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Abstract
In view of the relatively limited efficacy of immunotherapies targeting the PD-1–PD-L1 axis in triple-negative breast cancer 
(TNBC) and of published reports on tumor-promoting roles of TNFR2+ tumor-infiltrating lymphocytes (TNFR2+ TILs), 
we determined the incidence of TNFR2+ TILs in TNBC patient tumors, their association with disease outcome and rela-
tions with PD-1+ TILs. Using a cohort of treatment-naïve TNBC patients with long follow-up (n = 70), we determined the 
presence of TNFR2+ TILs and PD-1+ TILs by immunohistochemistry. TILs (≥ 1% of cellular mass) and TNFR2+ TILs 
(≥ 1% of total TILs) were detected in 96% and 74% of tumors, respectively. The presence of TILs at > 5% of tumor cell 
mass (“Positive TILs”), as well as of positive TNFR2+ TILs (> 5%), was independently associated with good prognosis, 
and combination of both parameters demonstrated superior outcome relative to their lower levels. PD1+ TILs (> 5/hot spot) 
were detected in 63% of patients. High levels of PD-1+ TILs (> 20/hot spot) showed an unfavorable disease outcome, and 
in their presence, the favorable outcome of positive TNFR2+ TILs was ablated. Thus, TNFR2+ TILs are strongly connected 
to improved prognosis in TNBC; these findings suggest that TNFR2+ TILs have favorable effects in TNBC patients, unlike 
the tumor-promoting roles attributed to them in other cancer systems. Overall, our observations propose that the TNFR2+ 
TIL subset should not be targeted in the course of TNBC therapy; rather, its beneficial impacts may become into power when 
anti-PD-1 regimens—that may potentiate immune activities—are administered to TNBC patients.

Keywords  Programmed cell death protein 1 (PD-1) · Triple-negative breast cancer (TNBC) · Tumor-infiltrating 
lymphocytes (TILs) · Tumor necrosis factor receptor 2 (TNFR2)
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TNFR2	� Tumor necrosis factor receptor 2
Treg	� T regulatory cell

Introduction

The poor clinical outcome of triple-negative breast cancer 
patients (TNBC; referred to as “basal/basal-like” in genomic 
analyses) [1, 2] has put forward the need to identify novel 
therapeutic modalities in this aggressive disease subtype. In 
this context, immune checkpoint blockades (ICBs)—mainly 
those targeting the immune checkpoint programmed cell 
death protein 1 (PD-1) and its ligand (PD-L1)—have been 
recently considered and introduced in therapy of TNBC 
patients [3–6]; however, the relatively limited success of 
ICBs in TNBC suggests that complex immune mechanisms, 
act at the tumor site, having a strong impact on immune 
activation.

The presence of tumor-infiltrating lymphocytes (TILs) 
in TNBC patient tumors is speculated to attest for potential 
anti-tumor activities that took place at the beginning of the 
malignancy process, and accordingly, they were substan-
tially associated with improved survival ([7–9], and more). 
Suppression of such activities at later stages due to inhibi-
tory immune checkpoints may lead to recurrence and poor 
prognosis in TNBC patients. However, so far non-conclusive 
findings were described on the associations of PD-1+ TILs 
with prognosis in TNBC (e.g., [10–13]). These findings 
may reflect the dynamic nature of the immune contexture in 
the tumors: The expression of PD-1 by TILs may indicate 
that they have been activated; however, PD-1 expression by 
TILs may indicate that these cells are already exhausted or 
have been immune-suppressed by their interactions with 
PD-L1, expressed by the tumor cells or most importantly, 
by immune cells [6, 14–16].

In view of these findings, there is a great need to bet-
ter identify the roles of different TIL subsets that reside 
in TNBC tumors and their relations with PD-1-express-
ing TILs. Accordingly, we were interested to explore the 
presence and clinical relevance of a T cell subpopula-
tion that expresses TNFR2, one of the two receptors of 
tumor necrosis factor α (TNFα), to TNBC. TNFα itself 
was strongly and causatively connected to poor prognosis 
in many malignancies including TNBC [17–19]. Accord-
ingly, TNFα and its two receptors, TNFR1 and TNFR2, 
were proposed as potential targets for therapy in cancer 
[20–22]. Of the two receptors, TNFR2 may be an ideal 
target for therapy because its expression by T cells was 
connected to increased malignancy in several tumor sys-
tems, and it has a restricted expression pattern [22–28]. 
However, TNFR2 is subject to complex regulatory modes: 
It is expressed by several T cell subsets, it is activated 
mainly by membranous but also by soluble TNFα, and 

it is expressed in a secreted form that regulates immune 
activities [23, 26, 29–32]. These findings raise the need to 
carefully determine the contribution of TNFR2-expressing 
TILs to disease course in cancer in general, and in the 
context of this research, to TNBC progression.

