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Abstract
Purpose The purpose of the study was to evaluate protein expression of PD-L1 and CD20 as prognostic biomarkers of patient 
outcome in inflammatory breast cancer (IBC) samples.
Methods PD-L1 and CD20 protein expression was measured by immunohistochemistry in 221 pretreatment IBC biopsies. 
PD-L1 was assessed in tumor cells (PD-L1+ tumor cells) and tumor stromal infiltrating lymphocytes (PD-L1+ TILs); CD20 
was scored in tumor-infiltrating B cells. Kaplan–Meier curves and Cox proportional hazard models were used for survival 
analysis.
Results PD-L1+ tumor cells, PD-L1+ TILs, and  CD20+ TILs were found in 8%, 66%, and 62% of IBC, respectively. PD-L1+ 
tumor cells strongly correlated with high TILs, pathological complete response (pCR),  CD20+ TILs, but marginally with 
breast cancer-specific survival (BCSS, P = 0.057). PD-L1+ TILs strongly correlated with high TILs,  CD20+ TILs, and 
longer disease-free survival (DFS) in all IBC and in triple-negative (TN) IBC (P < 0.035). IBC and TN IBC patients with 
tumors containing both  CD20+ TILs and PD-L1+ TILs  (CD20+TILs/PD-L1+TILs) showed longer DFS and improved BCSS 
(P < 0.002) than patients lacking both, or those with either  CD20+ TILs or PD-L1+ TILs alone. In multivariate analyses, 
 CD20+TILs/PD-L1+TILs status was an independent prognostic factor for DFS in IBC (hazard ratio (HR): 0.53, 95% CI 
0.37–0.77) and TN IBC (HR: 0.39 95% CI 0.17–0.88), and for BCSS in IBC (HR: 0.60 95% CI 0.43–0.85) and TN IBC 
(HR: 0.38 95% CI 0.17–0.83).
Conclusion CD20+TILs/PD-L1+TILs status represents an independent favorable prognostic factor in IBC and TN IBC, sug-
gesting a critical role for B cells in antitumor immune responses. Anti-PD-1/PD-L1 and B cell-activating immunotherapies 
should be explored in these settings.
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Abbreviations
IBC  Inflammatory breast cancer.
TN  Triple-negative.
PD-1  Programmed cell death 1.
PD-L1  Programmed cell death ligand 1.

TILs  Tumor-infiltrating lymphocytes.
pCR  Pathological complete response.
BCSS  Breast cancer-specific survival.
DFS  Disease-free survival.
HR  Hazard ratio.
CI  Confidential interval.
NACT   Neoadjuvant chemotherapy.
FFPETs  Formalin-fixed paraffin embedded tissues.

Introduction

Inflammatory breast cancer (IBC) is a rare, poorly under-
stood, and highly aggressive form of breast cancer. It 
accounts for less than 3% of all breast cancers, but is 
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responsible for ~ 10% of all breast cancer-related deaths [1]. 
While multidisciplinary approaches incorporating neoadju-
vant chemotherapy (NACT), surgery, and radiation therapy 
have modestly improved survival of IBC patients [2, 3], 
IBC has worse survival than stage-matched non-IBC with 
a 5-year survival of ~ 30% [4–6]. Hence, there is an urgent 
unmet clinical need to develop more effective therapies for 
IBC, and to develop prognostic and predictive biomarkers 
that identify patients who will potentially benefit from vari-
ous treatment interventions.

