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Abstract
Background: Epidermal growth factor receptor (EGFR) is potential prognostic biomarker expressed in many human
cancers. Prognostic significance of EGFR immunohistochemical expression has not been established in prostatic
acinar adenocarcinoma, therefore we aimed to evaluate the frequency of expression of EGFR in prostatic adenocarcinoma
and its association with other prognostic parameters.
Methods: The study included 123 cases of biopsy proven prostatic acinar adenocarcinoma treated at Liaquat National
hospital, Karachi from January 2013 till December 2017. Paraffin blocks of all cases were retrieved; sections were cut and
stained with haematoxylin and eosin. Pathologic characteristics including tumor quantification, WHO grade
group, gleason score, perineural and lymphovascular invasion were evaluated. EGFR immunohistochemistry
(IHC) was performed on all tissue blocks.
Results: Mean age of the patients included in the study was 69.05 ± 8.68 years. High gleason scores i.e. 8 & 9 were noted
in 22% (27 cases) and 22.8% (28 cases) respectively. Similarly, 22.8% (28 cases) showed WHO grade group 5. 52.8% (65 cases)
had > 50% tissue involvement by carcinoma and perineural invasion was seen in 37.4% (46 cases). Positive EGFR expression
was noted in 18.7% (23 cases), while 81.3% (100 cases) showed negative EGFR expression. Significant association of EGFR
expression was noted with gleason score (p-value = < 0.001), WHO grade (p = < 0.001), tumor quantification (p = 0.007) and
perineural invasion (p = < 0.001). Moreover, significant association of EGFR expression was also seen with disease recurrence
and Her2neu over expression. Patients with low gleason scores (score 6 and 7) and lower grade group (1, 2 & 3) were less
likely to have positive EGFR expression as compared to patients with high gleason score (score 9) and higher grade group
(5). Similarly, patients with perineural invasion were more likely to have positive EGFR expression.
Conclusion: We found a relatively low EGFR expression in our patients with prostatic adenocarcinoma; however,
its association with poor prognostic parameters like high gleason score, higher grade group, perineural invasion,
higher tissue involvement by cancer and disease recurrence signifies its importance as a prognostic parameter in
prostatic acinar adenocarcinoma.
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Introduction
Prostatic adenocarcinoma is one of the most common
malignancies in males. Age standardized incidence of
prostatic cancer in United States is 124.8/10,000. Prevalence of prostatic cancer in age group 61–70 years is
65%, while its 83% in age group 71–80 years [1]. The
most common histologic subtype of prostatic cancer is
acinar adenocarcinoma which arises from prostatic acini.
The major prognostic parameters of prostatic acinar
adenocarcinoma include gleason score, percentage of tissue involvement by cancer (tumor quantification) and
perineural invasion [2, 3]. Epidermal growth factor
receptor (EGFR) is a proto-oncogene which is overexpressed in many human cancers and serves as a prognostic biomarker and therapeutic target [4–6]. However,
prognostic significance of EGFR immunohistochemical
expression (IHC) has not been established in prostatic
acinar adenocarcinoma, therefore we aimed to evaluate
the frequency of expression of EGFR in prostatic adenocarcinoma and its association with other prognostic
parameters.
Methods
Patients & methods

The study included 123 cases of biopsy proven prostatic
acinar adenocarcinoma treated at Liaquat National hospital, Karachi. The duration of study was 5 years from
January 2013 till December 2017. The approval of the
study was taken from research and ethical review committee of Liaquat National Hospital. Informed written
consent was taken from all patients that underwent surgery. Paraffin blocks of all cases were retrieved; sections
were cut and stained with haematoxylin and eosin. Slides
of all cases were reviewed by two senior histopathologists and findings were recorded. Pathologic characteristics including tumor quantification, WHO grade group,
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gleason score, perineural and lymphovascular invasion
were evaluated. Specimens included prostatic chips and
radical prostatectomies. Hospital records of all patients
were reviewed to determine recurrence and disease free
survival. EGFR immunohistochemistry (IHC) was performed on all tissue blocks.
Immunohistochemistry