Thus, in this study, we determined the contents of 
TNFR2+ TILs and their association with patient survival in 
a TNBC cohort. Tumors were obtained from treatment-naïve 
patients, many of which having a long follow-up time. Thus, 
our analyses reflected the lymphocyte landscape before any 
treatment could have modified the equilibrium between 
immune subsets, and the long follow-up time enabled us to 
have a broader view of the relevance of TNFR2+ TILs to 
disease progression. Our research provides novel findings 
demonstrating a significant association of TNFR2+ TILs 
with improved TNBC patient survival, which was abrogated 
in tumors containing high levels of PD-1+ TILs.

Therefore, in contrast to reports in other cancer types sug-
gesting that TNFR2+ TILs should be abrogated as a meas-
ure of cancer therapy, our findings propose that in TNBC 
the TNFR2+ TIL subset should be kept intact; particu-
larly, when anti-PD-1 therapies are administered to TNBC 
patients, it is possible that the overall beneficial impact of 
TNFR2+ TILs on disease progression may become stronger.

Materials and method

Immunohistochemistry (IHC)

The study included a retrospective cohort of 70 adjuvant-
treated TNBC patients (clinicopathological characteris-
tics are provided in Table 1). ASCO/CAP guidelines were 
followed to determine TNBC status, confirmed by board-
certified pathologists. Formalin-fixed paraffin-embedded 
tumor sections (4 µm) were stained by hematoxylin and 
eosin (H&E). The expression levels of estrogen receptors, 
progesterone receptors and HER2 by tumor cells were deter-
mined by antibodies used in routine diagnosis hospital tests. 
PD-1 expression was determined by antibody clone NAT105 
(Cell Marque, Rocklin, CA), which is widely used in the 
clinic. TNFR2 expression was determined by Novus Bio-
logical antibodies (Cat# NBP1-88139; Littleton, CO) that 
demonstrated high specificity in protein arrays (based on 
Company’s data) and was compared at study setup stage to 
a non-relevant isotype-matched control (Data not shown). 
Tonsil and kidney tissues were used as positive controls 
for PD-1 and TNFR2 staining, respectively. CC1 antigen 
retrieval solution (Ventana) was used for heat-induced anti-
gen retrieval in alkaline conditions followed by counter-
staining with hematoxylin solution. Staining patterns were 
detected by DAB detection system (Ventana).
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Determination of TIL localization and staining 
patterns

This stage was performed by certified breast pathologists 
of the Sheba Medical Center, accompanied by research 
coordinators from the Cancer Research Center, in a blind 
manner. H&E staining was used to assess TIL percentages 
out of the entire biopsy cell mass, according to recom-
mendations of the “International TILs Working Group” 
[33]. TNFR2+ TILs and PD-1+ TILs were envisioned 
in high power field (HPF) view (× 400). Generally, TILs 
demonstrating membranous/cytoplasmic-granular TNFR2 
expression were dispersed in the entire area of biopsies, 
and their percentage out of total TILs in the specimen 
was determined. PD-1+ TILs were relatively sparse; how-
ever, in some tumors they were uncountable; to avoid the 
impact of tumor size on the results, and in view of the 
fact that PD-1+ TILs were localized in defined hot spot 
areas, they were numbered in hot spots using HPF view 
of the entire biopsy (range 1–28 hot spots/biopsy) and 
the data presented demonstrate the maximal number of 
PD-1+ TILs in hot spots, in each patient. This approach 
agrees with other studies in which lymphocyte numbers 
were assessed in defined biopsy areas (particularly in 

relatively rare populations such as PD-1+ TILs) [8, 10, 
11, 13, 34, 35].

