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Abstract

Our aim was to examine the association of pre-treatment tumor infiltrating lymphocyte (TIL) 

count and PD-L1 levels with pathologic complete response (pCR) and assess immune marker 

changes following treatment in tumor specimens from the S0800 clinical trial which randomized 

patients to bevacizumab+nab-paclitaxel followed by doxorubicin/cyclophosphamide (AC) versus 

two control arms without bevacizumab (varying sequence of AC and nab-paclitaxel). TILs were 

assessed in 124 pre- and 62 post-treatment tissues (including 59 pairs). PD-L1 was assessed in 120 

pre- and 43 post-treatment tissues (including 39 pairs) using the 22C3 antibody. Baseline and 

treatment-induced immune changes were correlated with pCR and survival using estrogen receptor 

(ER) and treatment adjusted logistic and Cox regressions, respectively. At baseline, the mean TIL 

count was 17.4% (17% had zero TIL, 9% had ≥50% TILs). Post-treatment, mean TIL count 

decreased to 11% (5% had no TIL, 2% had > 50% TILs). In paired samples, the mean TILs 

change was 15% decrease. Baseline PD-L1 was detected in 43% of cases (n=5 in tumor cells, 

n=29 stroma, n=18 tumor+stroma). Post-treatment, PD-L1 expression was not significantly lower, 

33%. Higher baseline TIL count and PD-L1 positivity rate were associated with higher pCR rate 
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even after adjustment for treatment and ER status (p=0.018). There was no association between 

TIL counts, PD-L1 expression and survival due to few events. In conclusion, TIL counts, but not 

PD-L1 expression, decreased significantly after treatment. Continued PD-L1 expression in some 

residual cancers raises the possibility that adjuvant immune checkpoint inhibitor therapy could 

improve survival in this patient population.
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Introduction

Neoadjuvant (preoperative) chemotherapy is increasingly used in the treatment of early stage 

breast cancer (1) because it leads to higher breast conservation rates among locally advanced 

cancers, to smaller surgical resection in stage II cancers (2, 3) and the extent of residual 

cancer provides important prognostic information (4). Pathologic complete response (pCR), 

defined as no invasive cancer in the breast or lymph nodes after neoadjuvant chemotherapy, 

is an indicator of excellent survival, whereas extensive residual disease indicates poor 

prognosis. Patients with residual disease may receive additional chemotherapy which can 

improve survival in triple negative breast cancers (TNBC) (5) or could participate in clinical 

trials designed for this high-risk population (NCT02954874, NCT02445391, 

NCT02101385).

Tumor infiltrating lymphocytes (TIL), or immune-related gene expression signatures, are 

predictive of higher pCR rates (6-8) and are also associated with better survival in TNBC, 

HER2-positive and high-risk ER-positive breast cancers (9-12). Surprisingly, high 

expression of immune checkpoint molecules such as PD-1 (programmed death receptor 1) 

and PD-L1 (programmed death ligand 1), that down regulate anti-tumor immune effector 

mechanisms, is also associated with higher pCR rate and better prognosis (13-16). This is 

due to the strong correlation between PD-L1 expression and TIL counts and also suggests 

that high expression of this checkpoint molecule does not completely eliminate the benefits 

of anti-tumor immune surveillance in lymphocyte-rich cancers.

Several ongoing neoadjuvant clinical trials test if addition of an immune checkpoint 

inhibitor to standard of care chemotherapy could increase pCR rates and improve survival in 

early stage breast cancers, particularly TNBC (17). Understanding how chemotherapy 

influences the tumor immune microenvironment could assist in designing future studies and 

develop biomarkers. Preclinical evidence supports that some of the antitumor activity of 

cytotoxic agents is mediated by anti-tumor immune response (18). Tumor cell injury from 

chemotherapy may trigger neoantigen formation, dendritic cell activation, antigen cross-

presentation and cytokine release that ultimately lead to induction of tumor-specific 

cytotoxic T cells (19). Some chemotherapy drugs can also inhibit myeloid-derived immune 

suppressor cells and FOXP3+ regulatory T cells (20). Vascular endothelial growth factor 

(VEGF) in the tumor microenvironment enhances expression of PD-1 and other inhibitory 
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checkpoints involved in T cell exhaustion, and this effect can be reverted by anti-angiogenic 

agents such as bevacizumab (21).