DAKO EnVision method was used for EGFR IHC utilizing DAKO Monoclonal Mouse Anti-human Epidermal
growth factor Receptor (EGFR), clone H11 according to
manufacturers protocol. Both membranous and cytoplasmic staining for EGFR was assessed and recorded.
Intensity of staining was scored as follows,
No staining (0),
Weak staining (1+): weak barely perceptible staining of
membranes and weak cytoplasmic staining,
Intermediate staining (2+): Moderate staining of membranes easily appreciable on low power (40X) with moderate cytoplamic staining,
Strong staining (3+): Strong/ dense staining of membranes with moderate to strong cytoplasmic expression.
Percentage of positively stained cells was scored (ranging from 0 to 100%).
Moderate to strong staining in more than 10% cells
was considered positive for EGFR expression (Fig. 1).
Moreover, intensity score was multiplied with percentage
of positively stained cells to calculate and overall IHC
score ranging from 0 to 300.
Her2neu IHC was performed on representative tissue
blocks using Polyclonal Rabbit Anti-human c-erbB-2
oncoprotein by DAKO envision method and interpreted
according CAP/ASCO guidelines. Membranous reactivity of Her2neu was scored into 0 (negative), 1+ (weak), 2
+ (equivocal) and 3+ (strong) according CAP guidelines
of reporting Her2neu in breast cancer. 0 and 1+ staining
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Fig. 1 EGFR expression in prostatic acinar adenocarcinoma, a) Negative EGFR 400X expression, IHC score 0, b) Positive EGFR expression, 400X
Intensity score 2+ (moderate), 70% of tumor cells showing positive EGFR expression, IHC score = 70 X 2 = 140
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was taken as negative. 3+ staining were taken as positive.
For 2+ (equivocal) cases Fluorescent insitu hybridization
(FISH) testing was done using FDA approved Path
Vysion Her2 DNA Probe kit and results were interpreted

according to CAP guidelines. Results were recorded as
negative (not amplified) or positive (amplified) according
to ASCO/CAP recommendations [7].

Statistical analysis
Table 1 Clinicopathologic characteristics of studied population
(n = 123)
n(%)
Age(years)
Mean ± SD

69.05 ± 8.68

Mean follow up time (months)

21.67 + 12.56

Age Groups
≤70 years

77(62.6)

> 70 years

46(37.4)

Tumor quantification (%)
Mean ± SD

49.83 ± 30.53

Groups

Total gleason score

WHO grade group

Perineural invasion

Lymphovascular invasion

Extraprostatic extension

Seminal vesicle invasion

Specimen type

23(18.7)

10–50%

35(28.5)

n(%)

> 50%

65(52.8)

Positive
(n = 23)

Negative
(n = 100)

≤70 years

14(60.9)

63(63)

> 70 years

9(39.1)

37(37)

6

1(4.3)

38(38)

6

39(31.7)

7

29(23.6)

8

27(22)

9

28(22.8)

7

3(13)

26(26)

Grade 1

39(31.7)

8

5(21.7)

22(22)

Grade 2

25(20.3)

Grade 3

4(3.3)

Grade 4

Her2 neu

Age Groups

Total gleason score

9

14(60.9)

14(14)

Grade 1

1(4.3)

38(38)

27(22)

Grade 2

2(8.7)

23(23)

Grade 5

28(22.8)

Grade 3

1(4.3)

3(3)

Present

46(37.4)

Grade 4

5(21.7)

22(22)

Absent

77(62.6)

Grade 5

14(60.9)

14(14)

Present

3(2.4)

Absent

120 (97.6)

Present

7(5.7)

Absent

116(94.3)

Present

4(3.3)

Absent

119(96.7)

WHO grade groupª

Tumor Quantificationª

Perineural invasion

Lymphovascular invasionª

Radical prostatectomy 18(14.6)