Statistical analyses

Statistical analysis of the 70 patient cohort data was per-
formed using MATLAB® and Statistics Toolbox Release 
2016b, The MathWorks, Inc., and the LogRank package by 
Cardillo G. (2008 version) for the LogRank test (mathworks/
fileexchange/22317). Kaplan–Meier analyses were used to 
determine survival outcomes, where groups were compared 
by LogRank statistics. Overall survival (OS) was defined as 
the time from diagnosis to death of any cause. Recurrence-
free survival (RFS) was defined as the time from diagnosis 
to any recurrence or death of any cause. Univariate Cox 
regression was used to determine the impact of different 
parameters on survival. p ≤ 0.05 was considered significant.

Analyses of METABRIC patient dataset

An authorized METABRIC patient dataset version [36] 
provided information on gene expression levels and clinical 
characteristics of 331 basal patients, classified according to 
the PAM50 annotation file of the dataset. Low cellularity 
specimens contained less than 40% tumor DNA. TNFRSF1B 
(TNFR2) probe: ILMN_1764788. Associations with sur-
vival were depicted by Kaplan–Meier plots, where p values 
were calculated by Gehan–Breslow–Wilcoxon test. p ≤ 0.05 
was considered significant.

Results

TIL levels are significantly associated with improved 
survival in TNBC patient tumors

First, we determined the extent of TILs presence in 70 pri-
mary tumor samples of treatment-naïve TNBC patients with 
relatively long follow-up, of up to 20 years. In most TNBC 
patient tumors (96%), the levels of TILs were ≥ 1% of the 
cell mass in the tumors, and in 41% of the patients, they 
were > 5% (Fig. 1a, b). In line with other studies in the field, 
the 5% TIL level was used as cutoff above which tumors 
were considered positive for TIL presence. When TILs con-
sisted > 5% of the cell mass in the biopsy, their presence 
was significantly associated with improved patient OS (p 
value 0.046; HR = 0.44 [CI 0.21–0.91]) (Fig. 1c; RFS plot 
is demonstrated in Supplementary Fig. 1a). Lymphocytes 
were located in adjacent normal tissues in only 16% of the 
patients (data not shown).

Table 1   Clinicopathological characteristics of TNBC patients

The table provides information on the clinicopathological characteris-
tics of TNBC tumors included in the current study
IDC Invasive ductal carcinoma, ND not determined

Patient number n = 70
Age (years) Mean 53; range 29–85
Median follow-up time (years) Median 4.85; range 0–20

Number (n) Percent (%)

Histologic type
IDC 64 91.4
Metaplastic 6 8.6
Tumor stage
pT1 39 55.7
pT2 27 38.6
pT3 4 5.7
Lymph node involvement
pN0 48 68.6
pN1 19 27.1
pNx 3 4.3
Tumor grade
2 9 12.9
2–3 8 11.4
3 51 72.8
ND 2 2.9
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The presence of TNFR2+ TILs in TNBC patient tumors 
is significantly associated with good prognosis

TNFR2+ TILs in TNBC patient tumors had a dispersed 
localization at the entire tumor area (Fig. 2a). In 74% and 
57% of the tumors, the total TIL population included at 
least 1% and > 5% TNFR2+ TILs out of the total TIL mass, 
respectively (Fig. 2b). Many tumors had small incidence of 
TNFR2+ TILs in the total TIL population, and others had 
up to 80% of TNFR2+ TILs (Fig. 2b). Notably, although 

many tumors contained only low percentages of TNFR2+ 
TILs, this lymphocyte subset was significantly associated 
with better OS in analyses of the entire patient cohort, com-
paring patients having > 5% TNFR2+ TILs and patients 
with TNFR2+ levels ≤ 5% (Fig. 2c1; OS, p value 0.018; 
HR = 0.17 [CI 0.06–0.45]; TNFR2+ TILs were close to sig-
nificantly associated with RFS (p value 0.053; HR = 0.29 
[CI 0.12–0.7]); RFS plot is demonstrated in Supplemen-
tary Fig. 1a). Moreover, TNFR2+ TILs were significantly 
associated with better OS also when they were analyzed at 

a. Total TILs - Localiza�on 

Total TILs >5%  29/70 pa
ents (41%)
Total TILs >=1%   67/70 pa
ents (96%)

b. Total TILs: Incidence

TNBC pa
ents

TI
Ls

 (%
)

c. Total TILs: Prognosis

n RFS OS
Pos. Total TIL levels (>5%) 29 0.19 0.046
Low Total TIL levels (<=5%) 41

