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Expression of RRM1 and its association with resistancy to
gemcitabine-based chemotherapy in advanced
nasopharyngeal carcinoma
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Abstract

Gemcitabine has high activity against nasopharyngeal carcinoma (NPC). The level of ribonucleotide
reductase subunit M1 (RRMT1) expression is closely related to the efficacy of gemcitabine on non-small cell
lung cancer and pancreatic cancer. However, the expression of RRM1 and its association with sensitivity
to gemcitabine-based chemotherapy in advanced NPC is not known. In this study, we retrospectively
collected 48 formalin-fixed, paraffin-embedded NPC tissues to evaluate the expression of RRM1 using
immunohistochemistry. All patients were diagnosed and treated with gemcitabine-based chemotherapy at
Sun Yat-sen University Cancer Center. RRM1 expression was positive in 17 (35% ) patients. RRM1
expression was not associated with sex, age, performance status, WHO histological type, number of
distant metastases, previous treatment, or cycles of gemcitabine-based chemotherapy (P> 0.05). The
progression-free survival of the RRM1-positive group was shorter than that of the RRM1-negative group
(5 months vs. 7 months, P = 0.036), and the response rate of the RRM1-positive group was somewhat
lower than that of the RRM1-negative group (51.6% vs. 35.3%, P = 0.278). There was no significant
difference in median survival between the RRM1-positive and RRM1-negative groups (22 months vs. 19
months, P = 0.540). Our results show that RRM1-negative expression is related with longer progression-
free survival in advanced NPC patients treated with gemcitabine-based regimens.
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Nasopharyngeal carcinoma (NPC) is an endemic NPC, respectively®®. Despite recent improvements in

cancer in Southeast Asial'?. Approximately 75% of
patients with NPC are diagnosed at stage Il or IV.
Chemoradiotherapy and palliative chemotherapy are the
standard treatments for locally advanced and metastatic
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treatment strategies, chemotherapy alone could control
recurrent or metastatic disease for a long term in only a
small proportion of patients . The ability to identify
patients that will benefit from a chemotherapeutic agent
is crucial in establishing individualized treatment. With
the developments in pharmacogenomics, molecular
biological studies have already been useful tools for
customizing treatment ©9. To date, Epstein-Barr virus
(EBV) antibodies and EBV DNA have commonly been
used as biomarkers in early detection, monitoring, and
prognostic prediction for NPC patients. Although some
other molecular biomarkers for treatment response moni-
toring are being studied, few have been fully confirmed in
clinical practice to aid treatment decisions!">*,
Ribonucleotide reductase is a key enzyme for the
conversion of ribonucleotide diphosphate to deoxyribo-
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nucleotide diphosphate. In humans, ribonucleotide
reductase contains two subunits, M1 (RRM1) and M2
(RRM2). RRM1 is the key enzyme in the production of
deoxyribonucleotides. It is also the binding site for
nucleotides and allosteric regulators, and it is involved in
the suppression of tumor proliferation, invasiveness, and
metastasis . Gemcitabine is an analog of deoxycytidine.
Intracellularly, gemcitabine is converted into active
diphosphate (dFdCDP) and triphosphate (dFdCTP)
nucleosides by deoxycytidine kinase. dFACTP is
incorporated into the DNA chain, which leads to
termination of chain elongation. dFdCDP inhibits RRM1,
which results in inhibition of DNA synthesis. Gemcitabine
has been widely used to treat solid tumors like
non-small cell lung cancer (NSCLC), bladder cancer,
pancreatic cancer, and metastatic breast cancer.
Gemcitabine also has high activity against NPC and has
been approved to treat it/ Some preclinical data
revealed that high expression of RRM1 is associated
with resistance to gemcitabine ?*#!. Moreover, many
clinical studies have reported an association between
RRM1 expression level and tumor response in NSCLC
and pancreatic cancer patients treated with gemcitabine-
based chemotherapy ®®!. However, the relationship
between RRM1 expression level and gemcitabine activity
in advanced NPC has not been addressed.

In this study, we used immunohistochemistry (IHC)
to evaluate RRM1 expression in cases of advanced NPC
treated with gemcitabine-based chemotherapy. Our goal
was to explore the association of RRM1 expression with
clinical outcomes.

Materials and Methods

Patients

Forty-eight patients with advanced NPC, who were
treated with gemcitabine-based regimens between
December 2001 and February 2011 at Sun Yat-sen
University Cancer Center, were included in our study. All
tumor biopsy specimens were obtained from the
nasopharynx, except for three samples, which were from
the cervical lymph nodes. Patient information included
age, gender, histopathologic type, performance status,
metastases, previous treatment, date of treatment with
gemcitabine, cycles of gemcitabine-based chemo-
therapy, date of progression, and date of death/last
follow-up. All patients were required to have no less than
a measurable tumor lesion and were treated with
gemcitabine-based chemotherapy for a minimum of two
cycles, either alone or in combination. Performance
status <2 was also allowed. Signed informed consent
was obtained from each patient. The study was
approved by the Research Ethics Committee of the Sun

Yat-sen University Cancer Center.

