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PRECLINICAL STUDY

Diffuse distribution of tumor‑infiltrating lymphocytes is a marker 
for better prognosis and chemotherapeutic effect in triple‑negative 
breast cancer

Akira I. Hida1,6   · Takahiro Watanabe2 · Yasuaki Sagara3 · Masahiro Kashiwaba3 · Yoshiaki Sagara3 · Kenjiro Aogi4 · 
Yasuyo Ohi5 · Akihide Tanimoto1

Received: 26 April 2019 / Accepted: 2 August 2019 / Published online: 12 August 2019 
© Springer Science+Business Media, LLC, part of Springer Nature 2019

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.
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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 (× 400) 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, 

HER2, 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, pT1a [< 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%), I B; 8 (5.2%), II A; 45 (29%), II B; 22 (14%), III 
A; 7 (4.5%), III B; 0 (0%), III 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)

pCR was defined as no residual invasive carcinoma in the breast regardless of lymph node status
a One case had so tiny invasion that we could not determine the histological grade

Age
 Median (range) 50.5 (28–75)
 ≤ 50 years 40 (50%)
 > 50 years 40 (50%)

Clinical stage before systemic therapy
 1 1 (1.3%)
 2A 14 (18%)
 2B 19 (24%)
 3A 21 (26%)
 3B 11 (14%)
 3C 13 (16%)
 4 1 (1.3%)

Pathological response (Chevalier criteria)
 Grade 1 (No residual cancer in breast or lymph node) 22 (28%)
 Grade 2 (Breast carcinoma in situ and node-negative) 5 (6.3%)
 Grade 3 (Invasive carcinoma with chemotherapy-induced change) 23 (29%)
 Grade 4 (Minimally modified carcinoma and/or node-positive) 30 (38%)

Histological grade of non-pCR cases (n = 52)
 Grade 1 1 (1.3%)
 Grade 2 15 (19%)
 Grade 3 35 (44%)
 Undetermineda 1 (1.3%)a

Lymph node status after systemic therapy
 Negative 56 (80%)
 Positive 24 (30%)

Primary systemic therapy
 Anthracycline → taxane 72 (90%)
 Taxane → anthracycline 8 (10%)
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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 (× 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 (× 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 (× 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 ypT0 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 
and representative photomi-
crographs of HE-stained tissue 
showing tumor-infiltrating 
lymphocytes (TILs). Compared 
with non-diffuse patterns with 
partial or peripheral infiltration 
(a; left), diffuse patterns were 
defined as having lympho-
cytic infiltration (navy dots) 
throughout an invasive tumor 
(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, c). 
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 
estimated by kappa value or weighted kappa value. Data 
were analyzed using GraphPad Prism 7 (GraphPad Soft-
ware, San Diego, CA, USA) and JMP 14 (SAS Institute 
Inc., Cary, NC, USA).

Results

Interobserver concordance and duration of TIL 
assessment

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

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

a Non-diffuse (by TW) Diffuse (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

c 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
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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 

(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 

Fig. 2   Prognostic value of tumor-infiltrating lymphocytes (TILs). 
Relapse-free survival (a, b) and overall survival (c, d) were analyzed 
for 154 TNBCs based on the average density (a, c) and distribution 

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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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.

Table 3   Association of tumor-infiltrating lymphocytes and other variates with survival

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

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
  > 2 cm vs. ≤ 2 cm 1.44 (0.67–3.09) 0.344 – – – –

 Histological grade
  3 vs. 1/2 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
  > 2 cm vs. ≤ 2 cm 1.59 (0.65–3.88) 0.302 – – – –

 Histological grade
  3 vs. 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
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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 

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

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 

density of TILs had diffuse distribution of TILs, and this subgroup 
showed the best prognosis and pCR rate. The distribution pattern had 
a prognostic value among low TIL cases (*). HR Hazard ratio, ND 
non-diffuse
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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 (κ = 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 κ value of the diffuse method 
(0.53–0.55) was lower than that of the density method 
(weighted κ = 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 κ-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]; κ = 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.