Immune checkpoint inhibitors targeting the programmed 
cell death receptor 1 (PD-1) and/or its ligand (PD-L1) have 
shown clinical efficacy in various tumors [7, 8], including 
breast cancer [9]. PD-L1 is expressed on tumor-infiltrating 
immune cells and tumor cells where it plays a major role 
in immune suppression by binding to its receptors, PD-1 
and B7.1 (CD80). This interaction results in suppression 
of T cell activation, induction of T cell apoptosis, and pro-
motion of tumor immune escape [10, 11]. Blocking PD-L1 
and PD-1 can relieve this inhibition and increase tumor-spe-
cific T cell immunity. Several antibodies specific for PD-1/
PD-L1 have shown positive clinical responses in metastatic 
triple-negative (TN) breast cancer patients [9, 12]. Antibody 
blockade of the PD-1/PD-L1 axis therefore represents an 
attractive therapeutic approach for IBC. The protein levels 
of PD-L1 and the cells expressing PD-L1 in IBC, however, 
are unknown.

While there are several studies associating PD-L1 with 
favorable outcome in breast cancer [13–16], the prognostic 
role of B cells has not been well studied. A few reports iden-
tify  CD20+ B cells within the tumor microenvironment as an 
important and clinically relevant factor that is strongly asso-
ciated with response to NACT [17] and better patient out-
come [18]. The clinical and prognostic role of B cells (iden-
tifiable by constitutive CD20 expression) in IBC is unknown. 
The objective of this study was to determine the clinical 
value of PD-L1 and CD20 as prognostic factors of disease-
free (DFS) and breast cancer-specific survival (BCSS) in a 
large well-characterized cohort of IBC specimens.

Methods

Ethical approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of 
the Committee for the Protection of Human Subjects at 
Dartmouth College (STUDY00029655), and with the 1964 
Helsinki declaration and its later amendments or comparable 
ethical standards. For this type of study, formal consent is 
not required.

Clinical specimens

Formalin-fixed paraffin embedded tissues (FFPETs) col-
lected before initiation of neoadjuvant chemotherapy from 
221 primary IBC patients diagnosed and treated at the Pierre 
et Marie Curie Cancer Center (PMCCC, Algiers, Algeria) 
between 2005 and 2009 were utilized in this study. This 
cohort has previously been partially described [19]. IBC was 
clinically defined according to the international consensus 
criteria [20]: Rapid onset (less than 6 months) of breast ery-
thema, edema, and/or “peau d’orange,” and/or warm breast, 
with or without an underlying palpable mass. IBC samples 
were diagnostic biopsies (AJCC stages 3–4). The histologi-
cal grading of the tumors was performed in accordance with 
the Bloom-Richardson classification. Pathological Complete 
Response (pCR) was defined as the absence of any residual 
invasive cancer in the breast and the absence of any meta-
static cells in the regional lymph nodes (ypT0/is, ypN0) 
following completion of NACT [21]. Clinical and patho-
logic patient parameters are summarized in Supplementary 
Table S1. To establish the basal levels of CD20 expression 
in normal tissues, we used 50 breast tissue samples obtained 
from patients who underwent surgery for non-cancer-related 
treatments at the PMCCC during the same time period.

Evaluation of tumor‑infiltrating lymphocytes (TILs)

Standard hematoxylin and eosin-stained full sections of pre-
treatment tumor tissue were used to evaluate the presence 
of TILs per international guidelines [22]. Briefly, stromal 
lymphocytic infiltration was defined as the percent of stro-
mal areas containing mononuclear cells including lympho-
cytes, plasma cells and macrophages, and stratified using a 
median cut-point (with infiltration in ≥ 15% tumor stroma 
area defined as high TILs).

