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Background: In the absence of prognostic biomarkers, most patients with early-stage triple-negative breast cancer

(eTNBC) are treated with combination chemotherapy. The identification of biomarkers to select patients for whom

treatment de-escalation or escalation could be considered remains an unmet need. We evaluated the prognostic

value of histopathologic traits in a unique cohort of young, (neo)adjuvant chemotherapy-naïve patients with early-

stage (stage I or II), node-negative TNBC and long-term follow-up, in relation to stromal tumor-infiltrating

lymphocytes (sTILs) for which the prognostic value was recently reported.

Materials and methods: We studied all 485 patients with node-negative eTNBC from the population-based PARADIGM

cohort which selected women aged <40 years diagnosed between 1989 and 2000. None of the patients had received

(neo)adjuvant chemotherapy according to standard practice at the time. Associations between histopathologic traits

and breast cancer-specific survival (BCSS) were analyzed with Cox proportional hazard models.

Results: With a median follow-up of 20.0 years, an independent prognostic value for BCSS was observed for

lymphovascular invasion (LVI) [adjusted (adj.) hazard ratio (HR) 2.35, 95% confidence interval (CI) 1.49-3.69], fibrotic
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focus (adj. HR 1.61, 95% CI 1.09-2.37) and sTILs (per 10% increment adj. HR 0.75, 95% CI 0.69-0.82). In the sTILs <30%

subgroup, the presence of LVI resulted in a higher cumulative incidence of breast cancer death (at 20 years, 58%; 95% CI

41% to 72%) compared with when LVI was absent (at 20 years, 32%; 95% CI 26% to 39%). In the �75% sTILs subgroup,

the presence of LVI might be associated with poor survival (HR 11.45, 95% CI 0.71-182.36, two deaths). We confirm the

lack of prognostic value of androgen receptor expression and human epidermal growth factor receptor 2 -low status.

Conclusions: sTILs, LVI and fibrotic focus provide independent prognostic information in young women with node-

negative eTNBC. Our results are of importance for the selection of patients for de-escalation and escalation trials.

Key words: triple-negative breast cancer, prognostic biomarkers, lymphovascular invasion, fibrotic focus, stromal tumor-

infiltrating lymphocytes

INTRODUCTION

Triple-negative breast cancer (TNBC) represents about 15%

of breast cancers (BCs) and is more prevalent in younger

women.1,2 TNBCs are known for their aggressive behavior,

with frequent early relapses and poor survival once metas-

tasized.3,4 Currently, almost all patients with early-stage

TNBC (eTNBC) are treated with three or four chemothera-

peutic agents with or without anti-programmed cell death

protein 1 therapy due to a lack of implemented prognostic

and predictive biomarkers. The only exception to forego

chemotherapy applies to low-risk TNBC, which includes T1a-

b node-negative TNBCs and special histological subtypes

such as adenoid cystic, secretory carcinoma or low-grade

metaplastic carcinoma.5-7 Extensive efforts have been un-

dertaken to evaluate other prognostic biomarkers
8-11

; how-

ever, many findings were confounded by (neo)adjuvant

chemotherapy or lacked long-term survival outcomes, and so

far, only stromal tumor-infiltrating lymphocytes (sTILs) show

promise to change clinical practice.

sTILs have emerged as a robust and important prognostic

biomarker in TNBC.12-14 In addition, sTILs show potential to

identify patients with an excellent prognosis without

chemotherapy,
15,16

which has opened the door for clinical

trials evaluating treatment de-escalation strategies based

on sTILs. It is unknown, however, what the contribution of

other histopathologic tumor characteristics is, on top of

sTILs, in the risk stratification of young patients with eTNBC.

Moreover, the majority (52%-71%) of node-negative eTNBC

have low (<30%) sTILs and represents a heterogeneous

group of tumors considering the wide range of associated

overall survival (OS) (at 10 years, OS estimates of 60%-

85%).14-18 Especially in this subgroup, there is an urgent

need for additional clinically valuable biomarkers to more

accurately predict the risk of recurrence or death.

Recently, the treatment landscape of eTNBC has changed

dramatically with the Food and Drug Administration and

European Medicines Agency approval of neoadjuvant

pembrolizumab added to chemotherapy for high-risk

eTNBC
19

and the poly (ADP-ribose) polymerase inhibitor

olaparib for BRCA1/2-mutated TNBC.20,21 Given the

impressive efficacy of antibodyedrug conjugates (ADCs)

such as sacituzumab govitecan and trastuzumab deruxtecan

for metastatic TNBC,22,23 the incorporation of these agents

in the early setting is expected. With the advent of clinical

trials evaluating promising treatment options in eTNBC,

there is a growing need to stratify patients based on

baseline risk, which underlines the importance to identify

prognostic biomarkers in addition to standard clinicopath-

ological factors.

