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Abstract

Purpose Stromal tumor-infiltrating lymphocytes (TILs) are independent prognostic factors in systemically untreated early-
stage triple-negative breast cancer (TNBC). Other immune biomarkers including CD8, CD20, programmed cell death-ligand
1 (PD-L1), and tertiary lymphoid structures (TLS) are also reported to be associated with prognosis. However, whether
combining other immune biomarkers with TILs would allow for further prognostic stratification is unknown.

Methods We retrospectively analyzed 125 patients with early-stage TNBC not receiving perioperative chemotherapy. Stromal
TILs and TLS were evaluated on hematoxylin—eosin slides. PD-L1 expression was evaluated using the SP142 assay. CD8
and CD20 were assessed by immunohistochemistry and counted by digital pathology.

Results Immune biomarker levels were positively correlated (p <0.001). Adding CD8 and PD-L1 to multivariable analysis
including clinicopathological factors (stage and histological grade) and TILs significantly improved the prognostic model
(likelihood ratio X2 =9.24, p=0.01). In Cox regression analysis, high CD8 was significantly associated with better prognosis
[hazard ratio (HR) 0.69, 95% confidence interval (CI) 0.48-0.98, p=0.04], and PD-L1 positivity was significantly associated
with worse prognosis (HR 4.33, 95%CI 1.57-11.99, p=0.005). Patients with high CD8/PD-L1 (-) tumors had the most
favorable prognosis [5 year invasive disease-free survival (iDFS), 100%], while patients with low CD8/PD-L1(+) tumors
had the worst prognosis (5 year iDFS, 33.3%).

Conclusion CDS8 and PD-L1 levels add prognostic information beyond TILs for early-stage TNBC not receiving periop-
erative chemotherapy. CD8—positive T cells and PD-L1 may be useful for prognostic stratification and in designing future
clinical trials of TNBC.
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Introduction

Triple-negative breast cancer (TNBC) accounts for
10-15% of breast cancer cases and is a subtype character-
ized by the lack of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor recep-
tor 2 (HER2) expression/amplification [1]. Since TNBC
is an aggressive disease and is associated with a worse
prognosis than other subtypes [2], nearly all patients with
early-stage TNBC are recommended to receive perio-
perative chemotherapy to prevent relapse [3]. Although
TNBC patients with small tumor size (< 1 cm) and nega-
tive lymph nodes have a relatively good prognosis accord-
ing to observational studies [4], a population that does not
require perioperative chemotherapy has not been identi-
fied. Identifying populations with particularly favora-
ble prognoses without perioperative chemotherapy may
lead to the selection of patients who can be omitted from
chemotherapy.

Tumor-infiltrating lymphocytes (TILs) are mononuclear
immune cells within tumor tissue [5]. TILs have been
reported to be favorable prognostic factors in many types
of cancer [6]. There have been previous reports that TILs
levels are associated with response to neoadjuvant chem-
otherapy in early-stage TNBC [7-9]. Moreover, stromal
TILs are strong prognostic factors in early-stage TNBC
with or without perioperative chemotherapy and provide
additional prognostic information beyond TNM staging
[9-12]. Although the importance of TILs as prognostic
biomarkers have been included in several international
guidelines for early-stage disease [3, 13], a more detailed
characterization of the tumor immune microenvironment
may be useful for further prognostic stratification.

CD8* and CD20" lymphocytes are the major components
of TILs, and both are associated with a favorable prognosis
in early-stage TNBC [14, 15]. The programmed cell-death
ligand 1 (PD-L1) and programmed cell death receptor 1
(PD-1) axis are key immune evasion mechanisms. However,
the prognostic value of PD-L1 expression in TNBC is still
unclear [16]. PD-L1 expression in immune cells was cor-
related with high-risk clinicopathological features in early
TNBC [17]. The tertiary lymphoid structure (TLS) resem-
bles a secondary lymphoid organ, and its functions include
the production of antigen-specific T cells and memory B
cells [5, 18]. TLS has also been reported as a favorable prog-
nostic factor in many cancer types, including TNBC [6, 19].
Therefore, the evaluation of CD8, CD20, PD-L1, and TLS in
combination with TILs may provide further understanding of
host tumor immunity and prognostic information. However,
few studies have comprehensively evaluated these immune
biomarkers in early-stage TNBC, and data on patients not
treated with perioperative chemotherapy are limited.
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In this study, we aimed to evaluate the prognostic sig-
nificance of CD8, CD20, PD-L1, and TLS in combination
with TILs in patients with TNBC not receiving adjuvant
chemotherapy.

Material and methods
Study population

We identified patients with TNBC who underwent curative
surgery and did not receive neoadjuvant or adjuvant chem-
otherapy at the National Cancer Center Hospital (Tokyo,
Japan) between January 2001 and December 2015. We rec-
ommended perioperative chemotherapy for nearly all the
patients with TNBC except for those with small tumor size
(<1 cm). We included patients who had not received chemo-
therapy for any reason (including advanced age, comorbidi-
ties, and patient preference), even those that were recom-
mended to receive chemotherapy. We excluded patients with
unavailable or insufficient tumor tissue. TNBC was defined
as ER, PR, and HER2 negativity. ER and PR negativity was
defined as < 10% immunohistochemical (IHC) stained tumor
cells. HER2 negativity was defined as IHC 0/1 or 2 +and
fluorescence in situ hybridization (FISH) was not amplified.

Histopathological evaluation

Whole tumor sections of the surgical specimens were evalu-
ated. TILs and TLS were assessed on hematoxylin and eosin
(H&E) stained slides by two investigators (M.Y. and S.Y.).
Stromal TILs were evaluated according to the International
Immuno—Oncology Biomarker Working Group guidelines
[20]. TILs were scored using semicontinuous (10% incre-
ments) methods and grouped into two categories: low
(<30%) and high (>30%) based on previous reports [10].
TLS was defined as the presence of immune cell aggregates
localized in the peritumoral stromal area. We categorized
the amount of TLS according to previous reports as fol-
lows: 0 =none, no TLS formation in the area adjacent to
the tumor; 1 =little, TLSs occupying an area of 1-10% of
the circumference of the tumor; 2 =moderate, 11-50%;
3 =abundant, > 50% [19]. For survival analysis, we divided
TLS into high (score >2) and low (score < 1).

