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ABSTRACT

Objective: We aimed to determine the response and prognosis to
neoadjuvant chemotherapy in patients with stage 111 non-small-
cell lung cancer (NSCLC) who had received neoadjuvant therapy
and to determine the relationship with prognosis and treatment
response of the expression of excision repair cross-
complementation group 1 protein (ERCC1) and Ribonucleotide
reductase regulatory subunit M1 (RRM1) protein.

Material and Methods: Twenty-seven patients with stage Ill
NSCLC who received neoadjuvant chemotherapy and had been
operated between 2003 and 2013 were included in this study.
Lung tissue biopsies were evaluated by immunohistochemical
methods for ERCC1 protein expression in patients who received
cisplatin  and RRM1 protein expression who received
gemcitabine.

Results: Median age was 59 (45-75). Nineteen patients (70.4%)
were at stage I1A and eight patients (29.6 %) were at stage 111B.
All patients received neoadjuvant cisplatin-based chemotherapy.
Fifteen patients (55.6%) relapsed during follow-up. The median
follow-up time was 36 months. The median disease-free survival
(DFS) was 26.6 months, overall survival (OS) was 48 months.
From the perspective of stage IlIA and I1IB DFS (p=0.379) and
OS (p=0.69) did not differ significantly. Sixteen patients’ (59.3%)
viable tumor ratio was <10%, 11 patients’ (40%) viable tumor
ratio was >10%. When considered from this point of view DFS
(p=0.16) and OS (p=0.097) showed no difference. More patients
survived in the low ERCC1 expression group. Patients with low
ERCC1 expression and patients with high ERCC1 expression
showed no difference in terms of survival.

Conclusion: Patients with high RRM1 expression showing
resistance to gemcitabine and with low RRM1 expression had
similar survival rates. In patients with stage Ill NSCLC who
received neoadjuvant chemotherapy, OS and DFS durations
longer than literature were found.

Keywords: ERCC1, RRM1, Lung Cancer, Stage I1l, Neoadjuvant
Chemotherapy
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Amag: Neoadjuvan kemoterapi almis olan evre 11 kiigiik hiicreli
dis1 akciger kanserli (KHDAK) hastalarda neoadjuvan tedavi
yanitlarinin - belirlenmesi ile, prognoza katkis1 ile eksizyon
onarim ¢apraz-tamamlayict grup 1 (ERCC1) ve Riboniikleotid
Rediiktaz alt iinitesi Ml (RRM1) ekspresyonunun tedavi yanit1 ve
prognozla iliskisinin belirlenmesini hedeflendi.
Gere¢ ve Yontemler: Bu caligmaya 2003-2013 yillar1 arasinda
Evre 11l KHDAK tanisiyla neoadjuvan kemoterapi alip 27 hasta
dahil edildi. Neoadjuvan cisplatin alan hastalarin akciger biyopsi
dokularinda ERCC1 ve gemsitabin alan hastalarmm biyopsi
materyallerinde RRM1 protein ekpresyonu immiinohistokimyasal
yontemle degerlendirildi.
Bulgular: Medyan yas 59 (45-75)’du. Hastalarin 19 (%70.4)’u
evre 1A, 8 (%29.6)’i evre 11IB idi. Hastalarin hepsi cisplatin
bazli neoadjuvan kemoterapi aldi. Hastalarin 15 (%55.6)’inin
takiplerinde niiks tespit edildi. Ortanca takip siiresi 36 aydi. Tim
olgulara iliskin ortalama hastaliksiz sag kalim (HSK) 26.6 aydu.
Genel sagkalim (GSK) ise 48 ay olarak bulundu. Evre Il1A ve
I1IB agisindan bakildiginda HSK (p=0.379) ve GSK (p=0.69)
acisindan anlamli fark bulunmadi. Hastalarin 16 (%59.3)’sinda
neoadjuvan KT sonrasi cerrahi patoloji materyallerinde viabl
timor oram1 %10 ve altinda, 11 (%40) hastada ise viabl timor
orani  %I10’nun  dstiinde  bulundu. Bu agidan da
degerlendirildiginde HSK (p=0.16) ve GSK (p=0.097) farki
saptanmadi. Diisiik ERCC1 ekspresyonu olan hastalarla yiiksek
ERCC1 ekspresyonu olan hastalar arasinda sagkalim farki
saptanmadi. Gemsitabin direncini gosteren RRM1 yiiksek
ekpresyonu olan hastalar da diisiik ekspresyon olan hastalar ile
benzer sag kalim oranlarina sahipti.
Sonu¢: Calismamizda neoadjuvan kemoterapi alan evre Il
KHDAK’li hastalarda HSK ve GSK siireleri genel verilere gore
daha uzun bulundu. Sisplatin ve gemsitabin tedavisi agisindan
prediktif markerlar olan ERCC1 ve RRML1 ile tedavi yaniti ve
sagkalim arasinda anlamli iligki bulunmadi.
Anahtar Kelimeler: ERCC1, RRM1, akciger Kanseri, Evre lll,
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INTRODUCTION

