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ABSTRACT

Background. This study aimed to identify independent prognos-
tic factors for overall survival (OS) of patients with advanced
non-small cell lung cancer (NSCLC) harboring an activating epi-
dermal growth factor receptor (EGFR) mutation and receiving
gefitinib as first-line treatment in real-world practice.
Materials and Methods. We enrolled 226 patients from June
2011 to May 2013. During this period, gefitinib was the only
EGFR-tyrosine kinase inhibitor reimbursed by the Bureau of
National Health Insurance of Taiwan.
Results. The median progression-free survival and median OS
were 11.9 months (95% confidence interval [CI]: 9.7–14.2) and
26.9 months (21.2–32.5), respectively. The Cox proportional
hazards regression model revealed that postoperative recur-
rence, performance status (Eastern Cooperative Oncology
Grade [ECOG] �2), smoking index (�20 pack-years), liver

metastasis at initial diagnosis, and chronic hepatitis C virus
(HCV) infection were independent prognostic factors for OS
(hazard ratio [95% CI] 0.3 [0.11–0.83], p 5 .02; 2.69 [1.60–4.51],
p < .001; 1.92 [1.24–2.97], p 5 .003; 2.26 [1.34–3.82], p 5 .002;
3.38 [1.85–7.78], p < .001, respectively). However, brain metas-
tasis (BM) at initial diagnosis or intracranial progression during
gefitinib treatment had no impact on OS (1.266 [0.83–1.93],
p 5 .275 and 0.75 [0.48–1.19], p 5 .211, respectively).
Conclusion. HCV infection, performance status (ECOG �2),
newly diagnosed advanced NSCLC without prior operation, and
liver metastasis predicted poor OS in EGFR mutation-positive
advanced NSCLC patients treated with first-line gefitinib; how-
ever, neither BM at initial diagnosis nor intracranial progression
during gefitinib treatment had an impact on OS. The Oncologist

2017;22:1075–1083

Implications for Practice: The finding that chronic hepatitis C virus (HCV) infection might predict poor overall survival (OS) in
epidermal growth factor receptor mutation-positive advanced non-small cell lung cancer (NSCLC) patients treated with first-line
gefitinib may raise awareness of benefit from anti-HCV treatment in this patient population. Brain metastasis in the initial diagnosis or
intracranial progression during gefitinib treatment is not a prognostic factor for OS. This study, which enrolled a real-world population
of NSCLC patients, including sicker patients who were not eligible for a clinical trial, may have impact on guiding usual clinical practice.

INTRODUCTION

Of the common cancer types, lung cancer, although not the
most common cancer, causes the most cancer-related
deaths worldwide (1.59 million deaths in 2012) [1]. In
2004, investigators identified patients with non-small cell
lung cancer (NSCLC) who harbored specific mutations in
the epidermal growth factor receptor (EGFR) gene and
found that these EGFR mutations predicted a response to
the tyrosine kinase inhibitor (TKI) gefitinib [2]. After the

IPASS study, gefitinib became first-line treatment for
patients with advanced NSCLC harboring an activated EGFR
mutation [3, 4]. In addition to gefitinib, both erlotinib and
afatinib showed promising effects in the treatment of
advanced lung cancer with an activated EGFR mutation
[5–7]. In one study, the penetration rate of gefitinib in cere-
brospinal fluid (CSF) was approximately half that of erloti-
nib (1.136 0.36% and 2.776 0.45%, respectively) [8].
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Therefore, some physicians may think gefitinib is less effec-
tive in treating patients with brain metastasis (BM).

The National Health Insurance of Taiwan has reimbursed
gefitinib for first-line treatment of advanced NSCLC with EGFR

mutations since June 2011 but did not reimburse erlotinib and
afatinib for the same indication until November 2013 and May
2014, respectively. Therefore, from June 2011 to November
2013, gefitinib was almost the only choice for first-line therapy

Figure 1. Patient selection and exclusion criteria.
Abbreviations: EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; NTUH, National Taiwan University Hospital;

TKI, tyrosine kinase inhibitor.
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for patients with advanced NSCLC harboring an activated EGFR
mutation in Taiwan, regardless of the mutation type, perform-
ance status, or a consideration of side effects. Some prognostic
factors have been proposed to predict survival of patients

harboring activated EGFR mutations, including Eastern Cooper-
ative Oncology Group (ECOG) performance status, metastatic
site, smoking status, and age [9–12]. However, in these prior
reports, whether they were prospective clinical trials or retro-
spective studies, selection of the patient population may have
been confounded by disease severity or the physician’s prefer-
ence. Therefore, we wanted to identify independent prognostic
factors for survival in a real-world population of patients with
EGFR mutation-positive advanced NSCLC using gefitinib. We
also wanted to evaluate if BM or intracranial progression is a
poor prognostic predictor for gefitinib therapy.

