One hundred seven patients underwent ALN dissection

despite confirmed negative sentinel nodes, of whom 18

(16.8%) had ITCs.
Fig. 2. Adjusted hazard ratios for BCSS e Overall and according to s

age, tumour grade, tumour size, local therapy of primary tumour, p

histology based on p-value <0.10 in univariable analyses. P-values fo

patients the tumour grade was missing. Abbreviations: BCSS: breast

tumour cells; NST, no special type.
Chemotherapy was administered in 2299 (52.7%)

patients: 18 (6.3%) patients with a pT1a tumour, 154

(16.7%) patients with a pT1b tumour, and 2127 (67.3%)

patients with a pT1c tumour. Adjuvant chemotherapy

use remained stable over time but varied significantly

across hospitals (Supplementary Figs. S1A and S1B).

Chemotherapy regimens were known for 1502 (65.3%)

patients (Fig. 1).
Patients who received chemotherapy had more

unfavourable baseline characteristics, including younger

age, larger tumours and higher tumour grade compared

with patients who did not receive chemotherapy (Table

2 and S2).
3.1. Survival analyses

After 8.2 years (IQR Z 5.8e10.9 years) median follow-

up, 671 patients had died, of whom 311 because of

breast cancer (Supplementary Table S1). Treatment with

adjuvant chemotherapy was associated with better

BCSS in univariable analyses, and the effect remained

statistically significant after adjustment for age, tumour

size, tumour grade, local therapy of primary tumour,

presence of ITCs and histology (adjusted HR
ubgroups ) aHR, adjusted hazard ratio; analyses are adjusted for

resence of isolated tumour cells in the axillary lymph nodes and

r interaction with chemotherapy are reported. Note that for 143

cancerespecific survival; CI, confidence interval; ITCs, isolated



Fig. 3. Predicted BCSS and OS for a hypothetical case. Predicted survival with chemotherapy (solid line) and without chemotherapy

(dashed line) for a 60-year old woman with a grade-3, pT1cN0(ITC-) NST triple-negative breast cancer treated with optimal local therapy.

A. represents breast cancerespecific survival and B. represents overall survival. Abbreviations: BCSS: breast cancerespecific survival; ITC

isolated tumour cell; NST, no special type; OS, overall survival
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[aHR] Z 0.65, 95%CI Z 0.48e0.89, p < 0.001)

(Supplementary Table S2).
The association between chemotherapy and BCSS

differed with respect to tumour size: pT1a: aHR Z 4.28,

95% CI Z 1.12e16.44; pT1b: aHR Z 1.12, 95%

CI Z 0.51e2.49; pT1c: aHR Z 0.60, 95%

CI Z 0.43e0.82 (Fig. 2). The interaction between

chemotherapy and tumour size was statistically signifi-

cant (P Z 0.02). There was no statistically significant

interaction between chemotherapy and tumour grade
(P Z 0.30), nor between chemotherapy, tumour size and

tumour grade.

The association between adjuvant chemotherapy and

OS was similar to BCSS (aHR Z 0.58, 95%

CI Z 0.46e0.73, p < 0.001). The aHRs for OS in sub-

groups also showed the strongest effect in patients with

pT1c tumours (aHR Z 0.55, 95% CI Z 0.43e0.69). The

aHR for OS in pT1b tumours was 0.90 (95%
CI Z 0.48e1.66) and the aHR for pT1a was 3.52, 95%

CI Z 1.02e12.14.

To illustrate the maximum achievable absolute dif-

ference with adjuvant chemotherapy we estimated BCSS

and OS probabilities for a hypothetical case representing

a 60-year old patient with a pT1cN0(itc-) grade-3 TNBC

of no special type who received optimal local therapy.

The predicted 10-year BCSS was 91.4% with chemo-
therapy and 87.2% without chemotherapy (Fig. 3A).

Predictions for 10-year OS were 85.3% and 76.1%,

respectively (Fig. 3B).

3.2. Sensitivity analyses

Sensitivity analyses adjusted for hospital as covariate or

treating hospitals as strata showed similar results to

those presented in the earlier passages. A third sensi-

tivity analysis excluding patients with pN0itcþ showed
similar results as well (data not shown). A PS analysis

showed sufficiently overlapping PS per treatment group

after trimming at 5th and 95th percentile

(Supplementary Fig. S2). The PS-weighted analysis
showed an HR of 0.75, 95% CI Z 0.58e0.97 for BCSS

and HR of 0.45, 95% CI Z 0.37e0.54 for OS. HRss in
stratified subgroups based on tumour size for both

BCSS and OS are shown in Supplementary Table S3.
4. Discussion

We evaluated the association of adjuvant chemotherapy

with BCSS and OS in a large population-based analysis

of 4366 pT1N0M0 breast cancer patients with a median

follow-up time of more than eight years. The addition of
adjuvant chemotherapy was significantly associated with

better BCSS and OS. The association was strongest in

patients with pT1c tumours. These results underline the

recommendation of the NCCN and Dutch guidelines

regarding patients with pT1c tumours. An association

with better outcome in patients with pT1a and pT1b is

not evident from our analyses.