Recurrence duration (months)

EFGR expression

Table 2 Association of EGFR expression with clinicopathologic
parameters in prostatic acinar adenocarcinoma

< 10%

TURP

Recurrence

We used statistical package for social sciences (SPSS 21)
for data compilation and analysis. For quantitative variables we calculated mean and standard deviation, while
frequency and percentage were assessed for qualitative
variables. Independent t-test and ANOVA were used to
compare mean difference. Chi square test and Fisher
exact test was applied to determine association. Odds ratios were calculated by univariate binary logistic regression for significant variables. Survival curves were
plotted using Kaplan-Meier method. P-value of ≤0.05
was taken as significant.

105(85.4)

Extraprostatic extensionª

9.39 ± 3.22
Yes

33(26.8)

No

90(73.2)

Positive

23(18.7)

Negative

100(81.3)

Positive

28(22.8)

Negative

95(77.2)

Seminal vesicle invasion ª

Recurrence

< 10%

1(4.3)

22(22)

10–50%

3(13)

32(32)

> 50%

19(82.6)

46(46)

Present

16(69.6)

30(30)

Absent

7(30.4)

70(70)

Present

0(0)

3(3)

Absent

23(100)

97(97)

Present

0(0)

7(7)

Absent

23(100)

93(93)

Present

2(8.7)

2(2)

Absent

21(91.3)

98(98)

Yes

19(82.6)

14(14)

No

4(17.4)

86(86)

Chi square test was applied
ªFisher exact test applied
P-Value≤0.05, considered as significant

PValue
0.849

< 0.001

< 0.001

0.007

< 0.001

1.000

0.346

0.158

< 0.001
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Results
Mean age of the patients included in the study was
69.05 ± 8.68 years. Mean follow up time was
21.67 + 12.56 months. High gleason scores i.e. 8 & 9
were noted in 22% (27 cases) and 22.8% (28 cases) respectively. Similarly, 22.8% (28 cases) showed WHO
grade group 5. 52.8% (65 cases) had > 50% tissue involvement by carcinoma and perineural invasion was
seen in 37.4% (46 cases). 14.6%(18 cases) were those of
radical prostatectomy specimens while 85.4% (105 cases)
while transuretheral resections (TURP). Recurrence of
the disease was noted in 26.8% cases. Her2neu expression was noted in 28.2% cases. Patient characteristics are
shown in Table 1.
EGFR expression in prostatic carcinoma

Positive EGFR expression was noted in 18.7% (23 cases),
while 81.3% (100 cases) showed negative EGFR expression. Significant association of EGFR expression was
noted with gleason score (p-value = < 0.001), WHO
grade (p = < 0.001), tumor quantification (p = 0.007),
perineural invasion (p = < 0.001) and disease recurrence
(p = < 0.001) as shown in Table 2.
Patients with low gleason scores (score 6 and 7) and
lower grade group (1, 2 & 3) were less likely to have
positive EGFR expression as compared to patients with
high gleason score (score 9) and higher grade group (5).
Similarly, patients with perineural invasion and disease
recurrence were more likely to have positive EGFR expression (Table 3).

Table 4 shows comparison of mean IHC scores with
various clinicopathological parameters and reveals significantly increased IHC scores in cases with gleason
score 9 / grade group 5 and cases showing perineural
invasion.
Similar to EGFR, Her2neu expression also showed significant association with poor prognostic factors like
tumor grade, tumor quantification and disease recurrence. Moreover, Her2neu expression was also found to
be associated with EGFR expression as shown in
Table 5.
Significant association of both EGFR and Her2neu expression was seen with disease free survival (Figs. 2 and 3).

