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Abstract

The epidermal growth factor receptor (EGFR) expression is considered to play an essential role in the
pathogenesis of colorectal adenocarcinoma. This study assessed the expression and predictive/prognostic
value of EGFR expression in pre-op biopsy and post-op resection specimens in patients receiving
neoadjuvant radiotherapy/neoadjuvant chemoradiotherapy (NRT/NCRT).

Thirty-four consecutive patients were included in this study. The association between the prognostic
features and EGFR immunohistochemical expression was analyzed in pre- (n=34) and post-treatment (n=22)
tissue samples in cases with available tissue blocks.

Of 34, 23 (67.6%) were men. The median age was 60.50 * 10.69 (range, 31-84) years. EGFR expression was
detected in 88.2% of biopsy specimens and in 91.2% of surgical specimens. There was only slight agreement
between pre-op and post-op EGFR expression scores (kappa value 0.11). There was no significant correlation
between pre-op and post-op EGFR expression scores (p>0.05). Although pre-op EGFR positivity and higher
pre-op EGFR scores seemed to indicate a worse prognosis, this association between pre-op EGFR expression
and overall survival (OS) or disease-specific survival (DSS) did not reach statistical significance (p>0.05). The
only case with a post-op EGFR score of three who died of the disease experienced local recurrence and had
distant metastasis.

In conclusion, EGFR positivity in pre-op biopsy samples seems to be associated with shorter survival, and
increased EGFR expression in post-treatment resection specimens predicts aggressive behavior in patients
with rectal adenocarcinoma who received NRT/NCRT. However, due to the molecular heterogeneity, EGFR
expression status should be evaluated in resection specimens rather than in pre-op biopsy samples for
optimal prognosis prediction.

Categories: Pathology, Internal Medicine, Radiation Oncology
Keywords: egfr, adenocarcinoma, prognosis, neoadjuvant radiotherapy, neoadjuvant chemoradiotherapy

Introduction

Growth factor receptors are critical for growth, differentiation, and tumor cell motility in carcinogenesis,
and epidermal growth factor receptor (EGFR) is the most studied growth factor receptor, regulating cell
proliferation, differentiation, apoptosis, angiogenesis, and metastasis [1-3]. Gene amplification and/or
protein overexpression of EGFR have been demonstrated in vivo in numerous solid tumors, and its
overexpression has been associated with poor prognosis [4-9].

Previously, EGFR overexpression has been found to be associated with shorter survival in patients with
rectal adenocarcinoma [10,11]. Colorectal carcinomas are molecularly heterogeneous tumors, and there is an
increasing need for biomarkers for targeted therapy. In the treatment of rectal cancer, neoadjuvant
radiotherapy/neoadjuvant chemoradiotherapy (NRT/NCRT) is considered to be more advantageous compared
to adjuvant radiotherapy (ART) in terms of reducing the tumor burden, increasing the likelihood of
sphincter-sparing procedures, and reducing acute and late radiation-associated toxicities since intact
intestinal tissues are outside the radiation field [7,12]. However, studies on response to anti-EGFR therapy in
rectal cancer show controversial results, although some authors have claimed that EGFR status may predict
response to neoadjuvant therapy [13-15].

Therefore, in this study, we aimed to investigate EGFR expression in both pre- and post-treatment tissues
and to determine its predictive value in biopsy specimens as well as its association with morphological and
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clinical prognostic parameters and treatment response in patients receiving NRT/NCRT.

Materials And Methods
Study population

This study was approved by the institutional ethics committee (Reference no: 70198063-050.06.04 - 16-
12.1/1). Of 50 consecutive patients with rectal adenocarcinoma who received NRT/NCRT between 2010 and
2016, 34 were included in the study. The association between the prognostic features and EGFR
immunohistochemical expression was analyzed in pre- (n=34) and post-treatment (n=22) tissue samples in
cases with available tissue blocks, including adequate tumors. Patients receiving adjuvant treatment were
excluded from the study.