Study design

All patients underwent pretreatment assessments,
including a complete medical history, physical
examination, appropriate imaging examinations (chest
radiograph or computed tomography of the thorax and
upper abdomen, and magnetic resonance imaging of the
nasopharynx), hematologic and biochemical tests. Bone
scan was performed for patients with symptoms
suggestive of bone metastases. Hematologic and
biochemical tests were repeated at the beginning of each
treatment cycle. Patients underwent gemcitabine-based
chemotherapy: gemcitabine (1000 mg/m?) on days 1 and
8 plus cisplatin (80 mg/m?) or carboplatin (area under
curve of 5) on day 1, every 3 weeks; gemcitabine (1000
mg/m?) on days 1 and 8 plus vinorelbine (25 mg/m?) on
days 1 and 8, every 3 weeks; gemcitabine (1000 mg/m?)
on days 1 and 8 plus docetaxel (75 mg/m?) on day 1,
every 3 weeks; gemcitabine (1000 mg/m?) on days 1 and
8 plus xeloda (2500 mg/m?) from day 1 to day 14, every
3 weeks; or intravenous gemcitabine (1000 mg/m?) alone
once a week, every 4 weeks. Treatment was continued
until disease progression or unacceptable toxic effects
were observed. As the shape of nasopharyngeal
neoplasm was irregular, tumor response was classified
according to standard WHO response criteria®! and was
evaluated after every two cycles of treatment. The
response rate was defined as the total number of
patients who achieved complete response (CR) and
partial response (PR) divided by the number of all
evaluable patients. Overall survival (OS) was measured
from the beginning of chemotherapy to the date of death
or last follow-up. Progression-free survival (PFS) was
defined as the duration from the beginning of
chemotherapy to the date of tumor progression or death.

Immunohistochemistry

Immunohistochemical (IHC) staining was performed
using monoclonal mouse anti-human RRM1 (Abnova,
Taiwan). The detailed operation flow was similar to that
published by Wang et al.[®. Sections of 4-um thick were
cut from each of the 48 paraffin-embedded tumor tissues
and then routinely deparaffinized and rehydrated. For
antigen retrieval, sections were heated in a microwave
oven for 30 min in citrate buffer solution (0.01 mmol/L,
pH 6.0) and cooled at room temperature for 20 min in
phosphate-buffered saline (PBS). After blocking the
endogenous peroxidase activity with 0.3% hydrogen
peroxidase in PBS for 30 min, the sections were treated
with primary antibodies diluted at 1:100 in PBS (containing
1% bovine serum albumin and 0.1% sodium azide, pH
7.4) for 60 min at room temperature. Subsequently, the
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sections were rinsed in PBS three times and incubated
in biotinylated secondary antibodies. After incubation,
sections were washed again with PBS and then
visualized using diaminobenzidine. Finally, Mayer’s
hematoxylin was used to counterstain the sections,
which were then dehydrated and mounted. For a
negative control, distilled water was used in place of
primary antibodies during the IHC staining process. For
a positive control, sections of formalin-fixed, paraffin-
embedded human placenta were used.

RRM1 expression level was assessed based on
proportion. The percentage of positive tumor cytoplasm
was evaluated for each specimen in five fields at x400
maghnification. Two pathologists with no knowledge of the
patients’ outcome assessed protein expression indepen-
dently. A specimen in which more than 10% of cells had
positive cytoplasm staining was considered positivel®.

Statistical analysis

The relationship between RRM1 expression level,
clinicopathologic variables, and response to
chemotherapy were evaluated using the Chi-square ()?)
test or Fisher’s exact test. The Kaplan-Meier method

was used to estimate OS and PFS. The differences in
survival between patients with distinct clinicopathologic
characteristics were compared with the log-rank test.
Independent prognostic factors for PFS were estimated
in multivariate Cox proportional hazards regression
analysis. The significant factors in univariate analysis
were contained in the multivariate model. All statistical
analyses were performed using Statistical Program for
Social Sciences (SPSS) version 16.0 software. P values
were two-sided and considered significant if <0.05.

