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Abstract

Purpose High-density tumor-infiltrating lymphocytes (TILs) are a prognostic marker for triple-negative breast cancer
(TNBC). However, lymphocytic infiltration is heterogeneous in its pattern. We aimed to explore the utility of TIL distribu-
tion patterns against TIL density for predicting TNBC prognosis and chemotherapeutic effects.

Methods Primary invasive TNBC cases were retrieved from a single institutional cohort, and archived samples were reviewed
by two board-certificated pathologists. We used 154 consecutive surgical specimens from patients with standard adjuvant
therapy, and 80 biopsies taken before primary systemic chemotherapy. The average density of stromal TILs was scored at
10% intervals, while the distribution pattern of TILs was evaluated as diffuse or non-diffuse. The association between TILs
and prognosis or pathological complete response (pCR) was statistically analyzed.

Results A diffuse pattern of TILs at primary surgery correlated with better prognosis (relapse-free survival [RFS], hazard
ratio [HR] 3.71, 95% confidence interval [CI] 1.60-8.57; overall survival [OS], HR 3.87, 95% CI 1.46—-10.27), as well as
high TIL density (>50%; RFS, HR 4.51, 95% CI 2.06-9.90; OS, HR 3.28, 95% CI 1.32-8.14). Diffuse TIL pattern and nodal
status were independent prognostic factors in multivariate analysis. Diffuse TIL pattern upon biopsy was associated with
higher pCR rate (diffuse, 46%; non-diffuse, 21%; P=0.032). All high TIL cases had diffuse patterns and the best outcome.
Interobserver concordance was moderate (k=0.53—0.55; distribution pattern) to good (weighted k=0.67-0.69; density),
and it was faster to assess the distribution pattern than to assess the density of TIL.

Conclusions Showing similar clinical impacts to the TIL density, diffuse TILs could be a predictive marker for better
prognosis and higher pCR. The assessment of TIL distribution pattern is simple, faster, and practical. Heterogeneous tumor
immunity may contribute to further stratification of TNBC treatment.

Keywords Tumor-infiltrating lymphocytes - Triple-negative breast cancer - Heterogeneous tumor immunity - Pathological
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TIL Tumor-infiltrating lymphocyte PgR Progesterone receptor
TNBC Triple-negative breast cancer HER2 Human epithelial growth factor receptor 2
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RFS Relapse-free survival

oS Overall survival

pCR Pathological complete response

HE Hematoxylin—eosin

PSC Primary systemic chemotherapy

LPBC Lymphocytic-predominant breast cancer
Introduction

There is accumulating evidence that tumor-infiltrating lym-
phocytes (TILs) have both prognostic and predictive values
in breast cancer (BC) [1, 2], especially for triple-negative
(TN) BC [3-5]. Lacking overexpression of estrogen recep-
tor (ER), progesterone receptor (PgR), and human epithelial
growth factor receptor 2 (HER2), TNBC patients usually
receive cytotoxic chemotherapy as the standard treatment. In
addition to the lack of specific targeted therapies, the aggres-
sive nature of TNBC prevents cure in many patients. TNBC
tends to occur at younger age, have a higher histological
grade, and relapse in a short period [6, 7]. Much research
has been focused on these issues to improve the outcome
of TNBC. In recent years, poly ADP-ribose polymerase
(PARP) inhibitors have been used for BRCA-mutant tumors
[8], and anti-androgen drugs are candidates for the luminal
androgen receptor (LAR) subtype based on molecular clas-
sification of TNBC [9].

For more detailed treatment stratification and relevant
new strategies, tumor immunity in the microenvironment
is an attractive factor in the era of immunotherapy [10-12].
Harboring stronger TIL reaction among BC, the TN subtype
is a candidate target of immune-checkpoint inhibitors such
as those that induce PD-1/PD-L1 blockade [13]. At the same
time, a number of studies have shown that TILs are an inde-
pendent favorable prognostic factor [3, 14] and are associ-
ated with better response to chemotherapy in TNBC [2, 15].
Most previous studies in the field evaluated the abundance
of TILs, such as stromal TILs or intratumoral TILs under
a high-power field. The International TIL Working Group
proposed a protocol to evaluate TILs by hematoxylin—eosin
(HE) staining [16], and recommended estimating the density
of TILs in the stroma and taking the average in a continu-
ous percentile. Many authors follow their recommendation,
and this analytical method has been validated [4, 17]. These
circumstances led the discussion as to whether we should
assess TILs in routine practice [5].