Demographic, clinical, and histological prognostic data of the patients, including age, gender, tumor
location and size, histological grade of the tumor, preoperative clinical stage, and postoperative pathological
Tumour, Node, Metastasis (TNM) stage [16], perineural invasion (PNI) and lymphovascular invasion (LVI) in
the surgical specimen, surgical margin status, and tumor regression grade after neoadjuvant therapy were
recorded for each patient. Tumor regression grading was performed according to the Mandard classification
system, which is commonly used to assess the extent of tumor regression in response to neoadjuvant
treatment, particularly in the context of colorectal cancer [17]. In addition, prognostic parameters
associated with survival, including disease-specific survival (DSS), overall survival (OS) time, recurrence,
metastatic characteristics at the time of diagnosis, in case of recurrence or metastasis, and after NRT/NCRT
as well as the RT dose and technique, surgical technique were evaluated.

Immunohistochemical analysis

Sections of 3-5 pm thickness prepared from formalin-fixed paraffin blocks were stained with EGFR primary
antibody (clone: EGFR.113, Leica-Novocastra, 1:20 dilution) using a LeicaBondMax (Leica Biosystems,
Wetzlar, Germany) automatic staining device. Membranous and/or cytoplasmic staining was accepted as
positive. The extent of EGFR staining was scored as follows in both pre-treatment biopsy specimens and
post-treatment surgical specimens: 0 (negative), 1 (1-9%), 2 (10-49%), and 3 (>50% of the tumor).

Statistical analysis

Statistical analysis was performed using SPSS 23.0 for Windows (IBM Inc., Armonk, New York). The normal
distribution of data was assessed by the Shapiro-Wilk test. Continuous variables were expressed as mean,
standard deviation (SD), or median (interquartile ratio, IQR), and categorical variables were expressed as
frequencies (n) and percentages (%). Continuous variables were compared using the Kruskal-Wallis test.
Categorical variables were compared using the chi-square test. Survival curves were compared using the log-
rank (Mantel-Cox) test for all defined endpoints. A p-value of <0.05 was considered significant.

Results
Clinical findings

The 34 patients comprised 23 (67.6%) men and 12 (32.4%) women with a median age of 60.50 (range, 31-84)
years. The tumor was localized to the lower rectum (1-6 cm from denteta line) in 28 (82.4%) and to the
middle rectum (>7 cm) in six (17.6%) patients. The great majority was evaluated as ¢T3 (n=31, 91.2%), while
the remaining three were cT4 (8.8%) pre-operatively. More than two-thirds were found to have nodal
metastatic disease on pre-op radiological examination (cNO: 8 (23.5%), cN1: 15 (44.1%), and cN2: 11
(32.4%)).

The NRT dose, depending on the RT technique, was 5000 cGy (intensity-modulated radiotherapy (IMRT)),
4500 cGy primary tumor + primary lymphatics, 5000 cGy primary tumor bed (simultaneously integrated
boost (SIB) + set-up margin) in 20 (58.8%) patients and was 4500 cGy (3D conformal radiotherapy (3DCRT)):
primary tumor + primary lymphatics + set-up margin) in 14 (41.2%) patients. While 29 (85.3%) patients
received two cycles of CT concurrently with RT, the remaining five (14.7%) patients could not receive
concomitant CT due to advanced age and comorbidities. Of the 29 patients who could receive neoadjuvant
chemotherapy, 18 patients received 5-FU/LV, and 11 received oral capecitabine.

In the postoperative period, one patient received ART, and 19 received adjuvant CT (5-fluorouracil plus 1-
leucovorin (FOLFOX regime) (n=11) or 5-FU/LV (n=6) or oral capecitabine (n=2)). Of these 19 patients, 16
received six cycles, two patients received four cycles, and one patient received 12 cycles of CT.

Following NRT, low anterior resection was performed in 16 (47.1%), and Miles operation was performed in
16 (29.4%). Surgery could not be performed in eight patients due to refusal of surgery (n=5), comorbidities
(n=1), and unresectability (n=2).

Histopathological findings
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All 34 cases showed features consistent with adenocarcinoma, two of which were mucinous type.
Postoperative histopathological examination following NRT/NCRT was performed in 26 patients (Table ).

