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The prognostic importance of PD-L1, PTEN, PHH3, and KI-67 
expressions in invasive breast carcinoma
Eda Hilal Imamoglu1 , Selma Erdogan Duzcu1*

INTRODUCTION
Breast carcinoma is the most common cancer in women1. 
The presence of tumor-infiltrating lymphocytes and immune 
response markers are good prognostic features in breast 
tumors2. Programmed cell death 1 (PD-1) is a surface mem-
brane antigen expressed by various cells of the immune sys-
tem, including T lymphocytes3. Programmed cell death ligand 
1 (PD-L1) is expressed in breast tumors and tumor-infiltrat-
ing lymphocytes, but not in healthy breast tissue4. PTEN is 
a novel tumor suppressor gene located on chromosome band 
10q23. The main function of PTEN is to inhibit the PI3K/
AKT pathway, which plays a role in cell proliferation and cell 
survival5. Loss of PTEN function plays a role in the progres-
sion of several cancers6. 

Many prognostic factors in breast cancer are directly or indi-
rectly related to proliferation. One of the best known meth-
ods for immunohistochemical measurement of proliferation 
is Ki-677. Studies have revealed that Ki-67 correlates strongly 
with biomarkers such as hormone receptor status, HER2 status, 
tumor staging, and axillary lymph node status8. Phosphohistone 
H3 (PHH3) has long been known as a marker of cellular pro-
liferation in various cancers9.

The aim of this study was to investigate the correlation of 
the expressions in PD-L1, PTEN, PHH3, and Ki-67 immu-
nohistochemical stains with prognostic clinicopathological 
parameters in breast cancer.

METHODS

Case selection
Lumpectomy and mastectomy materials from 85 patients (with 
invasive ductal carcinoma and lobular carcinoma) treated and 
operated at the Department of Pathology, Bolu Abant Izzet 
Baysal University, Faculty of Medicine between 2014 and 2019 
were included in the study. The blocks that best reflected the 
tumor and were most suitable for immunohistochemical exam-
ination were selected. 

Immunohistochemical staining
Thin sections at a thickness of 4 microns were taken from the 
formalin-fixed, paraffin-embedded blocks. The sections were 
stained with primary antibodies PD-L1, PTEN, PHH3, and 
Ki-67 according to the manufacturers’ instructions using a Leica 
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SUMMARY
OBJECTIVE: The aim of this study was to investigate the relationship of PD-L1, PTEN, PHH3, and Ki-67 immunohistochemical stain expressions with 

prognostic clinicopathological parameters in breast cancer.

METHODS: Lumpectomy and mastectomy materials from 85 patients operated at the Department of Pathology, Bolu Abant Izzet Baysal University, 

Faculty of Medicine between 2014 and 2019 were retrospectively reviewed. PD-L1, PTEN, PHH3, and Ki-67 expressions were examined. 

Immunohistochemical staining results were compared with clinicopathological parameters and found to be associated with prognosis. 

RESULTS: A statistically significant correlation was found between PD-L1 and large tumor size, high histological grade, multifocality, and lymphovascular 

invasion. A statistically significant correlation was found between the loss of PTEN and large tumor size and histological grade. There was a statistically 

significant correlation between PHH3 and advanced age, large tumor size, and high histological grade. A statistically significant correlation was found 

between Ki-67 and large tumor size, high histological grade, and lymphovascular invasion. 

CONCLUSION: PD-L1, PTEN, PHH3, and Ki-67 are regarded as potential biomarkers that can be used to predict the prognosis of breast cancer and 

to develop targeted therapies.
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Bond-Max fully automated immunohistochemistry machine. 
Staining was performed using a standard compact polymer 
technology kit for immunohistochemistry.