MATERIALS AND METHODS

Patients and Populations
In this retrospective study, all patients aged 18 years or
older with a diagnosis of NSCLC from June 1, 2011, to May
31, 2013, at National Taiwan University Hospital (NTUH)
were identified. Other eligibility criteria included the follow-
ing: EGFR-activating mutation (either exon 19 deletion,
L858R in exon 21, or other uncommon mutations), stage
IIIB/IV newly diagnosed NSCLC or postoperative recurrence
after curative surgery with or without adjuvant therapy, and
receiving gefitinib as first-line therapy. Exclusion criteria
included the following: initial treatment at another hospital,
treatment less than 3 months due to adverse events, lost to
follow-up within less than 3 months, enrollment in another
clinical trial, history of other malignancies, sarcomatoid
type cancer, and EGFR exon 20 insertion. Baseline clinical
characteristics, including age at diagnosis, sex, EGFR muta-
tion type, newly diagnosed or postoperative recurrence,
ECOG performance status at the beginning of gefitinib treat-
ment, smoking status, tumor histology, and viral hepatitis
profile, were recorded by retrospective chart review. This
investigation was approved by the NTUH Research Ethics
Committee.

Treatment
Patients took gefitinib 250 mg/day orally until disease progres-
sion, at which time they received subsequent anticancer ther-
apy or continued gefitinib, depending on their physician’s
discretion

Assessment
Tumor response to treatment was assessed using computed
tomography (CT) every 3 months and was evaluated based on
Response Evaluation Criteria In Solid Tumors version 1.1 [13].
The primary outcome of this study was overall survival (OS),
defined as the duration between the start of gefitinib treat-
ment and the time of all-cause death.We contacted the Taiwan
Death Registry to check the survival status of patients who
were lost to follow-up during the study period. If the patient
had died, we recorded the date of death and calculated the OS
of the patient. The secondary outcome was progression-free
survival (PFS), defined as the duration between the start of
gefitinib treatment and the time of disease progression.

Statistical Analysis
Patient OS and PFS were assessed using the Kaplan-Meier
method. The log-rank test was used for comparison of survival
curves of different characteristics. Prognostic factors for OS and

Table 1. Baseline characteristics

Characteristic n (%)

Age (28–88 years)

�70 years old 87 (38.5%)

<70 years old 139 (61.5%)

Gender

Female 147 (65%)

Male 79 (35%)

Smoking history

<20 pack-years 190 (84.1%)

�20 pack-years 36 (15.9%)

Performance status

ECOG <2 200 (88.5%)

ECOG �2 26 (11.5%)

Stage

IIIB 5 (2.2%)

IV 221 (97.8%)

EGFR mutation status

Exon 19 deletion 104 (46%)

L858R 111 (49.1%)

Uncommon mutationa 7 (3.1%)

Complexb 4 (1.8%)

HBV status

HBV (1) 36 (15.9%)

HBV (2) 145 (64.2%)

Unknown HBV status 45 (19.9%)

HCV status

HCV (1) 12 (5.3%)

HCV (2) 171 (75.6%)

Unknown HCV status 43 (19.1%)

Disease status

Postoperative recurrence 18 (8.0%)

Advanced NSCLC 208 (92.0%)

Pathology

Adenocarcinoma 224 (99.1%)

Adenosquamous cell carcinoma 1 (0.45%)

NOS 1 (0.45%)

M1a 75 (33.2%)

Brain metastasis 63 (27.9%)

Bone metastasis 111 (49.1%)

Liver metastasis 24 (10.6%)
aMutation other than del-19 or L858R, for example, L861Q, T790M,
G719X, V769M.
bTwo or more distinct mutations co-occurring in the same tumor, for
example, G719X 1 S768I.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR,
epidermal growth factor receptor; HBV, hepatitis B virus; HCV, hepati-
tis C virus; NOS, not otherwise specified; NSCLC, non-small cell lung
cancer.
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PFS were analyzed by univariate and multivariate analysis.Varia-
bles with p� .1 were added to the final multivariate Cox regres-
sion model. The hazard ratio (HR) and 95% confidence interval
(CI) were calculated for all variables in the regression model. All

tests were two-sided. Statistical significance was set at p< .05.
Statistical analysis was conducted using SPSS 17.0 for Windows
(SPSS, Inc., Chicago, IL, http://www.spss.com.hk/corpinfo/index.
htm). The data cut-off date was September 30, 2015.