IHC evaluation

IHC staining was performed using the following primary
antibodies: PD-L1 (clone: SP142, Roche Diagnostics, Pleas-
anton, CA, United States of America K.K., Tokyo, Japan),
CDS (clone:4B11, Leica, Wetzlar, Germany Biosystems,
Newcastle, UK), and CD20 (clone: L26, DAKO, Glostrup,
Denmark). PD-L1 positivity was defined according to the
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manufacturer’s recommendations. The results are reported
as the percent of PD-L1-stained tumor-infiltrating immune
cells in the tumor stroma. A tumor was considered PD-L1
positive if > 1% of tumor-infiltrating immune cells stained
positive for PD-L1 (IC 1). PD-L1 positive in>5% and < 10%
of tumor-infiltrating immune cells was reported as IC 2, and
PD-L1 positive in > 10% of tumor-infiltrating immune cells
was reported as IC 3. The numbers of CD8" and CD20"
lymphocytes were calculated as the number of positive cells/
mm?2 in the stroma. The stained slides were scanned using a
NanoZoomer Digital Pathology System (Hamamatsu Pho-
tonics, Hamamatsu, Japan). Each specimen was reviewed at
20 x magnification, and the five areas with the greatest num-
ber of positively stained cells in the stroma were selected.
Subsequently, the number of positive cells in these areas was
counted using QuPath v0.2.3 (Queen’s University, Belfast,
Northern Ireland) [21]. Tumors in the top 25% of positive
cell counts were categorized as high, while the rest were
considered low for survival analysis.

Statistical analysis

Continuous variables reported as medians and means were
compared using non—parametric and parametric tests,
respectively. Categorical variables were compared using
the chi-squared test. Spearman’s rank test was used to ana-
lyze the correlation between TILs, TLS, PD-L1 IC score,
and CD8" and CD20" cells. Invasive disease-free survival
(iDFS) was defined as the time from surgery to the first inva-
sive relapse (locoregional or distant), contralateral breast
cancer, or death due to any cause. The Kaplan—-Meier method
was used to estimate iDFS, and the log-rank test was used to
compare survival between groups. Cox regression models
were used to identify the prognostic value of the immune
biomarkers. Clinicopathological variables associated with
iDFS (p <0.05) in univariable analysis were entered into
a multivariable model. We evaluated the added prognostic
value of immune biomarkers to the clinicopathological fac-
tors using likelihood ratio tests. All tests were two-tailed and
the significance level was set at @=0.05. Statistical analy-
ses were performed using STATA (version; 15.1; StataCorp,
College Station, TX, USA), GraphPad Prism ver.8.0 (Graph-
Pad Software, San Diego, California, USA), and R software
version 4.1.2 (R Core Team, Vienna, Austria).

Results
Patient characteristics
A total of 137 patients underwent curative surgery and

did not receive chemotherapy during the study period.
After excluding 12 patients for whom tumor samples were

unavailable or insufficient, 125 patients were included in this
analysis. Patient characteristics and their association with
immune biomarkers are shown in Table 1. The median age
was 68 years (range, 32-99 years). There were 124 (99.2%)
patients with T1-2, 106 patients (84.8%) were node-nega-
tive, and 78 patients (62.4%) were pathological stage I. Sev-
enty patients (56%) had histological grade 3. Histologically,
76 patients (60.8%) had invasive ductal carcinoma and 31
patients (24.8%) had apocrine carcinoma. For treatment, 67
patients (53.6%) underwent lumpectomy, and 50 patients
(40%) were treated with radiotherapy.

The median levels [interquartile range (IQR)] of stro-
mal TILs, CD8, and CD20 were 10% (0-30%), 1082
(295-3010.5), and 354 (45.5-1923), respectively. Thirty
five patients (28%) were classified as high TILs (>30%).
PD-L1 in the immune cells was positive (>1%) in 36
patients (28.8%). Sixty three patients (50.4%) presented
with TLS (> 1% of the circumference of the tumor), and 57
(45.6%) had high TLS (>11% of the circumference of the
tumor). Increased TILs, PD-L1 positivity, CD8, CD20, and
high TLS were associated with higher histological grade.
Increased TILs, PD-L1 positivity, CD8, and high TLS
were associated with ductal histology. A total of 29 iDFS
events were observed. The median follow—up period was
77.4 months (95%CI 6.4-145.5).

Correlation between immune biomarkers

TILs, CD8, CD20, PD-L1, and TLS were significantly
positively correlated with each other (Fig. la). TILs
were strongly correlated with CD8 (r=0.85, p<0.001),
CD20 (r=0.69, p<0.001), and PD-L1 IC score (r=0.68,
p<0001). TLS were moderately associated with TILs
(r=0.53, p<0.001), PD-L1 (r=0.45, p<0.001), CDS8
(r=0.48, p<0.001), and CD20 (r=0.46, p<0.001). Rep-
resentative pictures of PD-L1, CD8, and CD20 staining in
tumors with low or high TILs are shown in Fig. 1b. Supple-
mentary Fig. 1 shows representative images of cases with
absent and abundant TLS.

Association of immune biomarkers and survival
in TNBC

In univariable analysis, each 10% increment in TILs and
high TILs (>30%) was not significantly associated with
better iDFS [hazard ratio (HR) 0.99, 95% confidence
interval (CI) 0.97-1.01, p=0.28 for 10% increment; HR
0.54, 95%CI 0.20-1.41, p=0.21 for TILs > 30%]. High
CD8 (top 25%), high CD20 (top 25%), PD-L1 positiv-
ity, and high TLS were also not associated with iDFS
(HR 0.83, 95%CI 0.63-1.08, p =0.16 for high CD8; HR
0.91, 95%CI1 0.71-1.16, p =0.44 for high CD20; HR 1.65,
95%CI 0.76-3.5, p=0.2 for PD-L1; HR 1.17, 95%CI
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Fig. 1 Correlation between immune biomarkers and representa-
tive images of pathology slides. a Spearman’s correlation coefficient
between immune biomarkers. p-value was <0.001 for all correlations.
b Representative images of pathology slides show tumors with low or

0.50-2.76, p=0.72 for TLS). Stage and histological
grade were significantly associated with iDFS and were
included in the multivariable model as clinicopathologi-
cal variables (Supplementary Table 1). In multivariable
analysis adjusted for clinicopathological factors, only high
CD8 was significantly associated with better iDFS (HR
0.74, 95%CI 0.56-0.97, p=0.03). Increased TILs showed
a trend toward a significant association with better iDFS
(HR 0.98, 95%CI1 0.95-1.00, p =0.07 for 10% increment;
HR 0.38, 95%CI1 0.14-1.02, p =0.05 for TILs > 30%). High

high TILs with the corresponding PD-L1, CD8, CD20 staining, and
TLS. Abbreviations: TILs, tumor-infiltrating lymphocytes; PD-LI,
programmed cell death-ligand 1; TLS, tertiary lymphoid structure

CD20, PD-L1 positivity, and TLS were not associated with
iDFS (Supplementary Table 2).

