
Background: We aimed to investi-
gate the impact of RRM1 and ERCC1 
expression on response to cisplatin 
and/or gemcitabine chemotherapy in 
patients with lung, ovarian or pancre-
atic cancer.
Material and methods: Patients with 
lung, ovarian or pancreatic cancer, 
who used cisplatin and/or gemcit-
abine therapy were included; hospital 
files were examined and RRM1 and 
ERCC1 expression were evaluated 
with an immunohistochemical meth-
od on tissue cross sections from par-
affin blocks of the tumour.
Results: Out of 89 patients, 51%, 
30% and 19% had lung, ovarian and 
pancreatic cancer, respectively. The 
response rates to the therapy in pa-
tients with lung and ovarian cancer 
having low ERCC1 expression were 
62% and 90%, respectively (p = 0.028 
and p = 0.044, respectively). No signif-
icant association was found between 
ERCC1 expression and response to 
therapy in patients with pancreatic 
cancer (p = 0.354). Therapeutic re-
sponse rates in patients with lung 
and pancreatic cancer with low RRM1 
expression were 60% and 82%, re-
spectively. Survival rates were higher 
in patients with lung cancer in which 
ERCC1 and RRM1 expressions were 
low. Median survival duration in pa-
tients with ovarian cancer showing 
low ERCC1 and RRM1 expressions was 
longer than that seen in patients with 
high expressions. Although no signif-
icant correlation was found between 
ERCC1 and the survival in ovarian can-
cer (p = 0.183), there was a significant 
correlation between RRM1 expression 
and survival in patients with pancre-
atic cancer (p = 0.005).
Conclusions: Our results suggest 
a  predictive value of ERCC1 in lung 
and ovarian cancers, and also RRM1 
in lung and pancreatic cancers.
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Introduction

The main reason for the failure of chemotherapy in many types of can-
cer is resistance to drugs. Several resistance mechanisms have been iden-
tified. The genes playing a role in the DNA repair pathway, the excision re-
pair cross-complementation 1 (ERCC1) gene and ribonucleotide reductase 1 
(RRM1), have been correlated with the drug resistance and their correlation 
with survival has been suggested in numerous studies [1–21]. ERCC1 was 
studied as a prognostic factor in different cancer types, such as breast can-
cer [22].

DNA damage caused by the covalent binding of platin-DNA adducts blocks 
DNA replication by initiating cell death. However, some cancer cells enhance 
their own DNA repair capacity and hence become resistant to the effects of 
the chemotherapy. Cancer cells lead this effect especially via activation of 
the nucleotide excision repair (NER) pathway [3]. Damage caused by plat-
inum is recognised and repaired by ERCC1. Consequently, the tumour cell 
protects itself from the effects of the chemotherapeutic agent and develops 
resistance to the drug. Ribonucleotide reductase (RRM) is the rate-limiting 
enzyme in DNA synthesis. It synthesises deoxyribonucleotide diphosphate, 
which has a  role in DNA synthesis as well as in its repair. Ribonucleotide 
reductase consists of 2 subgroups: RRM1 and RRM2 [4, 5]. The M1 subunit 
is the bonding site for RR, whereas the M2 subunit consists of the group of 
organic free radicals responsible for enzymatic activity [6, 7]. Although the 
relationship between RRM1 level and response to gemcitabine therapy has 
been determined, it has been shown that RRM2 is not expressed and the 
ribonucleotide enzyme activity remains unchanged [8].

Due to the role of RRM1 in gemcitabine sensitivity and the synergistic ef-
fect with other chemotherapeutic agents (especially platinum), its pharma-
cology and pharmacogenetics have gained importance. There is a correlation 
between RRM1 levels and response to gemcitabine therapy. In a prospective 
study performed on non-small cell lung cancer (NSCLC) patients, an inverse 
relationship has been shown between RRM1 levels and response rate to the 
therapy. ERCC1 represses the platinum-containing DNA strand while RRM1 
replaces the region evacuated by the repressed nucleotides. This fact might 
explain the synergy between cisplatin and gemcitabine [9].