Immunohistochemistry and scoring of CD20 
and PD‑L1 expression

CD20 and PD-L1 protein expression levels were evaluated 
and reported following REMARK guidelines [23]. FFPETs 
were used to build tissue microarrays (TMAs; two 1.5 mm 
cores per case) as described elsewhere [19]. CD20 and 
PD-L1 protein expression was determined by IHC stain-
ing at the University of New Mexico Cancer Center and 
Johns Hopkins Hospital, respectively. IHC for CD20 (mouse 
monoclonal antibody; clone L26 at a concentration of 0.16 
µg/mL for 20 min at room temperature; Dako, Carpinte-
ría, CA, USA) was performed on the Ventana’s BenchMark 
Ultra automatic stainer (Ventana Medical Systems, Tuc-
son, AZ) per manufacturer’s instructions. IHC for PD-L1 
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was performed with the anti-PD-L1 monoclonal antibody 
SP142 (Spring Bioscience, Pleasanton, CA) at a concentra-
tion of 0.096 µg/mL, and antigen retrieval was performed 
in a citrate buffer, pH 6.0, as previously described in detail 
[24]. A biotinylated anti-rabbit IgG (Becton–Dickinson 
Biosciences, San Jose, CA) was used as a secondary anti-
body. Signal was developed using the ABC kit (Vector Elite 
PK-6100, Burlingame, CA) followed by amplification with 
the Perkin Elmer (Waltham, MA) tyramide signal amplifi-
cation plus biotin kit (dilution 1:50). Samples were visual-
ized using Streptavidin-HRP at a 1:300 dilution in TBST 
(Dako, Carpintería, CA) followed by DAB chromogen 
(Sigma, St. Louis, MO) and a hematoxylin counterstain. 
Breast tissues with known  CD20+TILs and PD-L1+ status 
were used as positive controls; the same tissues, incubated 
with an isotype-matched antibody, were used as negative 
controls. Immunostaining was scored by board-certified 
pathologists (CD20 by NJ and PD-L1 by ACM) blinded to 
patient clinicopathologic characteristics. The percentages of 
membranous PD-L1 immunostaining in invasive carcinoma 
(epithelial) cells (PD-L1+ tumor cells) and in TILs (PD-L1+ 
TILs) were scored separately. PD-L1 positivity was defined 
as ≥ 5% of TILs or tumor cells expressing PD-L1, and stain-
ing was scored as an average percentage across all tissue 
microarray spots. The ≥ 5% cut-off point has been reported 
to be associated with clinical response to anti-PD-1 therapy 
[8]. Membranous CD20 immunostaining in ≥ 1% TILs was 
considered positive; this cut-off point has been associated 
with patient outcome in breast cancer [25]. Immunostain-
ing and scoring for estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth factor receptor 
2 (HER-2) on this cohort were described previously [19].

Chemo‑, hormone, and radiotherapy

Neoadjuvant anthracycline and taxane-based chemotherapy 
was administered to 95% of IBC patients. HER2 + patients 
(3 + IHC) received trastuzumab starting in 2008 when the 
drug became available in the Algerian cancer center. A com-
bination of tamoxifen and goserelin was provided to 39% of 
IBC patients. Aromatase inhibitors were provided to 25% 
of IBC. Ninety-seven percent of IBC patients underwent 
mastectomy, while the remaining 3% of patients died before 
surgery could be performed. Radiotherapy was provided to 
84% of IBC patients.

Statistics

Primary outcomes were BCSS and DFS. BCSS was cal-
culated from the date of diagnosis with death from breast 
cancer scored as an event and censoring of other patients at 
the date of last follow-up or non-disease-related death. The 
DFS interval was calculated from the date of diagnosis to 