Log Rank p-value
 compared to low levels

100µm 200µm

Fig. 1   The presence of TILs in TNBC patient tumors is significantly 
associated with improved survival. The presence of TILs was deter-
mined in the 70-patient TNBC cohort used in our study. a Repre-
sentative images of TIL localization in two patient tumors, demon-
strated by H&E staining. b Percentage of TILs in each patient tumor 
(=dot), out of the total cellular tumor mass. Black line, Mean; Light 

gray box, Standard deviation; Dark grey box, SEM at 95% confidence 
interval. c OS Kaplan-Meier plot comparing patients with “Posi-
tive” (> 5%) vs. “Low” (≤ 5%) TIL levels. The corresponding RFS 
Kaplan-Meier plot is provided in Supplementary Figure 1a. +, Cen-
sored. p values of OS and RFS analyses are provided in the respective 
Figures
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additional cutoffs: p value 0.037 when the 10% cutoff was 
used, and p value 0.048 when the 15% cutoff was determined 
(data not shown).

As these findings on TNFR2+ TILs are the first to be 
reported in TNBC, we asked whether similar associations 
could be envisioned in other patient cohorts analyzing 
TNBC/basal patients. Using the METABRIC dataset, which 
included 331 basal patients, we noted significant associa-
tions of high TNFR2 levels with better patient survival (Sup-
plementary Fig. 2) in two analyses: The first analysis used 
tumors of the whole patient cohort (n = 331; p value 0.0247), 
and the second analysis used tumors enriched for compo-
nents of tumor microenvironment, such as immune cells 
(n = 56; p value 0.04). Altogether, these findings support 
the IHC cohort results, connecting the presence of TNFR2+ 
TILs with good prognosis in TNBC patients.

To follow-up on the fact that total TILs and TNFR2+ 
TILs were each independently significantly associated with 
improved patient survival (Figs. 1c and 2c1, respectively), 
we performed subgroup analysis, uncoupling the effect of 
each parameter. We found that the survival of patients hav-
ing > 5% total TIL infiltrates that contained > 5% TNFR2+ 
TILs was superior over low levels of both (≤ 5% total 
TILs and ≤ 5% TNFR2+ TILs (Fig.  2c2) (OS, p value 
0.002; HR = 0.15 [CI 0.05–0.45] and RFS, p value 0.03; 
HR = 0.31 [CI 0.12–0.8]). Notably, the other two combina-
tions—either > 5% total TILs and low TNFR2+ TILs (≤ 5%) 
or ≤ 5% total TILs and > 5% TNFR2+ TILS—did not pro-
vide better outcome over the combination of their lower lev-
els (≤ 5% total TILs and ≤ 5% TNFR2+ TILs) (Fig. 2c2). 
These findings suggest that the beneficial effects of TILs on 
survival depend on substantial presence of TNFR2+ TILs 
in the tumors.

Fig. 2   TNFR2+ TILs are present in the majority of TNBC patient 
tumors, and are significantly associated with improved survival. a 
Representative images of TNFR2+ TILs of two patient tumors, dem-
onstrated by IHC. b Percentages of TNFR2+ TILs in each patient 
tumor (=dot), out of the total TIL mass. Graph parameters are as in 
Fig.  1. c OS Kaplan-Meier plots comparing patients with TNFR2+ 

TILs at levels determined “Positive” (Pos; > 5%) vs. “Low” (≤ 5%) 
(c1), and comparing different combinations of Total TILs & TNFR2+ 
TILs (c2). The RFS Kaplan-Meier plot corresponding to Part c1 is 
provided in Supplementary Figure 1b. +, Censored. p values of OS 
and RFS analyses are provided in the respective Figures
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In TNBC patient tumors, prognosis is connected 
to the extent of PD‑1+ TILs located in the tumors

Next, in view of our interest in identifying the interplay between 
immune-regulating lymphocyte subsets, we determined the 
associations of PD-1+ TILs with survival in our TNBC cohort, 
and their relationships with TNFR2+ TILs. As reported by 
others (e.g., [13, 16, 37]), we observed that PD-1+ TILs were 
relatively sparse and were mostly localized in defined hot spots 
(HS) (Fig. 3a; more information on hot spots is provided in 
“Materials and method”). PD-1+ TILs (≥ 1/HS) were detected 
in 73% of TNBC patients included in our cohort, and 63% of 
the patients had > 5 PD-1+ TILs/HS (Fig. 3b).