Acknowledgements  The authors would like to thank S. Haraguchi at 
the research center of Sagara Hospital for extracting the necessary 
information from the database, and the technicians at the Department 
of Pathology at Sagara Hospital for their assistance in dealing with 
archived samples. We thank H. Nikki March, PhD, from Edanz Group 
(www.edanz​editi​ng.com/ac) for editing a draft of this manuscript.

Authors’ contributions  AH, KA, and YO planned the study. AH and 
TW conducted pathological assessments. Yasuaki S., Yoshiaki S., and 
MK performed biopsies and/or surgeries, and provided oncological 
treatment. KA supervised the whole study. The manuscript was mainly 

written by AH, and amended by YO and AT. All authors read and 
approved the final manuscript.

Funding  This study was funded by the Division of Clinical Research 
Promotion at the National Hospital Organization Shikoku Cancer 
Center.

Data availability  The datasets during and/or analyzed during the cur-
rent study available from the corresponding author on reasonable 
request.

Compliance with ethical standards 

Conflict of interest  AH received personal fees as honoraria from Chu-
gai Pharmaceutical, Taiho Pharmaceutical, and Novartis Pharma. YS 
received personal fees as honoraria from AstraZeneca, Chugai Phar-
maceutical, Pfizer, Eisai, Novartis Pharma, Taiho Pharmaceutical, and 
Takeda Pharmaceutical. MK received personal fees as honoraria from 
Chugai Pharmaceutical, Eisai, AstraZeneca, Pfizer, Taiho Pharmaceu-
tical, Novartis Pharma, Takeda Pharmaceutical, Daiichi Sankyo, Ky-
owa Hakko Kirin, Shionogi, and Asashi Kasei. KA received personal 
fees as honoraria from Chugai Pharmaceutical, Eisai, AstraZeneca, 
Taiho Pharmaceutical, Novartis Pharma, Daiichi Sankyo, Mochida 
Pharmaceutical, Ono Pharmaceutical, and Eli Lilly Japan, and his in-
stitution received research funds from Chugai Pharmaceutical, Eisai 
and Sanofi. The other authors have no competing interests to declare.

Ethical approval  All procedures performed in this study involving 
human participants were in accordance with the ethical standards of 
the institutional research committee (No. 14-06 & 17-33) and with the 
1964 Helsinki declaration and its later amendments.

Informed consent  Formal consent was not required for this type of 
study.

References

	 1.	 Loi S, Sirtaine N, Piette F, Salgado R, Viale G, Van Eenoo F, 
Rouas G, Francis P, Crown JP, Hitre E, de Azambuja E, Quinaux 
E, Di Leo A, Michiels S, Piccart MJ, Sotiriou C (2013) Prognos-
tic and predictive value of tumor-infiltrating lymphocytes in a 
phase III randomized adjuvant breast cancer trial in node-positive 
breast cancer comparing the addition of docetaxel to doxorubicin 
with doxorubicin-based chemotherapy: BIG 02-98. J Clin Oncol 
31(7):860–867. https​://doi.org/10.1200/JCO.2011.41.0902

	 2.	 Denkert C, von Minckwitz G, Brase JC, Sinn BV, Gade S, Kro-
nenwett R, Pfitzner BM, Salat C, Loi S, Schmitt WD, Schem C, 
Fisch K, Darb-Esfahani S, Mehta K, Sotiriou C, Wienert S, Klare 
P, Andre F, Klauschen F, Blohmer JU, Krappmann K, Schmidt 
M, Tesch H, Kummel S, Sinn P, Jackisch C, Dietel M, Reimer 
T, Untch M, Loibl S (2015) Tumor-infiltrating lymphocytes and 
response to neoadjuvant chemotherapy with or without carbopl-
atin in human epidermal growth factor receptor 2-positive and tri-
ple-negative primary breast cancers. J Clin Oncol 33(9):983–991. 
https​://doi.org/10.1200/JCO.2014.58.1967