In the present study, we evaluated the prognostic value

of histopathologic tumor characteristics independent of

sTILs in a unique cohort of (neo)adjuvant systemic treat-

ment-naïve, stage I or II TNBC patients younger than 40

years with 20 years of follow-up from the nationwide and

population-based PARADIGM cohort,24 in which previously

sTILs showed strong prognostic value for survival.15 In

addition, we explored whether the prognostic impacts of

these tumor characteristics are similar in a cohort of older

chemotherapy-naïve patients with TNBC. Our findings may

aid in the identification of patients with an ultra-high risk of

recurrence or death, thus most in need of systemic treat-

ment. Moreover, our data are of importance for future

clinical trials that evaluate (neo)adjuvant treatment (de-)

escalation strategies in eTNBC.

MATERIALS AND METHODS

Patient selection

For the current study, we selected all patients with eTNBC

(stage I or II) (hereafter referred to as the young cohort)

from the PARADIGM cohort.15 The retrospective PARA-

DIGM cohort study included all women younger than 40

years diagnosed with a node-negative primary invasive BC

in the Netherlands between 1989 and 2000 and pro-

spectively registered in the Netherlands Cancer Registry.

Women had no prior malignancies and tumor tissue was

available.24 All patients were (neo)adjuvant systemic

treatment-naïve. Clinicopathologic information and long-

term follow-up data were collected from individual hos-

pital records and through linkage with the municipality

population register. Detailed information about the

cohort, data collection and follow-up has been published

previously.15,24

In addition, for exploratory analyses, we studied older

patients with node-negative TNBC (hereafter referred to

as the old cohort) that did not receive (neo)adjuvant

chemotherapy and with long-term follow-up. Patients

were derived from the prospective multicenter Dutch IKA

trial (1982-1994), diagnosed with a T1-4N0-3M0 primary BC

between 50 and 76 years of age,
25

for which sufficient
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formalin-fixed paraffin-embedded (FFPE) tumor tissue

could be recollected.
26,27

The central ethics committee of

the Netherlands Cancer Institute approved this trial and

all patients gave informed consent. The trial was carried

out in accordance with the Declaration of Helsinki.

The Institutional Review Board of the Netherlands Cancer

Institute approved the use of archival tissue from included

patients for the current retrospective translational study.

This study complied with reporting recommendations for

tumor-marker prognostic studies (REMARK) criteria.
28

Histopathology and sTILs evaluation

For both cohorts, dedicated breast pathologists revised

tumor characteristics on hematoxylin and eosin (H&E)-

stained whole slides of surgical resection specimens ac-

cording to international guidelines and blinded to clinical

data, as described previously.
15,24

In brief, TILs were re-

ported for the stromal compartment as a percentage of TILs

between 0% and 100% (in bins of 10%), and grouped into

low (<30%), intermediate (30% to <75%) and high (�75%)

level.29 Lymphovascular invasion (LVI) was categorized as

present when tumor cells were seen within a definite

endothelial-lined space (either lymphatic or vascular) within

the peritumoral tissue.30 No immunohistochemical (IHC)