In the present study, we investigated the value of RRM1 and ERCC1 ex-
pressions in paraffinised tissues from patients with NSCLC, ovarian cancer 
or pancreatic cancer by using an immunohistochemical method in predict-
ing the survival as well as the response to platinum and gemcitabine. The 
potential utility of biomarkers in response prediction and selection of ap-
propriate chemotherapy is receiving growing interest in oncology. More per-
sonalised treatment choices were acceptable for good response to therapy. 
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These biomarkers are helpful both in response prediction 
and selection of true treatment choices. Consequently, we 
aimed to investigate the impact of ERCC1, RRM1 expres-
sion on cisplatin/gemcitabine chemotherapy response for 
lung, ovarian and pancreatic carcinoma in this study.

Material and methods

The total of 89 cancer patients were enrolled in this 
study. The archive system of the hospital was scanned. Pa-
tients with a diagnosis of inoperable stage III and IV, who 
were treated with cisplatin, gemcitabine or a combination 
of both, and with radiological response evaluated after 
chemotherapy were included in the study.

At the start of the study a total 271 patients were ana-
lysed. Different malignancy groups that had been treated 
with cisplatinum +/– gemcitabine were analysed. Lung, 
ovarian and pancreatic cancer patients were included to 
the study. Early-stage patients and patients diagnosed 
with fine needle aspiration were excluded. Treatment mo-
dalities were assessed and the patients who had been 
treated without cisplatinum +/– gemcitabine were exclud-
ed. Patients who were at inoperable stage III and Stage IV 
at the time of diagnosis were included in the study. Pa-
tients who were at an early stage at the time of diagnosis 
and then progressed to late stage were excluded.

Evaluation of response to the therapy was made in ac-
cordance with RECIST version 1.1 23. In order to determine 

the survival time, the patients’ hospital files were exam-
ined and phone calls to the patients’ relatives were made. 

The study was approved by the Ethical Committee of 
Çukurova University Faculty of Medicine prior to clinical 
data collection and specimen handling. Informed consent 
was obtained from the patients (or from their relatives 
when the patient had died) before clinical data collection 
and specimen handling.

ERCC1 and RRM1 immunohistochemical staining

Haematoxylin and eosin (HE)-stained preparations 
were evaluated by light microscope and an appropriate 
block for the immunohistochemical staining was select-
ed. Cross sections with a  width of 4–5 μm taken from 
the tissues embedded in paraffin, were put onto a slide. 
First, the xylol was incubated at 60°C for 10–15 minutes 
and then the deparaffinisation process was ended by the 
process in which the xylol was repeatedly washed with al-
cohol and water at room temperature. Rabbit Anti-Human 
RRM1 polyclonal antibody (Spring/Bioscience Pleasanton, 
CA 94566; #E 18044) was diluted to 1/100 and Rabbit An-
ti-Human ERCC1 Monoclonal Antibody (Spring/Bioscience 
Pleasanton, CA 94566; #M 3684) was diluted to 1/80, fol-
lowed by distillation and incubation in a closed and humid 
medium for 1 hour. Haematoxylin was separated by wash-
ing in distilled water, kept for 7–10 minutes, and stained to 
blue by being submersed in tap water for approximately 

Fig. 1. Immunohistochemical staining in lung, ovarian and pancreatic cancer. A) Cytoplasmic RRM1 +3 staining in lung squamous cell car-
cinoma. B) Cytoplasmic RRM1 +3 staining in lung adenocarcinoma. C) Cytoplasmic and nuclear RRM1 +3 staining in lung adenocarcinoma. 
D) Cytoplasmic and nuclear ERCC1 +3 staining in lung squamous cell carcinoma. E) Cytoplasmic RRM1 +3 staining in pancreas cancer.  
F) Cytoplasmic and nuclear ERCC1 +3 staining in ovarian cancer
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10 minutes. The tissue was dried around and closed with 
a water-based liquid closing substance.