Currently, lung cancer is the leading cause of cancer-
related deaths in men and women. As opposed to
breast, colon and prostate cancer, about 85 % of
patients diagnosed with lung cancer died of this disease
(1). Non-small cell lung cancer (NSCLC) constitutes
80-85% of all lung cancers (2). Approximately 35% of
patients with NSCLC are diagnosed at locally
advanced (stage 1) (3). Stage Il involves
heterogeneous group of patients. Therefore, it is the
group of patients with most controversy for treatment
(4). Primary treatment for localized disease of NSCLC
is surgery (5). However, randomized controlled trials
showed that treatment with surgery alone has limited
contribution on survival in stage Il patients (6). In the
last 20 years, numerous studies have been made for the
different treatment strategies (7-9). It is difficult to
make appropriate clinical treatment plan for these
patients.

There are studies showing the efficacy of neoadjuvant
therapy with platinum-based combination in patients
with stage Il NSCLC (10,11). However, a standard
chemotherapy protocol could not be determined. In
recent studies, "excision repair cross-complementation
group 1 protein” (ERCC1) stands out as an effective
predictive and prognostic marker. ERCC1 is a key
enzyme to eliminate platinum-DNA adducts in
nucleotide excision repair pathway. Therefore,
platinum resistance occurs in tumors that express
ERCC1. ERCC1-negative tumors have been shown to
have longer survival than those with ERCC1-positive
(12).

Ribonucleotide reductase (RR) plays a catalytic role in
the formation of the deoxyribonucleotide diphosphate
which is a raw material for RNA synthesis and repair.
M1 subunit of RR is nucleotide binding region and
determines the specificity of enzyme activity. It is also
a cellular target for gemcitabine. In studies, RRM1 has

been shown to cause gemcitabine resistance (13).

In this study, the determination of response and
contribution for prognosis of neoadjuvant therapy in
patients with stage 1l NSCLC who received
neoadjuvant chemotherapy was aimed. We also aimed
to determine the relationship between treatment
response and prognosis in terms of RRM1 and ERCC1

expression.

MATERIALS AND METHODS

Twenty-seven patients with stage Il NSCLC were
enrolled in this study. Patients who took neoadjuvant
chemotherapy at Bagkent University Faculty of
Medicine (BUFM) Department of Medical Oncology
and were operated at Baskent University Faculty of
Medicine Department of Thoracic Surgery between the
years 2003 and 2013 were included. Patient files were
analyzed retrospectively. Sex, age at diagnosis,
smoking status, treatment modalities, operation dates,
recurrence dates, death dates were recorded. Time
between the initial diagnosis and appearance of local or
distant metastasis was considered as disease free
survival (DFS). Time elapsed from initial diagnosis to
death was considered as overall survival (OS). After
neoadjuvant chemotherapy, patients with viable tumor
negative in postoperative pathology material and
undetectable metastatic lymph node were evaluated as
pathological complete response. Others were
considered as partial response.