stainings for endothelial markers were used. Presence of a

fibrotic focus, a scar-like area in the center of a carcinoma

consisting of fibroblasts and collagen with few tumor cells,

was assessed according to the criteria from Hasebe et al.31

The size in mm of the largest fibrotic focus present was

assessed, with a minimum size of 0 mm. The presence of

pushing borders was scored as <25%, 25%-75% or >75% of

the tumor perimeter.32 Central necrosis was scored as a

percentage between 0% and 100% (in bins of 10%), and

considered present when >0%. Mitotic count (�7, 8-12 or

�13 mitoses per 2 mm2), glandular/tubular differentiation

(<10%, 10%-75% or >75% of tumor area) and nuclear

pleomorphism (minimal, moderate or marked variation in

size and shape of the nuclei) were scored separately, after

which tumor grade was derived according to the modified

Bloom and Richardson scoring system.33

Immunohistochemistry

Tissue microarrays (TMAs) were constructed using three 0.6

mm cores/patient obtained from FFPE tumor blocks. TMA

slides were IHC stained and scored for estrogen receptor

(ER), progesterone receptor (PR) and human epidermal

growth factor receptor 2 (HER2).15,27,34 We considered tu-

mors as triple-negative when the ER and PR receptor

stained positive in <10% of tumor cells and HER2 was not

overexpressed [IHC 0/1þ or IHC 2þ and in situ hybridization

(ISH) not amplified]. Tumors with an ER expression of 1%-9%

were considered ER low-positive, while tumors with HER2

IHC1þ or IHC2þ and negative ISH were considered HER2-

low.35 In addition, tumors were evaluated by IHC for

androgen receptor (AR) expression. A more detailed

description of all IHC stainings and scoring methods is

provided in the Supplementary Methods, available at

https://doi.org/10.1016/j.esmoop.2024.102923.

Tumor BRCA1 mutation status

For the young cohort, tumor BRCA1 status was previously

obtained.15 In brief, tumor DNA was extracted from FFPE

tumor tissue and sequenced using an Illumina NextSeq

(Illumina, San Diego, CA). Samples were considered tumor

BRCA1-mutated (harboring a class 4/class 5 pathogenic

variant, tBRCA1m) or tumor BRCA1 wild-type (all other

samples, tBRCA1wt).

Statistical analysis

Patient and tumor characteristics were summarized using

descriptive statistics and compared between groups using

Fisher’s exact, chi-square or linear-by-linear tests for cate-

gorical variables, and ManneWhitney U tests for contin-

uous variables. In addition, associations between a tumor

characteristic and age group were assessed using logistic

regressions, unadjusted and adjusted for T-stage, grade and

histology.

Survival endpoints were breast cancer-specific survival

(BCSS), recurrence-free interval (RFI) and OS defined ac-

cording to STEEP2.0 criteria.36 Follow-up started at TNBC

diagnosis and ended at the occurrence of an event, at 20

years after TNBC diagnosis, or at the date of a second pri-

mary tumor, whichever occurred first. Since cause of death

was unknown for the patients from the young cohort, death

was considered to be related to the primary TNBC when a

patient without a second primary tumor died within 5 years

after diagnosis or following a distant recurrence. Median

follow-up was calculated using the reverse KaplaneMeier

method. For every tumor characteristic of interest, uni-

variable and multivariable Cox proportional hazards models

with follow-up as the time scale were used to determine its

effect on the endpoints, i.e. their prognostic value. Separate

multivariable models were built for each covariate and tu-

mor characteristic of interest. All models were adjusted for

covariates that had P < 0.05 in univariable models. Addi-

tionally, other covariates were added if adjustment for it

resulted in >10% change in the hazard ratio (HR) for the

variable of interest. The prognostic value of each covariate

and tumor characteristic of interest was estimated sepa-

rately for both cohorts but also for a pooled cohort. In

addition, the prognostic value of each trait was compared

between the cohorts using an interaction term between the

covariate of interest and the age status. The proportional

hazards assumption was checked and fulfilled using

Schoenfeld residuals and by testing interactions between

variables and time. Furthermore, a BCSS tree was built to

evaluate whether a combination of different traits aids in

the risk stratification of young patients. More information

about the methodology can be found in the Supplementary

Methods, available at https://doi.org/10.1016/j.esmoop.

2024.102923.

Sensitivity analyses for BCSS were carried out using death

not related to BC as a competing event. Subdistribution HRs

L. W. de Boo et al. ESMO Open
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of patient and tumor characteristics were estimated with

the Fine and Gray model. Cumulative incidences of death

from any cause, death due to BC and causes other than BC

were estimated separately by age group using a non-

parametric approach.37

Statistical analyses were carried out based on a pre-

defined statistical analyses plan and using SPSS version 27,

Stata version 16 and R software version 4.1.1 with R pack-

age ‘rpart’.38 All P values were two-sided and considered

statistically significant if they were <0.05. No adjustments

for multiple testing were made.