	 3.	 Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, Shulman 
LN, Martino S, Wang M, Jones VE, Saphner TJ, Wolff AC, Wood 
WC, Davidson NE, Sledge GW, Sparano JA, Badve SS (2014) 
Prognostic value of tumor-infiltrating lymphocytes in triple-
negative breast cancers from two phase III randomized adjuvant 
breast cancer trials: ECOG 2197 and ECOG 1199. J Clin Oncol 
32(27):2959–2966. https​://doi.org/10.1200/JCO.2013.55.0491

http://www.edanzediting.com/ac
https://doi.org/10.1200/JCO.2011.41.0902
https://doi.org/10.1200/JCO.2014.58.1967
https://doi.org/10.1200/JCO.2013.55.0491


293Breast Cancer Research and Treatment (2019) 178:283–294	

1 3

	 4.	 Pruneri G, Vingiani A, Bagnardi V, Rotmensz N, De Rose A, 
Palazzo A, Colleoni AM, Goldhirsch A, Viale G (2016) Clinical 
validity of tumor-infiltrating lymphocytes analysis in patients with 
triple-negative breast cancer. Ann Oncol 27(2):249–256. https​://
doi.org/10.1093/annon​c/mdv57​1

	 5.	 Loi S, Drubay D, Adams S, Pruneri G, Francis PA, Lacroix-Triki 
M, Joensuu H, Dieci MV, Badve S, Demaria S, Gray R, Munzone 
E, Lemonnier J, Sotiriou C, Piccart MJ, Kellokumpu-Lehtinen PL, 
Vingiani A, Gray K, Andre F, Denkert C, Salgado R, Michiels S 
(2019) Tumor-infiltrating lymphocytes and prognosis: a pooled 
individual patient analysis of early-stage triple-negative breast 
cancers. J Clin Oncol 37(7):559–569. https​://doi.org/10.1200/
jco.18.01010​

	 6.	 Haffty BG, Yang Q, Reiss M, Kearney T, Higgins SA, Weidhaas 
J, Harris L, Hait W, Toppmeyer D (2006) Locoregional relapse 
and distant metastasis in conservatively managed triple negative 
early-stage breast cancer. J Clin Oncol 24(36):5652–5657. https​
://doi.org/10.1200/jco.2006.06.5664

	 7.	 Morris GJ, Naidu S, Topham AK, Guiles F, Xu Y, McCue P, 
Schwartz GF, Park PK, Rosenberg AL, Brill K, Mitchell EP 
(2007) Differences in breast carcinoma characteristics in newly 
diagnosed African-American and Caucasian patients: a single-
institution compilation compared with the National Cancer Insti-
tute’s surveillance, epidemiology, and end results database. Can-
cer 110(4):876–884. https​://doi.org/10.1002/cncr.22836​

	 8.	 Robson M, Im SA, Senkus E, Xu B, Domchek SM, Masuda 
N, Delaloge S, Li W, Tung N, Armstrong A, Wu W, Goessl C, 
Runswick S, Conte P (2017) Olaparib for metastatic breast can-
cer in patients with a germline BRCA mutation. N Engl J Med 
377(6):523–533. https​://doi.org/10.1056/NEJMo​a1706​450

	 9.	 Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy AB, 
Shyr Y, Pietenpol JA (2011) Identification of human triple-neg-
ative breast cancer subtypes and preclinical models for selection 
of targeted therapies. J Clin Invest 121(7):2750–2767. https​://doi.
org/10.1172/JCI45​014

	10.	 Schreiber RD, Old LJ, Smyth MJ (2011) Cancer immunoediting: 
integrating immunity’s roles in cancer suppression and promo-
tion. Science 331(6024):1565–1570. https​://doi.org/10.1126/scien​
ce.12034​86