We then evaluated the prognostic impact of each immune
biomarker, in addition to clinicopathological factors. TILs,
PD-L1, TLS, and CD20 did not provide significant addi-
tional prognostic information when combined with clinico-
pathological factors. Only CDS8 conferred significant prog-
nostic information when combined with clinicopathological
factors (likelihood test, X2 =6.28, p=0.04) (Table 2). Given
that TILs are established prognostic factors for early-stage
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Table 2 Additional prognostic

! . : Likelihood ratio test Chi— p-value

valuf? of immune blornark.ers in squared value

multivariable Cox regression

models CP+TILs (>30%) vs. CP 4.33 0.11
CP+PD-L1 vs. CP 0.22 0.90
CP+TLS vs. CP 0.55 0.76
CP+CD8 vs. CP 6.28 0.04
CP+CD20 vs. CP 293 0.23
CP+TILs (>30%)+PD-L1 vs. CP+TILs (>30%) 4.57 0.10
CP+TILs (>30%)+TLS vs. CP+TILs (>30%) 0.13 0.93
CP+TILs (>30%)+CD8 vs. CP+TILs (=30%) 2.07 0.36
CP+TILs (>30%)+CD20 vs. CP+TILs (>30%) 0.77 0.68
CP+TILs (>30%)+PD-L1+CD8 vs. CP+TILs (>30%) 9.24 0.01

CP clinicopathological factors (stage, histological grade); T/Ls tumor-infiltrating lymphocytes; PD-LI pro-
grammed cell death-ligand 1; TLS tertiary lymphoid structure

Table 3 Multivariable Cox regression model for iDFS

Multivariable

HR 95% CI p-value
TILs (>30% vs. <30%) 0.42 0.11-1.70° 0.23
CDS8 (high vs. low) 0.69 0.48-0.98 0.04
PD-L1 (positive vs. negative) 4.33 1.57-11.99 0.005
Stage (II, I vs. I) 1.74 0.77-3.93 0.18
Histologic grade (3 vs. 1-2) 2.09 0.82-5.35 0.12

iDFS invasive disease-free survival; TILs tumor-infiltrating lympho-
cytes; PD-L1 programmed cell death-ligand 1; TLS tertiary lymphoid
structure; HR hazard ratio; CI confidence interval

TNBC, we evaluated the improvement in model fit when
other immune biomarkers were added to the clinicopatholog-
ical factors and TILs. Adding PD-L1, TLS, CD8, or CD20
did not significantly improve the model fit. However, adding
both PD-L1 and CDS significantly improved the prognos-
tic model (likelihood test X2=9.24, p=0.01) (Table 2). In
a Cox regression model including TILs, CD8, PD-L1, and
clinicopathological factors, high CD8 was significantly asso-
ciated with better prognosis (HR 0.69, 95%CI 0.48-0.98,
p=0.04), and PD-L1 positivity was significantly associ-
ated with worse prognosis (HR 4.33, 95%CI 1.57-11.99,
p=0.005) (Table 3).

Survival probabilities by CD8* TILs and PD-L1
expression

The 5 year iDFS was 80.7% (95%CI 71.9-87.0) in the total

population. The 5 year iDFS was 85.6% (95%Cl, 66-94.3) in
the high TIL group compared to 79.0% (95% CI 68.3-86.5)

@ Springer

in the low TIL group (log-rank p=0.2). The survival curves
for iDFS according to other immune biomarkers are shown
in Supplementary Fig. 2. We then compared iDFS in four
immune subtypes according to CD8 (high vs. low) and
PD-L1 expression (positive vs. negative). Patients with high
CD8/PD-L1(—) tumors had the most favorable prognosis
(5 year iDFS 100%), while patients with low CD8/PD-L1(+)
tumors had the worst prognosis (5 year iDFS 33.3%, 95%ClI
7.8-62.3). Patients with high CD8/PD-L1(+) tumors and low
CD8/PD-L1(—) tumors had intermediate prognosis (5 year
iDFS 84.5%, 95%CI 59.1-94.8; 5 year iDFS 83.9%, 95%ClI
73.2-90.5, respectively; log-rank p <0.001) (Fig. 2).

Difference in CD20 and TLS levels between four
immune subtypes based on CD8 and PD-L1