Differentiation n (%)*
Well-differentiated 9 (26.5%)
Moderately differentiated 11 (32.4%)
Poorly differentiated 1(2.9%)
No tumor 3(8.8%)
Lymphovascular invasion n (%)
Present 8(30.7%)
Absent 18 (69.2%)
Perineural invasion n (%)
Present 1(3.8%)
Absent 25 (96.2%)
ypT stage n (%)
yoT0 3(8.8%)
Yo 2(5.9%)
ypT2 8(23.5%)
ypT3 13 (38.2%)
ypN stage n (%)
ypNO 17 (50.0%)
ypN1 6(17.6%)
ypN2 3(8.8%)
Tumor regression score per Mandard’s classification n (%)

1 (Complete response, no viable tumor cells) 3(8.8%)

2 (Single tumor cells or small groups of neoplastic cells) 2 (5.9%)

3 (Residual cancer with predominant fibrosis) 7 (20.6%)
4 (Residual cancer with focal fibrosis) 11 (47.5%)
5 (No response, extensive residual cancer without fibrosis) 1(2.5%)

TABLE 1: Histopathological findings in resection specimens

*Two cases with residual tumor had mucinous carcinoma.

Association between EGFR expression scores and prognostic
parameters

Immunohistochemical EGFR staining was performed on preoperative biopsy specimens in 34 cases and on
postoperative surgical specimens in 22 cases. EGFR expression was detected in 88.2% of biopsy specimens
and in 91.2% of surgical specimens. Overall, there was only slight agreement between the pre-op and post-
op EGFR expression scores (kappa value 0.11) (Table 2). Also, there was no significant correlation between
the pre-op and post-op EGFR expression scores (p>0.05). Pre-op EGFR score was not statistically associated
with age, gender, tumor size, location, tumor regression grade (Mandard score), cT stage, cN, or cM stage
(p>0.05). Similarly, postoperative EGFR expression score was not significantly associated with age, gender,
tumor location, pT stage, pN stage, tumor regression grade (Mandard score), PNI, or LVI (p>0.05 for all).
Tumors with post-op EGFR positivity (n=18) were larger than the EGFR negative (n=3) tumors; however, the
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difference did not reach statistical significance (2.85 * 1.08 cm vs. 2.0 * 1.52 cm, p=0.073). The only case with
a post-op EGFR score of 3 experienced local recurrence and had distant metastasis.

Post-op EGFR score

Total

0 1 2 3
0 0 1 2 0 3
1 0 2 1 0 3
Pre-op EGFR score
2 1 3 5 0 9
3 2 1 3 1 7
Total 3 7 1 1 22

TABLE 2: Comparison of pre- and postoperative EGFR expression scores

Measure of agreement Kappa: 0.11 (slight agreement)
0 negative, 1 positive (1-9%), 2 positive (10-49%), and 3 positive (250% of the tumor)

EGFR - epidermal growth factor receptor

The type and/or technique of the neoadjuvant treatment did not have a significant effect on post-op EGFR
expression (p>0.05).

Association between EGFR expression scores and survival

Local recurrence was observed in two (6.1%), and distant metastasis was detected in six (18.2%) patients
(diffuse metastatic disease in three, liver metastasis in two, lung metastasis in one, and brain metastasis in
one patient) during the follow-up period. One patient who died in the perioperative period was excluded
from the survival analysis.

Mortality occurred in nine (27.7%) patients, five of whom died of the disease. Median survival was 78
months (45-N/A, 95% CI). one-, three- and five-year overall survival (OS) was 97% (91.3%-100%, 95% CI),
77% (62.5%-95.9%, 95% CI) and 65% (46.9%-89.9%, 95% CI), respectively, while one-, three-, and five-year
DSS was 97% (91.3%-100%, 95% CI), 87.2% (73.9%-100%, 95% CI) and 80.4% (64%-100%, 95% CI),
respectively.