Results
Patient characteristics

The median age of the 48 patients was 47 years
(range, 26-77 years), with 38 (79%) men and 10 (21%)
women. All patients had stage IV cancer, Eastern
Cooperative Oncology Group performance status (ECOG
PS) 0-1, and distant metastasis. All were classified as
having WHO Type 2B (undifferentiated non-keratinizing
carcinoma) NPC. Thirty-three patients were previously
treated with radiotherapy. The median number of cycles

Table 1. Clinical characteristics of 48 patients with nasopharyngeal carcinoma (NPC)
Characteristic No. of patients (%)
Gender

Men 38 (79)

Women 10 (21)
Age (years)

= 47 22 (46)

< 47 26 (54)
ECOG performance status

0 28 (58)

1 20 (42)
Prior radiotherapy

Yes 33 (69)

No 15 (31)
Prior chemotherapy cycles

< 6 29 (60)

> 6 19 (40)
Number of prior regimens

1 13 (27)

=2 31 (65)
Number of distant metastases

1 26 (54)

=9 22 (46)
Gemcitabine cycles

<4 33 (69)

>4 15 (31)

ECOG, Eastern Cooperative Oncology Group.
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of gemcitabine-based chemotherapy and previous
chemotherapy were 4 (range, 2-11) and 6 (range,
0-16), respectively. In total, 13 patients previously
underwent one regimen of chemotherapy, and 31
patients underwent no less than two regimens. All
patients underwent therapy consisting of gemcitabine in
combination with platinum (24 patients), vinorelbine (5
patients), docetaxel (3 patients), or xeloda (5 patients),
or intravenous gemcitabine monotherapy (11 patients).
The clinical characteristics of the 48 patients are shown
in Table 1.

Association of clinicopathologic features with
RRM1 expression

Representative examples of immunohistochemistry
with monoclonal mouse anti-human RRM1 are shown in
Figure 1. Of the 48 patients, RRM1 expression was
positive in 17 (35%) patients and negative in 31 (65%)
patients. The level of RRM1 expression was not
associated with any clinicopathologic features. There
were no significant differences in gender (P = 0.975),
age (P = 0.632), performance status (P =0.202), number
of distant metastases (P =0.464), cycles of gemcitabine-

based chemotherapy (P = 0.839), prior radiotherapy (P =
0.272), prior chemotherapy cycles (P = 0.867), and
number of prior regimens (P = 0.339) between the two
groups (Table 2).

Association of RRM1 expression and responses to
chemotherapy

All 48 patients underwent at least two cycles of
gemcitabine-based chemotherapy. CR was observed in 1
(2% ) patient, PR in 21 (44%) patients, SD in 21 (44%)
patients, and PD in 5 (10%) patients. The response rate
of the RRM1-positive group was slightly lower than that
of the RRM1-negative group (51.6% vs. 35.3%, P =
0.278) (Table 3).

Association of RRM1 expression and clinical
outcomes

At the time of analyzing the level of RRM1
expression and patient clinical outcome (October 2011),
the median follow-up time was 32 months. In total, 34
patients died, 6 were alive, and 8 were lost to follow-up.
The median OS and PFS of all patients was 19 months

Table 2. Association between RRM1 expression and clinicopathologic features of 48 NPC patients
Characteristic RRM1-negative RRM1-positive x? test P value
Gender 0.975
Men 24 14
Women 7 &

Age (years) 0.632
> 47 15 7
< 47 16 10

ECOG performance status 0.202
0 16 12
1 15 5

Prior radiotherapy 0.272
Yes 23 10
No 8 7

Prior chemotherapy cycles 0.867
< 6 19 10
> 6 12 7

Number of prior chemotherapy regimens 0.339
1 10 3
=2 18 13

Number of distant metastases 0.464
1 18 8
=2 13 9

Gemcitabine cycles 0.839
<4 21 12
>4 10 5

Footnotes as in Table 1
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Table 3. Association between RRM1 expression and responses to chemotherapy in 48 NPC patients
Response RRM1-negative (n = 31) RRM1-positive (n = 17) P value
Complete response (case) 0 1
Partial response (case) 16 5
Stable disease (case) 11 10
Progressive disease (case) 4 1
Response rate (%) 16 6 0.278
Response rate includes complete response and partial response.
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Figure 1. Immunohistochemical staining of ribonucleotide reductase subunit M1 (RRM1) in tumor samples from 48 patients with
nasopharyngeal carcinoma (NPC). A, representative image of an RRM1-negative sample shows no brown granules in the cytoplasm of tumor cells
(400x). B, representative image of an RRM1-positive sample shows brown granules in the cytoplasm of tumor cells (400x).

(95% CI, 13.0-24.9 months) and 6 months (95% ClI,
5.3-6.7 months), respectively. In the RRM1-negative
and RRM1-positive arms, the median survival was 19
months and 22 months, respectively, but this difference
was not significant (P = 0.540) (Figure 2A). In contrast,
the median PFS was 7 months in the RRM1-negative
arm and 5 months in the RRM1-positive arm, and this
difference was significant (P = 0.036) (Figure 2B).