Immunohistochemical evaluation

All pathological specimens were evaluated by the 
same expert pathologist at the Department of Pathology 
at Çukurova University. The pathologist was not informed 
about the clinical and demographic data of the patients. 
Preparations stained with ERCC1 and RRM1 antibodies 
were evaluated under a light microscope at × 400 magni-
fication. Cytoplasmic and nuclear staining for ERCC1, and 
cytoplasmic staining for RRM1 were considered as positive 
staining. ERCC1 and RRM1 expression of tumour cells was 
ranked from 0 to 3. No staining in tumour cells was con-
sidered as 0, whereas 1–10% staining in tumour cells was 
+1, 10–50% staining in tumour cells was +2, and > 50% 
staining in tumour cells was +3 (Fig. 1).

Statistical analysis

The SPSS 18.0 package program was used in the statisti-
cal analysis of data. Results were evaluated by an expert at 
the Department of Biostatistics. Categorical measurements 
were summarized as numbers and percentages whereas 
numeric measurements were given as average and stan-
dard deviation. The χ2 test was used in the comparison of 
categorical measurements  between different groups. The 
log-rank test under the Kaplan-Meier analysis was per-
formed in the evaluation of the difference in survival cur-
ves between two groups. Cox regression analysis was used 
in the modelling of the factors affecting the survival, and 
hence the related odds ratio (OR) was obtained. The level 
of statistical significance was considered as 0.05 in all tests.

Results

Of the patients enrolled in the study, 56% (n = 25) were 
male and 44% (n = 39) were female. Of these 51% (n = 47) 
had NSCLC, 30% (n = 27) had epithelial ovarian cancer and 
19% (n = 17) had pancreatic cancer. Of the 47 lung can-
cer patients, 45% (n = 21) had adenocarcinoma while 55%  
(n = 26) had squamous cell carcinoma. All the ovarian 

cancer patients had serous adenocarcinoma. The average 
ages of the lung cancer patients, ovarian cancer patients 
and pancreatic cancer patients were 58.82 ±9.02, 55.8 
±11.6 and 55.18 ±8.32 years (average age ± SD), respective-
ly. Patients with lung cancer received either received plat-
inum-based therapy (44% of cases [n = 20]) or platinum + 
gemcitabine chemotherapy (56% of cases [n = 25]), and 
no patients received gemcitabine only. All ovarian cancer 
patients received platinum-based therapy. As for pancreas 
cancer patients, 72% (n = 12) received platinum + gemcit-
abine, whereas 28% (n = 5) received gemcitabine therapy.

Median overall survival time for lung cancer, ovarian 
cancer and pancreatic cancer were 13, 23 and 16 months, 
respectively. The demographic features and stage status of 
the patients are given in Table 1.

There was no significant relationship between ERCC1 
and RRM1 expressions and sex or histological type. The 
rate of ERCC1 and RRM1 expression positivity increased as 
diagnosis stage of patients increased (p = 0.018 and p =  
= 0.001, respectively). The threshold was significantly dif-
ferent in between ERCC1 and cancer type (p = 0.07). ERCC1 
expression increased in patients with NSCLC and pancre-
atic cancer as 53% and 59%, respectively. ERCC1 expres-
sion rate was lower (30%) in epithelial ovarian cancer than 
NSCLC and pancreatic cancer (p = 0.074). No significant 
relationship was observed between RRM1 and cancer type 
(p = 0.315).

Zero, +1 and +2 were assumed as a low expression for 
ERCC1 and RRM1 while +3 was assumed as a high expres-
sion. Lung and ovarian cancer patients showed low levels 
of ERCC1 expressions: the response ratios to the therapy 
were 62% and 90%, respectively, and were statistical-
ly significant (p = 0.028 and p = 0.044, respectively). In 
pancreatic cancer, no statistical significance was detected 
between low expression of ERCC1 and the response to the 
therapy (p = 0.354). Five pancreatic cancer patients with 
low level of ERCC1 expression responded to the therapy. 
Four of these 5 received platinum + gemcitabine therapy 
and 1 received gemcitabine only. In lung and pancreatic 
cancer patients whose RRM1 expressions were low, the 
response to the therapy ratios were 60% and 80%, respec-