	11.	 Cimino-Mathews A, Thompson E, Taube JM, Ye X, Lu Y, Meeker 
A, Xu H, Sharma R, Lecksell K, Cornish TC, Cuka N, Argani P, 
Emens LA (2016) PD-L1 (B7-H1) expression and the immune 
tumor microenvironment in primary and metastatic breast carci-
nomas. Hum Pathol 47(1):52–63. https​://doi.org/10.1016/j.humpa​
th.2015.09.003

	12.	 Zacharakis N, Chinnasamy H, Black M, Xu H, Lu YC, Zheng 
Z, Pasetto A, Langhan M, Shelton T, Prickett T, Gartner J, Jia 
L, Trebska-McGowan K, Somerville RP, Robbins PF, Rosenberg 
SA, Goff SL, Feldman SA (2018) Immune recognition of somatic 
mutations leading to complete durable regression in metastatic 
breast cancer. Nat Med 24(6):724–730. https​://doi.org/10.1038/
s4159​1-018-0040-8

	13.	 Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata 
H, Dieras V, Hegg R, Im SA, Shaw Wright G, Henschel V, Molin-
ero L, Chui SY, Funke R, Husain A, Winer EP, Loi S, Emens 
LA (2018) Atezolizumab and nab-paclitaxel in advanced triple-
negative breast cancer. N Engl J Med 379(22):2108–2121. https​
://doi.org/10.1056/NEJMo​a1809​615

	14.	 Dieci MV, Mathieu MC, Guarneri V, Conte P, Delaloge S, Andre 
F, Goubar A (2015) Prognostic and predictive value of tumor-
infiltrating lymphocytes in two phase III randomized adjuvant 
breast cancer trials. Ann Oncol 26(8):1698–1704. https​://doi.
org/10.1093/annon​c/mdv23​9

	15.	 Denkert C, von Minckwitz G, Darb-Esfahani S, Lederer B, 
Heppner BI, Weber KE, Budczies J, Huober J, Klauschen F, 
Furlanetto J, Schmitt WD, Blohmer JU, Karn T, Pfitzner BM, 

Kummel S, Engels K, Schneeweiss A, Hartmann A, Noske A, 
Fasching PA, Jackisch C, van Mackelenbergh M, Sinn P, Schem 
C, Hanusch C, Untch M, Loibl S (2018) Tumour-infiltrating 
lymphocytes and prognosis in different subtypes of breast can-
cer: a pooled analysis of 3771 patients treated with neoadjuvant 
therapy. Lancet Oncol 19(1):40–50. https​://doi.org/10.1016/
s1470​-2045(17)30904​-x

	16.	 Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, 
Pruneri G, Wienert S, VandenEynden G, Baehner FL, Penault-
Llorca F, Perez EA, Thompson EA, Symmans WF, Richardson 
AL, Brock J, Criscitiello C, Bailey H, Ignatiadis M, Floris G, 
Sparano J, Kos Z, Nielsen T, Rimm DL, Allison KH, Reis-Filho 
JS, Loibl S, Sotiriou C, Viale G, Badve S, Adams S, Willard-Gallo 
K, Loi S, International TWG (2015) The evaluation of tumor-
infiltrating lymphocytes (TILs) in breast cancer: recommenda-
tions by an International TILs Working Group 2014. Ann Oncol 
26(2):259–271. https​://doi.org/10.1093/annon​c/mdu45​0

	17.	 Wein L, Savas P, Luen SJ, Virassamy B, Salgado R, Loi S (2017) 
Clinical validity and utility of tumor-infiltrating lymphocytes in 
routine clinical practice for breast cancer patients: current and 
future directions. Front Oncol 7:156. https​://doi.org/10.3389/
fonc.2017.00156​

	18.	 Hida AI, Ohi Y (2015) Evaluation of tumor-infiltrating lympho-
cytes in breast cancer; proposal of a simpler method. Ann Oncol 
26(11):2351. https​://doi.org/10.1093/annon​c/mdv36​3

	19.	 Greer LT, Rosman M, Mylander WC, Hooke J, Kovatich A, Saw-
yer K, Buras RR, Shriver CD, Tafra L (2013) Does breast tumor 
heterogeneity necessitate further immunohistochemical staining 
on surgical specimens? J Am Coll Surg 216(2):239–251. https​://
doi.org/10.1016/j.jamco​llsur​g.2012.09.007