Regarded as a gold standard to assess TILs, the proposed
method still has some issues that need to be resolved before
it can be applied in daily practice. First, evaluating the TIL
average under a high-power field (x400) is a huge task for
pathologists. A simpler method would be widely accepted
with rapid uptake [18]. Second, there are questions about the
heterogeneity of TILs in breast cancer as well as ER, PgR,
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HER?2, and Ki-67 expression [19-21]. The spatial hetero-
geneity of immune infiltration is reported to have a critical
role not only in ER-negative [22] but also in ER-positive BC
[23]. We have also noted TIL heterogeneity (different inten-
sities of lymphocytes in different areas) in previous studies.
Through our experiences of assessing many BC cases for
TIL density [24, 25], we recognized two distribution patterns
of TILs, diffuse and non-diffuse.

In this study, we compared the density method proposed
by the International TIL Working Group [16] and our origi-
nal diffuse method [26]. The diffuse method is based on
the simplest two-grade scale, diffuse or non-diffuse, which
seems to be fast and easy without the need to estimate the
average percentile. We defined the method in a protocol and
investigated the analytical validity and clinical utility in ret-
rospective cohorts of TNBC. Interobserver concordance and
time needed to evaluate TILs were compared between the
two methods of TIL assessment.

Methods
Patients and samples

This retrospective study was conducted at Hakuaikai Sagara
Hospital with ethics committee approval (#14-06 and #17-
33). Clinicopathological information was obtained from the
hospital database and included age, sex, tumor size, histo-
logical classification, grade, lymphovascular invasion, nodal
status, and biomarker profile. We searched for patients with
primary BC who had been diagnosed with TN-subtype inva-
sive ductal carcinoma (ER-, PgR-, and HER2-). The thresh-
olds for ER positivity and PgR positivity were set at 1%
using immunohistochemical staining. The overexpression
and amplification of HER2 were examined according to the
guidelines of the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP) [27, 28].
Two different cohorts were selected using inclusion and
exclusion criteria described previously [24].

Briefly, the first cohort consisted of patients who under-
went curative surgery and standard postoperative therapy
between 2007 and 2014. Among 3547 invasive carcinomas
identified during this period, 2,899 cases (82%) were ER+
and 568 cases (16%) were HER2+. TN subtype accounted
for 381 (11%) cases, and 73 patients had received primary
systemic chemotherapy. Among the rest, small cancers
(pT1mi [micro-invasion]: 2, pTla [<5 mm]: 16), locally
advanced cancers (pT4: 5), special histology (ex. lobular
carcinoma, apocrine carcinoma, metaplastic carcinoma,
micro-papillary carcinoma: 42), incomplete surgeries
without lymph node dissection (6), and lack of radiation
after breast-conserving surgery (12) were excluded. As we
regarded chemotherapy regimens including anthracycline,
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docetaxel, or paclitaxel as a standard, 64 patients with
insufficient chemotherapy were also excluded. Seven
patients were lost in the follow-up, and the remaining 154
female patients were retrieved for this adjuvant setting to
avoid potential biases. The detailed distributions of age,
tumor size, histological grade, nodal status, and regimens
of systemic therapy are summarized in a previous report
[24]. They received no prior therapy, and the pathologi-
cal stage upon primary surgery varied as follows: I A; 67
(44%), 1 B; 8 (5.2%), 11 A; 45 (29%), 11 B; 22 (14%), 111
A;7(4.5%), 111 B; 0 (0%), I C; 5 (3.2%).

In the second cohort, patients treated with standard pri-
mary systemic chemotherapy (PSC) and subsequent sur-
gery were selected between 2007 and 2016. These patients
were all women aged 28-75 years who received an anthra-
cycline and taxane at the standard dose. Eighty consecu-
tive TN cases were identified and 28 patients (35%) had
achieved pathological complete response (pCR) in this
PSC setting; their detailed characteristics are summarized
in Table 1.

Stored HE slides were retrieved for TIL assessment for
most cases (all 154 surgical specimens in the adjuvant cohort
and 78 biopsies) and scanned whole slide images with HE
staining were used for two biopsy samples among the PSC
cohort. The REMARK (REporting of tumor MARKer Stud-
ies) guidelines were followed [29].

