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Introduction
Breast cancer is the most common malignancy affecting women 

worldwide [1]. PD-L1 is T-lymphocyte-inhibitory molecule and 
a member of the B7 family, several investigations have recently 
demonstrated that PD-L1 expression may have a key role in the 
interaction of tumor cells with the host immune response, and may 
function as a mechanism of adaptive immune resistance [2]. PD-L1 is 
expressed in both tumor cells and TILs [3]. PD-L1 acts as a promising 
biomarker emerging in several tumor types; patients whose tumors 
overexpress PD-L1 by immunohistochemistry (IHC) have improved 
clinical outcomes with anti-PD-L1 directed therapy [4]. Many previous 
studies reported that breast cancers have unregulated PD-L1 on 
the tumor cell surface [3,5,6]. TILs can predict a response to a given 
treatment. It can serve as an excellent surrogate for monitoring cancer 
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response to treatments. Therefore, these are most useful when assessed 
before the initiation of treatment with NAC. Also, TILs are relevant in 
decision-making regarding immunotherapy selection in various solid 
tumor types [7]. Some types of aggressive breast cancer do not respond 
to hormonal or targeted therapy such as triple negative breast cancer 
(TNBC). PD-L1 expression in TNBC has been shown to range from 
40 to 65% in several studies [8]. The mammalian cell cycle is driven 
by a complex interplay between cyclins and their associated cyclin-
dependent kinase (CDK) partners, and dysregulation of this process is 
one of the hallmarks of breast cancer. Cyclin D1, a cell cycle regulator 
that has a critical job in cell cycle progression from the G1 phase to 
the S phase through interaction with CDk4 and CDk6 [9]. Cyclin D1 
protein was recognized by IHC in around 65-70% of breast carcinoma 
in several studies [10]. Over expression of cyclin D1 in breast cancer 
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might be related to a good prognosis as it is conveyed in ER-positive 
subtypes [9]. This study aimed to evaluate the immunohistochemical 
expression of PD-L1 in both tumor cells and stromal TILs and cyclin 
D1 expression in tumor cells in IDC- NST with its different molecular 
subtypes and to analyze the relationship between their expression with 
stromal TILs density and response to NAC treatment received.

Materials and Methods
Patients and tissue specimens

Eighty patients with IDC-NST were enrolled in this prospective 
study, during the period from January 2017 to May 2019. This study 
was carried out at pathology, general surgery, and clinical oncology 
departments, Faculty of Medicine, Zagazig University, Egypt. The 
diagnosis of breast cancer was achieved thorough clinical examination 
followed by mammography, ultrasonography, and eventually a core 
biopsy. Specimens taken were 30 core biopsies from patients before 
receiving neoadjuvant chemotherapy protocol (AC-paclitaxel); 4 
cycles of doxorubicin (60 mg/m2 day1/21 days) and cyclophosphamide 
(600 mg/m2 Day1/21days) followed by 4 cycles of paclitaxel (175 mg/
m2 IV.3 hours day1/21 days, and 50 mastectomy specimens (modified 
radical mastectomy or breast-conserving surgery with axillary lymph 
node dissection) not received neoadjuvant chemotherapy protocol. In 
this study, we excluded all other special types of breast cancer, patients 
who have other malignancies and patients who have metastatic 
breast cancer. The clinico-pathological data were collected by general 
surgeons and pathologists. The tumors were graded according to the 
Nottingham modification of the Bloom- Richardson system [11]. The 
ER, PR, and HER2 staining were obtained as described in patients’ 
reports. Molecular classification of patients was selected as follows: 20 
luminal A, 20 luminal B, 20 triple-negative and 20 HER2-neu enriched 
type.

Evaluation of response to neoadjuvant chemotherapy

The clinical and pathological responses to NAC of post 
chemotherapeutic treatment mastectomy specimens of the 30 cases 
were classified according to the established WHO criteria [12]. Clinical 
response to NAC was assessed using ultrasonography and computed 
tomography. A clinical complete response (CR) was defined as the 
disappearance of all known tumor. Clinical partial response (PR) was 
a 50% or more decrease in total tumor size. Reduction of less than 50% 
in tumor size, without a 25% increase in tumor size was considered 
as stable disease (SD). Clinical progressive disease (PD) was defined 
as a 25% or greater increase in tumor size. The pathological response 
was evaluated by examination of H&E slides of the post-mastectomy 
specimens of the 30 cases; it was scored as pathological complete 
response (pCR) or residual disease [12]. The pathological complete 
response was defined as the complete disappearance of an invasive 
tumor or an in-situ component in breast tissue [13].

Evaluation of tumor-infiltrating lymphocytes (TILs)

TILs were assessed in hematoxylin and eosin-stained sections, 
carefully following the guidelines published by the International 
TILs Working Group to standardize TILs evaluation with a positivity 
cutoff set as 1% of the stroma [14]. Their recommendations focused 
on stromal TILs density. Cases were defined as TILs-high for ≥ 50% 
stromal TILs, and as TILs-low for <50% stromal TILs [15].

Immunohistochemistry

Immunohistochemical staining was carried out using the EnVision 

(USA) method. Tissue sections (3-5 µm) were deparaffinized in xylene 
and rehydrated ingraded alcohol. To block endogenous peroxidase, 
slides were incubated for 10 minutes in 0.3% hydrogen peroxide. Dako 
target antigen retrieval solution (pH 6.0) was applied for 20 min. Then 
the slides were incubated for 30 min at room temperature with a rabbit 
monoclonal antibody to PD-L1(PD-L1Rb, isotope IgG, Clone CAL10 
1:100 dilution, Biocare medical 4040 Corporation, pike lane,concord, 
USA, Catalogue number 94520), and a rabbit monoclonal antibody to 
cyclin D1 (ready to use, Clone SP4, catalogue number 94538, Thermo 
Scientific/DAKO Corporation, Fermont, USA). The reaction was 
visualized by incubating the sections with diaminobenzidine (DAB) 
for 15 minafter that Mayer’s hematoxylin was used. 

Analysis of PD-L1 Immunostaining

PD-L1 positivity is evaluated in both tumor cells and TILs present 
within the breast stroma. PD-L1 positivity (membranous and/or 
cytoplasmic) defined as ≥1% of tumor cells and as ≥1% positive stromal 
TILs. The staining intensity is disregarded [16,17]. The expression of 
PD-L1 in tumor cells was evaluated as follows: negative expression 
(<1% positive tumor cells), low expression (≥1-49% positive tumor 
cells), high expression (≥50- 100% positive tumor cells), and the 
expression of PD-L1 in TILs was scored as follows: negative expression 
(<1% positive TILs), positive expression (from ≥1% positive TILs) 
[18,19].