RESULTS

Patient and tumor characteristics

The final PARADIGM cohort contained 2286 patients

younger than 40 years with node-negative BC, of which 327

had HER2 overexpression, 1138 had ER/PR �10%, 485 were

considered triple-negative and for 336 BCs the subtype was

missing, as has been described before.15 For the current

study, we included all 485 patients with eTNBC from this

PARADIGM cohort (Supplementary Figure S1, available at

https://doi.org/10.1016/j.esmoop.2024.102923). Patient

and tumor characteristics of the young cohort with TNBC

are summarized in Table 1. Most tumors were pT1-pT2

(58.8% and 38.8%, respectively), of histologic grade 3

(85.6%) and classified as carcinoma of no special type (NST,

91.8%). ER low-positive, HER2-low and AR-positive tumors

represented 4.9%, 9.1% and 16.5% of tumors, respectively,

and 23.5% were tBRCA1m. LVI and fibrotic focus were

present in 11.5% and 28.7% of tumors, respectively. The

associations between the evaluated histopathologic tumor

characteristics are summarized in Supplementary Figure S2,

available at https://doi.org/10.1016/j.esmoop.2024.1029

23. The status of LVI was not significantly different among

the sTILs categories (<30%, 30%-75%, �75%) (P ¼ 0.12),

whereas tumors with fibrotic focus had significantly lower

levels of sTILs (P < 0.01). The presence of pushing borders

was associated with significantly higher levels of sTILs (P <

0.01). Representative images of LVI, fibrotic focus and sTILs

are shown in Figure 1.

Association of histopathological traits with breast cancer-

specific survival

During a median follow-up of 20.0 years, 154/485 (31.8%)

patients died. Seventy-one percent of deaths were

considered BC related (Supplementary Figure S3, available

at https://doi.org/10.1016/j.esmoop.2024.102923). Local

treatment, sTILs and LVI showed significant unadjusted ef-

fects on BCSS and were used for adjustment of effects of all

tumor characteristics of interest, whereas histologic grade

and T-stage were not significantly associated with BCSS

(Figure 2, Supplementary Table S1, available at https://doi.

org/10.1016/j.esmoop.2024.102923). sTILs had a strong

prognostic impact in this cohort, as previously shown.15

Interestingly, here we show that LVI and fibrotic focus

were significantly associated with BCSS, independently of

sTILs. The presence of LVI [adjusted hazard ratio (adj. HR)

2.35, 95% confidence interval (CI) 1.49-3.69] and fibrotic

focus (adj. HR 1.61, 95% CI 1.09-2.37) resulted in a

Table 1. Patient and tumor characteristics of young patients with node-

negative triple-negative breast cancer

Characteristic All patients

N (%)

Total 485 (100)

Age at diagnosis, median years (IQR) 35 (32-38)

T-stage, n (%)

pT1 285 (58.8)

pT2 188 (38.8)

pT3 10 (2.1)

Unknown 2 (0.4)

Histologic grade, n (%)

1-2 70 (14.4)

3 415 (85.6)

Histological subtype, n (%)

Carcinoma NST 445 (91.8)

Metaplastic carcinoma 27 (5.6)

Other
a

13 (2.7)

sTILs percentage, median (IQR) 25 (5-70)

sTILs percentage

<30% 247 (50.9)

30%-75% 127 (26.2)

�75% 107 (22.1)

Unknown 4 (0.8)

ER status

ER-negative (0%) 461 (95.1)

ER low-positive (1%-9%) 24 (4.9)

HER2 statusb

HER2-negative 441 (90.9)

HER2-low 44 (9.1)

AR status

Negative (0%) 367 (75.7)

Positive (�1%) 80 (16.5)

Unknown 38 (7.8)

LVI

Absent 429 (88.5)

Present 56 (11.5)

Pushing borders

Absent 186 (38.4)

<25%
c

56 (11.5)

25%-75%c 78 (16.1)

�75%
c

152 (31.3)

Unknown 13 (2.7)

Central necrosis

Absent 234 (48.2)

Present 251 (51.8)

Fibrotic focus

Absent 346 (71.3)

Present 139 (28.7)

Tumor BRCA1 status

Wild-type 303 (62.5)

Mutated 114 (23.5)

Unknown 68 (14.0)

Local treatment, n (%)

Lumpectomy 324 (66.8)

Mastectomy 152 (31.3)

Surgery not specified 9 (1.9)

Radiotherapy

No 141 (29.1)

Yes 344 (70.9)

AR, androgen receptor; ER, estrogen receptor; HER2, human epidermal growth

factor receptor 2; IQR, interquartile range; LVI, lymphovascular invasion; NST, no

special type; sTILs, stromal tumor-infiltrating lymphocytes.
a
Includes: adenoid cystic carcinoma, apocrine carcinoma, invasive cribriform

carcinoma, ductolobular carcinoma, invasive papillary carcinoma, invasive lobular

carcinoma and invasive micropapillary carcinoma.
b
HER2-low is defined as HER2 IHC1þ or IHC2þ with negative in situ hybridization.

c
Of tumor perimeter.
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significantly increased risk of death due to BC compared to

tumors without these characteristics, respectively (Figure 2,

Supplementary Table S1 and S2, available at https://doi.

org/10.1016/j.esmoop.2024.102923). In patients with

TNBC considered tBRCA1m (n ¼ 114), a more pronounced

effect was observed for LVI (adj. HR 3.73, 95% CI 1.64-8.51)

(Supplementary Table S3, available at https://doi.org/10.