Table 1. Demographic features

NSCLC Epithelial ovarian cancer Pancreas cancer

Sex Male 84% (n = 38)
Female 16% (n = 7)

Female 100% (n = 27) Male 71% (n = 12)
Female 29% (n = 5)

Histologic type Adenocarcinoma 45% (n = 21)
Squamous cell carcinoma 55% (n = 24)

Adenocarcinoma 100% (n = 27) Adenocarcinoma 100% (n = 17)

Stage Stage III 33% (n = 15)
Stage IV 67% (n = 30)

Stage III 59% (n = 16)
Stage IV 41% (n = 11)

Stage III 29% (n = 5)
Stage IV 71% (n = 12)

Therapy Platin 44% (n = 20)
Gemcitabine 0% (n = 0)  
Platinum + gemcitabine
56% (n = 25)

Platin 100% (n = 27)
Gemcitabine 0% (n = 0)
Platinum + gemcitabine 0% 
(n = 0)

Platin 0% (n = 0)
Gemcitabine 28% (n = 5)
Platinum + gemcitabine 72% (n = 12)

Response to the 
therapy

Full response 31% (n = 14)
Stable disease 13% (n = 6)
Progression 56% (n = 25)

Full response 67% (n = 18)
Stable disease 11% (n = 3)
Progression 22% (n = 6)

Full response 41% (n = 7)
Stable disease 18% (n = 3)
Progression 41% (n = 7)

Median survival 13 months 23 months 16 months
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tively when RRM1 was assessed in response to the thera-
py (p = 0.020 and 0.018, respectively). On the other hand, 
when the ovarian cancer patients were considered, there 
was no statistical significance between RRM1 expression 
and the response to the therapy (p = 0.695).

Focusing on the relationship between ERCC1 and RRM1, 
we detected that RRM1 expressions were high in most of 
the patients with high levels of ERCC1 expression.

ERCC1 expression was high when RRM1 expression was 
high in 27 patients (30%), and both expressions were low 
in 39 patients (44%), among all patients.  When all of the 
patients were assessed both for ERCC1 and RRM1 expres-
sion, high-level patients responded to the therapy in the 
rate of 26% and failed to respond in the rate of 74% (p =  
= 0.001).

When we compared other patients with the ones with 
high expressions of both ERCC1 and RRM1, the response 
ratio to the therapy of lung cancer was 19% and was sta-
tistically significant (p = 0.011). In epithelial ovarian can-
cer patients showing positive results for both markers, 
the response ratio to the therapy was 68%, but it was not 
statistically significant (p = 0.404). A  lack of response to 
the therapy (p = 0.003) was observed in pancreatic cancer 
patients with positive results for ERCC1 and RRM1. When 
all patients were considered, it was observed that 26% of 
the patients who showed combined high expressions of 
ERCC1 and RRM1 responded to the therapy, while 74% of 
the patients did not respond to the therapy (p = 0.001). 
Among all patients enrolled in the study, in those with low 
level of ERCC1 or RRM1 expression, the response rate to 
the therapy was 75% and 70%, respectively (p = 0.001 and 
p = 0.002, respectively).

In lung cancer patients, the survival was longer in pa-
tients with low ERCC1 expression than in those with high 
ERCC1 expression (18 and 9 months, respectively, p =  
= 0.001). Similarly, the median survival for lung cancer pa-
tients with low RRM1 expression was longer than for those 
with high RRMI expression (15 and 9 months, respectively, 
p = 0.029). In ovarian cancer patients, the median survival 
for  those with low levels of ERCC1 and RRM1 expressions 
was longer than for those with high expressions, and no 
statistically significant difference was observed (p = 0.183 
and p = 0.490, respectively). In pancreatic cancer patients, 
no statistically significant difference was found between 
low level of ERCC1 expression and survival (p = 0.684); 
however, the median survival rate in patients with low 
RRM1 expression was 18 months, which was statistically 
significant (p = 0.005) (Figs. 2–4; Table 2).