We explored the association of CD20 and TLS status with four
immune subtypes. CD20 was significantly lower in patients
with low CD8/PD-L1(—) tumors than in other subtypes
[median (IQR) CD20 for low CD8/ PD-L1(-) vs. low CD8/
PD-L1(+) vs. high CD8/PD-L1(—) vs. high CD8/PD-L1(+);
99.5 (17.5-433) vs. 1674 (512-1959) vs. 2003 (910-4276) vs.
4230 (2503-5983), p<0.001) (Fig. 3a]. After excluding low
CD8/PD-L1(-) tumors, low CD8/PD-L1(+) tumors had lower
CD20" lymphocyte counts than high CD8/PD-L1(+) tumors
[p<0.001, Dunn test p <0.001 between low CD8/PD-L1(+)
vs. high CD8/PD-L1(+)]. However, CD20+ lymphocytes did
not differ significantly between low CD8/PD-L1(+) and high
CDS8/PD-L1(-) tumors (p=0.99). The proportion of high
TLS differed between immune subtypes: 7.3%, 45.5%, 33.3%,
and 56.0% in low CD8/PD-L1(-), low CD8/PD-L1(+), high
CD8/PD-L1(-) and high CD8/PD-L1(+) groups, respectively
(p<0.001) (Fig. 3b).
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Fig.2 Kaplan—Meier curves g |
for iDFS by CD8 and PD-L1 -
expression. iDFS in patients
with high CD8/PD-L1(-)
(red) vs. low CD8/PD-L1(-) 2
(blue) vs. low CD8/PD-L1(+) =
(green) vs. high CD8/PD-L1(+)
(purple). Abbreviations: PD-L1, o
programmed cell death-ligand sy
1; iDFS, invasive disease-free
survival
w
s CD8-high/PD-L1(-) ST
e CD8-high/PD-L1(+)
CD8-low/PD-L1(-) o log-rank p<0.001
s CD8-low/PD-L1(+) g 1 | ' . l . | . |
0 24 48 72 96 120 144 168 192
Time (month)
Number at risk
CD8-high/PD-L1(-) 6 6 6 4 3 2 0 0 0
CD8-high/PD-L1(+) 25 19 16 14 10 6 3 1 1
CD8-low/PD-L1(-) 82 68 58 45 29 15 5 2 0
CD8-low/PD-L1(+) 11 7 3 2 2 1 0 0 0
Discussion to TILs provide prognostic information for TNBC treated

In this study, we evaluated the prognostic value of CD8* and
CD20* lymphocytes, PD-L1, and TLS in addition to TILs in
patients with TNBC not treated with adjuvant chemotherapy.
The combination of CD8 and PD-L1 significantly improved
the prognostic model using standard clinicopathological fac-
tors and TILs. Four immune subtypes, based on CD8 and
PD-L1 can stratify iDFS. Although previous studies have
assessed the relationship between these immune biomark-
ers and prognosis for early-stage TNBC [14, 15, 19, 22],
few have assessed their prognostic value in TNBC without
adjuvant chemotherapy.

Three retrospective studies showed that increased TILs
were significantly associated with favorable outcomes in
TNBC patients who did not receive chemotherapy [10, 23,
24]. Our study showed a trend toward a significant asso-
ciation between increased TILs and better iDFS, but this
was not significantly different. This result was attributed to
the small sample size of the study. A previous study also
required a pooled analysis of 479 patients from four inde-
pendent cohorts to clarify the significant association between
TILs and iDFS [10]. In contrast, high CD8 levels were sig-
nificantly associated with favorable outcomes, in agreement
with previous findings [14, 25-27]. TILs in breast tumors
comprise immune cell subpopulations, including T cells, B
cells, macrophages, and natural killer cells [5]. CD8* lym-
phocytes are major components of tumor-specific adaptive
immune responses and may reflect antitumor immunity more
specifically than the global evaluation of TILs.

Adding both CD8 and PD-L1 to clinicopathological
factors and TILs significantly improved the prognostic
model. Previous studies also showed that combined PD-L1

with standard chemotherapy [14, 22]. In our model, PD-L1
expression in the immune cells was associated with poor
iDFS. Although a meta-analysis of eight retrospective stud-
ies showed that PD-L1 expression in the immune cells was
associated with better iDFS in TNBC [28], it is difficult to
compare because of the different antibodies used, positive
cutoff values, and materials. Carter et al.[17] evaluated the
association between PD-L1 expression in whole tumor sec-
tions using SP142 antibody, as we did in this study, and the
prognosis of 498 cases of non—metastatic TNBC. They also
showed PD-L1 expression was associated with improved
iDFS [17]. The following two reasons may explain the
disagreement between our findings and those of previous
studies: First, PD-L1 was correlated with TILs, which is
known as a strong prognostic factor, which may be associ-
ated with a better prognosis. Previous studies showed that
PD-L1 expression moderately correlates with TILs in TNBC
(r=0.45-0.59) [8, 27, 29, 30]. We also confirmed a posi-
tive correlation between PD-L1 and TILs (r=0.68). Sec-
ond, PD-L1 expression is a predictive marker of response
to standard chemotherapy. In clinical trials that incorpo-
rated anti-PD-L1 antibody to neoadjuvant chemotherapy
for TNBC (KEYNOTE-522, IMpassion031, and NeoTRI-
PaPDL1), the absolute pathological complete response was
15-20% higher in PD-L1 positive tumors than PD-L1 nega-
tive tumors in the standard chemotherapy arm [31-33]. The
higher efficacy of perioperative chemotherapy may be asso-
ciated with the better prognosis of PD-L1 positive tumors
in previous studies.

Four immune subtypes based on CD8 and PD-L1 expres-
sion can significantly stratify the prognosis. The high CD8/
PD-L1(—) group had the most favorable prognosis and
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Fig.3 CD20 positive cells and TLS between four immune subtypes
based on CD8 and PD-L1. Violin plots of CD 20 positive cells (a) in
patients with low CD8/PD-L1(—) (blue), high CD8/PD-L1(-) (red),
low CD8/PD-L1(+) (green), and high CD8/PD-L1(+) (purple). The
bars represent the first, median, and third quartile values. *p <0.05,
*#%%p <0.0001. b Association between TLS amount and immune
subtypes. Abbreviations: PD-LI, programmed cell death-ligand 1;
TLS, tertiary lymphoid structure

the low CD8/PD-L1(+) group had the worst prognosis.
International guidelines strongly recommend periopera-
tive chemotherapy for early-stage TNBC >T1c or positive
lymph nodes [3, 34]. While de-escalation of perioperative
chemotherapy for patients at low clinical or genomic risk
is now possible for ER-positive and HER2-positive breast
cancer [35-37], this approach has not been possible for
TNBC. Early-stage TNBC with high CD8/PD-L1(—), which
accounts for 4.8% of cases, has excellent prognosis without
chemotherapy. The evaluation of PD-L1 and CD8, in addi-
tion to TILs, may more accurately identify populations for
whom chemotherapy can be safely omitted. In systemically
untreated early-stage TNBC, the 5 year iDFS in the high
TIL group was approximately 80% [10, 23, 24], which is
insufficient to consider omitting adjuvant chemotherapy.
Our findings showed that patients with PD-L1(+) tumors
had a worse prognosis than those with PD-L1(—) even at