Analysis of cyclin D1 Immunostaining

Nuclear cyclin D1 positivity is evaluated, which based on the 
percentage of positive tumor cell nuclei. The expression was evaluated 
as negative (no positive nuclei), scored as low expression (1 - <10% 
positive nuclei), moderate expression (≥10-50% positive nuclei), and 
high expression (>50-100% positive nuclei) [20,21].

Statistical analysis

All data was collected, tabulated and statistically analyzed using 
SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). Categorical data 
were compared using the chi-square test. The trend of change in the 
distribution of relative frequencies between ordinal data was compared 
using the chi-square test for trend, p-value <0.05 was considered 
statistically significant.

Ethical approval

The study was carried out following the Code of Ethics of the 
World Medical Association (Helsinki Declaration of 1975, as revised 
in 2000) for studies involving humans [22]. Institutional Review Board 
(IRB) of the faculty of Medicine Zagazig University affirmed this study 
protocol (No. 3498). Written informed consent was obtained from all 
participants.

Results
The clinicopathologic parameters of the studied cases (N=80)

Showed in the below table (Table 1).

The immunohistochemical expression of PD-L1 and cyclin 
D1 in the studied cases (N=80)

PD-L1 expression was observed in 30.1% (24/80) cases in the tumor 
cells, and in 22.5% (18/80) cases in stromal TILs. Cyclin D1 expression 
was detected in tumor cell in 56.3% (45/80) cases (Table 2).
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High stromal TILs were detected in H&E slide sections in 47.5% 
(38/80) cases in the figure (a) (Figure 1), and low stromal TILs were 
detected in 52.5% (42/80) cases. 

Membranous and/or cytoplasmic PD-L1 expression was detected 
in tumor cells with 18.8% (15/80) cases showed high expression the 
figure (b, c and d) and 11.3% (9/80) cases showed low expression (e) 
(Figure 1). Negative PD-L1 expression was observed in 35 cases. All 
cases with PD-L1 expression in stromal TILs showed also its expression 
in tumor cells in the below figure (f). No PDL-1 stain was observed in 
normal breast tissue while it was observed in associated in situ intra-
ducal carcinomas with a percentage of 39.2% (11/28) cases.

High nuclear cyclin D1 expression was detected in 40% (32/80) 
cases (a,b), 12.5% (10/80) cases showed moderate cyclin D1 expression 
(c), and 3.8% (3/80) cases showed low expression (d) (Figure 2). 

Clinicopathological parameters All studied patients
(N=80)

No. %
Age (years)

Mean ± SD 55.33±10.91
Median (Range) 55 (35–80)
≤50 years 31 38.8%
>50 years 49 61.2%

Tumor size in mammogram by millimeter (mm)
Mean ± SD 39.08±15.73
Median (Range) 40 (10–70)

Grade
Grade I 2 2.5%
Grade II 29 36.3%
Grade III 49 61.3%

Lymphovascular invasion
Absent 35 43.8%
Present 45 56.3%

Intraductal components
Absent 52 65%
Present 28 35%

Necrosis
Absent 53 66.3%
Present 27 33.8%

Lymph node metastasis
Negative 10 12.5%
Positive 70 87.5%

Stage
Stage I 7 8.8%
Stage II 22 27.5%
Stage III 51 63.7%

ER/PR status
Negative 40 50%
Positive 40 50%

Her2/neu
Negative 45 56.2%
Positive 35 43.8%

Ki-67 index
≤14% 23 28.7%
>14% 57 71.3%

Molecular subtype
Luminal A 20 25%
Luminal B 20 25%
HER2 enriched 20 25%
Triple negative 20 25%

Stromal TILs density
Low 42 52.5%
High 38 47.5%

Table 1: The clinicopathological parameters of the studied cases (N=80).

Immunohistochemical 
staining

Site of the 
expression

Expression All studied 
patients (N=80)

%

PD-L1 Tumor cells Negative 56 70%
Low 9 11.3%
High 15 18.8%

PD-L1 Stromal TILs Negative 62 77.5%
Positive 18 22.5%

Cyclin D1 Tumor cells Negative 35 43.8%
Low 3 3.8%
Moderate 10 12.5%
High 32 40%

Table 2: The immunohistochemical expression of  PD-L1 and cyclin D1 in the studied 
cases (N=80).

Figure 1: Stromal TILs and PD-L1 expression in IDC-NST: (a) A case of TNBC grade 
III showing groups of tumor cells surrounded by high stromal TILs density (H&E, ×400). 
(b) IDC grade III showing strong membranous PD-L1 expression in tumor cells (IHC, 
×400). (c) IDC grade III showing strong cytoplasmic and membranous PD-L1expression 
in tumor cells (IHC,×400). (d) IDC grade II showing membranous PD-L1 expression in 
tumor cells lining the tubules (IHC,×400). (e) IDC grade III showing low and focal PD-L1 
expression(IHC,×400). (f) IDC grade III showing PD-L1 expression in both tumor cells 
and stromal TILs(IHC,×400).H&E: Hematoxylin and Eosin, IHC: Immunohistochemistry

Figure 2: Cyclin D1 in expression in IDC-NST: (a) IDC grade III showing strong cyclin 
D1 nuclear expression (IHC, ×400). (b) IDC grade II with tubular formations showing 
strong nuclear cyclin D1 expression (IHC, ×400).(c) IDC grade III showing moderate 
cyclin D1 nuclear expression (IHC, ×400). (d) IDC grade III showing low cyclin D1 nuclear 
expression (IHC, ×400). (e) IDC grade III negative for cyclin D1 (IHC, ×400). (f) IDC 
grade III surrounded by stromal TILs showing cyclin D1 nuclear expression only in tumor 
cells (IHC, ×400). H&E: Hematoxylin and Eosin, IHC: Immunohistochemistry
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Negative cyclin D1 expression was observed in 35 (12.5%) cases 
(e). Cyclin D1 expression was detected only in tumor cells with no 
expression in stromal TILs (f) (Figure 2).

The correlation between stromal TILs density, PD-L1 
expression, cyclin D1 expression and molecular subtypes of 
breast cancer in the studied cases (N=80)

A highly significant correlation was detected between stromal TILs 
density, PD-L1+ tumor cells, PD-L1+ TILs with the different molecular 
subtype of breast cancer (p<0.001), with the highest expression in 
TNBC. TNBC cases showed high stromal TILs density in 90% (18/20) 
cases, 60% (15/20) cases showed high PD-L1 expression in tumor cells 
and 65% (13/20) cases showed PD-L1 expression in TILs (Table 3).

Cyclin D1 expression in tumor cells showed a significant correlation 
with molecular subtypes (p =0.006). luminal A and luminal B types 
showed the highest expression as 60% (12/20) cases luminal A and 50% 
(10/20) cases luminal B showed high nuclear cyclin D1 (Table 3).