	20.	 Hou Y, Nitta H, Wei L, Banks PM, Portier B, Parwani AV, Li 
Z (2017) HER2 intratumoral heterogeneity is independently 
associated with incomplete response to anti-HER2 neoadjuvant 
chemotherapy in HER2-positive breast carcinoma. Breast Can-
cer Res Treat 166(2):447–457. https​://doi.org/10.1007/s1054​
9-017-4453-8

	21.	 Luen SJ, Savas P, Fox SB, Salgado R, Loi S (2017) Tumour-infil-
trating lymphocytes and the emerging role of immunotherapy in 
breast cancer. Pathology 49(2):141–155. https​://doi.org/10.1016/j.
patho​l.2016.10.010

	22.	 Nawaz S, Heindl A, Koelble K, Yuan Y (2015) Beyond immune 
density: critical role of spatial heterogeneity in estrogen receptor-
negative breast cancer. Mod Pathol 28(6):766–777. https​://doi.
org/10.1038/modpa​thol.2015.37

	23.	 Heindl A, Sestak I, Naidoo K, Cuzick J, Dowsett M, Yuan Y 
(2018) Relevance of spatial heterogeneity of immune infiltration 
for predicting risk of recurrence after endocrine therapy of ER 
+ breast cancer. J Natl Cancer Inst. https​://doi.org/10.1093/jnci/
djx13​7

	24.	 Hida AI, Sagara Y, Yotsumoto D, Kanemitsu S, Kawano J, Baba 
S, Rai Y, Oshiro Y, Aogi K, Sagara Y, Ohi Y (2016) Prognostic 
and predictive impacts of tumor-infiltrating lymphocytes dif-
fer between Triple-negative and HER2-positive breast cancers 
treated with standard systemic therapies. Breast Cancer Res Treat 
158(1):1–9. https​://doi.org/10.1007/s1054​9-016-3848-2

	25.	 Watanabe T, Hida AI, Inoue N, Imamura M, Fujimoto Y, Akazawa 
K, Hirota S, Miyoshi Y (2018) Abundant tumor infiltrating lym-
phocytes after primary systemic chemotherapy predicts poor prog-
nosis in estrogen receptor-positive/HER2-negative breast cancers. 
Breast Cancer Res Treat 168(1):135–145. https​://doi.org/10.1007/
s1054​9-017-4575-z

	26.	 Hida AI, Mizuno Y, Ueda N, Oshiro Y, Sugita A, Matsukage 
S, Maeda T, Kito K, Ohtsuki Y, Aogi K (2017) Simple assess-
ment reveals the importance of distribution and density of tumor-
infiltrating lymphocytes in triple-negative breast cancer. Breast 
32:S33–S34. https​://doi.org/10.1016/S0960​-9776(17)30134​-0