@ Springer

high-CDS8 levels. It may not be appropriate to consider
omitting chemotherapy based on high TILs alone. PD-L1
expression on immune cells is upregulated by inflamma-
tory cytokines, particularly interferon vy, released by TILs
[38, 39]. This adaptive immune resistance suppresses local
TILs function and may be associated with poor prognosis.
Patients with low CD8/PD-L1(+) status may be more likely
to relapse, even at low clinical risk. Standard chemotherapy
and PD-1/PD-L1 inhibition may not be sufficient in patients
with low CD8/PD-L1(+) tumors. These patients may have
a defect in earlier steps in the cancer immunity cycle, and
combinational immunotherapy including anti-OX40, anti-
CTLAA4, or anti-angiogenic with PD-1/L1 inhibition may
be required to promote tumor immune cell infiltration and
improve prognosis [40, 41]. In the future, perioperative treat-
ment should be stratified according to the individuals tumor
immune microenvironment. Furthermore, it is desirable to
examine whether adjuvant chemotherapy can be omitted in
clinically low-risk and high CD8/PD-L1(—) TNBC, in pro-
spective trials.

CD20* lymphocytes and TLS were not significantly asso-
ciated with better prognosis, either themselves or in combi-
nation with TILs. Although CD20% lymphocytes and TLS
have been associated with a better prognosis in TNBC [15,
19, 42, 43], they may not be prognostic factors in TNBCs
not receiving chemotherapy. Alternatively, the evaluation
method of the TLS could have affected the discrepancy in
the results. We identified TLS with H&E staining alone;
however, it may be less accurate in detecting TLS than IHC
staining for CD3, CD45, and MECA79 [19, 44, 45].

We also demonstrated that the tumor immune micro-
environment differed by histological type. Patients with
apocrine carcinoma, a rare type of primary breast cancer,
had lower TILs, CD8 levels, and PD-L1 expression than
those with ductal carcinoma. Sun et al. [46] showed that the
median TILs and PD-L1 expressions were 20% and 11.7%
in 18 triple-negative apocrine carcinoma cases, respectively.
Moreover, the loss of MHC class I expression was observed
in 78% of triple-negative apocrine carcinoma cases [47].
Approximately 90% of apocrine carcinomas involve genetic
abnormalities in the PI3K/mTOR pathway, and this may
suppress T-cell infiltration [46, 48].

Our study has some limitations. This was a retrospective
study conducted at a single institution with a small sample
size. Patients with early-stage TNBC who are not treated
with chemotherapy are rare, and our study was one of the
largest studies from a single institution. There was potential
selection bias because the reasons for omitting chemother-
apy varied for each patient. The high proportion of older
patients and special histological types in our study popu-
lation may not be extrapolated to the general population.
However, the 85% 5 year iDFS in the high TIL group of our
cohort was comparable to that of previous studies [10, 23,
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241, supporting the acceptability of our results. Further vali-
dation in a larger cohort is required to confirm our findings.
The strengths of our study are that it evaluated the prognos-
tic value of multiple immune biomarkers concurrently with
TILs, and that its prognostic value was not influenced by
chemotherapy.

In conclusion, CD8 and PD-L1 expression in immune
cells, but not CD20 and TLS, provides significant prognos-
tic value beyond TILs in patients with early-stage TNBC
not treated with chemotherapy. Patients with high CD8/
PD-L1(—) tumors are associated with excellent progno-
sis, while low CD8/PD-L1(+) tumors are associated with
poor prognosis. Further research is warranted to optimize
perioperative treatments based on the individual tumor
microenvironment.
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Acknowledgements We thank Shoichi Harada, Sachiko Miura,
Toshiko Sakaguchi, and Chizu Kina for their technical assistance. We
would like to thank Editage (www.editage.com) for the English lan-
guage editing.

Author contributions SY, TS, and MY were responsible for the con-
ceptualization, methodology, and study design. SY, HSO, TM, and SS
collected clinicopathological information from the medical records.
SY analyzed data. SY, TS, and MY drafted the manuscript. HSO, MA,
AS, SK, KY, YK, TN, MT, KS, EN, TM, SS, ST, YO, YF, and KY
critically interpreted data. All authors have reviewed and approved the
final manuscript.

Funding This study was supported by the Jikei University Research
Fund for Graduate Students.

Data availability The data analyzed in this study are available from the
corresponding author upon reasonable request.

Declarations

Competing interests Tadaaki Nishikawa reports personal fees from
Takeda Pharmaceutical Company, EISAI, and AstraZeneca, outside
the submitted work. Emi Noguchi reports personal fees from Pfizer,
Taiho, Eli Lilly, AstraZeneca, Chugai, and EISAI, outside the submit-
ted work. Yuichiro Ohe reports grants and personal fees from Astra-
Zeneca, Amgen, Bristol-Myers Squibb, Chugai, Eli Lilly, Janssen,
Kyorin, Nippon Kayaku, Novartis, Ono Pharmaceutical Company,
MSD, Pfizer, Taiho, and Takeda Pharmaceutical Company, personal
fees from Boehringer Ingelheim and Celtrion, and grants from Kissei,
outside the submitted work. Yasuhiro Fujiwara reports personal fees
from AstraZeneca, Chugai, Daiichi Sankyo, Bristol-Myers, SRL, and
Santen, outside the submitted work. Kan Yonemori reports personal
fees from Pfizer, AstraZeneca, EISAI, Takeda Pharmaceutical Com-
pany, Chugai, Ono Pharmaceutical Company, Novartis, and Daiichi
Sankyo, outside the submitted work. All remaining authors declare no
potential conflicts of interest.

Ethical approval This study was approved by the institutional review
board of the National Cancer Center (Tokyo, Japan) (No.214-092).