Analysis of the associations between PD-1+ TILs and 
patient survival revealed that the prognostic outcome tended 
to be better when the tumors included > 5 PD-1+ TILs/HS, 
but the difference was not statistically significant (OS, p 

value 0.08 and RFS, p value 0.15) (Fig. 3c1; RFS plot is 
demonstrated in Supplementary Fig. 1c). However, when 
the cohort was partitioned according to different PD-1+ 
cutoffs, we found that the associations of PD-1+ TILs with 
survival were influenced by their incidence in the tumors. 
Specifically, in patients with low PD-1+ TILs (≤ 5/HS) and 
with high PD-1+ TILs (> 20/HS) survival rates were low, 
whereas significantly improved survival was noted in tumor 
containing PD-1+ TILs at intermediate levels (> 5,  ≤ 20/
HS) (OS, p value = 0.04; HR = 0.37 [CI 0.16–0.87] and RFS, 
p value 0.05) (Fig. 3c2). These findings suggest that PD-1+ 
TILs at intermediate levels represent T cells that have been 
activated, a process followed by elevated PD-1 expression 
levels; such a condition may contribute to improved patient 
survival, whereas high levels of PD-1+ TILs may include 
T cells that have already transitioned toward exhaustion/

a. PD-1+ TILs: Localiza�on

PD-1+ TILs >5 in HS 44/70 pa	ents (63%) 
PD-1+ TILs >=1 in HS 51/70 pa	ents (73%)

TNBC pa	ents

b. PD-1+ TILs: Incidence

PD
-1

+ 
TI

Ls
 in

 H
S 

(M
ax

)

50µm 20µm

n RFS OS
High PD1+ TILs (>20 in HS) 15 0.95 0.82
Intermedieate PD1+ TILs (>5, <=20 in HS ) 29 0.05 0.04
Low PD1+ TILs (<=5 in HS) 26

Log Rank p-value
 compared to low levels

c2. PD-1+ TILs: Prognosis by cutoffs

n RFS OS
Pos. PD1+ TILs (>5 in HS ) 44 0.15 0.08
Low PD1+ TILs (<=5 in HS) 26

Log Rank p-value
 compared to low levels

c1. PD-1+ TILs: Prognosis

TNBC pa	ents

Fig. 3   PD-1+ TILs are present in the majority of TNBC patient 
tumors, and are connected to patient survival in a level-dependent 
manner. a Representative images of PD-1+ TILs (localized at hot-
spots, HS) of two patient tumors, determined by IHC. b Maximal 
numbers of PD-1+ TILs/HS in each patient tumor (=dot). Graph 
parameters are as in Fig.  1. c OS Kaplan-Meier plots comparing 

patients with PD-1+ TILs at levels determined “Positive” (Pos; > 5/
HS) vs. “Low” (≤  5/HS) (c1), and comparing patients with PD-1+ 
TILs at different cutoffs (c2). The RFS Kaplan-Meier plot corre-
sponding to Part c1 is provided in Supplementary Figure 1c. +, Cen-
sored. Inter Intermediate; HS Hotspot. p values of OS and RFS analy-
ses are provided in the respective Figures
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immune suppression and thus are connected to poor prog-
nosis, as will be discussed below.

Further evidence of a dynamic and mixed phenotype of 
PD-1+ TILs in TNBC tumors was provided when a sub-
group analysis was performed to determine the relations 
between the presence of TILs in general (total TILs) and 
of PD-1+ TILs in the tumors. Figure 4a1, a2 demonstrates 
that the beneficial effects of TIL presence in TNBC tumors 
were influenced by the extent of PD-1+ TILs in the tumors. 
In tumors that had TIL infiltrates at > 5% levels with PD-1+ 
TILs at intermediate levels (> 5,  ≤ 20/HS), but not at high 
levels (> 20/HS), patient survival was significantly better 
compared to tumors containing low levels of TIL infiltrates 
(≤ 5%) with low levels of PD-1+ TILs (≤ 5/HS) (OS, p value 

0.03; HR = 0.3 [CI 0.11–0.8]) (Fig. 4a2). These findings sug-
gest that it is important that the TIL population will include 
PD-1+ TILs at levels that may reflect an active state that can 
promote anti-tumor activities, as in the intermediate levels 
detected in our study.