https://doi.org/10.1093/annonc/mdv571
https://doi.org/10.1093/annonc/mdv571
https://doi.org/10.1200/jco.18.01010
https://doi.org/10.1200/jco.18.01010
https://doi.org/10.1200/jco.2006.06.5664
https://doi.org/10.1200/jco.2006.06.5664
https://doi.org/10.1002/cncr.22836
https://doi.org/10.1056/NEJMoa1706450
https://doi.org/10.1172/JCI45014
https://doi.org/10.1172/JCI45014
https://doi.org/10.1126/science.1203486
https://doi.org/10.1126/science.1203486
https://doi.org/10.1016/j.humpath.2015.09.003
https://doi.org/10.1016/j.humpath.2015.09.003
https://doi.org/10.1038/s41591-018-0040-8
https://doi.org/10.1038/s41591-018-0040-8
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1093/annonc/mdv239
https://doi.org/10.1093/annonc/mdv239
https://doi.org/10.1016/s1470-2045(17)30904-x
https://doi.org/10.1016/s1470-2045(17)30904-x
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.3389/fonc.2017.00156
https://doi.org/10.3389/fonc.2017.00156
https://doi.org/10.1093/annonc/mdv363
https://doi.org/10.1016/j.jamcollsurg.2012.09.007
https://doi.org/10.1016/j.jamcollsurg.2012.09.007
https://doi.org/10.1007/s10549-017-4453-8
https://doi.org/10.1007/s10549-017-4453-8
https://doi.org/10.1016/j.pathol.2016.10.010
https://doi.org/10.1016/j.pathol.2016.10.010
https://doi.org/10.1038/modpathol.2015.37
https://doi.org/10.1038/modpathol.2015.37
https://doi.org/10.1093/jnci/djx137
https://doi.org/10.1093/jnci/djx137
https://doi.org/10.1007/s10549-016-3848-2
https://doi.org/10.1007/s10549-017-4575-z
https://doi.org/10.1007/s10549-017-4575-z
https://doi.org/10.1016/S0960-9776(17)30134-0


294	 Breast Cancer Research and Treatment (2019) 178:283–294

1 3

	27.	 Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred DC, 
Cote RJ, Dowsett M, Fitzgibbons PL, Hanna WM, Langer A, 
McShane LM, Paik S, Pegram MD, Perez EA, Press MF, Rhodes 
A, Sturgeon C, Taube SE, Tubbs R, Vance GH, van de Vijver M, 
Wheeler TM, Hayes DF, American Society of Clinical O, College 
of American P (2007) American Society of Clinical Oncology/
College of American Pathologists guideline recommendations 
for human epidermal growth factor receptor 2 testing in breast 
cancer. J Clin Oncol 25(1):118–145. https​://doi.org/10.1200/
jco.2006.09.2775

	28.	 Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane LM, 
Allison KH, Allred DC, Bartlett JM, Bilous M, Fitzgibbons P, 
Hanna W, Jenkins RB, Mangu PB, Paik S, Perez EA, Press MF, 
Spears PA, Vance GH, Viale G, Hayes DF, American Society 
of Clinical O, College of American P (2013) Recommendations 
for human epidermal growth factor receptor 2 testing in breast 
cancer: American Society of Clinical Oncology/College of Ameri-
can Pathologists clinical practice guideline update. J Clin Oncol 
31(31):3997–4013. https​://doi.org/10.1200/jco.2013.50.9984

	29.	 McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, 
Clark GM, Statistics Subcommittee of the NCIEWGoCD (2005) 
Reporting recommendations for tumor marker prognostic stud-
ies. J Clin Oncol 23(36):9067–9072. https​://doi.org/10.1200/
jco.2004.01.0454

	30.	 Dieci MV, Criscitiello C, Goubar A, Viale G, Conte P, Guarneri 
V, Ficarra G, Mathieu MC, Delaloge S, Curigliano G, Andre F 
(2014) Prognostic value of tumor-infiltrating lymphocytes on 
residual disease after primary chemotherapy for triple-negative 
breast cancer: a retrospective multicenter study. Ann Oncol 
25(3):611–618. https​://doi.org/10.1093/annon​c/mdt55​6

	31.	 Denkert C, Loibl S, Noske A, Roller M, Muller BM, Komor M, 
Budczies J, Darb-Esfahani S, Kronenwett R, Hanusch C, von 
Torne C, Weichert W, Engels K, Solbach C, Schrader I, Dietel 
M, von Minckwitz G (2010) Tumor-associated lymphocytes as 
an independent predictor of response to neoadjuvant chemo-
therapy in breast cancer. J Clin Oncol 28(1):105–113. https​://doi.
org/10.1200/JCO.2009.23.7370