The correlation between PD-L1 expression in TILs, stromal 
TILs density and PD-L1 expression in tumor cells in the 
studied cases (N=80)

A highly significant correlation was detected between PD-L1 
expression in TILs, stromal TILs density and PD-L1 expression in 
tumor cells (p<0.001). All cases with PD-L1 expression in TILs showed 

its expression in tumor cells. It was detected that 44.7% (17/38) cases 
with high stromal TILs density showed PD-L1 expression in TILs 
(Table 4).

The correlation between cyclin D1 expression and PD-L1 
expression in studied cases(N=80)

No significant correlation was noted between cyclin D1 expression 
in tumor cells and PD-L1 expression in both tumor cells and stromal 
TILs (p=0.129, p=0.468 respectively) (Table 5).

The correlation between stromal TILs density, PD-L1 
expression,cyclin D1 expression in core biopsy specimens 
with clinical and pathological response to NAC (N=30) 

Although 44.4% (12/27) cases with high stromal TILs density 
showed a complete clinical and pathological response to neoadjuvant 
chemotherapy, yet it doesn’t reach a statistically significant value. 
A statistically significant association was found between complete 
clinical and pathological response to chemotherapy with PD-L1 
expression in TILs (p<0.001 for both), and also with PD-L1 expression 
in tumor cells (p<0.001, p=0.001 for complete clinical and pathological 
response respectively) (Table 6). Cyclin D1 expression in tumor cells of 
pretreatment core biopsy specimens showed a significant correlation 
with a complete clinical and pathological response after neoadjuvant 
chemotherapy (p=0.027, p=0.010 respectively) (Table 6).

  Molecular subtypes Test§ p-value
Luminal A (N=20) Luminal B (N=20) HER2 enriched (N=20) Triple negative (N=20)

No. % No. % No. % No. %
Stromal TILs density
Low 19 95% 14 70% 7 35% 2 10% 27.966§ <0.001
High 1 5% 6 30% 13 65% 18 90% (HS)
PDL1 + tumor cells
Negative 18 90% 20 100% 13 65% 5 25% 39.260§ <0.001
Low 2 10% 0 0% 4 20% 3 15% (HS)
High 0 0% 0 0% 3 15% 12 60%  
PDL1 + TILS
Negative 20 100% 20 100% 15 75% 7 35% 32.401§ <0.001
Positive 0 0% 0 0% 5 25% 13 65% (HS)
Cyclin D1 expression in tumor cells
Negative 8 40% 10 50% 9 45% 8 40% 22.931§ 0.006
Low 0 0% 0 0% 1 5% 2 10% (S)
Moderate 0 0% 0 0% 7 35% 3 15%
High 12 60% 10 50% 3 15% 7 35%  

Where: §Chi-square test, p<0.05 is significant. (S): Significant, (HS): highly significant.

Table 3: The correlation between stromal TILs density, PD-L1 expression, cyclin D1 expression and molecular subtypes of breast cancer in the studied cases (N=80).

  Total PD-L1 expression in TILs Test§ p-value
Negative (N=62) Positive (N=18)

No. % No. %
Stromal TILs density

Low 42 41 97.60% 1 2.40% 20.525§ <0.001 (HS)
High 38 21 55.30% 17 44.70%

PD-L1 expression in tumor cells
Negative 56 56 100% 0 0% 61.109§ <0.001 (HS)
 Low 9 5 55.60% 4 44.40%
 High 15 1 6.70% 14 93.30%

Where: §Chi-square test, p<0.05 is significant. (HS): Highly Significant.

Table 4: The correlation between PD-L1 expression in TILs, stromal TILs density and PD-L1 expression in tumor cells in the studied cases (N=80).
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  Total Cyclin D1 expression in tumor cells Test p-value
Negative (N=35) Low (N=3) Moderate (N=10) High (N=32)

No. % No. % No. % No. %
PD-L1 positive tumor cells
Negative 56 27 48.20% 2 3.60% 6 10.70% 21 37.50% 2.305‡ 0.129 (NS)
Low 9 5 55.60% 0 0% 1 11.10% 3 33.30%
High 15 3 20% 1 6.70% 3 20% 8 53.30%
PDL1 positive TILs
Negative 62 29 46.80% 2 3.20% 6 9.70% 25 40.30% 2.541§ 0.468 (NS)
Positive 18 6 33.30% 1 5.60% 4 22.20% 7 38.90%

Where: §Chi-square test. ‡Chi-square test for trend, p<0.05 is significant. (NS): significance.

Table 5: The correlation between cyclin D1expression and PD-L1 expression in studied cases (N=80).

Total Clinical response Test P-value Pathological response Test P-value
CR PR SD PD PCR RD

(N=12) (N=8) (N=6) (N=4) (N=12) (N=18)
No. % No. % No. % No. % No. % No. %

Stromal TILs density
Low 3 0 0 2 66.7 0 0 1 33.3 5.000§ 0.172 (NS) 0 0 3 100 2.222§ 0.255 (NS)
High 27 12 44.4 6 22.2 6 22.2 3 11.1 12 44.4 15 55.6
PDL1 in tumor cells
Negative 10 0 0 2 20 4 40 4 40 14.650‡ <0.001 

(HS)
0 0 10 100 10.667‡ 0.001 (S)

Low 5 2 40 3 60 0 0 0 0 2 40 3 60
High 15 10 66.7 3 20 2 13.3 0 0 10 66.7 5 33.3
PDL1 in TILS
Negative 12 0 0 4 33.3 4 33.3 4 33.3 14.919§ <0.001 

(HS)
0 0 12 100 13.333§ <0.001 

(HS)Positive 18 12 66.7 4 22.2 2 11.1 0 0 12 66.7 6 33.3
Cyclin D1 expressionin tumor cells
Negative 13 2 15.4 4 30.8 5 38.5 2 15.4 4.888‡

 
0.027 (S) 2 15.4 11 84.6 6.704‡ 0.01 (S)

Low 2 1 50 1 50 0 0 0 0 1 50 1 50
Moderate 7 3 42.9 2 28.6 0 0 2 28.6 3 42.9 4 57.1
High 8 6 75 1 12.5 1 12.5 0 0 6 75 2 25

Table 6: The correlation between stromal TILs density, PD-L1 expression, cyclin D1expression in core biopsy specimens with clinical and pathological response to NAC (N=30).

Where: §Chi-square test. ‡Chi-square test for trend, p<0.05 is 
significant. S: Significant; HS: highly Significant; NS: not significant; 
CR: clinical complete response; PR: partial clinical response; SD: stable 
disease; PD: persistent disease; PCR: pathologic complete response; 
RD: residual disease.