development of first recurrence. Patients without recurrence 
were censored at the time of last follow-up or death. Ten 
stage IV IBC samples were excluded from the DFS analysis. 
Chi-square and Fisher’s exact tests were used to compare 
demographic, clinical, and pathological data between IBC 
patients and PD-L1+ and  CD20+ results between samples. 
For the analysis of PD-L1+,  CD20+TILs, and combined 
 CD20+ TILs and PD-L1+ TILs, patients were divided into 
two groups (positive and negative) as described above. BCSS 
and DFS for the groups defined by PD-L1+,  CD20+TILs, 
and  CD20+TILs/PD-L1+TILs and other variables (age, size, 
tumor grade, pCR, lymph node status, lymphovascular inva-
sion (LVI), TILs, ER, PR, HER2, TN, CD + 20, PD-L1+ 
tumor cells, PD-L1+ TILs, and  CD20+TILs/PD-L1+TILs) 
were plotted using Kaplan–Meier curves and compared 
using the log-rank test. The Cox proportional hazard model 
with single covariates was used to obtain the hazard ratios 
(HRs) and associated 95% confidence intervals (CIs) for 
the groups compared. Primary multivariable analyses were 
performed using the Cox model, with candidate variables 
of age (< 50, ≥ 50 years), number of positive nodes (≤ 3, 
≥ 4), LVI (yes, no), nuclear grade (2 vs. 3), and ER, PR, 
HER2, CD20, PD-L1 (positive vs. negative), and the pres-
ence of  CD20+TILs/PD-L1+TILs (presence of both vs. oth-
ers) statuses. Variables found to be statistically significant 
in univariate analyses were considered for inclusion in the 
multivariate model. Multivariate Cox proportional models 
were built to examine the effect of  CD20+TILs, PD-L1+, 
and  CD20+TILs/PD-L1+TILs statuses on BCSS and DFS 
adjusted by the effect of age, size, tumor grade, pCR, 
lymph node status, lymphovascular invasion, TILs, ER, 
PR, HER2, and TN as covariates. Final multivariate models 
were obtained by a Cox stepwise procedure and verified by 
backward elimination [26]. For each ordinal variable, the 
lowest value was used as the reference in computing hazard 
ratios (HR). Survival rates and HRs are presented with their 
95% CIs. Wald tests were used to test for significance of 
HRs. Two-tailed P values less than 0.05 were considered 
statistically significant. Statistical analyses were carried out 
using SAS (version 9.3) and GraphPad Prism (version 7.02) 
software.

Results

Increased stromal TILs correlates with PD‑L1 
and CD20 expression

A majority (66%) of IBCs contained PD-L1+ TILS, 
whereas 8% of IBCs showed PD-L1 expression on tumor 
cells (Fig. 1a, and Table S1). Sixty-two percent of IBCs 
contained CD20 + TILs; none of the tumors expressed 
CD20 on the malignant epithelial cells. The  CD20+ TILs 
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showed both diffuse and aggregate localization patterns, 
with higher numbers of B cells generally observed within 
the stroma rather than within tumor cell nests (Fig. 1b).

Overall, there was a strong correlation between 
the presence of PD-L1+ tumor cells and PD-L1+ TILs 
(P = 0.037; data not shown). PD-L1 expression levels in 
TILs were heterogeneous, with a wider range relative to 
tumor cells. In particular, the distribution of PD-L1+ TIL 
levels across the 221 tumors was statistically higher than 
tumor PD-L1+ (Fig. 1c). A similar range of CD20 expres-
sion levels was observed in IBC samples compared to 
normal non-cancer-related breast tissues (Fig. 1d).

There was a statistically significant association 
between high stromal TILs and the presence of either 
 CD20+ TILs, PD-L1+ tumor cells, or PD-L1+ TILs 
(P < 0.005; Table S2). When tumors were stratified as 
lymphocyte predominant breast cancer (LPBC; ≥50% 
tumor stromal area occupied by TILs), 15% of IBC 
patients were identified as LPBC (Table S1). As with high 
stromal TILs, LPBC status also significantly correlated 
with the presence of  CD20+ TILs, PD-L1+ tumor cells, 
and PD-L1+ TILs (P < 0.02; Table S2).