1016/j.esmoop.2024.102923). In contrast, no significant

association with BCSS was observed for AR, pushing bor-

ders and central necrosis. Importantly, ER low-positive,

HER2-low and histologic grade also lacked prognostic

value for BCSS. Similar findings were reported in sensitivity

analyses using multivariable competing risk analyses for

BCSS with non-BC-related death as a competing event, and

when using RFI and OS as survival endpoint (Supplementary

Table S4, available at https://doi.org/10.1016/j.esmoop.

2024.102923).

Patient risk stratification

Survival tree analysis identified sTILs (�75%, 30%-75%,

<30%) and LVI (absent, present) as the most important

predictors for BCSS, with an associated Brier score of 0.14,

i.e. a survival tree with a good accuracy (Figure 3). It

appeared that LVI has additional value in the risk stratifi-

cation of patients with low sTIL tumors (<30%); the pres-

ence of LVI resulted in a 58% 20-year cumulative incidence

of death due to BC versus 32% when LVI was absent. Note

that the presence of LVI appeared also associated with poor

survival in the subgroups with 30%-75% sTILs (HR 2.12, 95%

CI 0.62-7.29, 19 deaths) and �75% sTILs (HR 11.45, 95% CI

0.71-182.36, 2 deaths), although the CIs were wide and

associations were not significant due to the small number

of deaths in these groups (Figure 4).

Exploratory: prognostic value within old patients

We identified 49 old patients, aged 51-74 years, with node-

negative TNBC from a prospective multicenter trial

(Supplementary Figure S1 and Supplementary Table S5,

available at https://doi.org/10.1016/j.esmoop.2024.1029

23). Old patients were more likely to have HER2-low tu-

mors [adjusted odds ratio (adj. OR) 4.22, P < 0.01] or to

have tumors with pushing borders (adj. OR 0.18, P < 0.01)

(Supplementary Table S6, available at https://doi.org/10.

1016/j.esmoop.2024.102923). Only one patient had a tu-

mor with LVI. With a median follow-up of 20.0 years, 27/49

(55.1%) patients died (from any cause). During follow-up,

the risk of death due to BC was comparable in young and

old patients with a 10-year cumulative incidence of 21%

(95% CI 17% to 25%) versus 27% (95% CI 15% to 39%),

respectively (Supplementary Figure S4, available at https://

doi.org/10.1016/j.esmoop.2024.102923). Although in the

old patients no significant independent histopathological

prognostic factors for BCSS could be identified

(Supplementary Table S1, available at https://doi.org/10.

1016/j.esmoop.2024.102923), the direction and magnitude

of the associations with BCSS appeared similar to that in

young patients (P for interaction tests between age status

and the tumor trait of interest >0.05). Considering the

small sample size of the old cohort, these analyses should

be considered exploratory.

DISCUSSION

Our cohort of (neo)adjuvant chemotherapy-naïve young

women with node-negative eTNBC and long-term follow-up

provided the unique opportunity to evaluate the prognostic

impact of putative biomarkers on BCSS, not biased by sys-

temic treatment. As also shown by others,12-15 sTIL is a very

strong prognostic factor and the key question was whether

Figure 1. LVI, fibrotic focus and sTILs in triple-negative breast cancer. Whole slide images of H&E-stained triple-negative breast cancer representative for (A) the

presence of LVI, (B) fibrotic focus with >75% sTILs and (C) fibrotic focus with <30% sTILs. (D) A detailed region of panel A with LVI, (E) of panel B with a sTILs score of

>75% and (F) of panel C with a sTILs score of <30%. Scale bar A, B and C: 500 mm. Scale bar D, E and F: 100 mm. H&E, hematoxylin and eosin; LVI, lymphovascular

invasion; sTILs, stromal tumor-infiltrating lymphocytes.
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other histopathological features have independent effect.

Here we showed that LVI and fibrotic focus are independent

prognostic biomarkers for BCSS in young patients with

node-negative eTNBC. Moreover, LVI appeared to have

additional value in the risk stratification of patients with low

levels of sTILs, suggesting that the presence of LVI may have

important clinical implications in identifying patients with

an ultra-high risk of recurrence, thus most in need of sys-

temic treatment. Our observations, if confirmed in inde-

pendent series, may help to optimize the allocation and

escalation of (neo)adjuvant treatment strategies for indi-

vidual patients with eTNBC.