Discussion
Breast cancer is the most commonly occurring cancer in women 

worldwide and an important leading cause of cancer death. There were 
over 2 million new cases in 2018 [1]. Tumor immune escape means 
the phenomenon by which tumor cells can grow and metastasize by 
keeping away from recognition by the immunity [23]. The expression 
of immunosuppressive molecules or their receptors, including PD-L1 
and its receptor, programmed cell death-1 (PD-1), which are known 
as the immune checkpoints, can inhibit the activation of cytotoxic T 
lymphocytes which leads to tumor immune escape [24]. Blocking these 
immune checkpoints became an important target of immunotherapy 
recently to avoid suppression of the immune system and restore its 
function. Among these immune checkpoint blockers, PD-1/PD-L1 
blockers represent important drugs approved by the FDA in recent 
years and are currently in clinical trials [24]. PD-L1 expression in 
tumor cells has been related to the presence of stromal TILs. The 
presence of TILs may demonstrate immune-mediated host defense 
against the tumor [3]. Breast cancer was considered less immunogenic 
as compared with other tumor types. Yet, in the last few years, anti- 
PD-L1 monoclonal antibodies are emerging as novel immunotherapy 
in breast cancer, especially in TNBC with promising outcomes [25,26]. 

PD-L1 protein expression in breast cancer in many previous studies 
has been observed with a frequency between 15.8% and 30% [27-29]. 
These results are consistent with the results of the current study as PD-
L1 expression was reported in 30.1% in tumor cells of breast cancer and 
22.5% in stromal TILs of the tumor micro environment. The current 
study reported that PDL1 expression in tumor cells and stromal TILs 
was demonstrated in 75% and 65% of TNBC respectively with highly 
statistically significant association. These results are near to results 
observed by Bellucci R, et al. (2015) and Ali HR, et al. (2015) who 
stated that PD-L1 positive status was significantly different between 
the molecular intrinsic subtypes with highest values reported in TNBC 
[30,31]. Mittendorf EA, etal. (2014) and Soliman H, et al. (2014) have 
demonstrated also that PD-L1 expression is correlated with ER, PR 
negative cases [32,33].

The present study declared a significant association between high 
stromal TILs density and TNBC. Our suggestion was supported by the 
previous studies found by Wang ZQ, et al. (2017), Elghazawy H, et al. 
(2019) and Herrero-Vicent C, et al. (2017), who reported that stromal 
TILs were higher in triple-negative type compared to the rest of the 
studied cases [34-36]. Neoadjuvant (preoperative) chemotherapy 
is increasingly used in the treatment of early-stage breast cancer. 
Numerous studies have suggested that the pathological response after 
the neoadjuvant chemotherapy treatment is an indicator of response 
[37]. Identifying biomarkers that can predict the pathological response 
in a group of breast cancer patients is very important [38]. In the 
current study, we evaluated the association between PD-L1 expression 
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in pretreatment core biopsy specimens and clinical and pathological 
response after neoadjuvant chemotherapy. We found a significant 
association with complete clinical and pathological responses with high 
PD-L1 expression and with stromal TILs density. These results were 
consistent with those found by Wimberly H, et al. (2015), Thompson 
E, et al. (2016), Wu Z, et al. (2019) and Nanda R, et al. (2016) [3,37-39]. 
This supportsthe finding of the previous studies which reported that 
PD-L1 expression in the pretreatment core biopsy specimens can act as 
a surrogate marker for predicting therapeutic effects of chemotherapy 
regimen for  breast cancer patients [40]. Regarding the correlation 
between stromal TILs density with the clinical and the pathological 
response, 44.4% of cases with high stromal TILs showed a complete 
response, but without statistically significant value. Many prospective 
studies confirmed that higher pretreatment stromal TILs count is 
associated with a greater probability of pathologic complete response 
(pCR). These studies validated the relevance of TILs as an additional 
parameter for prediction of the response to neoadjuvant chemotherapy 
and as a promising therapeutic strategy [41,42]. This suggests that 
further international standardization for TILs is recommended. Our 
results were also consistent with Pelekanou V, et al. (2018) [43], who 
examined the association of pretreatment TILs count and PD-L1 levels 
with pCR and stated that higher pre-treatment TIL count and PD-L1 
expression are associated with a greater probability of pCR. This study 
supports the hypothesis that chemotherapy response is partly mediated 
by activated cytotoxic T cells [42]. There are multiple and varied genetic 
alterations implicated in breast cancer carcinogenesis. One of the basic 
genetic alterations is cyclin D1 protein amplification [44]. Cyclin D1 
binds to CDK4 and CDK6 inducing hyperphosphorylation of the Rb 
gene, thereby promoting cellular proliferation [20,45]. Many studies 
suggested that inhibition of cyclin Dl/CDK activity might be important 
in considering drugs of future therapies as a new class of anti-neoplastic 
drugs (CDK 4/6 inhibitors) targeting cell cycle activation by cyclin 
D1 in breast cancer [46,47]. In this study, cyclin D1 expression was 
observed in 56.3% (45/80) cases, these results are in line with theresults 
of Ortiz AB, et al. (2017) and Ahlin C, et al. (2017)  who reported 
that overexpression of cyclin D1 was observed in approximately 50% 
of invasive breast cancer [48,49]. While the prevalence of cyclin D1 
overexpression in a study carried out by  Sarkar S, et al. (2015) was 
70.9%. This was considerably higher than the results of the present 
study [50]. This variability of the results might be illustrated by breast 
cancer heterogeneity. In this study, the correlation between cyclin D1 
with molecular breast cancer subtypes was statistically significant. It 
was detected that 60% (12/20) luminal A subtype and 50% (10/20) 
luminal B showed high cyclin D1 expression. This finding supports 
the view of  some previous studies in this field, which have stated a 
positive relationship between cyclin D1 expression and ER, PR positive 
status in breast carcinoma suggesting that cyclin D1 may be directly 
or indirectly related to maturation and differentiation of  tumor cells 
[21,49,51]. In the current study, we evaluated the association between 
cyclin D1 expression in pretreatment core biopsy specimens with the 
clinical and the pathological response after neoadjuvant chemotherapy. 
A significant association was detected. These results are in line with the 
results of the previous study done by Li XR, et al. (2011) and Kurozumi 
S, et al. (2019) who found that pretreatment cyclin D1 expression was 
a predictor of response to neoadjuvant chemo-endocrine therapy in 
breast cancer [52,53]. These findings can support the idea of assessment 
of the proliferative activity before NAC is significantly linked to 
tumor response and outcome, and the importance of the selection 
of breast cancer patients that are likely to benefit from neoadjuvant 
chemotherapy by using immunohistochemical cyclin D1 expression 
[52]. Recently, the advantage of testing for high expression of cyclin 

D1 might provide a base for its use as targeted therapy [54]. On the 
contrary, Wachter DL, et al. (2013) reported no relation between cyclin 
D1 expression and response to NAC treatment [55]. Further studies 
ona large number of cases are needed to confirm our results.To the best 
of our knowledge, this is the first study that investigates the correlation 
between immunohistochemical expression of cyclin D1 and PD-L1 in 
IDC-NST. In the present study, no statistically significant association 
was found between cyclin D1 expression and PD-L1 expression in both 
tumor cells and TILs.