Neoadjuvant  cisplatin-based  chemotherapy  was
administered by Department of Medical Oncology to
patients with stage 11l NSCLC whose performance

status were evaluated as appropriate.

Biopsy of lung tissues taken from patients, who
received neoadjuvant platinum and gemcitabine were
assessed by immunohistochemical method for ERCC1
and RRM1 protein expression, respectively. Pathology
slides were prepared from sections of paraffin blocks
(4mm). Tissue sections were marked with specific
antibodies for ERCC1 and RRM1. Counterstain was
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performed with hematoxylin. Human tonsil tissue
samples were used as positive control for nuclear
staining positive control of ERCC1. Human placental
tissue samples were used as positive control for
cytoplasmic staining positive control of RRML1.
Staining rate was scored as follows: Score 0: none to
low expression; score 1: 1-10% expression; Score 2:
11-50% of expression, score 3: >50% expression. In
the statistical evaluation, score 0 and 1 were taken as
the lowest expression but score 2 and 3 were taken as
high expression.

Descriptive statistics were performed for demographic
and clinical characteristics of the patients. Chi-square
test was used to compare rates between groups.
Kaplan-Meier analysis was performed to investigate
the effect of predefined factors on the survival.
Survivals of different groups were compared using the
log-rank test. Cox regression analysis was used to
make the multivariate analysis of factors associated
with disease free survival or overall survival. Statistical
analysis was performed with SPSS software version
17.0 (SPSS Inc, Chicago, IL), and the statistical
significance value p was determined as being lower
than 0.05. Our study is retrospective study for which
we have received the approval of local ethics
committee (Date: 09/04/2013, number: 2012-KA-

13/73) prior to commencing.

RESULTS

Between the ages of 43 and 76, 1 (3.7%) female and 26
(96.3%) male patients were included in the study. The
median age was 59 (45-75), respectively. Fifteen
(55.6%) patients had squamous cell carcinoma, 10
(37%) had adenocarcinoma, 1 (3.7%) had
adenosquamous and 1 (3.7%) had non-typeable
NSCLC. Number of smokers was 26 (96%) and the
average duration of smoking was 42 packs / year.
Fourteen patients (51.9%) had undergone lobectomy
and 13  patients (48.1%) had  undergone

pneumonectomy. According to the TNM staging
system, 19 (70.4%) were stage IIIA and 8 (29.6%)
were stage 111B. The demographic characteristics of the

patients are summarized in Table 1.

Table 1. Demographic features of patients

Variables n (%)

Age: 59 (45-75)

Gender
Female 1@37)
Male 27 (96,3)
Smoking (package/year) 42
Pathology
Squamous cell carcinoma 15 (55,6)
Adenocarcinoma 10 (37)
Adenosquamous carcinoma 1(3,7)
Not otherwise specified NSCLC 1(3,7)
Neoadjuvant Chemotherapy
Cisplatin+Gemcitabine 12 (44,4)
Cisplatin+Vinorelbine 8 (29,6)
Cisplatin+Docetaxel 6 (22,2)
Carboplatin+Gemcitabine 1(3,7)
Surgery
Lobectomy 14 (53,8)
Pneumonectomy 13 (42,3)
Stage
Stage 1A 19 (70,4)
Stage 111B 8 (29,6)

All patients received neoadjuvant platinum-based
chemotherapy. During follow-up 15 patients (55.6%)
developed recurrence. Median follow-up was 36
months. Fourteen patients died during follow-up.

With  neoadjuvant  chemotherapy, pathological
complete response was achieved in 4 patients (14.8%).
After neoadjuvant chemotherapy, at surgical pathologic
examination of the material rate of viable tumor was
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<10% in 16 (59.3%) patients of and >10% in 11 (40%)
patients.