Sections were stained with PD-L1 antibody (Cell Signaling 
Technology, clone: E1L3N; diluted 1:200). Placental sections 
were used as positive controls for PD-L1. Membranous and 
cytoplasmic staining were considered positive3. The total per-
centage of positive cells and their staining intensities (0–3) 
were determined. The modified Histo-score (H-score) was 
used [PD-L1 staining intensity (0–3)xpercentage of positive 
cells, between 0 and 300]. PD-L1 expression was dichotomized 
into two groups, using a cutoff score of 100 (H-score 0–99: 
negative/low expression, and 100–300: positive expression)4.

Sections were stained with anti-PTEN antibody (Dako, 
Monoclonal Mouse anti-PTEN, clone 6H2.1; diluted 1:40). 
Colon tumor sections were used as positive controls for PTEN. 
Both cytoplasmic and nuclear staining were observed with 
PTEN. The staining intensity for PTEN was scored 0–310. The 
percentage of positively stained tumor cells was calculated. The 
total PTEN index was calculated using the following formula: 
H score=(Percentage of positive cells)x(Immunostaining inten-
sity). The H-score ranged from 0 to 300, and case with a score 
of less than 90 was considered PTEN loss11.

Sections were stained with PHH3 (Cell Marque Corp. 
Rocklin, rabbit polyclonal antibody; diluted 1:200). Tonsil 
sections were used as positive controls. The percentage of pos-
itively stained tumor cells in the region with the highest PHH3 
concentration was determined12.

Ki-67 (Dako Autostainer/Autostainer Plus, monoclonal 
Mouse Anti-Human Ki-67 antigen clone MIB-1) was applied 
to formalin-fixed tissues. In determining the score, the entire 
section taken from the invasive border of the tumor was exam-
ined, and at least 1000 cells with the highest staining in the 
40x objective were evaluated and averaged13. The percentage 
of tumor cells that showed only nuclear staining with Ki-67 
determined the Ki-67 score13.

Statistical analysis
To analyze the data, descriptive statistics were given with fre-
quency, percentage, mean, and standard deviation. The Mann-
Whitney U test was performed to investigate whether prognostic 
factor measures in the study differed according to immuno-
histochemical staining positivity. When evaluating PD-L1, 
PHH3, Ki-67, and PTEN positivity, the Mann-Whitney U 
test was used because the number in the positive groups was 
small and the measurements did not have a parametric distri-
bution. Chi-square analysis and Fisher’s exact test were applied 
to examine the relationships between the proportional values 

of prognostic factors according to PD-L1, PHH3, Ki-67, and 
PTEN positivity status. The SPSS 25.0 program was used for 
statistical analysis (p<0.05).

RESULTS

Clinicopathological features
The study covered 85 cases of invasive breast carcinoma. Of 
the patients aged between 35 and 88 years (mean 58.33±12.50 
years), 82 (96.4%) were female and 3 (3.6%) were male. Of the 
cases diagnosed with breast carcinoma, 77 (90.5%) had invasive 
ductal carcinoma and 8 (9.5%) had invasive lobular carcinoma. 
According to tumor size, patients were divided into two groups: 
<2 cm in 34 (40%) patients and ≥2 cm in 51 (60%) patients. 

Nottingham histological grade was found: 12.9% in grade 
1, 56.5% in grade 2, and 30.6% in grade 3. Tumor metastasis 
to the axillary lymph node was detected: 1–3 lymph nodes in 
17 (20.0%), 4–9 lymph nodes in 15 (17.6%), and 10 or more 
lymph nodes in 13 (15.3%) patients. Of the patients, 30% were 
found with stage 1, 31.8% with stage 2, 20.2% with stage 3, 
and 17.9% with stage 4.

Immunohistochemical staining with 
clinicopathological parameters

PD-L1 expression and its relationship to 
clinicopathological factors
Table 1 shows the relationship between PD-L1 and prognostic 
factors. In sections prepared from invasive breast cancer blocks, 
21 (24.7%) of 85 patients expressed PD-L1. Tumor cells and/
or lymphocytes showed membranous staining in 13 (15.3%) 
cases, cytoplasmic staining in 3 (3.5%) cases, and cytoplasmic 
and membranous staining in 21 (24.7%) cases (Figures 1A–D); 
48 (56.5%) cases were scored as skor 0, 20 (23.5%) as skor 1, 
12 (14.1%) as skor 2, and 5 (5.9%) as skor 3. No significant 
association was found between PD-L1 expression and age, 
gender, tumor location, surgical procedure of patients, lymph 
node metastasis, perineural invasion, stage, and HER2 score. 