S0800 (NCT00856492) was a randomized 3-arm Phase II trial that assessed if inclusion of 

bevacizumab with neoadjuvant chemotherapy could improve pCR rates in HER2-negative, 

locally advanced, or inflammatory breast cancer (IBC). The three arms of the trial were 

weekly nab-paclitaxel and bevacizumab followed by dose-dense doxorubicin / 

cyclophosphamide (ddAC) (Arm A), nab-paclitaxel followed by ddAC, (Arm B), and ddAC 

followed by nab-paclitaxel (Arm C). Patients were randomly allocated (2:1:1) to the three 

arms, but for the primary efficacy analysis the two non-bevacizumab arms (B and C) were 

combined. The primary efficacy results were reported earlier (22), and showed that 

bevacizumab increased pCR rate from 21% to 36% (p = 0.019). In TNBC, the improvement 

in pCR rate was even higher 29% vs. 59% (p = 0.014) while in ER-positive cancer the 

improvement did not reach statistical significance (18% vs. 24%; p = 0.41). There was also a 

trend for improved event-free survival with the addition of bevacizumab in the TNBC subset 

(p = 0.06). The main objectives of the current study were to (i) examine the association of 

pre-treatment TIL and PD-L1 levels with pCR and (ii) assess changes in TIL counts and PD-

L1 expression between pre- and post-treatment tissues from the S0800 clinical trial. We also 

assessed associations between these immune markers and event-free and overall survival.

Material and Methods

Patients

Baseline core needle biopsies and post-treatment surgical resection specimens were 

collected prospectively during the trial. Formalin fixed paraffin embedded (FFPE) blocks or 

unstained cut sections were submitted to the SWOG tissue bank. Of the 215 patients 

registered for the S0800 trial, 211 were available for efficacy analysis, 134 patients had pre-

treatment and 63 had post-treatment FFPE tissues with consent for research, including 59 

paired pre- and post-treatment tissues (CONSORT diagram, Figure 1). TIL counts could be 

assessed in 124 pre- and 62 post-treatment tissues including 59 paired cases. For the 

remaining cases, the submitted tissue did not contain cancer or the staining procedure failed. 

PD-L1 immunohistochemistry (IHC) could be generated for 120 pre-treatment, 43 post-

treatment and 39 paired specimens. The missing cases had no adequate tissues for IHC. 

Patient characteristics of the entire cohort and the current biomarker study subpopulation are 

shown on Table 1. Pathologic complete response was determined by the local pathologists 

and pCR was defined as the absence of any residual invasive cancer, with or without ductal 

carcinoma in situ, in the breast and axilla (ypT0/is ypN0). All surgical pathology reports 

were reviewed centrally for accuracy by the study chair (Z.N.) without the knowledge of 

treatment assignment. The current biomarker analysis was approved by the Yale Cancer 

Center Human Investigations Committee.

TIL assessment

TILs were assessed by two pathologists (V.P. and B.W) on hematoxylin eosin (H&E) stained 

full sections following the scoring guidelines of the International TILs Working Group (23). 

In cases with pCR, the tumor bed was examined and scored. Stromal TIL scores were 
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defined as the percentage of tumor stroma area that was occupied by mononuclear 

inflammatory cells. Inflammatory infiltrates in the stroma of noninvasive lesions and normal 

breast structures were excluded from TIL counts. The two scores were averaged to obtain 

the mean TIL percentage.

PD-L1 immunohistochemistry

PD-L1 immunohistochemistry was performed on 5-μm whole tissue sections using the FDA 

cleared 22C3 assay on the Dako Link 48 platform following the manufacturer’s instructions 

as previously reported (24). For controls, we used the control slide from DAKO 22c3 

pharmDx assay that includes a PD-L1 positive (NCI-H226) and a PD-L1 negative (MCF-7) 

cell line (Supplemental Figure S1A) and also a tissue microarray assembled in our 

laboratory that contains 100 spots of randomly selected cases of placenta, tonsil, lung cancer 

and cell lines that express broad ranges of PD-L1 (24) (Supplemental Figure S1B). Two 

breast pathologists (V.P and Y-C. L) scored independently both the tumor and stromal cell 

compartments as a percentage of cells with PD-L1 signal at any intensity. When greater than 

10% absolute difference in % positive score was observed, the pathologists jointly reviewed 

the case to arrive at consensus otherwise the average of the two pathologists’ scores was 

used as the final PD-L1 percent. PD-L1 positivity threshold was set at ≥ 1% of either tumor 

or stromal cells. A similar 1% threshold, using the same 22C3 antibody, was used to select 

PD-L1 positive metastatic TNBC for anti-PD-1 therapy in a clinical trial which reported an 

overall response rate of 18.5% with single agent pembrolizumab in metastatic TNBC (25).