Discussion
In the present study, we found an overall low EGFR expression in prostatic acinar adenocarcinoma in our patient population i.e. 18.7%. On the other hand,
significant association of EGFR overexpression was
noted with poor prognostic parameters like higher
Table 4 Comparison of mean EGFR IHC scores with
clinicopathologic parameters
mean ± SD
Overall
Age Groups

≤70 years
> 70 years

2.45 ± 5.10

Total gleason scoreª

6

0.25 ± 1.60

7

1.55 ± 4.64

8

3.11 ± 5.46

Table 3 Odds ratio for patients with positive EGFR expression
Total gleason score

WHO grade group

Tumor Quantification

Perineural invasion

Recurrence

odds ratio(95% CI)

P-Value

6

0.026(0.003–0.219)

0.001

7

0.115(0.028–0.471)

0.003

8

0.227(0.067–0.771)

0.017

9®

1

Grade-1

0.026(0.003–0.219)

0.001

Grade-2

0.087(0.017–0.441)

0.003

Grade-3

0.333(0.031–3.606)

0.333

Grade-5

0.227(0.067–0.771)

0.017

Grade-5®

1

0.001

< 10%

0.110(0.014–0.876)

0.037

10–50%

0.227(0.062–0.832)

0.025

> 50%®

1

Present

5.333(1.990–14.293)

Absent®

1

Yes

29.17(8.63–98.55)

No®

1

Univariate binary logistic regression was applied
®Reference Category

WHO grade groupª

Tumor Quantificationª

Perineural invasion

9.40 ± 34.94

9

24.92 ± 55.06

Grade 1

0.25 ± 1.60

Grade 2

1.20 ± 4.15

Grade 3

3.75 ± 7.50

Grade 4

3.11 ± 5.46

Grade 5

24.92 ± 55.06

< 10%

0.52 ± 2.50

10–50%

1.28 ± 4.26

> 50%

12.00 ± 37.39

Present

5.28 ± 6.77

Absent

7.71 ± 35.01

Lymphovascular invasion

Present

5.00 ± 0.00

Absent

6.85 ± 28.31

Extraprostatic extension

Present

0.00 ± 0.00

Absent

7.21 ± 28.74

Present

6.00 ± 6.92

Absent

6.83 ± 28.41

0.001
Seminal vesicle invasion
< 0.001
Independent t test was applied.
ªANOVA was applied
P ≤ 0.05, considered as significant

P-value

6.80 ± 27.96
0.090

0.001

0.003

0.091

0.643

0.910

0.510

0.954
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Table 5 Association of Her2 neu expression with clinicopathologic parameters in prostatic acinar adenocarcinoma
n(%)
Positive
(n = 28)
Age Group

Total gleason score

WHO grade groupª

Tumor Quantification

Perineural invasion

Lymphovascular invasionª

Extraprostatic extensionª

Seminal vesicle invasion ª

Recurrence

EGFR

P-Value
Negative
(n = 95)

≤70 years

16(57.1)

61(64.2)

> 70 years

12(42.9)

34(35.8)

6

4(14.3)

35(36.8)

7

5(17.9)

24(25.3)

8

8(28.6)

19(20)

9

11(39.3)

17(17.9)

Grade 1

4(14.3)

35(36.8)

Grade 2

3(10.7)

22(23.2)

Grade 3

2(7.1)

2(2.1)

Grade 4

8(28.6)

19(20)

Grade 5

11(39.3)

17(17.9)

< 10%

3(10.7)

20(21.1)

10–50%

4(14.3)

31(32.6)

> 50%

21(75)

44(46.3)

Present

14(50)

32(33.7)

Absent

14(50)

63(66.3)

Present

0(0)

3(3.2)

Absent

28(100)

92(96.8)

Present

0(0)

7(7.4)

Absent

28(100)

88(92.6)

Present

2(7.1)

2(2.1)

Absent

26(92.9)

93(97.9)

Yes

19(67.9)

14(14.7)

No

9(32.1)

81(85.3)

Positive

8(28.6)

92(96.8)

Negative

20(71.4)

3(3.2)