Looking for ERCC1 protein expression was the
intention in lung tissue biopsy samples of patients who
underwent neoadjuvant platinum-based chemotherapy.
Lung biopsy paraffin blocks of 24 patients were
obtained while 3 patients’ paraffin blocks could not be
retrieved. Tumor tissue sections were not found in 2
patients’ paraffin blocks, thus pathologic examination
failed. Likewise, of the 12 patients that underwent
neoadjuvant gemcitabine, 9 patients’ paraffin blocks
could be provided. Immunohistochemical evaluation of
the patients is given in Table 2. ERCC1 expression
ratios are shown in the images 2A and 2B, RRRM1

expression ratios are shown in the images 1A and 1B.

The median overall survival for all of the patients was
26.6 months (Figure 1). The median overall survival
was 48 months (Figure 2). In Stage IlIA and 111B
patients, PFS (p=0.379) and OS (p=0.69) were not
significantly different. When considered in terms of
percentage of viable tumor in patients, for those who
had viable tumor <10%, median DFS and OS was 36
months and 62 months, respectively. In patients who
had viable tumor >10%, median DFS was 15.5 months
and OS was 27 months, but the results were not
statistically significant (p=0.16 for DFS, p=0.097 for
0S).

Table 2. Immunohistochemical evaluation of the

patients

Low expression  High expression

ERCC1 11 patients 10 patients

RRM1 4 patients 5 patients

Although the number of patients who survived was
more in the group with low ERCC1 expression, no
significant survival difference was found between low
and high ERCC1 expression patients (p=0.99 for PFS

and p=0.18 for OS). Survival rates were similar in

patients with high RRM1 expression and low RRM1
expression (p=0.18 for DFS, p=0.9 for OS).

More than half of patients with a good response for
neoadjuvant chemotherapy had high ERCC1
expression. But there was no significant correlation
between best histopathological response to neoadjuvant
therapy and ERCC1 expression (p=0.5). There was also
no correlation between levels of RRM1 and response to
the neoadjuvant treatment.

After neoadjuvant therapy, viable tumor rate was
<10% in 52.6% of patients with stage 1A and 75% of
patients with stage I1IB, but the difference was not

statistically significant (p=0.28).
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DISCUSSION

Stage 111 NSCLC comprises the heterogeneous patient
population with locally advanced disease. Survival is
poor because of the early local and distant recurrence
rates. Different treatment modalities to improve
survival are still discussed. Neoadjuvant chemotherapy
is one of these modalities. In a meta-analysis published
by Burdett et al.,, compared with surgery alone
preoperative chemotherapy has been shown to provide
6% survival advantage at 5 years (14). However, it was
indicated that this meta-analysis was not powerful
enough to change standard treatment due to coverage
small scale studies. In a randomized, multicenter MRC
LU22 study by Gilligan et al., there was no survival
benefit of neoadjuvant chemotherapy (HR:1.22,
p=0.86) (15). But later, the published studies and meta-
analysis showed that survival was better in patients
who  underwent  surgery  after  neoadjuvant
chemotherapy than surgery alone. Survival advantage
is especially pronounced in patients with Stage Ill. In
the meta-analysis published by Song et al., subgroup
analysis performed for stage Il patients and survival
was significantly higher in the neoadjuvant
chemotherapy arm (HR:0.84, p=0.005) (16). Horita et
al. concluded that preoperative chemotherapy was
especially effective in patients with stage 1l (HR:0.77,
p<0.001) (17). A recently published meta-analysis in
the Lancet has also concluded that neoadjuvant
chemotherapy is effective (18). According to our study,
disease-free survival was 26.6 months and overall
survival was 48 months for the patients undergoing
surgery after neoadjuvant chemotherapy. In another
neoadjuvant chemotherapy study including stage Il
patients, average event-free survival was 27.5 months,
and median overall survival was 66.7 months (19). In
the study by DePierre et al., involving patients
undergoing surgery after neoadjuvant chemotherapy,
event free survival was 26.7 months and overall

survival was 37 months (20).