Although pre-op EGFR positivity and higher pre-op EGFR scores seemed to indicate a worse prognosis, this
association between pre-op EGFR expression and OS or DSS did not reach statistical significance (p>0.05)
(Figure 1, Table 3). Among 22 cases with available resection specimens, only one with an EGFR score of three
died of the disease (Figure 2, Table 4).
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FIGURE 1: Association between pre-op EGFR expression and survival

A) Pre-op EGFR positive-negative groups and overall survival: Kaplan-Meier analysis; B) Pre-op EGFR score and
overall survival: investigating the differences; C) Pre-op EGFR positive-negative groups and disease-free survival:

Kaplan-Meier analysis; D) Pre-op EGFR score and disease-free survival: assessing the impact on outcomes.
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TABLE 3: Association between pre-op EGFR expression and survival

EGFR - epidermal growth factor receptor
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FIGURE 2: Association between post-op EGFR expression and survival

A) Post-op EGFR positive-negative groups and overall survival: Kaplan-Meier analysis; B) Post-op EGFR score
and overall survival: investigating the differences; C) Post-op EGFR positive-negative groups and disease-free
survival: Kaplan-Meier analysis; D) Post-op EGFR score and disease-free survival: score three is significantly
associated with a worse prognosis.

EGFR - epidermal growth factor receptor

Disease-specific survival (DSS)

Mean SD Median 95% confidence p- n of diseased Mean SD Median 95% confidence
p-value
(months) (months) (months) interval value cases (months) (months) (months) interval
7 0 N/A N/A p=059 0 7 0 N/A N/A p=1
67 5.24 N/A N/A 1 73.2 3.6 N/A N/A
70 6.55 N/A N/A p=073 0 7 0 N/A N/A p=0.41
65.9 6.97 N/A N/A 1 70.7 578 N/A N/A
7 0 N/A N/A p=0.3 0 77 0 N/A N/A p=0.029
67.7 8.52 N/A N/A [ 77 0 N/A N/A
713 5.46 N/A N/A 0 77 0 N/A N/A
39 0 39 N/A 1 39 0 39 N/A

TABLE 4: Association between postoperative EGFR expression and survival

EGFR - epidermal growth factor receptor

Mandard score was significantly associated with OS (p<0.0001). While Mandard 1-3 cases had similar mean
0S (77 £ 0 months), Mandard 5 cases had significantly shorter OS compared to Mandard 1-3 and Mandard 4
cases (14 =0 vs. 65.1% 7.31 vs. 77 = 0 months, p=0.073 for Mandard 5 vs. Mandard 3, and p=0.009 for Mandard
5vs. Mandard 4). However, no statistically significant association was found between the Mandard score and
DSS (p=0.96).
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Patients with local recurrent disease had significantly shorter median OS (29.5 * 6.72 months vs. 78 + 4.94
months, p=0.013). DSS was significantly shorter in cases with distant metastasis (mean 49.8 + 11.1 vs. 75.5 +
2.47, p=0.007) and local recurrence (median 29.5 = 6.72 months vs. 78 # 3.51 months, p=0.00071). No other
significant association was found regarding OS or DSS.

Discussion

In this study, we evaluated EGFR expression in pre-treatment biopsy and post-treatment surgical specimens
using immunohistochemistry in patients with rectal adenocarcinoma who received neoadjuvant radio-
and/or chemotherapy (NRT/NRCT). While EGFR overexpression has previously been reported in 25-77% of
colorectal carcinomas, we detected EGFR expression in 88.2% of biopsy specimens and in 91.2% of surgical
specimens [8, 15, 18]. This higher frequency of EGFR positivity than previously reported data may be
attributed to populational differences. More strikingly, we observed only slight agreement between the pre-
op and post-op EGFR expression scores (kappa value 0.11). This is most likely due to the heterogeneous
molecular background of colorectal carcinomas, suggesting that EGFR expression status should be evaluated
in resection specimens rather than in pre-op biopsy samples to obtain optimal results [8,15].

We did not observe any significant association between histopathological prognostic parameters and pre-op
or post-op EGFR expression status, probably due to the small number of patients in the study group.
However, pre-op EGFR positivity and higher (>2) pre-op EGFR scores were associated with shorter survival,
albeit without statistical significance (p>0.05), supporting the previous studies which demonstrated that
EGFR expression is associated with worse prognosis in patients receiving NCRT for locally advanced rectal
cancer [8, 19]. Moreover, among 22 cases with available resection specimens, the only case with an EGFR
score of three died of the disease at the 39th month, while the mean survival for the other groups (EGFR
score 0, 1, and 2) was 77 months (p=0.029). This significant association suggests that post-op EGFR
expression score may be a candidate prognostic factor for rectal adenocarcinomas; however, this patient also
had local recurrence and was an advanced-stage patient with distant metastasis; therefore, the effect of
EGFR expression on disease-specific survival may be a contributing factor rather than being an independent
prognostic factor. This aspect deserves further investigation in a larger series. Of note, this patient was the
only patient with elevated post-NRCT CA19-9 level, and this aspect may be investigated in further studies.