Planes-Laine G, et al. (2019) and Zhang J, et al. (2018) discussed 
the combination of PD-1/PD-L1 Inhibitors with cyclin/CDK4/6 
Inhibitors in breast cancer [56,57]. They predicted that CDK4/6 
inhibition synergizes with anti–PD-L1 to restore TILs to enhance 
antitumor immunity and suppress tumor growth, which may improve 
the outcomes of endocrine therapy either in hormone-sensitive or 
insensitive disease. They did not, however, perform a trial to prove the 
correlation in pretreatment biopsies.

Conclusion
PD-L1 expression in breast cancer was correlated with TNBC 

subtype suggesting its clinical significance to be used as targeted therapy 
with a future hope for combined immunotherapy and chemotherapy in 
this group. Cyclin D1 expression was correlated with luminal breast 
cancers and can be used in the therapeutic approaches. PD-L1 and 
cyclin D1 may act as predictive cancer biomarkers for response to 
neoadjuvant chemotherapy.   

References
1.	 Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. CA Cancer J Clin 69: 

7-34.

2.	 Arora S, Velichinskii R, Lesh RW, Ali U, Kubiak M, et al. (2019) Existing and 
Emerging Biomarkers for Immune Checkpoint Immunotherapy in Solid Tumors. 
Advances in therapy 1: 1-41.

3.	 Wimberly H, Brown JR, Schalper K, Haack H, Silver MR, et al. (2015) PD-L1 
expression correlates with tumor-infiltrating lymphocytes and response to neoadjuvant 
chemotherapy in breast cancer. Cancer Immunol Res3: 326-332.

4.	 Patel SP, Kurzrock R (2015) PD-L1 expression as a predictive biomarker in cancer 
immunotherapy. Molecular cancer therapeutics 14: 847-856.

5.	 Li Z, Cui J, Yu Q, Wu X, Pan A, et al. (2016) Evaluation of CCND1 amplification 
and CyclinD1 expression: diffuse and strong staining of CyclinD1 could have same 
predictive roles as CCND1 amplification in ER positive breast cancers. Am J transl 
Res 8:142-153.

6.	 Stovgaard ES, Dyhl-Polk A, Roslind A, Balslev E, Nielsen D (2019) PD-L1 expression 
in breast cancer: expression in subtypes and prognostic significance: a systematic 
review. Breast Cancer Res Treat 174: 571-584.

7.	 Melichar B, Študentová H, Kalabova H, Vitaskova D, Čermáková P, et al. (2014) 
Predictive and prognostic significance of tumor-infiltrating lymphocytes in patients 
with breast cancer treated with neoadjuvant systemic therapy. Anticancer Res 34: 1115-
1125.

8.	 Marra A, Viale G, Curigliano G (2019) Recent advances in triple negative breast 
cancer: the immunotherapy era. BMC medicine 17: 90.

9.	 Finn RS, Aleshin A, Slamon DJ (2016) Targeting the cyclin-dependent kinases (CDK) 
4/6 in estrogen receptor-positive breast cancers. Breast Cancer Res 18: 17.

10.	Tobin NP, Sims AH, Lundgren KL, Lehn S, Landberg G (2011) Cyclin D1, Id1 and 
EMT in breast cancer. BMC cancer 11: 417.

11.	 Elston CW, Ellis IO (1991) Pathological prognostic factors in breast cancer. I. The 
value of histological grade in breast cancer: experience from a large study with 
long*term follow-up. CW Elston, IO Ellis (2002) Histopathology 19: 403-410: Author 
Commentary. Histopathology 41: 151-152.

12.	Eralp Y, Keskin S, Akisik E, Akisik E, Igci A, et al. (2013) Predictive role of 
midtreatment changes in survivin, GSTP1, and topoisomerase 2α expressions for 

https://doi.org/10.47275/0032-745X-187
https://doi.org/10.47275/0032-745X-187
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21551
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21551
https://link.springer.com/article/10.1007/s12325-019-01051-z
https://link.springer.com/article/10.1007/s12325-019-01051-z
https://link.springer.com/article/10.1007/s12325-019-01051-z
https://cancerimmunolres.aacrjournals.org/content/3/4/326?utm_source=rimm&utm_medium=bestofauthorpage&utm_campaign=140133
https://cancerimmunolres.aacrjournals.org/content/3/4/326?utm_source=rimm&utm_medium=bestofauthorpage&utm_campaign=140133
https://cancerimmunolres.aacrjournals.org/content/3/4/326?utm_source=rimm&utm_medium=bestofauthorpage&utm_campaign=140133
https://mct.aacrjournals.org/content/14/4/847.short
https://mct.aacrjournals.org/content/14/4/847.short
https://www.ncbi.nlm.nih.gov/pubmed/27069548
https://www.ncbi.nlm.nih.gov/pubmed/27069548
https://www.ncbi.nlm.nih.gov/pubmed/27069548
https://www.ncbi.nlm.nih.gov/pubmed/27069548
https://link.springer.com/article/10.1007/s10549-019-05130-1
https://link.springer.com/article/10.1007/s10549-019-05130-1
https://link.springer.com/article/10.1007/s10549-019-05130-1
http://ar.iiarjournals.org/content/34/3/1115.short
http://ar.iiarjournals.org/content/34/3/1115.short
http://ar.iiarjournals.org/content/34/3/1115.short
http://ar.iiarjournals.org/content/34/3/1115.short
https://link.springer.com/article/10.1186/s12916-019-1326-5
https://link.springer.com/article/10.1186/s12916-019-1326-5
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0661-5
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0661-5
https://link.springer.com/article/10.1186/1471-2407-11-417
https://link.springer.com/article/10.1186/1471-2407-11-417
https://www.ncbi.nlm.nih.gov/pubmed/12405945
https://www.ncbi.nlm.nih.gov/pubmed/12405945
https://www.ncbi.nlm.nih.gov/pubmed/12405945
https://www.ncbi.nlm.nih.gov/pubmed/12405945
https://journals.lww.com/amjclinicaloncology/Abstract/2013/06000/Predictive_Role_of_Midtreatment_Changes_in.1.aspx
https://journals.lww.com/amjclinicaloncology/Abstract/2013/06000/Predictive_Role_of_Midtreatment_Changes_in.1.aspx


Citation: Assaf M, Rashed H, Ibrahim D, et al. (2020) Immunohistochemical Expression of Cyclin D1 and PD-L1 With TILs Density in Prediction of the 
Response to Neoadjuvant Chemotherapy Treatment in Invasive Ductal Carcinoma of the Breast. Prensa Med Argent, Volume 106:2. 187. DOI: https://doi.
org/10.47275/0032-745X-187

Pages: 7-7Prensa Med Argent, Volume 106:2

pathologic complete response to neoadjuvant chemotherapy in patients with locally 
advanced breast cancer. Am J Clin Oncol 36: 215-223.