The median survival was 10 months in patients with 
combined high levels of ERCC1 and RRM1, and it was 18 
months in the other patients (p = 0.001).

Discussion

RRM1 and ERCC1 genes are proposed as useful deter-
minants of prognosis as well as drug resistance [1–23]. The 
rates of recurrence and mortality remain high in NSCLC al-
though it is a first-line treatment [24]. Some studies have 
shown that patients with a  tumours who had low levels 
of ERCC1 expression in NSCLC had longer survival than 

Fig. 2. Relationship between survival and RRM1 in ovarian cancer
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Fig. 4. Relationship between survival and ERCC1 in lung cancer
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Fig. 3. Relationship between survival and RRM1 in pancreatic cancer
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those with high level of ERCC1 levels [2, 15]. Some other 
studies have reported that there was no correlation with 
ERCC1 and survival when they studied its correlation with 
response to therapy and survival in advanced stage NSCLC 
patients treated with gemcitabine and cisplatinum [12].

The present study shows that survival time for NSCLC 
patients with low levels of ERCC1 expression were lon- 
ger than for those with higher expression (18 months vs. 
9 months). Other studies have shown the median surviv-
al period for ERCC1-negative NSCLC patients as 13.7–20 
months [2, 4, 15].

In the in vitro study carried out by Bepler et al., it was 
shown that cells with higher RRM1 expression displayed 
lower response to cisplatin + gemcitabine, and RRM1 was 
much more sensitive than ERCC1 with regard to drug re-
sistance in the same study [2]. Rossel et al. was observed 
that patients receiving cisplatin + gemcitabine with low 
RRM1 expression had  longer survival (13.7 months vs. 
3.6 months). The same authors also indicated that longer 
survival was detected for patients with low expressions 
of RRM1 and ERCC1 combination compared to those with 
high expressions [19]. In parallel with scientific literature, 
the median survival for low RRM1 expression patients was 
15 months and for high RRM1 expression patients it was  
9 months, in our study.

In NSCLC patients with high RRM1 and ERCC1 expres-
sions, the response rate was only 19%. The results of the 
in vitro study by Bepler et al. [2] support the findings of the 
present study.

In the advanced stage (stages III–IV) epithelial ovar-
ian cancer patients treated with cisplatinum therapy,  
ERCC1-negative patients had longer survival [11, 21].

All the patients with epithelial ovarian cancer who en-
rolled in our study were advanced-stage (stages III–IV) 
patients who received platin based chemotherapy. Thir-
ty-three percent of the patients had high levels of ERCC1 ex-
pression whereas 67% had low expression. The median sur-
vival was 27 and 10 months for patients with low and high 
level ERCC1, respectively. No significant relationship was ob-

served between ERCC1 and survival. We observed a  lower 
survival than seen in the literature. This may be explained 
by the small number of patients enrolled in our study.

There is limited number of studies that show ERCC1 
and response to platinum in ovarian cancer. In the study 
performed by Codegoni et al., the relationship between re-
sponse to platin and the genes playing a role in DNA repair 
mechanism ERCC1, was investigated and no statistically 
significant relationship was found between response to 
therapy and the gene expression. High ERCC1 expression 
in tissues from ovarian cancer patients who had received 
platinum-based therapy was associated with treatment 
resistance in this study showed a  threshold of statistical 
significance and [5].

We found in our study that 90% of the ovarian cancer 
patients with low levels of ERCC1 expression responded 
to therapy whereas 10% remained unresponsive. ERCC1 
has been found to be responsible for platinum resistance 
in the studies. We determined that response to therapy 
was expectedly high in patients with low levels of ERCC1 
expression and this result was statistically significant. On 
the other hand, the small number of patients accounted 
for the equal treatment response in patients with high lev-
els of ERCC1 expression.