Consent to participate The need for informed consent was waived
because of the retrospective nature of the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Parise CA, Bauer KR, Brown MM, Caggiano V (2009) Breast
cancer subtypes as defined by the estrogen receptor (ER), pro-
gesterone receptor (PR), and the human epidermal growth factor
receptor 2 (HER2) among women with invasive breast cancer in
California, 1999-2004. Breast J 15:593-602. https://doi.org/10.
1111/j.1524-4741.2009.00822.x

2. Malorni L, Shetty PB, De Angelis C, Hilsenbeck S, Rimawi MF,
Elledge R, Osborne CK, De Placido S, Arpino G (2012) Clinical
and biologic features of triple-negative breast cancers in a large
cohort of patients with long-term follow-up. Breast Cancer Res
Treat 136:795-804. https://doi.org/10.1007/s10549-012-2315-y

3. Burstein HJ, Curigliano G, Thiirlimann B et al (2021) Custom-
izing local and systemic therapies for women with early breast
cancer: the St. Gallen International Consensus Guidelines for
treatment of early breast cancer 2021. Ann Oncol 32:1216-1235.
https://doi.org/10.1016/j.annonc.2021.06.023

4. Carey LA (2009) De-escalating and escalating systemic therapy
in triple negative breast cancer. Breast 34(Suppl 1):S112-S115.
https://doi.org/10.1016/j.breast.2017.06.041

5. Savas P, Salgado R, Denkert C, Sotiriou C, Darcy PK, Smyth MJ,
Loi S (2016) Clinical relevance of host immunity in breast cancer:
from TILs to the clinic. Nat Rev Clin Oncol 13:228-241. https://
doi.org/10.1038/nrclinonc.2015.215

6. Bruni D, Angell HK, Galon J (2020) The immune contexture
and immunoscore in cancer prognosis and therapeutic effi-
cacy. Nat Rev Cancer 20:662-680. https://doi.org/10.1038/
s41568-020-0285-7

7. Ono M, Tsuda H, Shimizu C et al (2012) Tumor-infiltrating lym-
phocytes are correlated with response to neoadjuvant chemo-
therapy in triple-negative breast cancer. Breast Cancer Res Treat
132:793-805. https://doi.org/10.1007/s10549-011-1554-7

8. Kitano A, Ono M, Yoshida M et al (2017) Tumour-infiltrating
lymphocytes are correlated with higher expression levels of PD-1
and PD-L1 in early breast cancer. ESMO Open 2:¢000150. https://
doi.org/10.1136/esmoopen-2016-000150

9. Denkert C, von Minckwitz G, Darb-Esfahani S et al (2018)
Tumour-infiltrating lymphocytes and prognosis in different sub-
types of breast cancer: a pooled analysis of 3771 patients treated
with neoadjuvant therapy. Lancet Oncol 19:40-50. https://doi.org/
10.1016/s1470-2045(17)30904-x

10. Park JH, Jonas SF, Bataillon G et al (2019) Prognostic value of
tumor-infiltrating lymphocytes in patients with early-stage triple-
negative breast cancers (TNBC) who did not receive adjuvant
chemotherapy. Ann Oncol 30:1941-1949. https://doi.org/10.1093/
annonc/mdz395

11. Loi S, Drubay D, Adams S et al (2019) Tumor-infiltrating lympho-
cytes and prognosis: a pooled individual patient analysis of early-
stage triple-negative breast cancers. J Clin Oncol 37:559-569.
https://doi.org/10.1200/jc0.18.01010

@ Springer


https://doi.org/10.1007/s10549-022-06787-x
http://www.editage.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1524-4741.2009.00822.x
https://doi.org/10.1111/j.1524-4741.2009.00822.x
https://doi.org/10.1007/s10549-012-2315-y
https://doi.org/10.1016/j.annonc.2021.06.023
https://doi.org/10.1016/j.breast.2017.06.041
https://doi.org/10.1038/nrclinonc.2015.215
https://doi.org/10.1038/nrclinonc.2015.215
https://doi.org/10.1038/s41568-020-0285-7
https://doi.org/10.1038/s41568-020-0285-7
https://doi.org/10.1007/s10549-011-1554-7
https://doi.org/10.1136/esmoopen-2016-000150
https://doi.org/10.1136/esmoopen-2016-000150
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/mdz395
https://doi.org/10.1093/annonc/mdz395
https://doi.org/10.1200/jco.18.01010

296

Breast Cancer Research and Treatment (2023) 197:287-297

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Loi S, Salgado R, Adams S et al (2022) Tumor infiltrating lym-
phocyte stratification of prognostic staging of early-stage triple
negative breast cancer. Npj Breast Cancer. https://doi.org/10.1038/
s41523-021-00362-1

Cardoso F, Kyriakides S, Ohno S et al (2019) Early breast cancer:
ESMO clinical practice guidelines for diagnosis, treatment and
follow-up?. Ann Oncol 30:1194-1220. https://doi.org/10.1093/
annonc/mdz173

Dieci MV, Tsvetkova V, Griguolo G et al (2020) Integration of
tumour infiltrating lymphocytes, programmed cell-death ligand-1,
CDS8 and FOXP3 in prognostic models for triple-negative breast
cancer: analysis of 244 stage I-III patients treated with standard
therapy. Eur J Cancer 136:7-15. https://doi.org/10.1016/j.ejca.
2020.05.014

Kuroda H, Jamiyan T, Yamaguchi R et al (2021) Tumor-infil-
trating B cells and T cells correlate with postoperative prognosis
in triple-negative carcinoma of the breast. BMC Cancer 21:286.
https://doi.org/10.1186/s12885-021-08009-x

Savas P, Salgado R, Loi S (2021) Seeing the forest and the tree:
TILs and PD-L1 as immune biomarkers. Breast Cancer Res Treat
189:599-606. https://doi.org/10.1007/s10549-021-06287-4
Carter JM, Polley MC, Sinnwell JP et al (2020) Abstract PD1-08:
frequency, characteristics and prognostic factors of PD-L1+ triple
negative breast cancer using the PD-L1 SP142 companion assay.
Cancer Res. https://doi.org/10.1158/1538-7445.sabcs19-pd1-08
Colbeck EJ, Ager A, Gallimore A, Jones GW (2017) Tertiary lym-
phoid structures in cancer: drivers of antitumor immunity, immu-
nosuppression, or bystander sentinels in disease? Front Immunol
8:1830. https://doi.org/10.3389/fimmu.2017.01830

Lee HJ, Park IA, Song IH et al (2016) Tertiary lymphoid struc-
tures: prognostic significance and relationship with tumour-infil-
trating lymphocytes in triple-negative breast cancer. J Clin Pathol
69:422-430. https://doi.org/10.1136/jclinpath-2015-203089
Salgado R, Denkert C, Demaria S et al (2015) The evaluation of
tumor-infiltrating lymphocytes (TILs) in breast cancer: recom-
mendations by an International TILs Working Group 2014. Ann
Oncol 26:259-271. https://doi.org/10.1093/annonc/mdu450
Bankhead P, Loughrey MB, Fernandez JA et al (2017) QuPath:
open source software for digital pathology image analysis. Sci Rep
7:16878. https://doi.org/10.1038/s41598-017-17204-5