Assessment of tumor-infiltrating lymphocytes (TILs)

In the first cohort of primary surgery and adjuvant chemo-
therapy (adjuvant cohort), a representative slide contain-
ing relatively high amounts of both invasive cancer and
TILs was selected from resected specimens for each case.
In the second cohort of primary systemic chemotherapy
(PSC cohort), needle biopsy samples obtained before treat-
ment were used for the assessment. All HE samples were
evaluated by an experienced pathologist (A.H.), whose
TIL score was compared with clinical outcomes through-
out the study. Many of the slides were reviewed by another
breast pathologist (T.W.) for a concordance analysis. He

Table 1 Patient characteristics
of the primary systemic
chemotherapy cohort (n=_80)

Age
Median (range)
<50 years
> 50 years

50.5 (28-75)
40 (50%)
40 (50%)

Clinical stage before systemic therapy

1

2A
2B
3A
3B
3C
4

1 (1.3%)
14 (18%)
19 (24%)
21 (26%)
11 (14%)
13 (16%)

1 (1.3%)

Pathological response (Chevalier criteria)

Grade 1 (No residual cancer in breast or lymph node)

Grade 2 (Breast carcinoma in situ and node-negative)

Grade 3 (Invasive carcinoma with chemotherapy-induced change)
Grade 4 (Minimally modified carcinoma and/or node-positive)

22 (28%)

5(6.3%)
23 (29%)
30 (38%)

Histological grade of non-pCR cases (n=52)

Grade 1
Grade 2
Grade 3

Undetermined®

1 (1.3%)
15 (19%)
35 (44%)

1 (1.3%)

Lymph node status after systemic therapy

Negative
Positive

Primary systemic therapy
Anthracycline — taxane

Taxane — anthracycline

56 (80%)
24 (30%)

72 (90%)
8 (10%)

PCR was defined as no residual invasive carcinoma in the breast regardless of lymph node status

#One case had so tiny invasion that we could not determine the histological grade
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performed the assessment about a year after A.H. and
skipped oldest 26 samples (25 surgical specimens and 1
biopsy) which had lost its color. Four biopsies in the PSC
cohort were diagnosed at other institutions, and not avail-
able for T.W. The two pathologists scored independently
without knowing the other’s scores or patients’ profiles.
Time required to evaluate the whole samples by T.W. was
recorded.

We applied two different methods to assess TILs. One
is a widely accepted method proposed by the International
Working Group [16]. Briefly, we screened samples within
the tumor border under a high-power field (x 200) and esti-
mated the average density of TILs in the stroma. The other
is our original method estimating the distribution pattern
of TILs as ‘diffuse’ or ‘non-diffuse’ (Fig. 1). Both methods
followed basic instructions described by Salgado et al. [16],
such as shaping the region of interest within the invasive
tumor border, counting lymphocytes and plasma cells only,
and not focusing on hotspots. We defined TIL distribution
as diffuse when TILs were observed in both peripheral and
central areas under a low-power field (X 40). If the central
area was not affected by TILs or lymphocytes in the center
were too few to be counted, the distribution pattern was
estimated as non-diffuse. When confused, pathologists were
advised to scan a representative line in resected samples or
biopsy cores under a medium-power field (x 100). If more

than half of the scanned line/core had recognizable TILs, it
was defined as diffuse.

Outcome measures of prognosis and pathological
complete response

Prognostic information and response to PSC was obtained
from the clinical database and electronic charts updated in
March 2018. Relapse-free survival (RFS) was defined as the
period from surgery to the latest follow-up, relapse of breast
cancer, or death from any cause. Overall survival (OS) was
defined as the period from surgery to the latest follow-up, or
death from any cause. Pathological complete response (pCR)
was defined as no residual invasive carcinoma at the primary
site, such as ypTO or ypTis, regardless of lymph node status.

Statistical analysis

Survival curves were drawn using the Kaplan—Meier
method and analyzed by log-rank tests. The proportions
of pCR were compared using Fisher’s exact or Chi-square
test. The association of clinicopathological variates,
including TILs, with prognosis was examined using a
Cox proportional hazards model in the adjuvant setting.
We repeated the multivariate analyses since we used two
different TIL assessment methods and needed to avoid the

Fig.1 Schematic illustration a o o

and representative photomi- o0, © .0...0 0:.

crographs of HE-stained tissue LH o’ 0..

showing tumor-infiltrating L - °.

lymphocytes (TILs). Compared ® o »

with non-diffuse patterns with o oo - ' . o8 .‘.