Unfavorable levels of PD‑1+ TILs counteract 
the favorable effects of TNFR2+ TILs on disease 
outcome

The dynamic nature of PD-1+ TILs was then questioned 
in the context of TNFR2+ TILs, which on their own were 
significantly associated with improved clinical outcome 
(Fig. 2c). Uncoupling the effect of each parameter (Fig. 4b1) 

a1. Total TILs & PD-1+ TILs: Prognosis (1) a2. Total TILs & PD-1+ TILs: Prognosis (2)

n RFS OS
Pos. Total TILs (>5%) & Pos. PD1+ TILs (>5 in HS)  24 0.13 0.02
Pos. Total TILs (>5%) & Low PD1+ TILs (<=5 in HS)  5 0.81 0.4
Low Total TILs (<=5%) & Pos. PD1+ TILs (>5 in HS)   20 0.37 0.2
Low Total TILs (<=5%) & Low PD1+ TILs (<=5 in HS) 21

Log Rank p-value
 compared to low levels

n RFS OS
Pos. Total TILs (>5%) & High PD1+ TILs (>20 in HS) 8 0.56 0.3
Pos. Total TILs (>5%) & Inter. PD1+ TILs (>5, <=20 in HS) 16 0.1 0.03
Low Total TILs (<=5%) & Low PD1+ TILs (<=5 in HS) 21

Log Rank p-value
 compared to low levels

n RFS OS
Pos. TNFR2+ TILs (>5%) & Posi�ve PD1+ TILs (>5 in HS)  31 0.04 0.006
Low TNFR2+ TILs (<=5%) & Pos. PD1+ TILs (>5 in HS) 13 0.39 0.24
Pos. TNFR2+ TILs (>5%) & Low PD1+ TILs (<=5 in HS) 9 0.46 0.13
Low TNFR2+ TILs (<= 5%) & Low PD1+ TILs (<=5 in HS)  17

Log Rank p-value
 compared to low levels

n RFS OS
Pos. TNFR2+ TILs (>5%) & High PD1+ TILs (>20 in HS) 12 0.53 0.18
Pos. TNFR2+ TILs (>5%) & Inter. PD1+ TILs ( >5, <=20 in HS)  19 0.019 0.006
Low TNFR2+ (<=5%) & Low PD1+ TILs (<=5 in HS)  17

Log Rank p-value
 compared to low levels

b1. TNFR2+ TILs &PD-1+ TILs: Prognosis (1) b2. TNFR2+ TILs & PD-1+ TILs: Prognosis (2)

Fig. 4   The beneficial impact of TNFR2+ TILs on survival of TNBC 
patients depends on levels of PD1+ TILs. OS Kaplan-Meier plots 
comparing patients based on combinations of Total TILs & PD-1+ 
TILs, at different cutoffs (a), and comparing patients based on combi-

nations of TNFR2+ TILs & PD-1+ TILs, at different cutoffs (b). +, 
Censored. Pos Positive; Inter Intermediate; HS Hotspot. p values of 
OS and RFS analyses are provided in the Figure
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showed that only combination of both positive TNFR2+ 
and PD-1+ TILs (> 5% for both) resulted in better survival 
compared to combined presence of these parameters at low 
levels (≤ 5 for both) (OS, p value = 0.006, HR = 0.21 [CI 
0.07–0.58] and RFS, p = 0.04, HR = 0.34 [CI 0.13–0.87]). 
Importantly, subgroup analysis revealed that combined 
presence of TNFR2+ TILs with intermediate—but not 
high—levels of PD-1+ TILs (TNFR2+ TILs > 5% & PD-1+ 
TILs > 5, ≤ 20/HS), demonstrated significantly better prog-
nosis than the presence of low TNFR2+ TILs at ≤ 5% levels, 
combined with low levels of PD-1+ TILs (≤ 5/HS) (OS, p 
value 0.006; HR = 0.19 [CI 0.06–0.57] and RFS, p value 
0.019; HR = 0.26 [CI 0.09–0.71]) (Fig. 4b2). These results 
suggest that the beneficial activities of TNFR2+ TILs could 
be strengthened when PD-L1+ TILs were still at an active 
state (intermediate levels), but were ablated when PD-1+ 
TILs were present at unfavorable levels.