PTEN expression and its relationship with 
clinicopathological factors
The relationship between PTEN-1 and prognostic factors is 
given in Table 1. Loss of PTEN expression was observed in 
42 (49.4%) of 85 cases with invasive breast carcinoma. It was 
found that there was no staining in 14 (16.4%) cases, weak 
staining in 24 (28.2%) cases, moderate staining in 30 (35.2%) 
cases, and strong staining in 17 (20%) cases (Figures 1E–H). 
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No significant correlation was found between loss of PTEN 
expression and age, gender, histological type, lymphovascular 
invasion, perineural invasion, histological grade, stage, ER, PR, 
HER2 score, and Ki-67 expression.

PHH3 expression and its relationship  
with clinicopathological factors
Table 2 shows the relationship between PHH-3 and prognostic 
factors. PHH3 stained positive in 36 (42.3%) cases and neg-
ative in 49 (47.7%) cases (Figures 1J and K). It was observed 
that the PHH3 group did not differ by pathological T, N, M 
grading and staging (p=0.06; p=0.12; p=0.51; p=0.35, respec-
tively). No significant correlation was found between loss of 
PHH3 expression and gender, tumor localization, lymphovas-
cular invasion, HER2 score, and stage.

Ki-67 expression and its relationship  
with clinicopathological factors
The relationship between PHH-3 and prognostic factors is shown 
in Table 2. Ki-67 expression was <20% in 57 (67%) cases and 

≥20% in 28 (33%) cases (Figures 1L and M). The values of the 
Ki-67 group differed by tumor size, which was larger than 2 cm 
(p=0.01). Patient’s age, gender, tumor localization, histological 
type of tumor, and the number of metastatic lymph nodes did 
not differ in Ki-67 groups below or above 20%.

DISCUSSION
The increase in the incidence of breast cancer in recent years 
has led to studies on the development of new methods of diag-
nosis and treatment14. Many studies have shown the expression 
of PD-L1 in both tumor cells and TIL in breast carcinoma. 
In studies, PD-L1 expression in all breast cancer subtypes var-
ies from 0 to 83%, and most studies show PD-L1 expression 
below 50%15. In this study, we identified PD-L1 positivity in 
21 (24%) of 85 breast cancer patients and found that it was 
associated with poor prognostic parameters such as high his-
tological grade, large tumor size, ER and PR negativity, and 
high Ki-67 expression. Thus, we obtained similar results to 
recent studies14,16,17.

Figure 1. (A) Negative expression of PD-L1 in tumor cells, immune peroxidase, 400x. (B) Mild expression of PD-L1 in tumor cells, immune 
peroxidase, 400x. (C) Moderate expression of PD-L1 in tumor cells, immune peroxidase, 400x. (D) Severe expression of PD-L1 in tumor cells, 
immune peroxidase, 400x. (E) Intense expression of PTEN in tumor cells, immune peroxidase, 400x. (F) Moderate-intense expression of PTEN in 
tumor cells, immune peroxidase, 400x. (G) Mild-intense expression of PTEN in tumor cells, immune peroxidase, 400x. (H) Negative expression 
of PTEN in tumor cells, immune peroxidase, 400x. (J) Low nuclear PHH3 expression in tumor cells, immune peroxidase, 400x. (K) High nuclear 
PHH3 expression in tumor cells, immune peroxidase, 400x. (L) Low nuclear Ki-67 expression in tumor cells, immune peroxidase, 400x. (M) High 
nuclear Ki-67 expression in tumor cells, immune peroxidase, 400x.
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Table 1. PD-L1 and PTEN by prognostic factors.