partial or peripheral infiltration gl L L4 4 S ¢e

(a; left), diffuse patterns were Non-diffuse L4 Diffuse

defined as having lympho-
cytic infiltration (navy dots) ) 0 A
throughout an invasive tumor e
(a; right). The example cases
were estimated as non-diffuse
(b) or diffuse (c¢) under a low-
power field (black bar in the
lower left indicates 1 mm: b, ¢).
The images in the lower panel
represent the two cases. The
average density of stromal TILs
was estimated as less than 10%
in the left-hand case (d) and
80% in the right-hand case (e)
under a high-power field (black
bar indicates 0.1 mm: d, e)
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multicollinearity of TILs. Interobserver concordance was Results

estimated by kappa value or weighted kappa value. Data

were analyzed using GraphPad Prism 7 (GraphPad Soft-  Interobserver concordance and duration of TIL

ware, San Diego, CA, USA) and JMP 14 (SAS Institute assessment

Inc., Cary, NC, USA).
The interobserver concordance of TIL assessment is summa-
rized in Table 2. Two board-certified pathologists (A.H. and

Table 2 Interobserver concordance for the assessment of tumor-infiltrating lymphocytes in different methods

a Non-diffuse (by TW) Diftuse (by TW) Total
Non-diffuse (by AH) 66 23 89
Diffuse (by AH) 5 35 40
Total 71 58 129
Kappa=0.549

b < 10% 10% 20% 30% 40% 50% 60% 70% 80% 90% Total
< 10% 5 2 0 0 0 0 0 0 0 0 7
10% 9 11 8 1 0 1 0 0 0 0 30
20% 0 3 6 4 2 0 1 0 0 0 16
30% 0 0 3 3 2 3 1 1 0 0 13
40% 0 2 0 6 2 4 3 2 2 0 21
50% 0 0 1 0 1 1 2 3 0 0 8
60% 0 0 0 0 0 1 2 5 3 0 11
70% 0 0 0 0 0 0 2 3 4 0 9
80% 0 0 0 0 0 0 0 0 3 5 8
90% 0 0 0 0 0 0 0 1 2 3 6
Total 14 18 18 14 7 10 11 15 14 8 129
(by AH) Kappa=0.220, weighted Kappa=0.673

¢ Non-diffuse (by TW) Diffuse (by TW) Total
Non-diffuse (by AH) 28 15 43
Diffuse (by AH) 3 29 32
Total 31 44 75
Kappa=0.532

d < 10% 10% 20% 30% 40% 50% 60% 70% 80% 90% Total
< 10% 10 0 0 0 0 0 0 0 0 0 10
10% 11 6 1 0 0 0 0 0 0 0 18
20% 4 3 4 1 0 0 0 0 0 0 12
30% 1 4 2 1 0 1 0 0 0 0 9
40% 0 0 1 2 0 2 0 0 0 0 5
50% 0 0 1 0 0 0 1 1 0 0 3
60% 0 0 0 0 1 0 1 1 2 0 5
70% 0 0 0 2 0 0 0 4 1 0 7
80% 0 0 0 0 0 0 1 1 2 1 5
90% 0 0 0 0 0 0 0 0 1 0 1
Total 26 13 9 6 1 3 3 7 6 1 75
(by AH) Kappa=0.275, weighted Kappa=0.685

Resected specimens at the primary surgery (a, b) and biopsy samples before primary systemic chemotherapy (c, d) were assessed by two pathol-
ogists (AH and TW) independently. They evaluated TIL based on distribution pattern (a, c) and average density (b, d)

Bold values indicate the matched numbers by two pathologists
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T.W.) evaluated 129 resected specimens in the adjuvant set-
ting (Table 2a—b), and 75 needle biopsies in the PSC setting
(Table 2c—d). The concordance of the diffuse method was
moderate (kappa=0.532-0.549; Table 2a, c), and that of the
density method was good (weighted kappa=0.673-0.685;
Table 2b, d). It took a pathologist (T.W.) 54 min and 33 s to
assess needle biopsies using the diffuse method, and 92 min
and 50 s using the density method. Furthermore, it took
55 min and 30 s to assess surgical specimens using the dif-
fuse method, and 128 min and 9 s using the density method.