Statistical Analysis

All available specimens were used in this study and sample size was determined by tissue 

availability. The primary outcome was pCR. Associations with pCR rate was evaluated 

either using contingency table analyses (using exact methods) or modeled with logistic 

regression. TIL counts were classified into approximate quartiles and the four quartile 

categories were tested either as an ordinal variable or as a categorical variable. The logistic 

regression analyses were adjusted for hormone-receptor status and randomized treatment. 

The secondary outcomes were overall survival (OS) defined as time from registration to 

death due to any cause and event-free survival (EFS). Events included progression prior to 

surgery, local or distant recurrence post-surgery or death from any cause. Patients without an 

event were censored at the last known follow-up time. OS and EFS were analyzed using Cox 

regression adjusting for ER status and randomized treatment assignment. Hazard ratios (HR) 

and 95% confidence intervals (95% CI) are presented. Changes in immune marker levels 

between pre- and post-treatment samples were compared by pCR outcome or hormone-

receptor status using a Wilcoxon non-parametric test.

Results

TIL counts before and after chemotherapy and its association with outcome

At baseline (n=124), the mean TIL count was 17.4% (median 10%); 17% of cases had zero 

TILs, and 9% had ≥ 50% TILs. Baseline mean and median (15%) TIL percentages were 

nominally higher in ER-negative (n=39, mean 20.8%, median 15%) compared to ER-

positive cancers (n=85, mean 15.8%, median 7.5%), but these differences did not reach 
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statistical significance (Wilcoxon p=0.11). Classifying baseline TILs into approximate 

quartiles showed a significant association with pCR in an ordinal trend test (p=0.008), but 

were not significant when treated as four distinct categories (Fisher’s exact test p=0.07) 

(Table 2). This pattern remained in a logistic regression adjusting for treatment and ER 

status (trend p=0.019; categorical p=0.12). Using TIL counts as a continuous variable 

adjusted for ER status and bevacizumab treatment, every 10% increase in TIL increased the 

odds of pCR with an odds ratio (OR) of 1.21 (95% CI: 0.99-1.48, p=0.07).

There was no significant association between EFS, OS and baseline TIL counts either as 

continuous variable (p=0.36, p=0.10) or as quartiles (p=0.49, p=0.32). The median follow-

up of this study was only 3 years and only 24 EFS and 19 OS events occurred during this 

time which limits the power of the survival analyses for the entire study or for ER subsets.

In the post-NAC samples (n=62), the mean and median TIL counts were 11% and 7.5% 

respectively; 5% of cases had zero TILs, and 2% had ≥ 50% TILs. In paired pre- and post-

treatment samples (n=59), TIL counts decreased in 78% of cases in the post-treatment 

samples with a mean change of 15% decrease in TILs. In the remaining 22% of cases (n=13) 

TIL counts increased. Among these patients, 3 had pCR. Decrease in TIL was not associated 

with pCR (p=1.00), ER status (p=0.27), or bevacizumab treatment (p=0.35). Figure 2A 

shows the distribution of pre- and post-treatment TIL counts in paired samples. Cases with 

residual disease (n=44) had lesser absolute TIL decrease (Wilcoxon p=0.041) than cases 

with pCR (n=15) where the tumor bed was assessed (Figure 2B). The post-treatment 

decrease in TILs was also observed after excluding cases with pCR. Representative TIL 

images are shown in Figure 3A and B.

PD-L1 expression before and after chemotherapy and its association with outcome

At baseline, PD-L1 expression was detected in 52 of 120 (43%) cases mostly in the stroma 

(n=5 PD-L1 staining in tumor only, n=29 stroma only, n=18 tumor + stroma). Stromal and 

tumor PD-L1 percentages were moderately but statistically significantly correlated (Pearson 

r=0.56; p<0.0001). Most of PD-L1 immunostaining in the stroma was observed not on TILs 

but macrophages and morphologically fibroblast-like cells (Figures 3C and 3D). The 

correlation between baseline PD-L1 expression and TIL count was weak and nonsignificant 

(tumor cell PD-L1 vs TILs r=0.21, p=0.27; stromal PD-L1 vs TILs r=0.21, p=0.25). Cases 

with PD-L1 expression at baseline, either in the stroma or in tumor cells, or both, had 

significantly higher pCR rates 63% vs. 37%; compared to cases lacking PD-L1 expression 

(Fischer’s exact test p=0.008). Examples of PD-L1 positive and negative cases are shown in 

Figures 3E and 3F, respectively. In ER and treatment adjusted logistic regression, every 10% 

increase in baseline stromal cell PD-L1 percentage had an OR of 3.02 for pCR (95% CI: 

1.55-5.89, p=0.001). Baseline tumor cell PD-L1 expression was not associated with pCR 

(p=0.10), which may be due to the limited number of such cases (n=23). We also did not 

observe a significant association between baseline PD-L1 expression and EFS (p=0.93) and 

OS (p=0.48).