Gender, age, performance status, number of distant
metastases, cycles of gemcitabine-based chemotherapy,
previous treatment, and expression of RRM1 were
included in the univariate analysis for PFS. Among these
factors, the expression of RRM1 and the number of
distant metastases were significant (P < 0.05). The
multivariate analysis showed that the expression of
RRM1 (hazard ratio, 2.147; 95% CI, 1.097-4.200; P =
0.026) and the number of distant metastases (hazard
ratio, 1.859; 95% CI, 1.225-2.842; P = 0.004) were
independent prognostic factors for PFS.

Discussion

Our current study indicated that the level of RRM1
expression as determined by IHC staining was
significantly associated with the PFS of patients with
advanced NPC treated by gemcitabine. The results also
indicate that testing RRM1 expression level may be
useful for selecting patients with advanced NPC who will
benefit from gemcitabine-based chemotherapy.

To our knowledge, primary or secondary drug
resistance is the most common factor for treatment
failure and is a key hurdle in anticancer treatment. In
clinical practice, interindividual responses to the same
chemotherapeutic agents or regimens vary. Pharmaco-
genomics studies have shown that clinical variables
(e.g., age, gender, diet, drug-drug interactions) and
genetic factors (e.g., drug metabolism, distribution,
genetic polymorphism of related receptors) play a critical
role in treatment responses *#!  Therefore, the
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Figure 2. Kaplan-Meier survival curves of 17 RRM1-positive and 31 RRM1-negative patients with NPC. A, RRM1-positive expression is not
associated with poor overall survival of patients with NPC (22 months vs. 19 months, P = 0.540); B, RRM1-positive expression is associated
with poor progression-free survival in patients with NPC (5 months vs. 7 months, P = 0.036).

determination of a molecular index is important in
establishing personalized treatments and improving
curative effects. Gemcitabine is a cell cycle-specific
antimetabolite that is converted into two active
metabolites that inhibit DNA synthesis. Preclinical and
clinical studies on NSCLC and pancreatic cancer have
shown that RRM1 is a cellular target for gemcitabine and
that the level of RRM1 expression is associated with
clinical outcomes 2%l Given these results, we
investigated the expression of RRM1 and its association
with sensitivity to gemcitabine- based chemotherapy to
provide the theoretical basis for gemcitabine-based
individualized treatment in advanced NPC.

In the current study, we found no association of
RRM1 expression with age, sex, performance status, or
histological type, which was accordant with prior results
in NSCLCP¥, Rosell et al.®™ estimated RRM1 mRNA
expression in advanced NSCLC treated with gemcitabine
and cisplatin and found that patients in the low RRM1
expression arm had significant advantages in OS, PFS,
and response rate compared with patients in the high
RRM1 expression arm. Other prior clinical studies also
revealed that patients with negative RRM1 expression be-
nefit significantly from gemcitabine-based regimens®3'%2,
The most significant finding of our study was the
predictive value of low RRM1 expression in NPC
patients treated with gemcitabine-based chemotherapy.
In the present study, 65% of patients were RRM1-
negative and showed longer median PFS than did
RRM1-positive patients (7 months vs. 5 months, P =
0.036). Moreover, multivariate analysis indicated that the

RRM1 expression may be a useful prognostic factor for
advanced NPC patients treated with gemcitabine-based
chemotherapy.

Nevertheless, we found no association between
RRM1 expression level and OS or response rate. There
are several possible explanations for this contradiction.
First, our study included a small sample size, making it
difficult to achieve expected results. Second, this was a
retrospective analysis with confounding factors that could
affect the accuracy of the results. For example, the
status of patients who were lost to follow-up, the
response to prior therapy, and the subsequent therapy
after finishing gemcitabine-based chemotherapy were
high impact factors in our results. Third, the interaction
of chemotherapy combinations may also play a role in
the conflicting results. Rosell et al. ® investigated the
relationship between RRM1 mRNA expression and the
efficacy of gemcitabine combined with platinum on
advanced NSCLC and showed increased survival in
patients with low RRM1 expression. However, there was
no significant difference in OS between the low and high
expression groups when vinorelbine was added to the
combination or combined with gemcitabine only. In our
study, 5 patients were treated with gemcitabine plus
vinorelbine, 3 with gemcitabine plus docetaxel, and 5
with gemcitabine plus xeloda. In view of the study by
Rosell et al.®), the addition of docetaxel or xeloda to
gemcitabine may produce a similar effect as vinorelbine.

Despite these limitations, this is the first study, as is
known to us, to evaluate the relationship between the
level of RRM1 and sensitivity to gemcitabine-based
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chemotherapy in advanced NPC. Furthermore, our study

validated

positive expression of RRM1 as an

independent factor of poor prognosis.

Conclusion

Our findings indicate that negative RRM1 expression
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