The Mandard tumor regression grade, commonly known as the Mandard score, is a histopathological
assessment tool used to evaluate the response of solid tumors to neoadjuvant treatment, particularly in the
context of gastrointestinal cancers such as esophageal and rectal cancers. This scoring system ranges from
one (complete response) to five (no response). The Mandard score provides a standardized method to
quantify the histological response of tumors to preoperative therapy, enabling clinicians and researchers to
categorize patient outcomes systematically. In this study, no significant association between pre-op EGFR
expression scores and Mandard score (tumor regression grade) was found, in contrast to Motlagh et al.’s
findings, which have suggested that EGFR status may predict response to neoadjuvant therapy [15]. Also,
there was no significant correlation between the pre-op and post-op EGFR expression scores, and no
significant association between the type and/or technique of the neoadjuvant treatment and post-op EGFR
expression was found. These findings indicate that EGFR expression status may not be a reliable factor to
have an impact on neoadjuvant and/or adjuvant treatment options until more evidence can be gathered. In
fact, in recent studies, even the efficacy of anti-EGFR therapy has been demonstrated to differ depending on
tumor location because of the molecular heterogeneity of colorectal carcinomas [13, 14]. Mandard score,
which was significantly associated with OS, as well as local recurrence and distant metastasis, the
statistically significant indicators of DSS, remain to be the most crucial factors in choosing adjuvant therapy
options. The association with these clinical outcomes emphasizes its utility in tailoring adjuvant treatment
plans to improve patient prognosis.

In our study, we used immunohistochemistry, which is an easily applicable method in many laboratories, to
assess EGFR expression in rectal adenocarcinoma cases who have received NRT/NCRT. Although there is
ongoing research on the methods to be used for the evaluation of protein expression of EGFR in tissue
samples, immunohistochemical examination has been shown to be an effective technique [8, 15, 20] and has
been shown to be compatible with florescent in situ hybridization [21-23]. However, the optimal
immunohistochemical scoring system has not yet been defined [2]. We think that a standard scoring system
should be adopted for a more objective evaluation of the association between EGFR status and prognostic
markers and to decide the optimal targeted therapy option in patients with colorectal cancer.

The small number of patients is the most important limitation of the current study. However, we think that
our study provides unique findings to the literature, and we discussed some concerns regarding the value of
EGFR expression in patient management.

Conclusions

In conclusion, EGFR positivity in pre-op biopsy samples and in post-treatment resection seems to be
associated with shorter survival and aggressive behavior, respectively. However, EGFR expression status may
not be a reliable factor to have an impact on neoadjuvant and/or adjuvant treatment options and should
preferentially be evaluated in resection specimens for optimal prognosis prediction due to the molecular
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heterogeneity.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the

work.

Concept and design: Derya Demir, Murtaza Parvizi, Erhan Ergin, Semin Ayhan, Basak Doganavsargil

Acquisition, analysis, or interpretation of data: Derya Demir, Murtaza Parvizi, Burcin Pehlivanoglu,
Erhan Ergin, Semin Ayhan, Basak Doganavsargil

Drafting of the manuscript: Derya Demir, Murtaza Parvizi, Burcin Pehlivanoglu

Critical review of the manuscript for important intellectual content: Derya Demir, Murtaza Parvizi,
Burcin Pehlivanoglu, Erhan Ergin, Semin Ayhan, Basak Doganavsargil

Supervision: Derya Demir, Burcin Pehlivanoglu, Semin Ayhan, Basak Doganavsargil

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ege University Ethics
Committee issued approval 70198063-050.06.04. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1.

10.