Table 2. PFS and OS according to baseline characteristics

Variables Number Median PFS (months) p valuea Median OS (months) p valuea

All 226 11.9 (10.4–13.3) NA 26.9 (21.2–32.5) NA

Age

�70 y/o 87 12.1 (8.8–15.4) .261 23.4 (15.5–31.3) .24

<70 y/o 139 11.4 (9.9–12.9) 28.4 (20.3–36.6)

Gender

Female 147 11.9 (9.7–14.1) .211 28.4 (17.5–39.3) .315

Male 79 11.6 (10.6–12.6) 23.4 (17.6–29.2)

Smoking history

<20 pack-years 190 12.1 (10.4–13.8) .362 32.4 (23.7–41.1) .003

�20 pack-years 36 10.6 (8.7–12.5) 18.5 (9.5–27.6)

Performance status

ECOG <2 200 12.1 (10.3–13.9) .001 29.0 (21.9–36.2) <.001

ECOG �2 26 9.6 (8.4–10.7) 14.0 (8.0–20.0)

Stage

IIIB 5 9.6 (9.5–9.6) .285 39.3 (7.9–70.6) .704

IV 221 11.9 (10.4–13.3) 25.7 (19.9–31.6)

EGFR mutation status

Exon 19 deletion 104 11.9 (10.1–13.7) <.001 32.7 (16.8–48.6) .136

L858R 111 11.9 (9.7–14.2) 24.7 (20.8–28.5)

Uncommon mutation 7 8.8 (4.3–13.4) 38.4 (0–78.5)

Complex 4 2.7 (0–7.8) 12.9 (0.4–25.4)

HBV status

HBV (1) 36 10.3 (5.7–14.8) .227 25.5 (NA) .656

HBV (2) 145 11.8 (10.2–13.4) 23.8 (19.9–27.8)

Unknown HBV status 45 11.9 (9.7–14.1) 32.7 (24.8–40.5)

HCV status

HCV (1) 12 5.6 (4.1–7.1) .39 14.1 (10.3–17.9) .004

HCV (2) 171 11.9 (10.2–13.5) 28.4 (17.9–39.0)

Unknown HCV status 43 11.9 (9.8–14.0) 25.5 (17.7–33.3)

Disease status

Post-op recurrence 18 17.3 (1.6–33.0) .12 NR .018

Advanced NSCLC 208 11.4 (10.0–12.8) 24.7 (21.0–28.3)

Pathology

Adenocarcinoma 224 11.9 (10.4–13.3) NA 26.9 (20.8–32.9) NA

Adenosquamous cell carcinoma 1 3.3 33.4

NOS 1 6.1 19.1

M1a 75 14.9 (11.0–18.3) .001b 33.2 (19.3–47.1) .08b

Brain metastasis 63 9.9 (8.3–11.6) .02c 20.7 (16.4–25.0) .042c

Bone metastasis 111 10.3 (8.8–11.9) .001d 23.6 (19.9–27.2) .1d

Liver metastasis 24 8.9 (5.9–11.8) <.001e 13.2 (5.9–20.5) <.001e

aLog-rank test.
bVersus extra-pulmonary metastasis.
cVersus without brain metastasis.
dVersus without bone metastasis.
eVersus without liver metastasis.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; HBV, hepatitis B virus; HCV, hepatitis C virus;
NA, not applicable; NOS, not otherwise specified; NR, not reached; OS, overall survival; PFS, progression-free survival.
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RESULTS

Patient Characteristics
From June 1, 2011, to May 31, 2013, 1,341 patients were diag-
nosed as having lung cancer or postoperative recurrence at
NTUH. Of these patients, 275 had stage IIIB or IV lung cancer
and harbored an EGFR mutation; they received EGFR-TKI as
first-line therapy, including 13 who participated in clinical trials
for erlotinib or afatinib (11 and 2, respectively). After excluding
those who met the exclusion criteria, 226 patients were
enrolled in the study (Fig. 1). The median follow-up time for
these patients was 37.8 months (95% CI 35.6–40.0). The
patients were predominantly younger than 70 years old (<70
years old, 61.5%), female (65%), with an ECOG performance
status <2 (88.5%), clinical stage IV (97.8%), histology of adeno-
carcinoma (99.1%), and common EGFR mutation (95.1%, 46%
with exon 19 deletion and 49.1% with L858R mutation). The
median age at diagnosis was 64.7 years. Patients with an exon 19
deletion were younger than those with L858Rmutation (median,
61.7 years old vs. 67.9 years old, p 5 .028, independent t test).
Most patients (92%) were newly diagnosed as having advanced
lung cancer without prior treatment or operation (Table 1).