Tumor cell PD‑L1 and TILs PD‑L1 expression 
differentially correlates with clinical variables 
and outcome in IBC

Univariate analysis showed that the presence of PD-L1+ 
tumor cells was significantly associated with higher survival 
and pCR rates, TN status, and the presence of  CD20+ TILs 
(Table 1); the presence of PD-L1+ TILs was significantly 
associated with higher survival rates and the presence of 
 CD20+ TILs (Table 1). In addition, the presence of PD-L1+ 
TILs was significantly associated with histologic grade 3 
tumors (75% vs. 60% in grade 2 tumors; P = 0.030; data 
not shown). These correlations persisted when the pres-
ence of PD-L1+ TILs was analyzed as a continuous vari-
able (Wilcoxon Rank sum test; data not shown). The pres-
ence of PD-L1+ tumor cells was marginally associated with 
improved BCSS (Fig. 2a), but not with DFS (P = 0.122; data 
not shown). In contrast, the presence of PD-L1+ TILs was 
significantly associated with better DFS (Fig. 2b), but not 
with BCSS (P = 0.108; data not shown). Further, in TN IBC 
patients, PD-L1+ TILs showed a trend towards better DFS 
(Fig. 2c) and significantly improved BCSS (Fig. 2d).

Fig. 1  Immunostaining for PD-L1 and CD20 in inflammatory breast 
cancer (IBC) samples. (a) PD-L1 + TILs in the tumor stromal area, 
but not in tumor cells. (b) The same case also displays scattered 
CD20 + B cells. (c) There is a greater distribution of percentage 
PD-L1 + TILs compared to percentage PD-L1 + tumor cells across 

IBC cases. (d) Similarly, there is a greater distribution of percentage 
of CD20 + B cells across IBC cases compared to normal breast tis-
sue. The percentage of positive cells is shown on the y-axis. Data are 
mean ± SD of PD-L1 or CD20 expression. Analysis was carried out 
using the Student’s t-test. *, P < 0.001 for all
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CD20 TILs expression prognosticates DFS in IBC 
patients

The presence of  CD20+ TILs was significantly associated 
with higher survival rates, absence of relapses, and higher 
pCR (Table  1). The presence of  CD20+ TILs was also 
associated with improved DFS, but not with BCSS in IBC 
patients (Fig. S1).

Co‑existence of  CD20+ TILs and PD‑L1+ TILs 
shows a synergistic effect on clinical variables 
and improved outcome in IBC patients

Given the significant association of  CD20+ TILs, PD-L1+ 
TILs, and PD-L1+ tumor cells with clinical outcomes 
(Table 1), we next analyzed the effect of the presence of 
 CD20+ TILs plus PD-L1+ TILs, and  CD20+ TILs plus 
PD-L1+ tumor cells on clinical variables. We found that 
the presence of  CD20+ TILs with PD-L1+ tumor cells was 
significantly associated with high survival rates, high pCR 
rates, high TILs, and TN IBC (Table 2). The presence of 
 CD20+ TILs and PD-L1+ TILs was associated with high 
survival rates, absence of relapses, high pCR, and high TILs 
(Table 2). Next, we analyzed the effect of the presence of 
 CD20+ TILs and PD-L1+ TILs on BCSS and DFS. We found 
that combining  CD20+ TILs with PD-L1+ TILs resulted in 
a highly significant improvement in both DFS (Fig. 3a) and 
BCSS (Fig. 3b). As illustrated in Fig. 2b, a 50% DFS rate 
was observed at ~ 54 months for patients with PD-L1+ TILs 
irrespective of CD20 status, whereas the same DFS rate 
was observed at ~ 62 months for patients with both  CD20+ 

TILs and PD-L1+ TILs (compare Fig. 2b (P = 0.035) with 
3a (P = 0.0005)). Further, while the DFS curves are nearly 
parallel for patients with PD-L1+ TILs until ~ 50 months 
(Fig. 2b), the survival curve for patients with  CD20+ TILs 
and PD-L1+ TILs separates as early as ~ 30 months and 
remains higher for the period analyzed (Fig. 3a). This pat-
tern was striking in BCSS for the combination of the two 
biomarkers. In particular, the presence of PD-L1+ TILs was 
not associated with BCSS (P = 0.108; data not shown), but 
patients with both  CD20+ TILs and PD-L1+ TILs showed an 
improved BCSS as early as 30 months (P = 0.002; Fig. 3b). 
Further, subset analysis in TN IBC patients showed that 
while the presence of PD-L1+ TILs was not associated with 
DFS (Fig. 2c), the presence of  CD20+ TILs and PD-L1+ 
TILs was significantly associated with improved DFS 
(Fig. 3c), and with BCSS (Fig. 3d).