Casalini P, Iorio MV, Galmozzi E, Ménard S: Role of HER receptors family in development and
differentiation. ] Cell Physiol. 2004, 200:343-50. 10.1002/jcp.20007

Layfield L], Bernard PS, Goldstein NS: Color multiplex polymerase chain reaction for quantitative analysis
of epidermal growth factor receptor genes in colorectal adenocarcinoma. ] Surg Oncol. 2003, 83:227-31.
10.1002/js0.10272

Takahari D, Yamada Y, Okita NT, et al.: Relationships of insulin-like growth factor-1 receptor and epidermal
growth factor receptor expression to clinical outcomes in patients with colorectal cancer. Oncology. 2009,
76:42-8.10.1159/000178164

Uzan C, Darai E, Valent A, Graesslin O, Cortez A, Rouzier R, Vielh P: Status of HER1 and HER2 in peritoneal,
ovarian and colorectal endometriosis and ovarian endometrioid adenocarcinoma. Virchows Arch. 2009,
454:525-9. 10.1007/s00428-009-0755-5

Bhargava R, Gerald WL, Li AR, Pan Q, Lal P, Ladanyi M, Chen B: EGFR gene amplification in breast cancer:
correlation with epidermal growth factor receptor mRNA and protein expression and HER-2 status and
absence of EGFR-activating mutations. Mod Pathol. 2005, 18:1027-33. 10.1038/modpathol.3800438
Pérez-Soler R: HER1/EGFR targeting: refining the strategy. Oncologist. 2004, 9:58-67.
10.1634/theoncologist.9-1-58

Motlagh A, Azadeh P, Fazlalizadeh A, et al.: Expression of epidermal growth factor receptor as a predictive
factor for rectal cancer. Arch Iran Med. 2007, 10:301-8.

Richter I, Dvotak ], Urbanec M, Bluml A, Cermakovd E, Barto§ J, Petera ]: The prognostic significance of
tumor epidermal growth factor receptor (EGFR) expression change after neoadjuvant chemoradiation in
patients with rectal adenocarcinoma. Contemp Oncol (Pozn). 2015, 19:48-53. 10.5114/w0.2015.50013
Nicholson RI, Gee JM, Harper ME: EGFR and cancer prognosis. Eur ] Cancer. 2001, 4:9-15. 10.1016/s0959-
8049(01)00231-3

Bosset JF, Calais G, Mineur L, et al.: Enhanced tumorocidal effect of chemotherapy with preoperative
radiotherapy for rectal cancer: preliminary results - EORTC 22921. ] Clin Oncol. 2005, 23:5620-7.
10.1200/]C0.2005.02.113

Jiang XF, Zhang BM, Du FQ, et al.: Exploring biomarkers for prognosis and neoadjuvant chemosensitivity in
rectal cancer: multi-omics and ctDNA sequencing collaboration. Front Immunol. 2022, 13:1013828.
10.3389/fimmu.2022.1013828

Sauer R, Liersch T, Merkel S, et al.: Preoperative versus postoperative chemoradiotherapy for locally
advanced rectal cancer: results of the German CAO/ARO/AIO-94 randomized phase III trial after a median
follow-up of 11 years. ] Clin Oncol. 2012, 30:1926-33. 10.1200/]C0O.2011.40.1836

Lee KH, Chen WS, Jiang JK, et al.: The efficacy of anti-EGFR therapy in treating metastatic colorectal cancer
differs between the middle/low rectum and the left-sided colon. Br | Cancer. 2021, 125:816-25.
10.1038/s41416-021-01470-2

Kodama H, Masuishi T, Wakabayashi M, et al.: Differential efficacy of targeted monoclonal antibodies in
left-sided colon and rectal metastatic cancers. Clin Colorectal Cancer. 2023, 22:298-306.

2024 Demir et al. Cureus 16(3): €56763. DOI 10.7759/cureus.56763

8 of 10


https://dx.doi.org/10.1002/jcp.20007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jcp.20007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jso.10272?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jso.10272?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000178164?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000178164?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00428-009-0755-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00428-009-0755-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/modpathol.3800438?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/modpathol.3800438?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1634/theoncologist.9-1-58?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1634/theoncologist.9-1-58?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/17604465/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/wo.2015.50013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/wo.2015.50013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0959-8049(01)00231-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0959-8049(01)00231-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2005.02.113?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2005.02.113?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2022.1013828?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2022.1013828?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2011.40.1836?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1200/JCO.2011.40.1836?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41416-021-01470-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41416-021-01470-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clcc.2023.05.002?utm_medium=email&utm_source=transaction

Cureus

15.