Prognostic value of TILs in the adjuvant setting

Twenty-seven recurrences and 20 deaths were observed
after curative surgery and standard postoperative therapy
during a median follow-up period of 70.5 months (inter-
quartile range, 46-96.8). Based on the density of TILs, 49
tumors (32%) among 154 were estimated as containing high
TILs (stromal TIL >50%), for whom prognosis was signifi-
cantly better than the low TIL group regarding both RFS

a Relapse-Free Survival
100-%.._..1______1
80-
g
S 60
2z
=
3 Event ject
§ 404 (Event/subject)
— High TIL (250%) (3/49)
20- =0.0067, HR 4.51
P ’ Low TIL (<50%) (24/105)
0 30 60 90 120 150
months
c Overall Survival
100_“
80- S
R
S 60
2
é 40 (Event/subject)
g
. -~ High TIL (250%) (3/49)
20 =0.044, HR 3.2
] p=0.044, 3.28 Low TIL (<50%) (17/105)
0 30 60 90 120 150

months

Fig.2 Prognostic value of tumor-infiltrating lymphocytes (TILs).
Relapse-free survival (a, b) and overall survival (¢, d) were analyzed
for 154 TNBCs based on the average density (a, ¢) and distribution
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(P=0.0067; hazard ratio [HR] 4.51; 95% confidence inter-
val [CI] 2.06-9.90) and OS (P =0.044; HR 3.28; 95% CI
1.32-8.14) (Fig. 2a, c). Similarly, a diffuse pattern of TILs
was also a favorable prognostic factor. We estimated 104
tumors (68%) as having a diffuse TIL pattern, and 50 tumors
(32%) as having a non-diffuse pattern. The prognostic dif-
ferences were significant in both RFS (P=0.0003; HR 3.71;
95% CI 1.60-8.57) and OS (P=0.0014; HR 3.87, 95% CI
1.46-10.27) (Fig. 2b, d).

In multivariate analyses, the prognostic impact of TILs by
both methods remained significant regarding RFS (density
method: P=0.0062; HR 4.12; 95% CI 1.43-17.4; diffuse
method: P=0.0005; HR 3.91; 95% CI 1.82-8.71), as did
nodal status (Table 3). We repeated the analysis separately
to avoid the multicollinearity of TILs. Two different meth-
ods for TIL assessment, the diffuse method and the density
method, showed a strong correlation (P <0.0001, Chi-square
test). Other factors including age, tumor size, histological
grade, and lymphovascular invasion had no significant asso-
ciation with RFS. The analysis was applied not only to RFS

b Relapse-Free Survival
100-“—“-'_"———--.__&\
801
3
S 60
2
é 404 (Event/subject)
a
1 — Diffuse TIL (11/104)
204 =0.0003, HR 3.71
1P ’ Non-diffuse (16/50)
0 30 60 90 120 150
months
d Overall Survival
100“‘_&"'_'_"“—"---._
80+
R
S 60-
2
é 40- (Event/subject)
a
1 — Diffuse TIL (8/104)
20+ =0.0014, HR 3.87
] p=0.0014, 3.8 Non-diffuse (12/50)
0 30 60 90 120 150

months

pattern (b, d) of TILs. Stored samples were obtained from primary
surgery for TIL assessments. All patients received standard adjuvant
therapy after curative surgery. HR hazard ratio
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Table 3 Association of tumor-infiltrating lymphocytes and other variates with survival
Variate Univariate analysis Multivariate analysis-1 Multivariate analysis-2
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Relapse-free survival
TIL
Low vs. high (>50%) 4.54 (1.58-19.1) 0.0030 4.12 (1.43-17.4) 0.0062 —* —*
Non-diffuse vs. diffuse 3.73 (1.74-8.29) 0.0007 —* —* 3.91 (1.82-8.71) 0.0005
Age
<50 years vs.> 50 years 1.22 (0.54-2.61) 0.627 - - - -
Tumor size
>2cmvs.<2cm 1.44 (0.67-3.09) 0.344 - - - -
Histological grade
3vs. 172 1.61 (0.69-4.38) 0.287 - - - -
Lymphovascular invasion
Present vs. absent 2.02 (0.94-4.36) 0.071 - - - -
Nodal metastasis
Positive vs. negative 3.01 (1.40-6.84) 0.0048 2.74 (1.27-6.23) 0.0098 3.16 (1.47-7.18) 0.0032
Overall survival
TIL
Low vs. high (>50%) 3.29 (1.10-14.1) 0.031 2.94 (0.98-12.6) 0.055 —* —*
Non-diffuse vs. diffuse 3.90 (1.61-9.99) 0.0027 —* —* 4.62 (1.87-12.0) 0.0010
Age
<50 years vs.> 50 years 1.07 (0.40-2.62) 0.882 - - - -
Tumor size
>2cmvs.<2cm 1.59 (0.65-3.88) 0.302 - - - -
Histological grade
3vs. 1/2 1.77 (0.65-6.19) 0.281 - - - -
Lymphovascular invasion
Present vs. absent 2.93 (1.21-7.48) 0.017 1.31 (0.45-4.24) 0.632 1.70 (0.57-5.54) 0.349
Nodal metastasis
Positive vs. negative 4.27 (1.71-12.1) 0.0016 3.33 (1.02-11.4) 0.046 3.34 (1.03-11.4) 0.045