Our observations of a poor prognostic effect of the

presence of LVI in eTNBC is in line with numerous prior

studies in (triple-negative) BC, especially in women with

node-negative disease.30,39,40 However, LVI is not yet

systematically incorporated in international guideline al-

gorithms for adjuvant systemic therapy decisions,5,6,41-43

even though LVI has been reported in pathology reports

for decades. This is likely explained by the poor repro-

ducibility of LVI.44-47 However, the strong prognostic value

of LVI merits international efforts to improve reproduc-

ibility and clinical adoption, as has been done with sTILs by

The International Immune-Oncology Biomarker Working

Group, also called TILs-WG,29 and with Ki67 by the Inter-

national Ki67 in Breast Cancer working group.48 Possible

solutions are the training of pathologists and adherence to

assessment criteria, and the use of digital pathology and

Subgroup N events/N patients N events/N patients Unadj. HR (95% CI)

Histologic grade (I-II versus III) 20/70 89/415 1.30 (0.80-2.12)

Histological subtype (other versus

carcinoma NST)

2/13 104/445 0.62 (0.15-2.52)

Local treatment (mastectomy versus

lumpectomy)

43/152 63/324 1.61 (1.09-2.37)

Radiotherapy (no versus yes) 35/141 74/344 1.23 (0.83-1.84)

ER status (low-positive versus negative) 5/24 104/461 0.87 (0.35-2.13)

HER2 status (low versus negative) 7/44 102/441 0.66 (0.31-1.41)

AR pos (per 10% increment) 101/447 1.07 (0.97-1.18)

AR pos (≥1% versus 0%) 18/80 83/367 1.01 (0.61-1.68)

LVI (present versus absent) 25/56 84/425 2.72 (1.74-4.26)

Pushing borders (present versus absent) 51/286 57/186 0.53 (0.37-0.78)

Central necrosis (present versus absent) 60/251 49/234 1.18 (0.81-1.73)

Fibrotic focus (present versus absent) 45/139 64/342 1.92 (1.31-2.80)

sTILs (per 10% increment) 109/481 0.75 (0.69-0.82)

Histological subtype (metaplastic

carcinoma versus carcinoma NST)
3/27 104/445 0.44 (0.14-1.39)

0 0.5

Better BCSS Worse BCSS

1 1.5 2 2.5 3

A

Subgroup N events/N patients N events/N patients adj. HR (95% CI)

Local treatment (mastectomy versus

lumpectomy)

43/152 63/324 1.65 (1.11-2.43)

LVI (present versus absent) 25/56 84/425 2.35 (1.49-3.69)

Fibrotic focus (present versus absent) 45/139 64/342 1.61 (1.09-2.37)

sTILs (per 10% increment) 109/481 0.75 (0.69-0.82)

0 0.5

Better BCSS Worse BCSS

1 1.5 2 2.5 3

B

Figure 2. Unadjusted and adjusted HRs for BCSS among young patients with node-negative triple-negative breast cancer by tumor characteristics. (A) Plot of

unadjusted hazard ratios (unadj. HR) and (B) adjusted hazard ratios (adj. HR) for BCSS comparing young (<40 years) patients with a specific tumor characteristic

(depicted in the figure) versus those without that specific characteristic. For every tumor characteristic separately a (A) univariable and (B) multivariable Cox pro-

portional hazards model was built. In the multivariable models, HRs were adjusted for local treatment (lumpectomy, mastectomy, surgery not specified), sTILs (per

10% increment) and LVI (absent, present), unless otherwise specified. Models for sTILs and LVI as the covariate of interest were adjusted for local treatment

(lumpectomy, mastectomy, surgery not specified) and LVI (absent, present) or sTILs (per 10% increment), respectively. T-stage (1/2, 3) and grade (1/2, 3) were not

detected as prognostic or confounding variables and therefore not included in the multivariable models. The group with the highest number of events was used as the

reference group. sTILs and AR positive were used as continuous variables with HR showing change in risk per 10% increment. Patients with unknown values were

omitted. The square shows unadj./ adj. HR and its size reflects the number of patients included, while whiskers represent the 95% CI.