	32.	 Pruneri G, Gray KP, Vingiani A, Viale G, Curigliano G, Crisci-
tiello C, Lang I, Ruhstaller T, Gianni L, Goldhirsch A, Kammler 
R, Price KN, Cancello G, Munzone E, Gelber RD, Regan MM, 
Colleoni M (2016) Tumor-infiltrating lymphocytes (TILs) are a 
powerful prognostic marker in patients with triple-negative breast 
cancer enrolled in the IBCSG phase III randomized clinical trial 
22-00. Breast Cancer Res Treat 158(2):323–331. https​://doi.
org/10.1007/s1054​9-016-3863-3

	33.	 Miyashita M, Sasano H, Tamaki K, Hirakawa H, Takahashi Y, 
Nakagawa S, Watanabe G, Tada H, Suzuki A, Ohuchi N, Ishida 
T (2015) Prognostic significance of tumor-infiltrating CD8+ and 
FOXP3+ lymphocytes in residual tumors and alterations in these 
parameters after neoadjuvant chemotherapy in triple-negative 
breast cancer: a retrospective multicenter study. Breast Cancer 
Res 17:124. https​://doi.org/10.1186/s1305​8-015-0632-x

	34.	 Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, 
Lagorce-Pages C, Tosolini M, Camus M, Berger A, Wind P, Zin-
zindohoue F, Bruneval P, Cugnenc PH, Trajanoski Z, Fridman 
WH, Pages F (2006) Type, density, and location of immune cells 
within human colorectal tumors predict clinical outcome. Science 
313(5795):1960–1964. https​://doi.org/10.1126/scien​ce.11291​39

	35.	 Zaretsky JM, Garcia-Diaz A, Shin DS, Escuin-Ordinas H, Hugo 
W, Hu-Lieskovan S, Torrejon DY, Abril-Rodriguez G, Sandoval 
S, Barthly L, Saco J, Homet Moreno B, Mezzadra R, Chmielowski 
B, Ruchalski K, Shintaku IP, Sanchez PJ, Puig-Saus C, Cherry 

G, Seja E, Kong X, Pang J, Berent-Maoz B, Comin-Anduix B, 
Graeber TG, Tumeh PC, Schumacher TN, Lo RS, Ribas A (2016) 
Mutations Associated with acquired resistance to PD-1 Block-
ade in Melanoma. N Engl J Med 375(9):819–829. https​://doi.
org/10.1056/NEJMo​a1604​958

	36.	 Konig L, Mairinger FD, Hoffmann O, Bittner AK, Schmid KW, 
Kimmig R, Kasimir-Bauer S, Bankfalvi A (2019) Dissimilar pat-
terns of tumor-infiltrating immune cells at the invasive tumor front 
and tumor center are associated with response to neoadjuvant 
chemotherapy in primary breast cancer. BMC Cancer 19(1):120. 
https​://doi.org/10.1186/s1288​5-019-5320-2

	37.	 Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, Kuroi K, 
Im SA, Park BW, Kim SB, Yanagita Y, Ohno S, Takao S, Aogi 
K, Iwata H, Jeong J, Kim A, Park KH, Sasano H, Ohashi Y, Toi 
M (2017) Adjuvant capecitabine for breast cancer after preopera-
tive chemotherapy. N Engl J Med 376(22):2147–2159. https​://doi.
org/10.1056/NEJMo​a1612​645

	38.	 Swisher SK, Wu Y, Castaneda CA, Lyons GR, Yang F, Tapia 
C, Wang X, Casavilca SA, Bassett R, Castillo M, Sahin A, Mit-
tendorf EA (2016) Interobserver agreement between patholo-
gists assessing tumor-infiltrating lymphocytes (TILs) in breast 
cancer using methodology proposed by the International TILs 
Working Group. Ann Surg Oncol 23(7):2242–2248. https​://doi.
org/10.1245/s1043​4-016-5173-8

	39.	 Mani NL, Schalper KA, Hatzis C, Saglam O, Tavassoli F, Butler 
M, Chagpar AB, Pusztai L, Rimm DL (2016) Quantitative assess-
ment of the spatial heterogeneity of tumor-infiltrating lympho-
cytes in breast cancer. Breast Cancer Res 18(1):78. https​://doi.
org/10.1186/s1305​8-016-0737-x