Mori H, Kubo M, Yamaguchi R et al (2017) The combination of
PD-L1 expression and decreased tumor-infiltrating lymphocytes is
associated with a poor prognosis in triple-negative breast cancer.
Oncotarget 8:15584—15592. https://doi.org/10.18632/oncotarget.
14698

De Jong VMT, Wang Y, Opdam M et al (2020) 1590 prognostic
value of tumour infiltrating lymphocytes in young triple nega-
tive breast cancer patients who did not receive adjuvant systemic
treatment; by the PARADIGM study group. Ann Oncol 31:S303.
https://doi.org/10.1016/j.annonc.2020.08.281

Leon-Ferre RA, Polley MY, Liu H et al (2018) Impact of histopa-
thology, tumor-infiltrating lymphocytes, and adjuvant chemother-
apy on prognosis of triple-negative breast cancer. Breast Cancer
Res Treat 167:89-99. https://doi.org/10.1007/s10549-017-4499-7
Mahmoud SM, Paish EC, Powe DG et al (2011) Tumor-infiltrating
CD8+ lymphocytes predict clinical outcome in breast cancer. J
Clin Oncol 29:1949-1955. https://doi.org/10.1200/jc0.2010.30.
5037

Ali HR, Provenzano E, Dawson SJ et al (2014) Association
between CD8+ T-cell infiltration and breast cancer survival in
12,439 patients. Ann Oncol 25:1536-1543

Bottai G, Raschioni C, Losurdo A et al (2016) An immune strati-
fication reveals a subset of PD-1/LAG-3 double-positive triple-
negative breast cancers. Breast Cancer Res 18:121. https://doi.org/
10.1186/s13058-016-0783-4

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Matikas A, Zerdes I, Lovrot J et al (2019) Prognostic implica-
tions of PD-L1 expression in breast cancer: systematic review
and meta-analysis of immunohistochemistry and pooled analysis
of transcriptomic data. Clin Cancer Res 25:5717-5726. https://
doi.org/10.1158/1078-0432.ccr-19-1131

Loi S, Adams S, Schmid P et al (2017) Relationship between
tumor infiltrating lymphocyte (TIL) levels and response to pem-
brolizumab (pembro) in metastatic triple-negative breast cancer
(mTNBC): results from KEYNOTE-086. Ann Oncol 28:v608.
https://doi.org/10.1093/annonc/mdx440.005

Emens LA, Molinero L, Loi S et al (2021) Atezolizumab and
nab-paclitaxel in advanced triple-negative breast cancer: bio-
marker evaluation of the IMpassion130 study. J Natl Cancer Inst
113:1005-1016. https://doi.org/10.1093/jnci/djab004

Schmid P, Cortes J, Pusztai L et al (2020) Pembrolizumab for
early triple-negative breast cancer. N Engl J Med 382:810-821.
https://doi.org/10.1056/NEJMo0a1910549

Gianni L, Huang C, Egle D et al (2020) Abstract GS3-04: patho-
logic complete response (pCR) to neoadjuvant treatment with
or without atezolizumab in triple negative, early high-risk and
locally advanced breast cancer. NeoTRIPaPDL1 Michelangelo
randomized study. Cancer Res. https://doi.org/10.1158/1538-
7445.sabcs19-gs3-04

Mittendorf EA, Zhang H, Barrios CH et al (2020) Neoadjuvant
atezolizumab in combination with sequential nab-paclitaxel and
anthracycline-based chemotherapy versus placebo and chemo-
therapy in patients with early-stage triple-negative breast cancer
(IMpassion031): a randomised, double-blind, phase 3 trial. Lancet
396:1090-1100. https://doi.org/10.1016/s0140-6736(20)31953-x
National Comprehensive Cancer Network. Breast Cancer version
2.2022. https://www.nccn.org/professionals/physician_gls/pdf/
breast.pdf 2022

Sparano JA, Gray RJ, Makower DF et al (2018) Adjuvant chemo-
therapy guided by a 21-gene expression assay in breast cancer. N
Engl J Med 379:111-121. https://doi.org/10.1056/NEJMoal 804
710

Kalinsky K, Barlow WE, Gralow JR et al (2021) 21-gene assay
to inform chemotherapy benefit in node-positive breast cancer. N
EnglJ Med 385:2336-2347. https://doi.org/10.1056/NEJMo0a2108
873

Tolaney SM, Guo H, Pernas S et al (2019) Seven-year follow-up
analysis of adjuvant paclitaxel and trastuzumab trial for node-neg-
ative, human epidermal growth factor receptor 2—positive breast
cancer. J Clin Oncol 37:1868-1875. https://doi.org/10.3410/f.
735447541.793581150

Teng MW, Ngiow SF, Ribas A, Smyth MJ (2015) Classifying can-
cers based on T-cell infiltration and PD-L1. Cancer Res 75:2139-
2145. https://doi.org/10.1158/0008-5472.can-15-0255

Kowanetz M, Zou W, Gettinger SN et al (2018) Differential regu-
lation of PD-L1 expression by immune and tumor cells in NSCLC
and the response to treatment with atezolizumab (anti-PD-L1).
Proc Natl Acad Sci USA 115:E10119-E10126. https://doi.org/
10.1073/pnas.180216611540

Chen DS, Mellman I (2013) Oncology meets immunology: the
cancer-immunity cycle. Immunity 39:1-10. https://doi.org/10.
1016/j.immuni.2013.07.012

Kim JM, Chen DS (2016) Immune escape to PD-L1/PD-1 block-
ade: seven steps to success (or failure). Ann Oncol 27:1492-1504.
https://doi.org/10.1093/annonc/mdw217

