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Abstract

We retrospectively assessed association of stromal tumor-infiltrating lymphocytes (sTILs) with clinical outcomes and molec-
ular variables reportedly predictive of trastuzumab-benefit in National Surgical Adjuvant Breast and Bowel Project B-31
(N¼2130). sTILs were assessed in 1581 eligible B-31 cases utilizing all available hematoxylin and eosin slides. Mean concor-
dance between main reviewer and six other pathologists was 90.8% in 100 cases. Cox regressions were used to calculate haz-
ard ratios (HRs). In chemotherapy and trastuzumab added to chemotherapy arms, increases in sTILs, as a semicontinuous
variable (combined arms HR¼0.42, 95% confidence interval ¼ 0.27 to 0.64, two-sided P< .001) or as lymphocyte-predominant
breast cancer with more than 50% sTILs (combined arms HR¼0.65, 95% confidence interval¼0.49 to 0.86, two-sided P¼ .003)
were statistically significantly associated with improved disease-free survival. There was no association of sTILs with trastu-
zumab benefit. However, higher sTILs were statistically significantly associated with higher trastuzumab benefit groups by
8-gene prediction model (two-sided P< .001). Neither PIK3CA mutations nor Fc-gamma-receptor polymorphisms were associ-
ated with sTILs. sTILs may have utility as a prognostic biomarker identifying HER2-positive early breast cancer at low recur-
rence risk.

Evidence has been presented demonstrating that the host
immune system and microenvironment interactions play an
important role in tumorigenesis and clinical outcomes of HER2-
positive breast cancer as well as triple-negative breast cancer
(1–3). Higher stromal tumor-infiltrating lymphocytes (sTILs) in
tumors are associated with improved prognosis in HER2-
positive disease (4–6). However, in NCCTG N9831 (7), which
tested the benefit of adding trastuzumab to adjuvant standard
chemotherapy in early-stage HER2-positive breast cancer, the

prognostic association of sTILs was statistically significant only
in the chemotherapy alone (C) arm, and not in the trastuzumab
added to chemotherapy (CT) arm. As a result, high sTILs were
statistically significantly associated with lack of adjuvant tras-
tuzumab benefit. Given these contradictory results, we evalu-
ated the prognostic and predictive value of sTILs in the NRG
Oncology/National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-31 (trial registration: NCT00004067), which was a
large randomly assigned trial testing the value of trastuzumab
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added to adjuvant chemotherapy in the treatment of HER2-
positive early-stage breast cancer. We assessed sTILs utilizing
all available hematoxylin and eosin (H&E) slides from the entire
B-31 cohort and evaluated associations with other molecular
variables. The current study was performed with approvals
from the National Cancer Institute Cancer Therapy Evaluation
Program and institutional review board for NSABP/NRG
Oncology. Patients signed informed consent, approved by the
Human Investigations Committee in accordance with
Department of Health and Human Services (DHHS), to permit
future use of tissue.

sTILs were assessed by a pathologist (R. S. Kim) in all 1581
cases with full-face sectioned H&E slides out of 1931 eligible cases
among the entire B-31 cohort (N¼ 2130) (Supplementary Figure 1,
available online). Percentages of sTILs were assessed as the pro-
portion of stromal areas occupied with morphological mononu-
clear cells including lymphocytes and plasma cells within
invasive tumor nests based on guidelines standardized by the
International Immuno-oncology Working Group (8).

To assess the performance of the main pathologist/reviewer
(R. S. Kim), a ring study of sTILs evaluation was performed by
six pathologists who independently performed assessments on
whole slide scanned images in 100 cases. The mean concor-
dance of R. S. Kim with other pathologists in sTILs percentage
scores was 90.8%. A previous in-silico ring study showed predic-
tion by different sTILs levels was stable even in the lower range
of intra-class correlation coefficients (9).

The prognostic value of sTILs for disease-free survival (DFS)
was assessed using a multivariable Cox proportional hazards
model adjusted by clinicopathological variables including ER,
node, and tumor size. The predictive value of sTILs was assessed
using Cox models with an interaction term between treatment
and sTILs. The proportional hazards assumption was
verified using the Schoenfeld residual plot and test. Associations
of sTILs with other variables were assessed using analysis of
variance tests. All statistical tests were two-sided and a P value
of less than .05 was considered statistically significant.