13.	Pennisi A, Kieber-Emmons T, Makhoul I, Hutchins L (2016) Relevance of pathological 
complete response after neoadjuvant therapy for breast cancer. Breast cancer: basic and 
clinical research. 10: BCBCR-S33163.

14.	Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, et al. (2014) The evaluation 
of tumor-infiltrating lymphocytes (TILs) in breast cancer: recommendations by an 
International TILs Working Group 2014. Ann Oncol 26: 259-271.

15.	Mori H, Kubo M, Yamaguchi R, Nishimura R, Osako T, 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.

16.	Beckers RK, Selinger CI, Vilain R, Madore J, Wilmott JS, et al. (2016) Programmed 
death ligand 1 expression in triple-negative breast cancer is associated with tumour-
infiltrating lymphocytes and improved outcome. Histopathology 69: 25-34.

17.	Karnik T, Kimler BF, Fan F, Tawfik O (2018) PD-L1 in breast cancer: comparative 
analysis of 3 different antibodies. Hum Pathol 72: 28-34.

18.	Ferrata M, Schad A, Zimmer S, Musholt T, Bahr K, et al. (2019) PD-L1 expression and 
immune cell infiltration in gastroenteropancreatic (GEP) and non-GEP neuroendocrine 
neoplasms with high proliferative activity. Frontiers in Oncology 9: 343.

19.	Peters S, Kerr KM, Stahel R (2018) PD-1 blockade in advanced NSCLC: a focus on 
pembrolizumab. Cancer Treat Rev 62: 39-49.

20.	Ravikumar G, Ananthamurthy A (2014) Cyclin D1 expression in ductal carcinoma of 
the breast and its correlation with other prognostic parameters. J Can Res Ther 10: 
671-675.

21.	Assem M, Youssef EA, Rashad RM, Yahia MA (2017) Immunohistochemical Expression 
of Cyclin D1 in Invasive Ductal Carcinoma of Human Breast. Oncomedicine 2: 80-87.

22.	World Medical Association (2001) World Medical Association Declaration of Helsinki.  
Ethical principles for medical research involving human subjects. Bull. World Health 
Organ 79: 373-374.

23.	Beatty GL, Gladney WL (2015) Immune escape mechanisms as a guide for cancer 
immunotherapy. Clin. Cancer Res 21: 687-692.

24.	 Jiang X, Wang J, Deng X, Xiong F, Ge J, et al. (2019) Role of the tumor microenvironment 
in PD-L1/PD-1-mediated tumor immune escape. Mol Cancer 18:10.

25.	Batoo S, Bayraktar S, Okuno S, Basu S, Glück S, et al.  (2019) Immunotherapy in 
breast cancer. J Carcinog 18: 5.

26.	Wu Y, Chen W, Xu ZP, Gu W (2019) PD-L1 distribution and perspective for cancer 
immunotherapy–blockade, knockdown, or inhibition. Front Immunol 10: 2022.

27.	Bertucci F, Finetti P, Colpaert C, Mamessier E, Parizel M, et al. (2015) PDL1 expression 
in inflammatory breast cancer is frequent and predicts for the pathological response to 
chemotherapy. Oncotarget 6: 13506.

28.	Solinas C, Garaud S, De Silva P, Boisson A, Van den Eynden G, et al. (2017) Immune 
checkpoint molecules on tumor-infiltrating lymphocytes and their association with 
tertiary lymphoid structures in human breast cancer. Front immunol 8: 1412.

29.	Emens LA, Kok M, Ojalvo LS (2016) Targeting the programmed cell death-1 pathway 
in breast and ovarian cancer. CurrOpinObstetGyneco 28: 142-147.

30.	Bellucci R, Martin A, Bommarito D, Wang K, Hansen SH, et al. (2015) Interferon-γ-
induced activation of JAK1 and JAK2 suppresses tumor cell susceptibility to NK cells 
through upregulation of PD-L1 expression. Oncoimmunol 4: e1008824.

31.	Ali HR, Glont SE, Blows FM, Provenzano E, Dawson SJ, et al. (2015) PD-L1 protein 
expression in breast cancer is rare, enriched in basal-like tumours and associated with 
infiltrating lymphocytes. Ann Oncol 26:1488-1493.

32.	Mittendorf EA, Philips AV, Meric-Bernstam F, Qiao N, Wu Y, et al. (2014) PD-L1 
expression in triple-negative breast cancer. Cancer Immunol Res 2: 361-370.

33.	Soliman H, Khalil F, Antonia S (2014) PD-L1 expression is increased in a subset of 
basal type breast cancer cells. PloSOne 9: e88557.

34.	Wang ZQ, Milne K, Derocher H, Webb JR, Nelson BH, et al. (2017) PD-L1 and 
intratumoral immune response in breast cancer. Oncotarget 8: 51641-51651.

35.	Elghazawy H, Alorabi MO, Helal T, Aref A, Kelany M, et al. (2019) 72P Clinico-
pathological relationship between androgen receptor (AR) and tumor infiltrating 
lymphocytes (TILs) in triple negative breast cancer (TNBC). Ann Oncol 30: 
mdz095.070.

36.	Herrero-Vicent C, Guerrero A, Gavilá J, Gozalbo F, Hernández A, et al. (2017) 

Predictive and prognostic impact of tumour-infiltrating lymphocytes in triple-negative 
breast cancer treated with neoadjuvant chemotherapy. Ecancermedicalscience 11:759.

37.	Thompson E, Taube JM, Elwood H, Sharma R, Meeker A, et al. (2016) The immune 
microenvironment of breast ductal carcinoma in situ. Mod Pathol 29: 249-258.

38.	Wu Z, Zhang L, Peng J, Xu S, Zhou L, et al. (2019) Predictive and prognostic value 
of PDL1 protein expression in breast cancer patients in neoadjuvant setting. J Cancer 
Biol Ther 20: 941-947.

39.	Nanda R, Chow LQ, Dees EC, Berger R, Gupta S, et al. (2016) Pembrolizumab in 
patients with advanced triple-negative breast cancer: phase Ib KEYNOTE-012 study. J 
Clin Oncol 34: 2460-2467.

40.	Schmid P, Park YH, Munoz-Couselo E, Kim SB, Sohn J, et al. (2017) Pembrolizumab 
(pembro)+ chemotherapy (chemo) as neoadjuvant treatment for triple negative breast 
cancer (TNBC): Preliminary results from KEYNOTE-173. J Clin Oncol 35: 556-556.