Post-treatment, PD-L1 expression was seen in 14 of 43 (33%) cases (n=6 stroma only, n=8 

tumor + stroma). Post-treatment stromal (r=0.59; p=0.0002) and tumor cell (r=0.42; 

p=0.014) PD-L1 expression were significantly correlated with post-treatment TIL count. In 
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the 39 paired cases, PD-L1 expression was negative in both the pre- and post-treatment 

samples in 20 cases, positive in 10, positive at baseline but negative in the post-treatment 

sample in 6, and negative at baseline but positive after chemotherapy in 3 cases. In these 

paired samples, post-treatment stromal PD-L1 expression decreased on average by 1% 

which did not reach statistical significance (p=0.44) (Figure 4). The decrease in stromal PD-

L1 expression was slightly greater among those with pCR (mean 3.6%; min −12.5%; max 

25.05%) than those with residual disease (mean 0.5%; min −31.5%; max 17.5%), but this 

difference was not statistically significant (Wilcoxon p=0.77). There was a slight, 0.3% 

mean, non-significant increase in tumor cell PD-L1 expression in residual disease (n=31). 

These results suggest that PD-L1 expression remained stable in the tumor microenvironment 

before and after chemotherapy with or without bevacizumab.

Discussion

In this study, we examined changes in TIL count and PD-L1 expression after neoadjuvant 

chemotherapy and assessed associations between these immune parameters at baseline and 

pCR rate and survival. The randomized design of the S0800 trial also allowed us to test for 

interaction between the immune markers and bevacizumab added to paclitaxel/ddAC 

chemotherapy although the small sample size limits the power of this analysis. At baseline, 

17% of cancers had zero TILs and 9% were TIL predominant. These findings confirm that 

most breast cancers (73%) contain small but detectable number of TILs, with a median TIL 

count around 10%. At baseline, PD-L1 expression was observed in 43% of cases. PD-L1 

signal was mainly detected in stromal cells (90%), while cancer cells stained positive in only 

44% of the cases. These observations are consistent with other reports showing that in breast 

cancer, unlike other tumor types, stromal cells, including TILs but also macrophages and 

morphologically fibroblast-like cells, are the primary sites of PD-L1 expression (26-28). 

This suggests that in breast cancer, interruption of PD1/PD-L1 signaling between various 

types of immune cells, rather than (or in addition to) between tumor cells and immune cells, 

is an important mechanism of action of PD1/PD-L1 targeting antibodies.

We observed that higher baseline TIL counts and PD-L1 positivity were associated with 

increasing probability of pCR as previously reported (6-8, 13-16). This supports the 

hypothesis that chemotherapy response is partly mediated by activated cytotoxic T cells 

(18-21), and frequent PD-L1 expression provides rationale for combining immune 

checkpoint inhibitors with chemotherapy to increase pCR rates (29-31). One could 

hypothesize that PD-L1 expression is a sign of an incomplete negative feedback to a robust 

anti-tumor immune response. Indeed, PD-L1 expression is highly correlated with the 

presence of immune effector cells and immune activation signals (6, 8, 10, 11, 13).

Because of the availability of post-treatment tissues, we could examine treatment induced 

changes in TIL counts and PD-L1 expression. We anticipated an overall increase in these 

parameters since clinical (32) and preclinical studies suggested that chemotherapy can 

render tumor cells more immunogenic (18-21). Preclinical studies also suggested that PD-L1 

expression on cancer cells is stimulated by chemotherapy and suppressed by VEGF (21, 33). 

However, we observed a significant decrease in TIL count, while PD-L1 expression did not 

change significantly from baseline to post-treatment tissues, either overall or in the 
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bevacizumab treated arm. Other investigators have also reported chemotherapy-induced 

decrease of CD3 (total lymphocytes), CD4 (T cells) and CD20 (B cells) -positive cells (34) 

and gene expression analysis of paired pre- and post-treatment samples demonstrated 

depletion of immune-related mRNAs in residual cancer (35). These observations suggest 

that either chemotherapy has a cytotoxic effect on TILs or as the size of the primary tumor 

decreases in response to therapy, the immunogenic target decreases and the corresponding 

anti-tumor immune reaction also winds down. Our finding that the greatest decrease in TILs 

between matched pre-/post-treatment samples coincides with pCR supports the hypothesis 

that after complete eradication of the cancer from the breast the immune response also 

resolves.