TIL Tumor-infiltrating lymphocytes, HR hazard ratio, CI confidence interval. *Multivariate analyses were repeated twice to avoid the multicol-

linearity of TILs
Bold values indicate statistical significance

but also to OS. TIL density (low vs. high) did not reach
a significant difference regarding OS (P=0.055; HR 2.94;
95% CI 0.98-12.6) although the distribution pattern of TILs
(non-diffuse vs. diffuse) remained significant (P =0.0010;
HR 4.62;95% CI 1.87-12.0).

Association between pre-therapeutic TILs and pCR

Biopsy samples taken before PSC were available for 80
TNBCs. We assessed TILs using the aforementioned meth-
ods, then compared with pCR. The density method identified
23 high TILs (>50%) cases and 57 low TILs (<50%) cases.
The high TILs group tended to achieve pCR more than the
low TILs group, though the differences were not statisti-
cally significant (P =0.068) (Fig. 3a). The diffuse method
identified 46 cases as having a diffuse pattern and 34 cases

with a non-diffuse pattern. The diffuse TIL group showed a
significantly higher proportion of pCR than the non-diffuse
group (P=0.032) (Fig. 3b).

Combining two methods of TIL assessment
in association with prognosis and pCR

Combining these two methods of TIL assessment yielded
three subgroups: high and diffuse, low and diffuse, and low
and non-diffuse. Among 154 cases in the adjuvant setting,
there were 49 (32%), 55 (36%), and 50 (32%) cases, respec-
tively. Among 80 cases in the PSC setting, there were 23
(29%), 23 (29%), and 34 (43%) cases, respectively. In other
words, every single case with a high density of TILs (>50%)
was found to be correspondent with a diffuse pattern among
234 TNBCs.
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a pCR b pCR
601 52% 604
p=0.068 (12/23) p=0.032 46%
(21/46)
40 404
% 28% %
16/57

21%
(7134)

20 204

L Non-diffuse Diffuse

]

w (<50%)  High (250%)

TIL TIL

Fig.3 Association between tumor-infiltrating lymphocytes (TIL)
and pathological complete response (pCR). Needle biopsy samples
taken prior to primary systemic chemotherapy were retrieved for TIL
assessment. The proportion of cases achieving pCR was compared
based on the average density (a) and distribution pattern (b) of TILs

These three subgroups of TILs also had a prognostic value
in the adjuvant setting for RFS (P=0.0008) (Fig. 4a), as
well as for OS (P=0.0050). The high and diffuse subgroup
showed the best outcome, and diffuse pattern had a signifi-
cantly favorable prognostic value among low TIL tumors
not only for RFS (P=0.0269; HR 2.49; 95% CI 1.11-5.60)
but also for OS (P=0.0307; HR 2.88; 95% CI 1.10-7.51).
Additionally, the three subgroups of TIL revealed a stepwise
increase in pCR proportion in the PSC setting (P =0.0438)
(Fig. 4b). The high and diffuse group showed the highest
frequency of achieving pCR (52%, 12/23), while the low
and diffuse and low and non-diffuse groups had intermediate
(39%, 9/23) and lowest pCRs (21%, 7/34), respectively. The

diffuse method could divide low TIL tumors (pCR: 28%)
into low and non-diffuse (pCR: 21%) and low and diffuse
(pCR: 39%) groups, but the difference was not statistically
significant (P =0.145).

Discussion

The prognostic and predictive impacts of TILs in TNBC
have been consistently demonstrated by many researchers,
most of whom assessed the density of TILs as stromal TILs
[30] or lymphocyte-predominant breast cancer (LPBC) [31].
Our definition of high TILs (stromal TIL >50%) is identical
to LPBC and was verified to be a favorable prognostic factor
in the adjuvant setting of this retrospective study. Although
it seems that we detected relatively more patients with high
TILs (31.8%, 49/154), the survival curves are similar to
that of previous studies [1] [14]. The proportion of LPBC in
randomized trials of TNBC varied from 4.4% (21/481) [3]
to 18.4% (119/647) [32], and a bigger retrospective cohort
study from the European Institute of Oncology estimated
21.9% as LPBC (197/897) [4]. Real-world data can differ
from randomized trials and interobserver or interinstitutional
variability may exist.