OS
The median OS was 26.9 months (95% CI 21.2–32.5). Signifi-
cantly shorter OS was noted in patients with an ECOG

performance status �2 (median: 14 months, 95% CI 8.0–20.0),
advanced lung cancer without prior operation (median: 24.7
months 95% CI 21.0–28.3), chronic hepatitis C virus (HCV) infec-
tion (median: 14.1 months, 95% C 10.3–17.9), and a smoking
index �20 pack-years (median: 18.5, 95% CI 9.5–27.6), and in
those patients who had brain or liver metastasis at initial diag-
nosis (Table 2; Fig. 2; supplemental online Fig. 1). In multivari-
ate analyses using multiple Cox proportional hazards models,
we observed that performance status (ECOG �2; HR 2.69, 95%
CI 1.6–4.51, p< .001), smoking index (>20 pack-years; HR1.92,
95% CI 1.24–2.97, p 5 .003), liver metastasis at initial diagnosis
(HR 2.26, 95% CI 1.34–3.82, p 5 .002), and chronic HCV infec-
tion (HR 3.8, 95% CI 1.85–7.78, p< .001) were independent
prognostic factors for OS, while BM at initial diagnosis was not
(HR 1.27, 95% CI 0.83–1.93, p 5 .275; Table 3). Among the 187
patients with disease progression, 40 experienced intracranial
progression and 147 experienced extracranial progression dur-
ing gefitinib treatment. There was no statistical difference in OS
between the two groups (median OS in patients with intracra-
nial progression and with extracranial progression: 23.6 months
and 23.3 months, respectively, p 5 .222; Fig. 3).

PFS
The median PFS was 11.9 months (95% CI 10.4–13.3). Of the
226 patients, 187 suffered from progressive lung cancer.
Shorter PFS was noted in patients with an ECOG performance

Figure 2. Kaplan-Meier survival curves of overall survival in (A): patients with exon 19 deletion and L858R mutation (p 5 .174, log-rank
test). (B): Patients with a smoking index �20 pack-years and a smoking index <20 pack-years (p 5 .003, log-rank test). (C): Patients with
chronic hepatitis C, without chronic hepatitis C, or an unknown hepatitis C virus status (p 5 .004, log-rank test). (D): Patients with or with-
out liver metastasis (p< .001, log-rank test).

Abbreviation: OS, overall survival.
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status�2 (median: 9.6 months, 95% CI 8.4–10.7), a complex or
uncommon EGFR mutation (median: 2.7 months and 8.8
months, respectively) and extrapulmonary metastasis at initial
diagnosis. There was no significant PFS difference relative to
age or smoking index. No extrapulmonary involvement at initial
diagnosis of advanced lung cancer significantly predicted longer
PFS (Table 2; supplemental online Fig. 1, supplemental online
Fig. 2).

Patients with chronic HCV
Of the 226 patients, 183 underwent an anti-HCV antibody test
and 12 were diagnosed with chronic HCV infection.Ten patients
with chronic HCV infection died during follow-up, all due to
cancer-related causes (supplemental online Table 1). Among 12
patients with HCV infection, six patients had received second-
line chemotherapy. During gefitinib treatment, 11 patients

developed abnormal hepatic function, among whom 9 patients
had grade 1 hepatotoxicity and 2 patients had grade 2 hepato-
toxicity. The severity of hepatotoxicity in patients with or with-
out HCV infection and with unknown HCV status was
summarized in supplemental online Table 3. Less hepatotoxicity
developed in patients with unknown HCV status during gefiti-
nib treatment. For patients who received anti-HCV antibody
examination, there is no significant correlation between the
severity of hepatotoxicity and chronic hepatitis C infection
(p 5 .533, Pearson’s chi-square test). Also, there is no signifi-
cant difference in OS between different grade of hepatotoxicity
(p 5 .677, log-rank test; supplemental online Fig. 3).

Patients with BM
Among 63 patients with BM at diagnosis, 26 patients received
gefitinib without first brain local treatments, and local treat-
ments were performed to 37 patients, including whole brain
radiotherapy to 28 patients, stereotactic radiosurgery to 1
patient, and brain tumor resection to 8 patients (7 patients
received postoperation whole brain radiotherapy). There is no
significant difference in OS between patients with BM who
received brain local treatments and those who did not (21.6
months and 20.7 months, respectively, p 5 .517)

Postprogression Treatment
In all, 153 of the 187 patients who suffered from progressive
lung cancer received subsequent treatment (supplemental
online Table 2). Among these patients, chemotherapy and EGFR-
TKIs accounted for a similar proportion of treatment (68.6% and
69.1%, respectively). Platinum doublet-chemotherapy and erloti-
nib were the most common chemotherapy and EGFR TKI regi-
mens, respectively. Sixty-eight patients with progressive disease
after failure of chemotherapy were re-treated with EGFR TKIs. In
addition to chemotherapy and EGFR TKIs, 10 patients (5.3%)
received combined therapy with bevacizumab. Postprogression
treatment for patients with chronic HCV infection is summarized
in supplemental online Table 1.