AR, androgen receptor; BCSS, breast cancer-specific survival; CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LVI,

lymphovascular invasion; NST, carcinoma of no special type; sTILs, stromal tumor-infiltrating lymphocytes.
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machine-learning algorithms for the objective assessment

of LVI.49,50

Treatment de-escalation in patients with TNBC is an

emerging area of investigation and sTILs showed the po-

tential to identify patients with an excellent survival in the

absence of adjuvant chemotherapy.15,16 In the current

study, we observed that patients with the presence of LVI

show a higher risk of a breast cancer-specific death in

comparison to when LVI is absent, which is in line with

other studies.30,39,40 Therefore, it is of vital importance to

consider the exclusion of patients with LVI from de-

escalation trials.
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21/36
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19/127

2/107

5-year (95% CI)

cumulative incidence
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53% (35-67)

26% (20-32)

13% (8-20)

2% (0-6)

10-year (95% CI)

cumulative incidence

of death due to BC

56% (38-70)

29% (23-35)

14% (9-21)

2% (0-6)

20-year (95% CI)

cumulative incidence

of death due to BC

58% (41-72)

32% (26-39)

15% (9-22)

2% (0-6)

104 101 94 48

Patients: n = 211

Events: 67

Patients: n = 36

Events: 21

a 32% (26-39)

Absent Present

a 58% (41-72)

LVI

Patients: n = 247

≥ 75% 30%-75% < 30%

sTILs

Total patients: n = 481

Figure 3. Risk stratification of young patients with node-negative triple-negative BC for death due to BC by survival tree analysis. Survival tree model partitioning of

481 patients with node-negative triple-negative BC (for four patients, no sTILs score was available). (A) The resulting tree with four terminal groups was split by sTILs

and LVI.
a
20-year cumulative incidences for death due to BC. (B) Corresponding cumulative incidence functions of death due to BC for selected groups based on

survival tree analysis.

BC, breast cancer; CI, confidence interval; LVI, lymphovascular invasion; sTILs, stromal tumor-infiltrating lymphocytes.
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Fibrotic focus is an easily assessable, well-reproducible

feature in routine histological tissue sections.51 Fibrotic

focus has been associated with tumor progression, possibly

explained by its relation with hypoxia, (lymph)angiogenesis

and an immunosuppressive tumor microenvironment,52-54

and many prior studies reported the independent prog-

nostic relevance of fibrotic focus in BC in general.31,51,52,55,56

However, limited data exist about its value in TNBC. The

present study contributes herein, and strengthens the

promising potential of fibrotic focus as an independent and

unbiased predictor for worse outcome within eTNBC.

In contrast, we did not find significant prognostic value

for the other evaluated histopathological tumor traits. The

lack of prognostic significance of HER2-low in eTNBC has

been described before.9,57-59 We, however, are the first to

have studied HER2-low in systemic treatment-naïve patients

and thereby provide more reliable information on its rela-

tion with the natural history of disease. In the studied

cohort, grade 3 was not associated with a worse survival

outcome, which is consistent with a previous report on

eTNBC.14 In addition, we showed that ER-low tumors had

similar long-term prognosis as ER-negative tumors in the

absence of systemic treatment. This is in line with accu-

mulating evidence showing that ER-low/HER2-negative BC

share similar molecular and immunological features and

clinical behavior with ER-negative (0%) BCs.60-63 Given that

current eTNBC clinical trials investigating the use of new

targeted agents such as immunotherapy are often limited to

tumors with ER <1%, the inclusion of the ER low-positive

subgroup in these trials is encouraged.62

The main cohort in the present study consisted of pa-

tients with eTNBC <40 years of age. Although eTNBC is

associated with younger age, there is still a substantial

number of eTNBCs diagnosed within patients of older

age.18,64,65 The modifying effect of age on the association of

a tumor characteristic with outcome is poorly understood.

Therefore, our results cannot be extrapolated to patients of

all ages, even though there are indications that TNBC in

young versus old patients represent similar molecular dis-

eases in the context of underlying genomic phenotypes.
18

To explore whether the associations of tumor traits with

BCSS in young patients are similar within old patients, we

additionally studied a small cohort of older node-negative

chemotherapy-naïve patients with eTNBC from a prospec-

tive trial with long-term follow-up. The associations of his-

topathological tumor traits with outcome appeared largely

similar in the two age groups, although these analyses are

merely exploratory and should be interpreted with caution.

Follow-up studies in larger cohorts of older systemically

untreated patients with eTNBC, such as the Stockholm

Tamoxifen Trial (STO-3),66 or PARADIGM initiatives for pa-

tients older than 40 years are recommended to validate our

findings.