The median value of stromal TILs in surgical specimens
was 30% in our study, which is higher than that determined
by the European Institute of Oncology (20%) [4]. However,
in the PSC setting, our data for high TIL cases (28.8%,
23/80) are very close to that of a pooled analysis (30.1%,
273/906) by the German Breast Group [15]. They showed
a similar proportion of pCR (high TIL: 50% [136/273];
low—intermediate TIL: 31% [197/633]) compared with our

a Relapse-Free Survival b pCR
100 60- 52%
Iy S p=0.0483 12/23)
T e W "
801 39% %
5 | * 40 (3/23) /
S 60 % // /
% p=0.0008 - 21% / /
% m (Event/subject) (7/34) /
a ] —— High & diffuse TIL (3/49) 204 / /
201  *p=0.0269 - Low & diffuse TIL (8/55) / /
HR 2.49 Low & non-diffuse (16/50) / /
o o ; A A
0 30 60 90 120 150 . . .
months Low/ ND Low/ diffuse  High/ diffuse
TIL

Fig.4 Prognosis and chemotherapeutic effect in three subgroups of
tumor-infiltrating lymphocytes (TILs). Relapse-free survival was ana-
lyzed for 154 TNBCs (a), and pathological complete response (pCR)
was compared among 80 TNBCs (b). Every case harboring a high
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result (high TIL: 52% [12/23]; low TIL: 28% [16/57]). Small
biopsy samples before systemic therapy might reduce the
interobserver variability. As both our clinical outcomes are
consistent with previous papers, it is regarded that our basic
procedure for TIL assessment is reliable.

Our original approach to evaluate TIL distribution (dif-
fuse method) proved to be an independent prognostic factor
for both RFS and OS among TNBC. Compared with the
‘density method’ identifying one-third of high TIL patients
with a good prognosis, our ‘diffuse method’ identifies one-
third of non-diffuse pattern patients with poor prognosis. It
is reasonable that patients with diffuse TIL patterns have a
better prognosis since TILs are mainly composed of cyto-
toxic T-lymphocytes [33]. This result fits well with one study
showing a critical role for spatial heterogeneity in ER-neg-
ative BC [22], and also an earlier study of colorectal cancer
[34]. Nawaz et al. reported that the amount of co-localiza-
tion of cancer and immune hotspots correlated with a better
prognosis, which could further stratify high TIL BCs with
disease-specific survival [22]. Similarly, our diffuse method
had a prognostic impact among low TIL tumors in TNBC.

We also showed the association of diffuse TILs before
primary systemic chemotherapy and higher probability of
pCR with a significant difference. The density method iden-
tified one-third of high TIL patients with a greater pCR, and
the diffuse method identified two-fifths of non-diffuse pat-
tern tumors with a lower pCR. A detailed analysis of mela-
noma supported our concept by showing that acquired resist-
ance to PD-1 blockade is associated with TIL restriction at
the peripheral margin [35]. They revealed that intratumoral
CD8+ cytotoxic T-cells had increased upon biopsy when the
therapeutic effect was recognized. Although our biopsy sam-
ples were taken before chemotherapy, the presence of TILs
within the tumor seems to have a predictive value to achieve
pCR. A recent study showed a similar result; responders
to neoadjuvant chemotherapy had significantly more TILs
at the center of their primary breast cancer tumors [36].
Furthermore, the combined density and diffuse method of
TILs yielded three subgroups with different probability of
PCR, which is identical to the three subgroups with differ-
ent prognosis in the adjuvant setting (Fig. 4). Although a
large analysis from the German Breast Group showed no
difference in pCR between low TILs (31% [80/260]) and
intermediate TILs (31% [117/373]) [15], the addition of our
diffuse method may enable stratification of these patients
of no-LPBC.

We believe it is important to identify a group of patients
who have lower expectations for survival or good response
to standard chemotherapy because they need another strat-
egy. If you can predict the prognosis after or the response
to a kind of systemic therapy, you may be able to look for
another drug or adjuvant chemotherapy ahead of an incur-
able relapse. A recent study (IMpassion130) revealed the

efficacy of an immune-checkpoint inhibitor (atezolizumab)
combined with chemotherapy (nab-paclitaxel) to treat
TNBC, which is greater for PD-L1-positive subgroup [13].
Another possibility is adjuvant capecitabine for the residual
HER2-negative cancer after preoperative chemotherapy
(CREATE-X) [37]. Although the mechanism is not clear
yet, metronomic oral administration of fluorouracil may have
stimulated the immune microenvironment.