Pataer et al. compared the survival of patients who had
<10% viable tumor and who had >10% viable tumor
after neoadjuvant chemotherapy. In patients who had
less than <10% viable tumor, disease-free and overall
survival were significantly longer (5-year OS 85% to
40%, p<0.0001, 5-year DFS 78%, 35%, p<0,0001) (5).
In our study, PFS and OS were longer in patients with
viable tumor <10% than in patients with >10% viable
tumor (median DFS of 36 months to 15.5 months,
p=0.16, median OS of 62 months to 27 months
p=.097). In NSCLC cornerstone treatment is adjuvant
or neoadjuvant platinum-based chemotherapy. Despite
33-64% response rates after neoadjuvant therapy,
absolute increase in overall survival with adjuvant
therapy is 5-15% (21,22). Predictive markers can
determine the appropriate treatment increasing
response rates for the patient while reducing
unnecessary drug usage (23). In recent years, one of the
most commonly used predictive markers is ERCC1
which is associated with platinum resistance and the
other predictive marker is RRM1 which predicts the
response to gemcitabine treatment. In our study,
ERCC1 and RRM1 were studied by
immunohistochemistry in the lung biopsy specimens of
patients. In previous studies it has been shown that
high ERCC1 expression leads to platinum resistance
(24). Olaussen et al. have concluded that patients with
completely resected non-small-cell lung cancer and
ERCC1-negative tumors appear to benefit from
adjuvant cisplatin-based chemotherapy, whereas
patients with ERCC1-positive tumors do not
(HR=0.65, p=0.0002) (25). In a phase Il prospective
randomized trial, patients in the control arm received
docetaxel plus cisplatin. In the genotypic arm, patients
with low ERCC1 levels received docetaxel plus
cisplatin, and those with high levels received docetaxel
plus gemcitabine. The primary end point was the
overall objective response rate. Genotype study group
had significantly higher response rates than the control

group (p=0.02). This study was the first prospective
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randomized clinical trial testing the concept of
customized chemotherapy in NSCLC (26). But in our
study, there was no significant relationship between the
ERCC1 expression and pathological response. We
thought that this may be associated with our small
number of patients and with absence of unresponsive
patient population. However, results of several studies
in the literature were similar to ours. Li and colleagues
have investigated the relationship between the
expression of several genes and response to
neoadjuvant therapy in patients with locally advanced
NSCLC. But they have not determined the correlation
between ERCC1 expression and histopathologic
response (27). In studies conducted by Cappi et al. and
Lord et al., ERCCL1 expression does not correlate with
histopathologic response (28,29).

High RRM1 expression is known to be directly related
to the gemcitabine resistance (30). A recently
published meta-analysis showed that gemcitabine
treatment response is significantly higher in patients
with low expression of RRM1 (response rate of 22.2%
to 44.9%, p<0.00001) (31). However, in our results
correlation of RRM1 expression with treatment
response was not significant. Also, there was no
relationship between RRM1 expression and treatment
response in the study by Lee et al. (p=0.149) (32).
Similar results were also demonstrated in studies
conducted by Rosell et al. (33).

In our study, in stage Il NSCLC patients who
underwent neoadjuvant chemotherapy, disease-free
survival and overall survival were significantly longer
compared to the literature. Limitation of the
randomized controlled studies comparing adjuvant
chemotherapy with neoadjuvant chemotherapy, as well
as the lack of phase 1l studies comparing neoadjuvant
chemoradiotherapy with neoadjuvant chemotherapy
complicates the formation of standards in definitive
treatment of Stage Il NSCLC. However, results of
recently published meta-analysis and the results of our

study albeit small-scale suggests that especially in

stage IIIA and in appropriate stage 11IB NSCLC
patient’s neoadjuvant chemotherapy can be applied as a
standard approach.

We did not find a relationship between ERCC1 and
RRM1 expression which are predictive markers for
cisplatin and gemcitabine with treatment response and
survival. Confusing results of published studies shows
that randomized prospective studies are needed for
routine use of ERCC1 and RRM1 as a predictive
marker.

All authors declare no conflict of interest.
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