Prognostic factors

PD-L1 PTEN

Negative Positive
p

<90 ≥90
p-value

n % N % n % n %

Age
<40 5 7.8% 2 9.5%

0.67
4 9.5% 3 7.0%

0.60
≥40 59 92.2% 19 90.5% 38 90.5% 40 93.0%

Gender
Female 62 96.9% 20 95.2%

0.73
42 100.0% 40 93.0%

0.08
Male 2 3.1% 1 4.8% 0 0.0% 3 7.0%

Tumor Localization
Right 31 48.4% 13 61.9%

0.01*
25 59.5% 19 44.2%

0.11
Left 33 51.6% 8 38.1% 17 40.5% 24 55.8%

Tumor size (cm)
<2 27 42.2% 7 33.3%

0.04*
14 33.3% 20 46.5%

0.03*
≥2 37 57.8% 14 66.7% 28 66.7% 23 53.5%

Histological grade

1 10 15.6% 1 4.8%

0.03*

7 16.7% 4 9.3%

0.03*2 37 57.8% 11 52.4% 25 59.5% 23 53.5%

3 17  26.6% 9 42.9% 10 23.8% 16 37.2%

Lymphovascular 
invasion 

None 38 59.4% 9 42.9%
0.01*

22 52.38% 25 58.1%
0.13

Yes 26 40.6% 12 57.1% 20 47.62% 18 41.9%

Perineural invasion
None 50 78.1% 16 76.2%

0.56
32 76.19% 34 79.07%

0.21
Yes 14 21.9% 5 23.8% 10 23.81% 9 20.93%

Pathologic T

T1 29 45.3% 7 33.3%

0.06

15 35.71% 21 48.84%

0.24
T2 27 42.2% 13 61.9% 23 54.76% 17 39.53%

T3 3 4.7% 1 4.8% 2 4.76% 2 4.65%

T4 5 7.8% 0 0.0% 2 4.76% 3 6.98%

Pathologic N

N0 3 9.4% 0 0.0%

0.12

1 4.55% 2 9.09%

0.13
N1 5 15.6% 2 16.7% 1 4.55% 6 27.27%

N2 15 46.9% 8 66.7% 13 59.09% 10 45.45%

N3 9 28.1% 2 16.7% 7 31.82% 4 18.18%

Pathologic M
M0 57 89.1% 21 100.0%

0.03*
38 90.48% 40 93.02%

0.11
M1 7 10.9% 0 0.0% 4 9.52% 3 6.98%

Stage

1A 20 31.3% 5 23.8%

0.14

12 28.57% 13 30.23%

0.25

1B 1 1.6% 0 0.0% 0 0.00% 1 2.33%

2A 12 18.8% 5 23.8% 9 21.43% 8 18.60%

2B 9 14.1% 1 4.8% 4 9.52% 6 13.95%

3A 7 10.9% 7 33.3% 7 16.67% 7 16.28%

3B 2 3.1% 0 0.0% 0 0.00% 2 4.65%

3C 10 15.6% 3 14.3% 9 21.43% 4 9.30%

4 3 4.7% 0 0.0% 1 2.38% 2 4.65%

ER
Negative 7 10.9% 5 23.8%

0.03*
9 15.00% 3 12.00%

0.08
Positive 57 89.1% 16 76.2% 51 85.00% 22 88.00%

PR
Negative 11 17.2% 9 42.9%

0.01*
14 23.30% 6 24.00%

0.21
Positive 53 82.8% 12 57.1% 46 76.70% 19 76.00%

HER2

0 32 50.0% 8 38.1%

0.16

17 40.48% 23 53.49%

0.13
1 12 18.8% 5 23.8% 10 23.81% 7 16.28%

2 10 15.6% 4 19.0% 9 21.43% 5 11.63%

3 10 15.6% 4 19.0% 6 14.29% 8 18.60%

*Statistical significance at the p<0.05 level.
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In a study by Ming Li et al., PD-L1 was found to be posi-
tive in 38.6% of patients, and PD-L1 positivity was significantly 
associated with high histological grade, recurrence, and distant 
metastasis17. Hazem et al. identified PD-L1 positivity in 34% 
of cases and found that PD-L1 expression was associated with 

large tumor size, histological grade, HER2 positivity, and ER and 
PR negativity16. In this study, similar to the literature, PD-L1 
expression increased with the increasing histological grade of the 
tumor4,18. Moreover, in agreement with the literature, PD-L1 
expression was found to be higher in ER- and PR-negative cases18. 