Expression of tumor cell PD-L1, TILs PD-L1, and TILs 
CD20, as well as the co-existence of CD20 and PD-L1 
expression, by tumor subtype, is shown in Supplementary 
Table S3. Other than the associations with TN IBC described 
above, there were no significant associations with ER, PR, 
and HER2 status.

Multivariate analysis

Multivariate analysis, using a stepwise evaluation, and veri-
fied by backward and subset variable analyses, determined 
that the presence of both  CD20+ TILs and PD-L1+ TILs was 
the best predictor tested as a significant favorable prognostic 
factor of DFS and BCSS in the entire IBC cohort and among 
TN IBC patients (Table 3).

Table 1  Correlation of PD-L1 and CD20 expression with clinical parameters

*pCR pathological complete response; TN triple-negative breast cancer; TILs tumor-infiltrating lymphocytes

Variable PD-L1+ tumor cells PD-L1+  TILs* CD20+ TILs

Negative Positive P Negative Positive P Negative Positive P

Survival
 Alive 57 (85.1) 146 (94.8) 0.029 16 (23.9) 59 (38.3) 0.045 18 (27.3) 64 (42.7) 0.034
 Dead 10 (14.9) 8 (5.2) 51 (76.1) 95 (61.7) 48 (72.7) 86 (57.3)

Relapses
 Absent 81 (89.0) 122 (93.8) 0.218 24 (26.4) 51 (39.2) 0.060 26 (29.2) 56 (44.1) 0.032
 Present 10 (10.1) 8 (6.2) 67 (73.6) 79 (60.8) 63 (70.8) 71 (55.9)

pCR*

 Absent 166 (93.3) 12 (70.6) 0.009 63 (94.0) 115 (89.8) 0.427 72 (98.6) 103 (86.6) 0.003
 Present 12 (6.7) 5 (29.4) 4 (6.0) 13 (10.2) 1 (1.4) 16 (13.5)

TN*

 Others 167 (82.3) 10 (55.6) 0.012 58 (77.3) 119 (81.5) 0.480 70 (85.4) 105 (78.4) 0.217
 ER−PR−HER2− 36 (17.7) 8 (44.4) 17 (22.7) 27 (18.5) 12 (14.6) 29 (21.6)

CD20
 Negative 80 (97.6) 118 (88.1) 0.020 36 (51.4) 46 (31.5) 0.006
 Positive 2 (2.4) 16 (11.9) 34 (48.6) 100 (68.5)
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Discussion

To our knowledge, this is the largest cohort used to char-
acterize immune infiltrates in IBC, and the first study to 
examine both an immune checkpoint inhibitor and CD20 
in IBC. The strong correlation between PD-L1 expres-
sion, independent of the cellular location, with the pres-
ence of high stromal TILs, suggests the existence of a pre-
existing immune-active microenvironment suppressed by 
PD-L1 [7], and strongly supports the exploration of anti-
PD-1/PD-L1 therapy in IBC patients. As part of standard 
neoadjuvant therapy similar to that administered in the 
United States, Algerian IBC patients receive doxorubicin, 
cyclophosphamide, and taxanes, all of which are bona 
fide inducers of immunogenic cell death [27]. Hence, one 
could expect that pre-existing immunity could be activated 
with these agents and further amplified with anti-PD1/

PD-L1 treatment to result in efficacious treatments in IBC 
patients whose tumors contain PD-L1+ TILs.