Hazard ratio analysis indicates that TNFR2+ TILs are 
a protective element in TNBC patients

In parallel to Pearson correlation analysis, demonstrating 
that all the tested clinical parameters were independent (data 
not shown), univariate Cox proportional hazards regression 
analysis was performed in order to determine whether any 
of the above TIL populations may have a protective role in 
TNBC progression, relative to other parameters known to 
influence prognosis (Fig. 5). Lymph node status, T stage and 
age were significantly associated with worse OS, demonstrat-
ing that this cohort is representative of TNBC patients (OS, p 
values 0.018, 0.022 and 0.008, respectively). Here, the pres-
ence of either TILs in general (> 5%), TNFR2+ TILs (> 5%), 
or total TILs and TNFR2+ TILs (each > 5%) has demon-
strated significantly protective roles in TNBC (OS, p values 
0.037, 0.015 and 0.013, respectively). The PD-1+ TIL subset, 
alone or in combination with total TILs or with TNFR2+ 
TILs, provided protective values, but they were only close to 
significant (p values 0.053 and 0.059, respectively), further 

Fig. 5   Total TILs, TNFR2+ 
TILs and their combination 
have a beneficial survival effect 
in TNBC. Univariate Cox 
proportional hazard regression 
for OS and RFS shown as forest 
plots. Pos Positive; HS Hotspot; 
LN Lymph nodes. Hazard ratios 
(squares) and 95% confidence 
intervals (horizontal lines) are 
shown for each parameter
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reflecting the mixed and dynamic nature of this lymphocyte 
subset that was revealed in our previous analyses (Figs. 3, 5).

Discussion

In this study, we have identified for the first time a subset 
of TNFR2+ lymphocytes which is substantially associated 
with improved survival in TNBC patients. Despite the fact 
that many of the tumors contained only low percentages of 
TNFR2+ TILs, the impact of such cells was strong enough 
to support their significant association with better disease 
outcome in the entire cohort. Moreover, the beneficial sur-
vival effect of total TILs was brought into play mainly when 
TNFR2+ TILs were positioned in the tumors. These find-
ings, together with the analysis of stroma (possibly TILs)-
enriched basal tumors of the METABRIC dataset, strongly 
support the protective roles of TNFR2+ TILs in TNBC.

Our study has also inquired this TNFR2+ TIL subset 
in the context of the PD-1+ TIL subpopulation in TNBC 
patient tumors. The expression of PD-1, per se, may exem-
plify a dynamic process along T cell activation: PD-1 is 
up-regulated in activated T cells, but its interaction with 
PD-L1-expressing cells leads to termination of the acti-
vation process. Thus, it is possible that PD-L1 expres-
sion characterizes T cells that have just been activated 
or alternatively, T cells that are exhausted or suppressed, 
depending on the time at which PD-1 is expressed [14, 
15]. Our research suggests that if PD-1+ TIL levels are 
too low, there are not enough activated T cells, and thus, 
patient survival is poor. In contrast, if PD-1+ TIL levels 
are too high, it is possible that many of the activated T 
cells are already exhausted or immune-suppressed, con-
tributing again to reduced survival. However, when PD-1+ 
TIL levels are intermediate, this may be the exact situation 
in which T cells are at the peak of their activation state, in 
which they exert anti-tumor immune activities, and thus 
may be connected with improved survival.

This hypothesis is supported by our findings demonstrat-
ing that in tumors having > 5% TILs, containing PD-1+ 
TILs at intermediate levels, prognosis was relatively good. 
Furthermore, such intermediate levels of PD-1+ TILs acted 
alongside with TNFR2+ TILs and had a superior favora-
ble effect on survival compared to low levels, whereas the 
beneficial effect of TNFR2+ TILs was lost when PD-1+ 
TILs were present in the tumors at low or high levels. Here, 
it is interesting to note that the subpopulation of TNFR2+ 
TILs was associated with improved patient survival at sev-
eral cutoffs used. This is in marked contrast to PD-1+ TILs, 
whose correlation with survival did not demonstrate a stable 
trend at different cutoffs, probably reflecting the fact that 
PD-1 expression may signify different lymphocyte activation 

states in a kinetics-dependent manner. These findings sug-
gest that TNFR2+ TILs may be a more reliable marker of 
immune status in TNBC than PD-1+ TILs, when efforts are 
done to associate types of immune infiltrates with prognosis.

Our study provides novel findings on the presence of 
TNFR2+ TILs in TNBC patient tumors and demonstrates 
that they may have beneficial roles in TNBC, in contrast to 
findings in other tumor cell systems [22–28]. When coming 
to address the phenotype of these TNFR2+ TILs in TNBC, 
it is important to consider the fact that tumor biopsies were 
sampled prior to chemotherapy. Current findings in the field 
propose that because survival rates are determined after 
chemotherapy, they partly reflect the outcome of chemother-
apy-induced effects: Chemotherapy was reported to promote 
the expression of neo-antigens and thus to elevate the expan-
sion of Teffs, and in parallel, it reduces/ablates the immune-
suppressive activities of Tregs [38, 39]. As chemotherapy 
is the most conventional therapy given to TNBC patients, 
such chemotherapy-mediated effects may affect the pheno-
type and roles of TNFR2+ TILs in the immune contexture.