Table 2. PHH3 and Ki-67 by prognostic factors.

Prognostic factors

PHH3 Ki-67

<2 ≥2
p

<20% ≥20%
p

n % n % n % n %

Tumor size (cm)
<2 23 46.9% 11 30.6%

0.01*
28 49.1% 6 21.4%

0.01*
≥2 26 53.1% 25 69.4% 29 50.9% 22 78.6%

Histological grade

1 10 20.4% 1 2.8%

0.02*

1 1.8% 0 0.0%

0.01*2 26 53.1% 22 61.1% 11 19.3% 0 0.0%

3 13 26.5% 13 36.1% 35 61.4% 13 46.4%

Lymphovascular 
invasion

None 29 59.2% 18 50.0%
0.58

37 64.9% 10 35.7%
0.01*

Yes 20 40.8% 18 50.0% 20 35.1% 18 64.3%

Perineural invasion
None 39 79.6% 27 75.0%

0.01*
43 75.4% 23 82.1%

0.01*
Yes 10 20.4% 9 25.0% 14 24.6% 5 17.9%

Pathologic T

T1 24 49.0% 12 33.3%

0.05

29 50.9% 7 25.0%

0.05
T2 20 40.8% 20 55.6% 23 40.4% 17 60.7%

T3 2 4.1% 2 5.6% 3 5.3% 1 3.6%

T4 3 6.1% 2 5.6% 2 3.5% 3 10.7%

Pathologic N

N0 2 8.0% 1 5.3%

0.36

1 3.7% 2 11.8%

0.28
N1 3 12.0% 4 21.1% 4 14.8% 3 17.6%

N2 15 60.0% 8 42.1% 14 51.9% 9 52.9%

N3 5 20.0% 6 31.6% 8 29.6% 3 17.6%

Pathologic M
M0 45 91.8% 33 91.7%

0.51
53 93.0% 25 89.3%

0.30
M1 4 8.2% 3 8.3% 4 7.0% 3 10.7%

Stage

1A 16 32.7% 9 25.0%

0.35

21 36.8% 4 14.3%

0.381B 1 2.0% 0 0.0% 1 1.8% 0 0.0%

2A 9 18.4% 8 22.2% 10 17.5% 7 25.0%

2B 6 12.2% 4 11.1% 6 10.5% 4 14.3%

3A 6 12.2% 8 22.2% 7 12.3% 7 25.0%

3B 2 4.1% 0 0.0% 1 1.8% 1 3.6%

3C 7 14.3% 6 16.7% 9 15.8% 4 14.3%

4 2 4.1% 1 2.8% 2 3.5% 1 3.6%

ER
Negative 4 8.2% 8 22.2%

0.02*
4 7.0% 8 28.6%

0.01*
Positive 45 91.8% 28 77.8% 53 93.0% 20 71.4%

PR
Negative 9 18.4% 11 30.6%

0.01*
8 14.0% 12 42.9%

0.01*
Positive 40 81.6% 25 69.4% 49 86.0% 16 57.1%

HER2

0 9 18.4% 8 22.2%

0.05

31 54.4% 9 32.1%

0.07
1 7 14.3% 7 19.4% 12 21.1% 5 17.9%

2 8 16.3% 6 16.7% 10 17.5% 4 14.3%

3 9 18.4% 8 22.2% 4 7.0% 10 35.7%

*Statistical significance at the p<0.05 level.
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