Only a few prior studies have examined PD-L1 expres-
sion in IBC [28, 29]. A study of 112 IBCs by Bertucci, et al. 
reported high PD-L1 mRNA in pretreatment IBC samples, 
a strong association between PD-L1 mRNA with pCR, 
TILs, basal and HER2 tumor types, and a gene signature 
characteristic of a strong cytotoxic response involving T 
cells, dendritic cells, and B cells [28]. He et al. analyzed 68 
post-neoadjuvant IBC tumor samples and report that worse 
overall survival was significantly associated with positive 
PD-L1 status [29]. We found that PD-L1 in either tumor 
or TILs was associated with pCR and high TILs. However, 
unlike Bertucci, et al. and He et al., our study found signifi-
cant associations between PD-L1+ tumor cells and improved 
BCSS, and between PD-L1+ TILs and longer DFS. The 
prognostic role of PD-L1 in breast cancer remains unclear, 
with studies often describing contradicting results. As He 

Fig. 2  PD-L1+ tumor cells and PD-L1+ TILs are associated with 
improved outcome in IBC and TN IBC patients. Kaplan–Meier 
survival estimates of BCSS (a, d) and DFS (b, c) in patients with 
PD-L1+ tumor cells (a) or PD-L1+ TILs (b-d) compared to negative 

(< 5%) PD-L1 + tumor cells or PD-L1 + TILs. The number of patients 
at risk of death and/or relapse from IBC are shown at 0, 12, 24, 36, 
48, 72, 84, and 96 months below the x-axis
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et al. summarize in their recent report, PD-L1 expression has 
been shown to be both a favorable and an adverse variable 
[29]. The discrepancy in outcome correlations amongst stud-
ies may be the result of variations in cohort size, specimen 
types, IHC techniques, and cut-off values. The divergence 
in cell type expressing PD-L1 and BCSS vs. DFS points to 
potential immune differences in cellular or cytokine vari-
ables that induce PD-L1 on tumors vs. on TILs. It is pos-
sible that the improved DFS association with expression 
of PD-L1 on TILs may imply a more systemic antitumor 
immune response.

The study reported here is the first to highlight the clini-
cal relevance of  CD20+ B cells in IBC. Our findings suggest 
that, in addition to T cell-mediated immunity, B cells play 
an important role in antitumor immunity in IBC. It has been 
shown that  CD20+ TILs were strongly associated with breast 
cancer response to NACT [17] and with improved BCSS and 
longer DFS [18]. Of note, in both of these studies, the prog-
nostic role of  CD20+ TILs was independent of  CD8+ TILs, 
underscoring the biological relevance of B cell immunity 
in conjunction with the cellular immune response in breast 
cancer [17, 18].

It has been proposed that there is a clonally restricted, 
antigen-directed B cell antitumor response, and the pres-
ence of somatic hypermutation sequences is suggestive of 
antigen-experienced B cells in the tumor microenvironment 
[30]. The positive prognostic synergy observed in IBC 
tumors with both  CD20+ TILs and PD-L1+ TILs might be 
the result of cooperation between the cellular and humoral 
immune responses. While cellular injury and immunogenic 
cell death induced by chemotherapy can lead to formation of 

new immunogenic epitopes, chemokine and cytokine secre-
tion, antigen cross-presentation, activation of dendritic cells, 
and induction of tumor-specific cytotoxic T cells (cellular 
response) [31], the presence of B cells might enhance such T 
cell responses by producing antibodies against breast tumor 
antigens, stimulating cytokine and chemokine secretion, 
serving as local antigen-presenting cells, and organizing the 
formation of tertiary lymphoid structures that sustain long-
term immunity (humoral response) [32]. As immunotherapy 
for breast cancer advances, it will be important to evaluate 
B cell presence, antigen specificity, and activity to deter-
mine the extent of B cell modulation and its relationship to 
patient response. Additional studies, including validation in 
a second cohort, are warranted to confirm the synergistic 
relationship between T cells and B cells in IBC.