The apparent lack of a better outcome associated
with adjuvant chemotherapy in sub-centimeter tumours

was also observed in other population-based studies

[8e10]. Patient characteristics, such as age,

comorbidity and tumour biology such as tumour grade,

molecular subtype, histological subtype, LVI and stro-

mal tumour-infiltrating lymphocytes (sTILs), are

important factors to consider in the recommendation for

adjuvant chemotherapy in patients with sub-centimeter
tumours. We observed a detrimental effect of chemo-

therapy in pT1aN0M0 tumours. As small TNBC have

much immune-cell infiltration that is prognostic of a

good outcome, chemotherapy may disturb the immune

system by depleting effector T cells in these tumours

[18]. The number of events in pT1a tumours in our

analysis was small, however, and these results must be

interpreted with some caution.
Current gene signatures cannot aid in recommending

adjuvant chemotherapy for pT1N0M0 TNBC. Patients

with TNBC were excluded from prospective evaluations

of the 21 recurrence score test and almost invariably
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score high risk on MammaPrint [19,20]. Efforts are

ongoing to develop a gene expression assay specific for

TNBC, but these will require prospective validation [21].

Next to gene expression assays, Lehmann et al. [22]

subtyped TNBC into four molecular subtypes: basal-like

1, basal-like 2, mesenchymal and the luminal androgen

receptor (LAR). Basal-like1 tumours typically present as

low-stage tumours, are most sensitive to chemotherapy,
and have a good prognosis in case of a pathological

complete response (pCR) on neoadjuvant treatment.

Mesenchymal tumours are also likely to achieve

pCR but have a less favourable outcome. One could

speculate that basal-like 1 and mesenchymal tumours

are candidates for chemotherapy independent of size.

The LAR subtype is least sensitive to chemotherapy but

has good survival even without achieving pCR.
Although LAR tumours tend to be larger and often

have nodal involvement, they might be candidates to

forego chemotherapy and evaluate AR-targeted ther-

apy. More response data is required for basal-like 2

tumours, and validation of molecular subtypes and

treatment strategies is needed.

Different histological subtypes of breast cancer are

associated with different outcomes [23]. No-special-type
carcinoma is most common in TNBC, other common

subtypes include metaplastic, medullary and adenoid-

cystic [24,25]. Patients with medullary and adenoid-like

TNBC have more favourable BCSS and OS and might

be candidates to opt out for chemotherapy [24,25].

Numbers were too small to analyse histological subtypes

separately, but we show favourable outcome in patients

with the medullary subtype.
Data on the presence of LVI and/or sTILs were not

available for our cohort and were therefore not taken

into account in the multivariable analyses. LVI is

prognostic in TNBC and may be useful to select patients

for adjuvant chemotherapy [8,26,27]. The presence of

sTILs in TNBC is associated with favourable outcome

[28e31]. Patients with >30% sTILs in pT1N0M0 TNBC

have a 5-year DMFS of 93% and 5-year OS of 95%
without chemotherapy [28]. This observation and high

pCR rates associated with high sTIL levels may be ar-

guments to forego chemotherapy or to de-escalate the

chemotherapy regimen [29,31].

We did not observe an interaction between chemo-

therapy and the tumour grade, although the effect of

chemotherapy seemed to be driven by an effect in grade-3

tumours. Tumour grades were locally assessed and are
known to be subject to high inter-observer variability [32].

TNBC is more common in women aged <40 years

[33] and in patients carrying a germline mutation in the

BRCA1 gene [34,35]. Some studies have shown similar

outcome for BRCA mutation carriers compared with

non-BRCAemutation carriers with TNBC [36,37].

Others indicated a worse outcome, possibly influenced

by larger tumour size and nodal involvement at diag-
nosis [35,38,39].
Strengths of our analysis are the detailed clinical and

outcome data for BCSS and OS from nationwide cancer

and death registries, including data on stage and treat-

ment. Our cohort consists of 4366 patients, which

allowed us to perform stratified analyses. Another

strength of our analysis compared with previous studies

is the 8.2 years median follow-up. Our analysis also has

some limitations. First, results are subject to con-
founding by indication as suggested by the imbalances

in baseline characteristics. To account for imbalances,

all reported analyses are based on multivariable models

adjusted for differences in baseline characteristics with

BCSS as outcome unless stated otherwise. In addition,

to overcome underlying differences between the two

groups we performed a PS-weighted analysis, which

showed similar results as the primary analysis. Second,
we did not have information on comorbidities and

performance status of patients, and hence could not

adjust for these factors in the multivariable analyses.

Third, histological grade was not reviewed, and we did

not have information on presence of LVI, sTILs and

germline BRCA mutations, which may have influenced

the treatment decision and outcome. Fourth, the <10%

threshold for ER and PR negativity used in the
Netherlands deviates from international guidelines [5,7].

However, tumours with 1e9% ER positivity are more

similar to ER-negative tumours compared with ER-

positive (>10%) tumours in terms of prognosis, response

to therapy [40,41] and molecular features [42]. Fifth,

chemotherapy was used as a binary variable, ignoring

dose modifications and early chemotherapy discontinu-

ation. Despite these limitations, we were able to evaluate
BCSS and OS in the largest nationwide cohort study to

date in pT1N0M0 TNBC. Future randomized trials

providing level-I evidence are unlikely to be performed

in this population. Therefore, our study likely represents

the best available real-world evidence.

In conclusion, our data support treatment with

adjuvant chemotherapy in patients with pT1cN0M0

TNBC. In patients with pT1aN0M0 and pT1bN0M0
tumours the association with better outcomes was not

evident. Benefit of chemotherapy may therefore not

outweigh harms in sub-centimeter TNBC, although

biologic characteristics such as tumour grade, histology,

LVI, sTILs and molecular subtypes should be consid-

ered in treatment decisions.
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