41.	Denkert C, Von Minckwitz G, Brase JC, Sinn BV, Gade S, et al. (2015) Tumor-
infiltrating lymphocytes and response to neoadjuvant chemotherapy with or without 
carboplatin in human epidermal growth factor receptor 2-positive and triple-negative 
primary breast cancers. J Clin Oncol 33: 983-991.

42.	Voron T, Colussi O, Marcheteau E, Pernot S, Nizard M, et al. VEGF-A modulates 
expression of inhibitory checkpoints on CD8+ T cells in tumors. J Exp Med 212: 139-148.

43.	Pelekanou V, Barlow WE, Nahleh ZA, Wasserman B, Lo YC, et al. (2018) Tumor-
infiltrating lymphocytes and PD-L1 expression in pre-and posttreatment breast cancers 
in the SWOG S0800 phase II neoadjuvant chemotherapy trial. Mol Cancer Ther 17: 
1324-1331.

44.	Feng Y, Spezia M, Huang S, Yuan C, Zeng Z, et al. (2018) Breast cancer development 
and progression: Risk factors, cancer stem cells, signaling pathways, genomics, and 
molecular pathogenesis. Genes & diseases 5: 77-106.

45.	Xu XL, Chen SZ, Chen W, Zheng WH, Xia XH, et al. (2013) The impact of cyclin D1 
overexpression on the prognosis of ER-positive breast cancers: a meta-analysis. Breast 
Cancer Res Treat 139: 329-339.

46.	O’Leary B, Finn RS, Turner NC (2016) Treating cancer with selective CDK4/6 
inhibitors. Nat Rev Clin Oncol 13: 417-430.

47.	Niu Y, Xu J, Sun T (2019) Cyclin-Dependent Kinases 4/6 Inhibitors in Breast Cancer: 
Current Status, Resistance, and Combination Strategies. J Cancer 10: 5504-5517.

48.	Ortiz AB, Garcia D, Vicente Y, Palka M, Bellas C, et al. (2017) Prognostic significance 
of cyclin D1 protein expression and gene amplification in invasive breast carcinoma. 
PloS One. 12: e0188068.

49.	Ahlin C, Lundgren C, Embretsén-Varro E, Jirström K, Blomqvist C, et al. (2017) High 
expression of cyclin D1 is associated to high proliferation rate and increased risk of 
mortality in women with ER-positive but not in ER-negative breast cancers. Breast 
Cancer Res Treat 164: 667-678.

50.	Sarkar S, Kanoi A, Bain J, Gayen R, Das KN (2015) Correlation between cyclin D1 
expression and standard clinicopathological variables in invasive breast cancer in 
Eastern India. South Asian J Cancer. 4: 155-159.

51.	Mohammadizadeh F, Hani M, Ranaee M, Bagheri M (2013) Role of cyclin D1 in breast 
carcinoma. J Res Med Sci 18: 1021-1025.

52.	Li XR, Liu M, Zhang YJ, Wang JD, Zheng YQ, et al. (2011) Evaluation of ER, PgR, 
HER-2, Ki-67, cyclin D1, and nm23-H1 as predictors of pathological complete response 
to neoadjuvant chemotherapy for locally advanced breast cancer. Med Oncol 28: 31-38.

53.	Kurozumi S, Yamaguchi Y, Matsumoto H, Kurosumi M, Hayashi SI, et al. (2019) Utility 
of Ki67 labeling index, cyclin D1 expression, and ER-activity level in postmenopausal 
ER-positive and HER2-negative breast cancer with neoadjuvant chemo-endocrine 
therapy. PloS One14: e0217279.

54.	Kucukzeybek B, Bayoglu I, Kucukzeybek Y, Alacacioglu A, Yigit S, et al. (2017) The 
prognostic significance of cyclin D1 expression in patients with triple-negative breast 
cancer. J BUON. 22: 947-952.

55.	Wachter DL, Fasching PA, Haeberle L, Schulz-Wendtland R, Dimmler A, Koscheck 
T, et al. (2013) Prognostic molecular markers and neoadjuvant therapy response in 
anthracycline-treated breast cancer patients. Arch GynecolObstet 2013 Feb 1; 287: 
337-344.

56.	Planes-Laine G, Rochigneux P, Bertucci F, Chrétien AS, Viens P, et al. (2019) PD-1/
PD-L1 targeting in breast cancer: the first clinical evidences are emerging-a literature 
review. Cancer 11: 1033.

57.	Zhang J, Bu X, Wang H, Zhu Y, Geng Y, et al. (2018) Cyclin D-CDK4 kinase 
destabilizes PD-L1 via cullin 3-SPOP to control cancer immune surveillance. Nature 
553: 91-95.