Recent publications indicate that mainly two T cell sub-
populations express TNFR2:

(1)	 T conventional and T effector cells (Teffs), where the 
latter cell type is connected to elevated anti-tumor 
activities [30, 32, 40–42]. Such cells may act against 
the tumor cells if given the proper conditions to do so; 
in this context, chemotherapy-driven exposure of neo-
antigens, combined with reduced presence of Tregs, 
may give the Teffs just the right conditions to eliminate 
tumor cells. Overall, such activities of Teffs may well 
explain our findings on the significant association of 
TNFR2+ TILs with improved patient survival.

(2)	 FOXP3+ T regulatory cells (Tregs) that have strong 
suppressive activities and in many studies were found 
to contribute to increased tumor growth [8, 12, 22–28]. 
Tregs are relatively sensitive to chemotherapy and may 
be preferentially ablated by the treatments given to 
TNBC patients [38, 39]. Under such conditions, other 
T cell subsets (e.g., TNFR2+ Teffs or TNFR2-Teffs) 
can be highly activated by chemotherapy-driven expo-
sure to neo-antigens and exert preferential propagation, 
leading to improved clinical outcome [38]. Moreover, 
it is possible that TNFR2+ Tregs restrain pro-inflam-
matory processes that in many malignancies, includ-
ing TNBC, are strongly connected to increased tumor 
progression [20]. Together, these effects may give rise 
to the significant association of TNFR2+ Tregs with 
better disease outcome in TNBC.

	   Thus, although the favorable roles of TNFR2+ Tregs 
in TNBC prognosis may seem counterintuitive, our 
findings may reflect the complex nature of the immune 
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contexture and its dynamic change in the course of 
malignancy and chemotherapy. Here, it is important 
to note that several publications demonstrated that in 
TNBC patients the general population of Tregs was 
considerably associated with improved survival (these 
studies did not analyze TNFR2+ FOXP3+ TILs) (e.g., 
[43, 44]), further supporting our findings.

As noted above, we have identified TNFR2+ TILs as a 
protective lymphocyte subset in TNBC; however, these find-
ings differ from studies of other tumor systems, suggesting 
that TNFR2+ TILs have detrimental roles because they exert 
suppressive activities of immune functions [22–28]. Moreo-
ver, our observations indicate that the potentially protective 
roles of TNFR2+ TILs in TNBC are counteracted in tumors 
that contain high levels of PD-1+ TILs. Our findings empha-
size the need to perform a study that will be dedicated to 
kinetics analyses that will determine the phenotype and roles 
of TNFR2+ TILs in TNBC, as well as of PD-1+ TILs and 
their direct impact on TNFR2+ TILs during TNBC progres-
sion. Indeed, in ongoing studies that we have now initiated, 
we aim to determine additional such immune-related aspects 
by using marker analyses of TNBC patient tumors, stud-
ies of immune subpopulations in TNBC animal models and 
in vitro experiments of TNBC cells.

Overall, the significant association of TNFR2+ TILs 
with better disease outcome in TNBC patients may have 
important clinical implications. TNFR2 is activated by 
TNFα, which through NF-κB activation leads to increased 
survival of lymphocytes that express this receptor [45]. 
The very strong evidence for TNFα-induced pro-meta-
static activities in TNBC has led researchers to suggest 
that TNFα should be considered as a therapeutic target 
in this type of disease. However, our study proposes that 
along with the many detrimental activities of TNFα, it 
may also activate a beneficial TIL subset that expresses 
TNFR2. If substantiated, these findings would indicate 
that therapies directed at inhibiting TNFα activities, or 
at ablating TNFR2+ TILs, should be well considered in 
TNBC, particularly if the TNFR2+ TIL subset consists 
of Teffs. Altogether, our findings shed light on TNFR2+ 
TILs in TNBC patients and raise important considerations 
regarding their inhibition, mainly when immunotherapies 
that target PD-1 are offered to TNBC patients in order to 
strengthen immune activation.
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