Our small sample size and few recurrence events prevented us from assessing the prognostic 

impact of TILs in residual cancer. However, several studies demonstrated that higher TIL 

counts in the residual cancer correlate with better survival after chemotherapy (36, 37). 

These observations suggest that cancers that remain “immunogenic” after chemotherapy 

may continue to be subjected to anti-tumor immune surveillance that can reduce the risk of 

distant recurrence. This hypothesis provides a rational to explore adjuvant immunotherapy in 

breast cancers with residual disease such as the currently accruing SWOG S01418 / NRG 

BR006 trial (NCT02954874).

An important limitation of the S0800 trial, designed 10 years ago, is that it included both 

ER-positive and ER-negative patients. Because of the small sample size, no separate, 

adequately powered analysis could be done by ER subgroups even though today we 

recognize the distinct immunological and molecular characteristics (6, 10-12) and different 

chemotherapy sensitivities of ER-positive and -negative cancers. Sampling bias could also 

have influenced our pre- and post-treatment comparisons, since the pre-treatment immune 

marker assessments were done on core needle biopsies whereas the post-treatment samples 

were surgically resected tissues. However, we previously studied the impact of tumor 

sampling on immune markers and examined TIL subpopulation counts between biopsies 

from different regions of the same cancer (38). Our results showed that the average 

lymphocyte score across multiple fields of view from a single biopsy is reasonably 

representative of the whole cancer.

Our results confirm that higher pre-treatment TIL count (as quartiles) and PD-L1 expression 

are associated with greater probability of pCR, independently of bevacizumab 

administration. This finding is consistent with the hypothesis that chemotherapy-induced 

tumor response is partially mediated by immune cells and provides rationale for exploring 

immune checkpoint inhibitors in the neoadjuvant treatment setting to further increase pCR 

rates. Several clinical trials now test this hypothesis in the clinic. We also demonstrated that 

TIL counts are lower in post-chemotherapy tissues while PD-L1 expression remained the 

same. The continued PD-L1 expression in many residual cancers raise the possibility that 

anti-cancer immune surveillance persists and might be further augmented by adjuvant 

immune checkpoint inhibitor therapy.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT diagram of samples used in the study.
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Figure 2. Tumor infiltrating lymphocyte (TIL) counts in baseline tumors and residual disease
A. Distribution of TIL percentage counts before and after neoadjuvant chemotherapy. B. 

Change in TIL count before and after neoadjuvant chemotherapy in paired samples grouped 

by pathologic response category (pCR=pathologic complete response, n=15; no-pCR n=44). 

The mean change was 11% in cases with no-pCR and 26% in cases with pCR (Wilcoxon test 

p=0.04).
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Figure 3. Representative images of tumor infiltrating lymphocytes (TIL) and PD-L1 
chromogenic staining
A. Baseline H&E of a case with high TIL count (40× magnification, bar represents 100μm). 

B. Post-treatment H&E of the same case with decrease of the TIL infiltrate. C. In this case, 

the PD-L1 immunostaining is mostly observed in cells morphologically compatible with 

macrophages or fibroblasts. D. Example of PD-L1 immunostaining that is not in 

lymphocytes in a tumor with high lymphocytic infiltration, staining is localized to cells that 

are morphologically compatible with macrophages. E. A case with baseline high PD-L1 

expression in tumor cells. F. Example of a PD-L1 negative case.
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Figure 4. PD-L1 expression at baseline and in residual disease of paired samples
PD-L1 decrease in expression from baseline to follow-up by residual disease of 39 paired 

samples. PD-L1 percent decrease from baseline to post-treatment are shown in the box plot 

classified by cases with pathologic complete response (pCR, n=15) or not (no pCR, n=24).
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Table 1

Demographic and disease characteristics for the overall trial population and the immune marker subset

S0800 Total Immune study

Eligible and Maintained Consent 211 134

Inflammatory Breast Cancer (IBC) or Locally Advanced Breast Cancer (LABC)

 IBC 24 (11.4%) 12 (9.0%)

 LABC 187 (88.6%) 122 (91.0%)

Hormone Receptor (HR) Status

 HR-positive: ER+ or PR+ 144 (68.2%) 93 (69.4%)

 HR-negative: ER− and PR− 67 (31.8%) 41 (30.6%)

Randomized treatment

 No bevacizumab 113 (53.5%) 73 (54.5%)

 Bevacizumab 98 (46.5%) 61 (45.5%)

Primary Outcome

 No pCR 152 (72.0%) 97 (72.4%)

 pCR 59 (28.0%) 37 (27.6%)
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