In the present study, young and old patients with eTNBC

appeared to have similar BCSS. Prior studies assessing the

association of age with survival in patients with eTNBC
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(%) HR (95% CI)

of LVI for BCSS

P value

107≥ 75% 1/98 (1.0%) 1/9 (11.1%) 11.4 (0.7-182.4) .09

12730%-75% 16/116 (13.8%) 3/11 (27.3%) 2.1 (0.6-7.3) .23

247< 30% 67/211 (31.8%) 21/36 (58.3%) 2.3 (1.4-3.8) < .01

481Total 84/425 (19.8%) 25/56 (44.6%) 2.7 (1.7-4.2) < .01
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Figure 4. Breast cancer deaths among patients stratified by LVI and sTILs. The effects of LVI (presence versus absence of LVI) on breast cancer-specific death in the

different sTILs categories were estimated with a Cox proportional hazard model that included an interaction term between LVI and sTILs. The total effect of LVI was

estimated with a univariable Cox proportional hazard model. Patients with missing information on sTILs (n ¼ 4) were excluded from analyses.

BCSS, breast cancer-specific survival; CI, confidence interval; HR, hazard ratio; LVI, lymphovascular invasion; sTILs, stromal tumor-infiltrating lymphocytes.
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reported conflicting results,18,65,67,68 which may be

explained by the use of small cohorts, different case mixes

and (partly) treated patients with different chemotherapy

regimens. Thus, confounding by indication and bias by

treatment selection may have affected prior studies.69,70 To

the best of our knowledge, the present study is the first to

compare BCSS of young and old patients with eTNBC who

did not receive (neo)adjuvant chemotherapy, with long

follow-up.

It is important to consider that our cohort consisted

mainly of women with node-negative, pT1-pT2 tumors.

Secondly, since the cause of death was unknown for women

below 40 years of age, we had to approximate the cause of

death. The risk of mistakenly reporting a death as BC related

is very low given that most women did not develop a sec-

ond primary tumor (75.3%) and their young age makes a

non-cancer-related death unlikely. Thirdly, our findings may

be less applicable for germline BRCA1 mutation carriers

since these women are more likely to develop a second

primary tumor. Of note, we observed that LVI was prog-

nostic for BCSS in women with a tBRCA1 mutation, sug-

gesting that LVI may also be of value in the prognostication

of gBRCA1m carriers. Lastly, the histopathological tumor

characteristics were assessed on whole slides of surgical

resection specimens. Ideally, risk stratification and treat-

ment choice take place at diagnosis, based on pretreatment

diagnostic breast biopsies. As it stands now, LVI, especially

its absence, cannot reliably be determined on core needle

biopsies,45 in contrast to sTILs.71,72 Further work is there-

fore needed to evaluate whether the assessment of LVI in

biopsies accurately reflects surgical resection specimens,

and whether the biopsy procedure (one versus multiple

biopsies; core needle versus vacuum assisted) contributes

herein.

Despite the limitations, our study is unique in providing

information on the prognostic impact of several common

histopathological tumor characteristics in a cohort of sys-

temically untreated patients. Our studied patients were

diagnosed with node-negative BC in an era when, accord-

ing to the Dutch guidelines at the time, node negativity

was considered a favorable prognostic factor without

indication for adjuvant chemotherapy. Evaluating treat-

ment-naïve patients is the only way to study the true

prognostic value of biomarkers. Additional strengths

include the long-term follow-up, the homogenous patient

selection limited to pN0 TNBC patients and the evaluation

of biomarkers that could be assessed on FFPE tumor ma-

terial with techniques widely available and affordable in

most pathology clinics, which will contribute to their

chances of being routinely integrated for prognostication in

clinical practice. Future research is needed to confirm our

observation that tumors with low sTILs and LVI represents

a subgroup with an ultra-high risk of recurrence, and to

investigate whether this subgroup derives increased

benefit of adjuvant chemotherapy.

In conclusion, here we report the independent prognostic

value of LVI and fibrotic focus for BCSS in young patients

with node-negative eTNBC (stage I or II), not influenced by

(neo)adjuvant chemotherapy and independent from sTILs.

Based on our results, it should be considered to exclude

patients from de-escalation trials when tumor LVI is pre-

sent. Moreover, the presence of LVI and low levels of sTILs

identified patients with eTNBC with an ultra-high risk of

recurrence or death. Our findings may help, if confirmed in

independent series, to select patients most in need of

systemic treatment. In addition, it may be of importance to

stratify for LVI and fibrotic focus in future clinical trials to

take the biological and clinical heterogeneity of patients

with TNBC into account.
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