Kuroda H, Jamiyan T, Yamaguchi R, Kakumoto A, Abe A, Harada
O, Enkhbat B, Masunaga A (2021) Prognostic value of tumor-
infiltrating B lymphocytes and plasma cells in triple-negative
breast cancer. Breast Cancer 28:904-914. https://doi.org/10.1007/
s12282-021-01227-y


https://doi.org/10.1038/s41523-021-00362-1
https://doi.org/10.1038/s41523-021-00362-1
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1016/j.ejca.2020.05.014
https://doi.org/10.1016/j.ejca.2020.05.014
https://doi.org/10.1186/s12885-021-08009-x
https://doi.org/10.1007/s10549-021-06287-4
https://doi.org/10.1158/1538-7445.sabcs19-pd1-08
https://doi.org/10.3389/fimmu.2017.01830
https://doi.org/10.1136/jclinpath-2015-203089
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.1038/s41598-017-17204-5
https://doi.org/10.18632/oncotarget.14698
https://doi.org/10.18632/oncotarget.14698
https://doi.org/10.1016/j.annonc.2020.08.281
https://doi.org/10.1007/s10549-017-4499-7
https://doi.org/10.1200/jco.2010.30.5037
https://doi.org/10.1200/jco.2010.30.5037
https://doi.org/10.1186/s13058-016-0783-4
https://doi.org/10.1186/s13058-016-0783-4
https://doi.org/10.1158/1078-0432.ccr-19-1131
https://doi.org/10.1158/1078-0432.ccr-19-1131
https://doi.org/10.1093/annonc/mdx440.005
https://doi.org/10.1093/jnci/djab004
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1158/1538-7445.sabcs19-gs3-04
https://doi.org/10.1158/1538-7445.sabcs19-gs3-04
https://doi.org/10.1016/s0140-6736(20)31953-x
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://doi.org/10.1056/NEJMoa1804710
https://doi.org/10.1056/NEJMoa1804710
https://doi.org/10.1056/NEJMoa2108873
https://doi.org/10.1056/NEJMoa2108873
https://doi.org/10.3410/f.735447541.793581150
https://doi.org/10.3410/f.735447541.793581150
https://doi.org/10.1158/0008-5472.can-15-0255
https://doi.org/10.1073/pnas.180216611540
https://doi.org/10.1073/pnas.180216611540
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1093/annonc/mdw217
https://doi.org/10.1007/s12282-021-01227-y
https://doi.org/10.1007/s12282-021-01227-y

Breast Cancer Research and Treatment (2023) 197:287-297

297

43.

44,

45.

46.

Mahmoud SM, Lee AH, Paish EC, Macmillan RD, Ellis 10, Green
AR (2012) The prognostic significance of B lymphocytes in inva-
sive carcinoma of the breast. Breast Cancer Res Treat 132:545—
553. https://doi.org/10.1007/s10549-011-1620-1

Buisseret L, Desmedt C, Garaud S et al (2017) Reliability of
tumor-infiltrating lymphocyte and tertiary lymphoid structure
assessment in human breast cancer. Mod Pathol 30:1204-1212.
https://doi.org/10.1038/modpathol.2017.43

Helmink BA, Reddy SM, Gao J et al (2020) B cells and tertiary
lymphoid structures promote immunotherapy response. Nature
577:549-555. https://doi.org/10.1038/s41586-019-1922-8

Sun X, Zuo K, Yao Q et al (2020) Invasive apocrine carcinoma of
the breast: clinicopathologic features and comprehensive genomic
profiling of 18 pure triple-negative apocrine carcinomas. Modern
Pathol 33:2473-2482. https://doi.org/10.1038/s41379-020-0589-x

Authors and Affiliations

Shu Yazaki'? - Tatsunori Shimoi'

47.

48.

Dusenbery AC, Maniaci JL, Hillerson ND, Dill EA, Bullock TN,
Mills AM (2021) MHC class I loss in triple-negative breast can-
cer: a potential barrier to PD-1/PD-L1 checkpoint inhibitors. Am
J Surg Pathol 45:701-707. https://doi.org/10.1097/PAS.00000
00000001653

Peng W, Chen JQ, Liu C, et, (2016) Loss of PTEN promotes
resistance to T cell-mediated immunotherapy. Cancer Discov
6:202-216. https://doi.org/10.1158/2159-8290.CD-15-0283

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

- Masayuki Yoshida3 - Hitomi Sumiyoshi-Okuma' - Motoko Arakaki’ -

Ayumi Saito' - Shosuke Kita' - Kasumi Yamamoto' - Yuki Kojima' - Tadaaki Nishikawa’ - Maki Tanioka" -
Kazuki Sudo' - Emi Noguchi' - Takeshi Murata® - Sho Shiino® - Shin Takayama* - Akihiko Suto* - Yuichiro Ohe*> -
Yasuhiro Fujiwara' - Kan Yonemori'

Department of Medical Oncology, National Cancer Center
Hospital, 5-1-1, Tsukiji, Chuo—ku, Tokyo 104-0045, Japan

Cancer Medicine, Jikei University Graduate School
of Medicine, Tokyo, Japan

Department of Diagnostic Pathology, National Cancer Center
Hospital, Tokyo, Japan

Department of Breast Surgery, National Cancer Center
Hospital, Tokyo, Japan

Department of Thoracic Oncology, National Cancer Center
Hospital, Tokyo, Japan

@ Springer


https://doi.org/10.1007/s10549-011-1620-1
https://doi.org/10.1038/modpathol.2017.43
https://doi.org/10.1038/s41586-019-1922-8
https://doi.org/10.1038/s41379-020-0589-x
https://doi.org/10.1097/PAS.0000000000001653
https://doi.org/10.1097/PAS.0000000000001653
https://doi.org/10.1158/2159-8290.CD-15-0283
http://orcid.org/0000-0002-3603-8575

	Integrative prognostic analysis of tumor–infiltrating lymphocytes, CD8, CD20, programmed cell death-ligand 1, and tertiary lymphoid structures in patients with early-stage triple-negative breast cancer who did not receive adjuvant chemotherapy
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study population
	Histopathological evaluation
	IHC evaluation
	Statistical analysis

	Results
	Patient characteristics
	Correlation between immune biomarkers
	Association of immune biomarkers and survival in TNBC
	Survival probabilities by CD8+ TILs and PD-L1 expression
	Difference in CD20 and TLS levels between four immune subtypes based on CD8 and PD-L1

	Discussion
	Acknowledgements 
	References