In addition to the large number of IBC samples evaluated, 
this study has a few other strengths that should be noted. 
First, the diagnosis of IBC in all patients was confirmed 
using standard clinical and histopathological methods [20]. 
Second, the IBC database is well annotated and from the 
main cancer center in Algeria, and is likely well representa-
tive of the general population in Algeria. Due to socialized 
health care in Algeria, the IBC patients received similar 
standard of care treatments, which reduces treatment vari-
ability when analyzing clinical outcomes. Third, the CD20 
and PD-L1 labeling were characterized with validated 
antibodies, and PD-L1 scoring was performed separately 
on tumor cells and TILs in each cancer sample provid-
ing a unique opportunity to evaluate the individual effect 
of PD-L1 expression on clinical associations and patient 
outcome.

Table 2  Correlation of CD20/
PD-L1 expression with clinical 
parameters

*pCR pathological complete response; TILs tumor-infiltrating lymphocytes; TN triple-negative breast can-
cer

Variable CD20+TILs/PD-L1+ tumor cells CD20+TILs/PD-L1+TILs

Negative Positive P Negative Positive P

Survival
  Alive 57 (27.8) 10 (62.5) 25 (20.7) 42 (42.0)
  Dead 148 (72.2) 6 (37.5) 0.008 96 (79.3) 58 (58.0) 0.0007
Relapses
  Absent 81 (38.5) 10 (62.5) 39 (32.2) 52 (52.0)
  Present 124 (60.5) 6 (37.5) 0.111 82 (67.8) 48 (48.0) 0.004
pCR*
  Absent 168 (93.3) 10 (66.7) 101 (95.3) 77 (86.5)
  Present 12 (6.7) 5 (33.3) 0.005 5 (4.7) 12 (13.5) 0.041
TILs*
  Low (< 15%) 105 (51.2) 1 (6.3) 72 (59.5) 34 (34.0)
  High (≥ 15%) 100 (48.8) 15 (93.7) 0.0004 49 (40.5) 66 (66.0) 0.0002
TN*
  Others 168 (81.9) 9 (56.2) 98 (81.0) 79 (79.0)
  ER−PR−HER2− 37 (18.1) 7 (43.7) 0.021 23 (19.0) 21 (21.0) 0.737
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By identifying IBC as a disease likely to benefit from 
immunomodulatory treatments, this study provides a ration-
ale for the use of targeted immunotherapies. Antibodies that 

block the PD-1/PD-L1 axis and immunomodulatory thera-
pies supporting B cell responses are potentially valuable 
therapeutic approaches targeting T and B cell infiltrated 
tumors in IBC, which currently has poor prognosis with the 
currently available treatment strategies.
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Fig. 3  Co-existence of  CD20+ TILs and PD-L1+ TILs prognosticates 
better outcome in IBC and TN IBC patients. Kaplan–Meier survival 
estimates of DFS (a, c) and BCSS (b, d) for patients with  CD20+ 
TILs and PD-L1+ TILs (positive) in IBC (a, b) and TN IBC (c, d) 

compared to patients without both  CD20+ TILs and PD-L1+ TILs 
(negative). The number of patients at risk of death and/or relapse 
from TN IBC are shown at 0, 12, 24, 36, 48, 72, 84, and 96 months 
below the x-axis

Table 3  Multivariate analyses for CD20 and PD-L1 expression in 
IBC and TN IBC subgroup

*DFS disease-free survival; BCSS breast cancer-specific survival; TN 
triple-negative breast cancer

Variable HR 95%CI P

DFS*
 IBC CD20+TILs/PDL1+ TILs 0.53 0.37–0.77 0.001
 TN IBC CD20+TILs/PDL1+ TILs 0.39 0.17–0.88 0.023

BCSS*
 IBC CD20+TILs/PDL1+ TILs 0.60 0.43–0.85 0.003
 TN IBC CD20+TILs/PDL1+ TILs 0.38 0.17–0.83 0.016
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