	40.	 Steele KE, Tan TH, Korn R, Dacosta K, Brown C, Kuziora M, 
Zimmermann J, Laffin B, Widmaier M, Rognoni L, Cardenes R, 
Schneider K, Boutrin A, Martin P, Zha J, Wiestler T (2018) Meas-
uring multiple parameters of CD8+ tumor-infiltrating lympho-
cytes in human cancers by image analysis. J Immunother Cancer 
6(1):20. https​://doi.org/10.1186/s4042​5-018-0326-x

	41.	 Klauschen F, Muller KR, Binder A, Bockmayr M, Hagele M, 
Seegerer P, Wienert S, Pruneri G, de Maria S, Badve S, Michiels 
S, Nielsen TO, Adams S, Savas P, Symmans F, Willis S, Gruosso 
T, Park M, Haibe-Kains B, Gallas B, Thompson AM, Cree I, Soti-
riou C, Solinas C, Preusser M, Hewitt SM, Rimm D, Viale G, Loi 
S, Loibl S, Salgado R, Denkert C (2018) Scoring of tumor-infil-
trating lymphocytes: From visual estimation to machine learning. 
Semin Cancer Biol 52(Pt 2):151–157. https​://doi.org/10.1016/j.
semca​ncer.2018.07.001

	42.	 Kato T, Park JH, Kiyotani K, Ikeda Y, Miyoshi Y, Nakamura 
Y (2017) Integrated analysis of somatic mutations and immune 
microenvironment of multiple regions in breast cancers. Onco-
target 8(37):62029–62038. https​://doi.org/10.18632​/oncot​arget​
.18790​

	43.	 Pardoll DM (2012) The blockade of immune checkpoints in can-
cer immunotherapy. Nat Rev Cancer 12(4):252–264. https​://doi.
org/10.1038/nrc32​39

	44.	 Postow MA, Callahan MK, Wolchok JD (2015) Immune check-
point blockade in cancer therapy. J Clin Oncol 33(17):1974–1982. 
https​://doi.org/10.1200/JCO.2014.59.4358

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1200/jco.2006.09.2775
https://doi.org/10.1200/jco.2006.09.2775
https://doi.org/10.1200/jco.2013.50.9984
https://doi.org/10.1200/jco.2004.01.0454
https://doi.org/10.1200/jco.2004.01.0454
https://doi.org/10.1093/annonc/mdt556
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1007/s10549-016-3863-3
https://doi.org/10.1007/s10549-016-3863-3
https://doi.org/10.1186/s13058-015-0632-x
https://doi.org/10.1126/science.1129139
https://doi.org/10.1056/NEJMoa1604958
https://doi.org/10.1056/NEJMoa1604958
https://doi.org/10.1186/s12885-019-5320-2
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1245/s10434-016-5173-8
https://doi.org/10.1245/s10434-016-5173-8
https://doi.org/10.1186/s13058-016-0737-x
https://doi.org/10.1186/s13058-016-0737-x
https://doi.org/10.1186/s40425-018-0326-x
https://doi.org/10.1016/j.semcancer.2018.07.001
https://doi.org/10.1016/j.semcancer.2018.07.001
https://doi.org/10.18632/oncotarget.18790
https://doi.org/10.18632/oncotarget.18790
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/nrc3239
https://doi.org/10.1200/JCO.2014.59.4358

	Diffuse distribution of tumor-infiltrating lymphocytes is a marker for better prognosis and chemotherapeutic effect in triple-negative breast cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients and samples
	Assessment of tumor-infiltrating lymphocytes (TILs)
	Outcome measures of prognosis and pathological complete response
	Statistical analysis

	Results
	Interobserver concordance and duration of TIL assessment
	Prognostic value of TILs in the adjuvant setting
	Association between pre-therapeutic TILs and pCR
	Combining two methods of TIL assessment in association with prognosis and pCR

	Discussion
	Conclusions
	Acknowledgements 
	References