Higher sTILs were statistically significantly associated with
improved DFS in the combined arms (hazard ratio¼ 0.42, 95%
confidence interval¼ 0.27 to 0.64, P< .001) (Supplementary
Table 1, available online). However, there was no association of
sTILs with the degree of trastuzumab benefit (interaction
P¼ .65). When sTILs were dichotomized (lymphocyte-predomi-
nant breast cancer >50% sTILs), similar results were observed.
sTILs were statistically significantly associated with improved
DFS (combined arms: hazard ratio ¼ 0.65, 95% confidence inter-
val ¼ 0.49 to 0.86, P¼ .003) (Figure 1 ; Supplementary Table 1,
available online), but there was no association of sTIL levels
with the degree of trastuzumab benefit (interaction P¼ .50).

We examined the association of sTILs scores with clinico-
pathological variables (Supplementary Table 2, available on-
line). High sTILs were statistically significantly associated with
HER2 amplification by immunohistochemistry (P< .001) and
Fluorescence in situ hybridization (P< .001). ER status by
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Figure 1. Prognostic value of stromal tumor-infiltrating lymphocytes (sTILs) in both the chemotherapy and trastuzumab added to chemotherapy arms. Kaplan-Meier

analysis of disease-free survival of patients treated with doxorubicin, cyclophosphamide, and taxol chemotherapy (ACT) vs patients treated with trastuzumab added

to ACT (ACTH).

B
R

IEF
C

O
M

M
U

N
IC

A
T

IO
N

868 | JNCI J Natl Cancer Inst, 2019, Vol. 111, No. 8

Deleted Text: (CTEP) 
Deleted Text: ,
Deleted Text: , 
Deleted Text: , 
Deleted Text: , 
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz032#supplementary-data
Deleted Text: te
Deleted Text: are 
Deleted Text: <
Deleted Text: are 
Deleted Text: HR
Deleted Text: CI
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz032#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz032#supplementary-data
Deleted Text: -
Deleted Text: BC
Deleted Text: HR
Deleted Text: 95&percnt;CI
Deleted Text: -
Deleted Text: &ndash;
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz032#supplementary-data
Deleted Text: -
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz032#supplementary-data
Deleted Text: (IHC) 


immunohistochemistry was inversely associated with sTILs
(P< .001) (Figure 2), which is consistent with results from other
studies (4, 5, 10–12).

In addition to tumor microenvironment, tumor intrinsic
subtypes have been reported as associated with clinical out-
comes of HER2-positive breast cancer in other trials (13, 14).
Therefore, we tested the association of sTILs with PAM50
intrinsic subtypes. PAM50 subtypes had no trastuzumab-

predictive value in our previous B-31 study (15). When we
tested sTILs in the B-31 subtypes data set, high levels of sTILs
were statistically significantly associated with basal, HER2-
enriched, and normal-like intrinsic subtypes (P< .001)
(Figure 2; Supplementary Table 2, available online). Other
clinical trial results also demonstrated that basal and HER2-
enriched subtypes tend to have more sTILs compared with
luminal subtypes (13).

0.00

0.25

0.50

0.75

1.00

Negative Positive

sT
IL

 s
co

re

ER

P<0.001

A

0.00

0.25

0.50

0.75

1.00

sT
IL

 s
co

re

HER2 FISH

No amp Amp

P<0.001

B

0.00

0.25

0.50

0.75

1.00

sT
IL

 s
co

re

PIK3CA mutation

MT WT

P=0.66

C

0.00

0.25

0.50

0.75

1.00

High Low

sT
IL

 s
co

re

FCGR3 SNP

P=0.89

D

0.00

0.25

0.50

0.75

1.00

LumA LumB Her2-E Basal Normal

sT
IL

 s
co

re

Intrinsic subtypes

p=0.16
p=0.15

p<0.001
E

0.00

0.25

0.50

0.75

1.00

Low Med High

sT
IL

 s
co

re

8-gene signature
p<0.001

p<0.01

F

Figure 2. Distribution of stromal tumor-infiltrating lymphocytes (sTILs) segregated by estrogen receptor status, HER2 amplification, phosphatidylinositol-4, 5-bisphos-

phate 3-kinase catalytic subunit alpha (PIK3CA) mutations, FCGR3A-158V/F genotyping, intrinsic subtype, and 8-gene signature groups. A) ER-negative (n ¼ 905) vs ER-

positive (n ¼ 1024). B) HER2 human epithelial growth factor receptor 2 Fluorescence in Situ Hybridization (FISH) no amplification (n ¼ 210) vs amplification (n ¼ 1584). C)