For the future development, a larger cohort with enough
statistical power or combination of the immunohistochemi-
cal staining of PD-L1 would be required. The sample size
is small in our study, and we have relatively short follow-up
time for some patients. For example, 3 cases in the adjuvant
setting had only 1, 4, and 6 months between the relapse and
the latest follow-up. The present study has another limita-
tion. As this is a retrospective cohort study, it could contain
some unknown biases. Strict regulation of sample collection
in prospective randomized trials could prevent this type of
problem.

In terms of analytical validation, the robustness and
reproducibility of our diffuse method was not satisfactory.
Assuming that this simple method has a high concordance,
we just used a printed document with a schema of Fig. 1
and the short instructions described in the methods. Inter-
observer concordance was moderate (k=0.53-0.55), and
cases of total agreement totaled 76-78% (adjuvant setting:
101/129; PSC setting: 57/75). Necrosis, neutrophilic infil-
tration, faded staining on old slides, and fragmentation of
biopsy samples were recognized as challenging conditions in
our assessment. Although the x value of the diffuse method
(0.53-0.55) was lower than that of the density method
(weighted k=0.67-0.69), it would not be fair to compare
the two-grade scale and the detailed 10-grade scale. It should
be also noticed that the latter value is weighted, and total
agreement accounted for only 30-37% of cases (adjuvant
setting: 39/129, PSC setting: 28/75). Interestingly, our previ-
ous investigation recruiting nine pathologists (eight general
pathologists and one breast pathologist [A.H.]) showed an
identical result for the diffuse method (mean of agreement
and k-value: 79% and 0.57, respectively; n=90: ER-negative
BC) using the same instructions [26]. In addition, the other
authors validated the three-grade method proposed by an
international working group and demonstrated a similar
result (agreement: 87% [65/75]; k=0.57) [38]. Since we
followed the supplemental instructions by Salgado et al.
for the density method, a precise explanation of the diffuse
method and/or short lectures with example cases would have
improved the concordance. Nonetheless, these data imply
that our diffuse method can be used equally by general
pathologists as well as breast pathologists.

From a practical point of view, the simplicity of a patho-
logical assessment is important for wide acceptance and
adoption. The density method to assess stromal TILs in
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detail needed more time than the diffuse method; 1.7 times
more for needle biopsies and 2.3 times more for surgical
specimens. It took twice as long on average, and thus it cost
twice as much. Our previous analysis showed that the dif-
fuse method took 6 to 7 min per 10 resected samples on
average [26], consistent with the present study. Neverthe-
less, interlaboratory or intraobserver concordances should
be confirmed before utilization in clinical decision-making.
Another possible advantage of the diffuse method is that
we can generate a steady score representative of the whole
tumor. There has been a lot of debate on the intratumoral
heterogeneity of BC biomarkers [19-21]. However, it is
easily imagined that the diffuse method of TIL assessment
would not be influenced so much by intratumoral heteroge-
neity unless the whole biopsy cores came from the periph-
eral area [39]. Given the limitations on reproducibility by
human pathologists, automated image analysis [23, 40,
41] or multi-gene assays [2, 9, 42] may represent possible
future directions in the era of immunotherapy. As immune-
checkpoint inhibitors have been developed in various kinds
of solid cancers [43, 44], widespread use of TIL assessment
in BC patients might be encouraged [17]. Diffuse patterns
of TILs have potential as an additional prognostic marker,
as well as an additional predictive marker to assume the risk
and the benefit of treatment in patients with TNBC. This fast
and practical method may contribute to understanding the
nature of the tumor microenvironment and could be utilized
in translational research or routine practice.

Conclusions

In summary, we propose an alternative method to evaluate
TILs that is simple and fast. The diffuse method for TIL
assessment is regarded to be practical since it is firmly asso-
ciated with prognosis and chemotherapeutic effect among
TNBC. As the diffuse pattern showed an additional impact
on clinical outcome, more detailed discussion about tumor
immunity would facilitate translational research. New
insights into the distribution pattern of TILs may contribute
to the understanding of the response to systemic chemother-
apy or innovative immunotherapy to improve the outcome
of TNBC.
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