https://doi.org/10.47275/0032-745X-187
https://doi.org/10.47275/0032-745X-187
https://journals.lww.com/amjclinicaloncology/Abstract/2013/06000/Predictive_Role_of_Midtreatment_Changes_in.1.aspx
https://journals.lww.com/amjclinicaloncology/Abstract/2013/06000/Predictive_Role_of_Midtreatment_Changes_in.1.aspx
https://journals.sagepub.com/doi/full/10.4137/BCBCR.S33163
https://journals.sagepub.com/doi/full/10.4137/BCBCR.S33163
https://journals.sagepub.com/doi/full/10.4137/BCBCR.S33163
https://academic.oup.com/annonc/article/26/2/259/2800585
https://academic.oup.com/annonc/article/26/2/259/2800585
https://academic.oup.com/annonc/article/26/2/259/2800585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362507/
https://onlinelibrary.wiley.com/doi/abs/10.1111/his.12904
https://onlinelibrary.wiley.com/doi/abs/10.1111/his.12904
https://onlinelibrary.wiley.com/doi/abs/10.1111/his.12904
https://www.sciencedirect.com/science/article/abs/pii/S0046817717302812
https://www.sciencedirect.com/science/article/abs/pii/S0046817717302812
https://www.frontiersin.org/articles/10.3389/fonc.2019.00343/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00343/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.00343/full
https://www.sciencedirect.com/science/article/pii/S0305737217301585
https://www.sciencedirect.com/science/article/pii/S0305737217301585
http://www.cancerjournal.net/article.asp?issn=0973-1482;year=2014;volume=10;issue=3;spage=671;epage=675;aulast=Ravikumar
http://www.cancerjournal.net/article.asp?issn=0973-1482;year=2014;volume=10;issue=3;spage=671;epage=675;aulast=Ravikumar
http://www.cancerjournal.net/article.asp?issn=0973-1482;year=2014;volume=10;issue=3;spage=671;epage=675;aulast=Ravikumar
http://www.oncm.org/v02p0080.htm
http://www.oncm.org/v02p0080.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566407/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566407/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566407/
https://clincancerres.aacrjournals.org/content/21/4/687.short
https://clincancerres.aacrjournals.org/content/21/4/687.short
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0928-4
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0928-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6961084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6961084/
https://www.frontiersin.org/articles/10.3389/fimmu.2019.02022/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.02022/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4537030/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4537030/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4537030/
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01412/full
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01412/full
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01412/full
https://journals.lww.com/co-obgyn/Abstract/2016/04000/Targeting_the_programmed_cell_death_1_pathway_in.13.aspx
https://journals.lww.com/co-obgyn/Abstract/2016/04000/Targeting_the_programmed_cell_death_1_pathway_in.13.aspx
https://www.tandfonline.com/doi/full/10.1080/2162402X.2015.1008824
https://www.tandfonline.com/doi/full/10.1080/2162402X.2015.1008824
https://www.tandfonline.com/doi/full/10.1080/2162402X.2015.1008824
https://academic.oup.com/annonc/article/26/7/1488/165351
https://academic.oup.com/annonc/article/26/7/1488/165351
https://academic.oup.com/annonc/article/26/7/1488/165351
https://cancerimmunolres.aacrjournals.org/content/2/4/361.short
https://cancerimmunolres.aacrjournals.org/content/2/4/361.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3925108/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3925108/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5584276/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5584276/
https://academic.oup.com/annonc/article/30/Supplement_3/mdz095.070/5488253
https://academic.oup.com/annonc/article/30/Supplement_3/mdz095.070/5488253
https://academic.oup.com/annonc/article/30/Supplement_3/mdz095.070/5488253
https://academic.oup.com/annonc/article/30/Supplement_3/mdz095.070/5488253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5574654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5574654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5574654/
https://www.nature.com/articles/modpathol2015158
https://www.nature.com/articles/modpathol2015158
https://www.tandfonline.com/doi/full/10.1080/15384047.2019.1583533
https://www.tandfonline.com/doi/full/10.1080/15384047.2019.1583533
https://www.tandfonline.com/doi/full/10.1080/15384047.2019.1583533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6816000/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6816000/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6816000/
https://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.556
https://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.556
https://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.556
https://s3.amazonaws.com/academia.edu.documents/42481957/Tumor-Infiltrating_Lymphocytes_and_Respo20160209-26377-1bo7sk3.pdf?response-content-disposition=inline%3B filename%3DTumor-Infiltrating_Lymphocytes_and_Respo.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20200130%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20200130T113646Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=5ef3d7389b0ea5d0fc4bf80692a80a58af8c70346732e80ace4972e7da4bb7e0
https://s3.amazonaws.com/academia.edu.documents/42481957/Tumor-Infiltrating_Lymphocytes_and_Respo20160209-26377-1bo7sk3.pdf?response-content-disposition=inline%3B filename%3DTumor-Infiltrating_Lymphocytes_and_Respo.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20200130%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20200130T113646Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=5ef3d7389b0ea5d0fc4bf80692a80a58af8c70346732e80ace4972e7da4bb7e0
https://s3.amazonaws.com/academia.edu.documents/42481957/Tumor-Infiltrating_Lymphocytes_and_Respo20160209-26377-1bo7sk3.pdf?response-content-disposition=inline%3B filename%3DTumor-Infiltrating_Lymphocytes_and_Respo.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20200130%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20200130T113646Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=5ef3d7389b0ea5d0fc4bf80692a80a58af8c70346732e80ace4972e7da4bb7e0
https://s3.amazonaws.com/academia.edu.documents/42481957/Tumor-Infiltrating_Lymphocytes_and_Respo20160209-26377-1bo7sk3.pdf?response-content-disposition=inline%3B filename%3DTumor-Infiltrating_Lymphocytes_and_Respo.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=AKIAIWOWYYGZ2Y53UL3A%2F20200130%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20200130T113646Z&X-Amz-Expires=3600&X-Amz-SignedHeaders=host&X-Amz-Signature=5ef3d7389b0ea5d0fc4bf80692a80a58af8c70346732e80ace4972e7da4bb7e0
https://rupress.org/jem/article/212/2/139/41727/VEGF-A-modulates-expression-of-inhibitory
https://rupress.org/jem/article/212/2/139/41727/VEGF-A-modulates-expression-of-inhibitory
https://mct.aacrjournals.org/content/17/6/1324.abstract
https://mct.aacrjournals.org/content/17/6/1324.abstract
https://mct.aacrjournals.org/content/17/6/1324.abstract
https://mct.aacrjournals.org/content/17/6/1324.abstract
https://www.sciencedirect.com/science/article/pii/S2352304218300680
https://www.sciencedirect.com/science/article/pii/S2352304218300680
https://www.sciencedirect.com/science/article/pii/S2352304218300680
https://link.springer.com/article/10.1007/s10549-013-2563-5
https://link.springer.com/article/10.1007/s10549-013-2563-5
https://link.springer.com/article/10.1007/s10549-013-2563-5
https://www.nature.com/articles/nrclinonc.2016.26
https://www.nature.com/articles/nrclinonc.2016.26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6775706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6775706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5687747/
https://link.springer.com/article/10.1007/s10549-017-4294-5
https://link.springer.com/article/10.1007/s10549-017-4294-5
https://link.springer.com/article/10.1007/s10549-017-4294-5
https://link.springer.com/article/10.1007/s10549-017-4294-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772390/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3908521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3908521/
https://link.springer.com/article/10.1007/s12032-010-9676-z
https://link.springer.com/article/10.1007/s12032-010-9676-z
https://link.springer.com/article/10.1007/s12032-010-9676-z
https://journals.plos.org/plosone/article/file?type=printable&id=10.1371/journal.pone.0217279
https://journals.plos.org/plosone/article/file?type=printable&id=10.1371/journal.pone.0217279
https://journals.plos.org/plosone/article/file?type=printable&id=10.1371/journal.pone.0217279
https://journals.plos.org/plosone/article/file?type=printable&id=10.1371/journal.pone.0217279
https://www.ncbi.nlm.nih.gov/pubmed/28952212
https://www.ncbi.nlm.nih.gov/pubmed/28952212
https://www.ncbi.nlm.nih.gov/pubmed/28952212
https://link.springer.com/article/10.1007/s00404-012-2534-9
https://link.springer.com/article/10.1007/s00404-012-2534-9
https://link.springer.com/article/10.1007/s00404-012-2534-9
https://link.springer.com/article/10.1007/s00404-012-2534-9
https://www.mdpi.com/2072-6694/11/7/1033
https://www.mdpi.com/2072-6694/11/7/1033
https://www.mdpi.com/2072-6694/11/7/1033
https://www.nature.com/articles/nature25015/
https://www.nature.com/articles/nature25015/
https://www.nature.com/articles/nature25015/

	Title
	Abstract 