PIK3CA mutant (MT; n ¼ 162) vs wild type (WT; n ¼ 493). D) FCGR3A high-affinity (n ¼ 726) vs low-affinity (n ¼ 608). E) Luminal A (LumA; n ¼ 424) vs Luminal B (LumB; n

¼ 219) vs HER2 enriched (n ¼ 726) vs basal (n ¼ 98) vs normal-like (n ¼ 74); F) 8-gene signature low (n ¼ 178) vs medium (n ¼ 685) vs high (n ¼ 678) benefit group. Two-

sided analysis of variance test was used to calculate P values. Error bars represent first quantile – IQR, and third quantile þ IQR, where IQR is the range between first

and third quantiles. FCGR3A ¼ Fc fragment of IgG receptor IIIa; HER2-E ¼ HER2-enriched; SNP ¼ single nucleotide polymorphism.
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Unique to this study is our observation that sTILs were asso-
ciated with the 8-gene trastuzumab predictive signature based
on nCounter gene expression profiling of formalin-fixed
paraffin-embedded tumor blocks (16). The 8-gene model was
tested because to date it is the only gene expression signature
independently validated in both B-31 and N9831 that is able to
predict trastuzumab benefit (15–17). The 8-gene signature cate-
gorizes patients into one of three groups with regard to trastu-
zumab benefit: high, medium, or low. Higher levels of sTILs
were statistically significantly associated with high- and
medium-benefit groups (P< .001) (Figure 2; Supplementary
Table 2, available online).

PIK3CA mutations have been associated with a lack of pCR in
the neoadjuvant setting and with poor prognosis in the metastatic
setting in HER2þ patients treated with anti-HER2 therapy (18–20).
Nonetheless, we did not detect an association of PIK3CA mutations
with sTILs in B-31 (Supplementary Table 2, available online).

Previously, we showed that patients with one or two high-
binding alleles (FCGR3A-158V) for the single nucleotide poly-
morphism FCGR3A-158V/F were associated with greater benefit
from trastuzumab than were patients who were homozygous
for the low-binding allele (FCGR3A-158F) (21). However, there
was no association between sTILs and polymorphisms in Fc
gamma receptors when FCGR3A SNPs were assessed in the
same way or in three different genotypes (Supplementary Table
2, available online; Figure 2). Further analysis of sTILs adjusting
clinicopathologicial and molecular variables showed sTILs were
associated with improved DFS in trastuzumab added to doxoru-
bicin, cyclophosphamide, and taxol chemotherapy
(Supplementary Table 3, available online) and across all arms.
However, sTILs were not associated with trastuzumab
benefit (interaction P¼ .25).

This is a retrospective study that was not prospectively pow-
ered for biomarker discovery. Nonetheless, our study confirmed
that the quantity of sTILs is an independent prognostic marker
in early-stage HER2-positive breast cancer. More than one-half
of the patients in both the N9831 C and CT arms (arm A: 625 of
1081; arm C: 457 of 946) were excluded from sTILs assessment; it
may be worthwhile to assess missing cases to confirm the cur-
rent results (7). Furthermore, correlative studies confirmed
sTILs levels are different across intrinsic subtypes, and high lev-
els of sTILs are associated with high-benefit groups defined by
8-gene trastuzumab predictive signature, although sTILs alone
are not predictive of trastuzumab benefit. Lack of interaction
between trastuzumab benefit and global immune reaction de-
fined by sTILs on H&E slides may be different when specific im-
mune markers are examined. However, in this large-cohort
randomly assigned study, high sTILs identified a subset of
patients with excellent outcomes treated with CT who will de-
rive potentially little absolute benefit from enhanced anti-HER2
therapies. Further pooled analyses might prove sTILs useful as
a prognostic biomarker stratifying patients with HER2-positive
breast cancer for potential combination therapies.
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