RRM1 has been shown to play a  role in resistance to 
gemcitabine in many studies. However, there are no stud-
ies relating with RRM1, response to gemcitabine therapy 
and survival in epithelial ovarian cancer. There was a sig-
nificant relationship between RRM2 and survival in the 
study by Gabriella et al.; however there was no relation-
ship between RRM1 and survival [9]. RRM1 expression was 
determined by PCR method in the aforementioned study, 
unlike in our study. Whereas all the patients enrolled in 
our study were with epithelial serous ovarian cancer, the 
aforementioned study involved a  heterogeneous group 
with undifferentiated, transparent cell as well as serous 
adenocarcinoma patients. There was no statistically sig-
nificant relationship between RRM1 and response to ther-
apy. Besides, the fact that the patients in the study had 

Table 2. The relationship between survival and ERCC1 and RRM1 expression in lung, ovarian and pancreas cancer

             Median 95% confidence interval        Median 95% confidence interval   p

N
SC

LC

ERCC1 Low 23.3 15.8–30.6 18 12.4–23.5
0.001

High 10.2 8.1–12.2 9 6.2–11.7

RRM1 Low 20.9 14.3–27.5 15 11.8–18.1 0.029

High 10.9 8.3–13.5 9 5.5–12.4

O
va

ri
an

 c
an

ce
r ERCC1 Low 30.0 23–37 27 17.8–36.1

0.183
High 15.8 9.3–22.4 10 0–23.8

RRM1 Low 29.3 21.1–37.5 27 15.8–38.1 0.490

High 20.1 14.3–26 23 10.7–35.2

Pa
nc

re
as

 c
an

ce
r ERCC1 Low 16.7 12.9–20.5 18 11.4–24.5 0.684

High 17.4 9.3–25.4 12 6.8–17.1

RRM1 Low 21.6 14.9–28.4 18 15–20.9 0.005

High 9.6 5.5–13.7 7 1–13
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not received gemcitabine therapy may be the explanation 
for the statistically insignificant relationship between re-
sponse to the therapy and RRM1. There was no statistically 
significant relationship between RRM1 and survival period 
in ovarian cancer in our study.

Pancreatic cancer has one of the lowest response rates 
to chemotherapy. Maithel et al. examined ERCC1 expres-
sion by immunohistochemical method in 95 patients who 
had previously had pancreaticoduodenectomy operation. 
There was an inverse relationship between ERCC1 expres-
sion and survival. The median survival period in patients 
with low ERCC1 expression was 18 months and it was  
9 months in patients with high ERCC1 expression (p = 0.01) 
[20]. The survival rate in our study is consistent with this 
study; however we did not find any statistically significant 
relationship. The median survival of the patients with low 
level of ERCC1 expression was 18 months while it was 12 
months in those with high level of expression. We did not 
find a statistically significant relationship between ERCC1 
and the response to the therapy. We found that 71% of 
patients with low level of ERCC1 expression responded to 
therapy while 29% remained unresponsive. In the study 
performed by Kim et al., there was no significant relation-
ship between RRM1 expression and survival [17]. In con-
trast to the aforementioned study, we found a significant 
relationship between RRM1 and survival. We found that 
patients with low level RRM1 expression have longer sur-
vival period compared to those with high-level expression. 
A high level of both ERCC1 and RRM1 in operated pancreas 
carcinoma patients who had had therapy previously was 
found to be proportional with the survival (p = 0.006).  
However, in follow up it was observed that patients with 
low level RRM1 expression responded to therapy. In our 
study, we found that 82% of the patients with low-lev-
el RRM1 expression responded to therapy while 18% re-
mained unresponsive. On the other hand, 17% of the pa-
tients with high level of RRM1 expression responded to the 
therapy (p = 0.018). All of the pancreas cancer patients in 
our study received gemcitabine-based therapy. Our study 
was in parallel with similar studies in which there was 
a significant relationship between RRM1 and gemcitabine 
as well as response to the therapy.

In conclusion, the results of the current study suggest 
an association between ERCC1 in lung and ovarian can-
cers, and RRM1 in lung and pancreatic cancers. ERCC1 
show the patients who would benefit from cisplatin which 
can be determined by immunohistochemistry, alone or in 
combination with RRM1. We also demonstrated that both 
expressions should be evaluated prior to therapy.

The authors would like to thank Yasar Sertdemir for sta-
tistical advice.
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