16.

17.

18.

19.

20.

21.

22.

23.

10.1016/j.clcc.2023.05.002

Yu]J, Lee SH, Jeung TS, Chang H: Expression of vascular endothelial growth factor as a predictor of complete
response for preoperative chemoradiotherapy in rectal cancer. Medicine (Baltimore). 2019, 98:16190.
10.1097/MD.0000000000016190

Tong GJ, Zhang GY, Liu ], Zheng ZZ, Chen Y, Niu PP, Xu XT: Comparison of the eighth version of the
American Joint Committee on Cancer manual to the seventh version for colorectal cancer: A retrospective
review of our data. World J Clin Oncol. 2018, 9:148-61. 10.5306/wjc0.v9.i7.148

Thies S, Langer R: Tumor regression grading of gastrointestinal carcinomas after neoadjuvant treatment .
Front Oncol. 2013, 3:262. 10.3389/fonc.2013.00262

Theodoropoulos GE, Karafoka E, Papailiou JG, et al.: P53 and EGFR expression in colorectal cancer: a
reappraisal of ‘old’ tissue markers in patients with long follow-up. Anticancer Res. 2009, 29:785-91.

Dvorak ], Sitorova V, Ryska A, et al.: Prognostic significance of changes of tumor epidermal growth factor
receptor expression after neoadjuvant chemoradiation in patients with rectal adenocarcinoma. Strahlenther
Onkol. 2012, 188:833-8. 10.1007/s00066-012-0160-x

Koztowska-Geller MA, Lewitowicz P, Gluszek SZ: A five-year follow up study of stage I-IV of rectal cancer
with an emphasis on epidermal growth factor over-expression. Pol ] Pathol. 2021, 72:124-9.
10.5114/pjp.2021.105639

Kim MA, Lee HS, Lee HE, Jeon YK, Yang HK, Kim WH: EGFR in gastric carcinomas: prognostic significance
of protein overexpression and high gene copy number. Histopathology. 2008, 52:738-46. 10.1111/j.1365-
2559.2008.03021.x

Lee HJ, Xu X, Choe G, et al.: Protein overexpression and gene amplification of epidermal growth factor
receptor in nonsmall cell lung carcinomas: Comparison of four commercially available antibodies by
immunohistochemistry and fluorescence in situ hybridization study. Lung Cancer. 2010, 68:375-82.
10.1016/j.lungcan.2009.07.014

Nergiz D, Alikanoglu AS, Siiren D, Gémceli I, Oztiirk B: Concordance of HER2 status tested by IHC and FISH
in biopsy and surgical resection specimens and comparison with clinicopathological features in gastric
carcinoma. Indian | Pathol Microbiol. 2022, 65:321-7.

2024 Demir et al. Cureus 16(3): €56763. DOI 10.7759/cureus.56763

90of 10


https://dx.doi.org/10.1016/j.clcc.2023.05.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000016190?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000016190?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5306/wjco.v9.i7.148?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5306/wjco.v9.i7.148?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fonc.2013.00262?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fonc.2013.00262?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/19331236/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-012-0160-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-012-0160-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/pjp.2021.105639?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/pjp.2021.105639?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2559.2008.03021.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2559.2008.03021.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.lungcan.2009.07.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.lungcan.2009.07.014?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/35435366/?utm_medium=email&utm_source=transaction

	The Association of the Epidermal Growth Factor Receptor (EGFR) Immunoexpression With Prognostic Parameters in Adenocarcinoma Patients Receiving Neoadjuvant Treatment
	Abstract
	Introduction
	Materials And Methods
	Study population
	Immunohistochemical analysis
	Statistical analysis

	Results
	Clinical findings
	Histopathological findings
	TABLE 1: Histopathological findings in resection specimens

	Association between EGFR expression scores and prognostic parameters
	TABLE 2: Comparison of pre- and postoperative EGFR expression scores

	Association between EGFR expression scores and survival
	FIGURE 1: Association between pre-op EGFR expression and survival
	TABLE 3: Association between pre-op EGFR expression and survival
	FIGURE 2: Association between post-op EGFR expression and survival
	TABLE 4: Association between postoperative EGFR expression and survival


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