0.497

0.029

0.014

0.028

0.117

1.000

0.349

0.222

< 0.001

< 0.001

Chi square test was applied
ªFisher exact test applied
P-Value≤0.05, considered as significant

gleason score, perineural invasion and higher tissue involvement by carcinoma which are major prognostic factors in prostatic carcinoma. Moreover, significant
association of EGFR expression was noted with disease
recurrence and Her2neu expression. To our knowledge,
this is the first study evaluating EGFR expression in
prostatic carcinoma in Pakistani patients and overall
data regarding EGFR expression in prostatic carcinoma
is limited connoting the importance of the present
study.
Evaluation of EGFR overexpression in prostatic carcinoma and its role as prognostic biomarker has been evaluated in previous studies [8–11]. Lorenzo GD et al.,
found EGFR expression in 41.4 and 75.9% of non-metastatic prostatic carcinoma treated with radical

prostatectomy and hormonal therapy followed by radical
prostatectomy respectively. They found EGFR expression
to be associated with high gleason score, high serum
PSA and higher frequency of disease relapse and progression to androgen independence, thus proving an immense prognostic significance of EGFR expression in
prostatic carcinoma [12]. Similarly, in another study
EGFR was significantly correlated with high serum PSA
levels, extraprostatic extension, seminal vesicle invasion
and disease recurrence [13]. On the other hand, Back
KH et al., found 40.9% EGFR expression in prostatic carcinoma and they didn’t find any significant association
of EGFR expression with other clinicopathologic parameters except its inverse correlation with androgen receptor expression [14]. In contrast to these studies, we
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Fig. 2 Kaplan-Meier of Recurrence for EGFR expression (disease-free survival)

found a relatively low EGFR expression in our patients
with prostatic adenocarcinoma; however, its association
with gleason score, perineural invasion and higher tissue
involvement signifies its importance as a prognostic biomarker in prostatic carcinoma. Moreover, we found a
significant association of EGFR expression with worse
disease free survival and recurrence.
The major limitation of the study was that we did not
perform molecular studies to establish an association of
positive IHC expression with molecular abnormalities
and gene amplifications. Identification of underlying
gene amplification may also help in identifying patients
that can benefit from anti-EGFR therapy. Despite these
limitations, the results of our study signify the prognostic utility of EGFR expression in prostatic acinar
adenocarcinoma.
The overall expression of EGFR in prostatic carcinoma
found in our study was low as explained earlier compared to the international data. This may be due to different cancer characteristics and underlying gene
mutations in our population. Another explanation for
this discordance may be difference in IHC interpretation

in different studies. As many authors, didn’t incorporated the intensity of EGFR expression to evaluate IHC
score and different cut offs were taken to define positive
EGFR expression. Therefore, we suggest that IHC scores
should be correlated with gene amplification to define a
standard cut-off for positive EGFR IHC expression. On
the other hand, the role of EGFR as a prognostic biomarker can’t be underestimated as we found a strong
association of EGFR expression with prognostic parameters supported by international data.
Although, overall expression of EGFR in prostatic
adenocarcinoma was low in our study, but its association
with high grade and poor prognostic features signifies its
importance in those patients not being benefited by conventional therapeutic regimens. Earlier studies also revealed association of EGFR expression with androgen
receptor independence nullifying the role of
anti-androgen therapy in these patients. Clinical trials
involving the use of specific therapies are complex in design and require restricted ethical care [15, 16]. Therefore, role of these new therapeutic options like
anti-EGFR therapy should be evaluated in patients with
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Fig. 3 Kaplan-Meier of Recurrence for Her2 neu expression (disease-free survival)

prostatic carcinomas of high histological grades (Gleason
and WHO) that are outside the current therapeutic
possibilities.

Conclusion
We found a relatively low EGFR expression in our patients with prostatic adenocarcinoma; however, its association with poor prognostic parameters likes high
gleason score, higher grade group, perineural invasion,
higher tissue involvement by cancer and poor disease
free survival signifies its importance as a prognostic parameter in prostatic acinar adenocarcinoma.
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