Table 3. Overall survival: univariate and multivariate analysis

Univariate analysis Multivariate analysis-reduced

Variable Hazard ratio 95% CI p value Hazard ratio 95% CI p value

Age (�70 y/o) 1.24 0.87–1.77 .241

Gender (male) 1.2 0.84–1.72 .315

Smoke (�20 pack-years) 1.88 1.24–2.84 .003 1.92 1.24–2.97 .003

ECOG �2 2.35 1.44–3.84 .001 2.69 1.60–4.51 <.001

Exon 19 deletiona 0.78 0.54–1.12 .175

HBV 0.89 0.54–1.46 .643

HCV 2.89 1.49–5.60 .002 3.80 1.85–7.78 <.001

Postoperative recurrence 0.32 0.12–0.87 .025 0.30 0.11–0.83 .02

M1a 0.71 0.48–1.04 .082 1.02 0.65–1.60 .93

Brain metastasis 1.47 1.01–2.14 .043 1.266 0.83–1.93 .275

Bone metastasis 1.34 0.94–1.91 .101

Liver metastasis 2.62 1.62–4.25 <.001 2.26 1.34–3.82 .002
aCompared to L858R.
Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus.

Figure 3. Kaplan-Meier survival curves of overall survival in
patients with intracranial progression and extracranial progression
(p 5 .222, log-rank test).
Abbreviation: OS, overall survival; PD, progressive disease.
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DISCUSSION

In this study, we found that ECOG performance status, smoking
index, hepatic metastasis at initial diagnosis, disease status
(newly diagnosed or postoperative recurrence), and chronic
HCV infection were independent prognostic factors for OS in
patients harboring an EGFR mutation and receiving gefitinib as
first-line treatment in real-world practice. This is the first time
that chronic hepatitis C infection has been proposed as a poor
prognostic factor. We also found that BM at initial diagnosis or
intracranial progression during gefitinib treatment did not pre-
dict poor OS.

A retrospective study found that patients with exon 19
deletion tended to be younger and had more locally advanced
lymphadenopathy [14]. Our study also revealed the presence
of exon 19 deletion in younger patients. Previous studies have
found that exon 19 deletion predicted better OS than L858R
mutation in NSCLC patients receiving EGFR-TKI treatment,
especially afatinib [15, 16]. This was not observed in our study,
however. Median OS of patients with exon 19 deletion and
L858R mutation in our study was 32.7 months and 24.7
months, respectively (95% CI 16.8–48.6 and 20.8–28.5, respec-
tively, p 5 .174). Another study with post-hoc analysis of the
NEJ002 study, but without a direct comparison of the exon 19
deletion and L858R mutation, revealed no OS differences
between patients receiving gefitinib and carboplatin-paclitaxel,
irrespective of exon 19 deletion (29.3 months vs. 29.7 months,
p 5 .53) or L858R mutation (28.4 months vs. 25.1 months,
p 5 .45) [17].

Smoking status as a prognostic predictor has been reviewed
previously. A retrospective study found that a smoking index of
>30 pack-years was an independent negative predictor for
both PFS and OS [11]. Our study, however, found that a smok-
ing index of >20 pack-years was a negative predictor for OS
but not for PFS. We divided patients into never-smokers and
ever-smokers and still found no significant difference in PFS
between these two groups (median: 11.9 months vs. 11.3
months, respectively, p 5 .252, log-rank test). This may imply
that the most important predictor is activating EGFR mutations.
In addition, a better response to post-progression treatment in
light smokers (smoking index <20 pack-years) determined lon-
ger OS. Further study is needed to evaluate the underlying
mechanism of why patients with a smoking index of>20 pack-
years responded poorly to postprogression treatment.

Liver metastasis has been reported to be a poor prognostic
factor in other malignancies [18]. A retrospective study found
that liver metastasis predicted a poor prognosis in patients
with an activated EGFR mutation receiving gefitinib as first-line
treatment [9]. In addition, liver metastasis in patients with
NSCLC was recently reported to predict a poor response to
erlotinib as second- and third-line therapy [19]. Some studies
have proposed hypotheses to explain the impact of liver metas-
tasis. Because the liver is an important component of the
immune system, cancer cells that metastasize to the liver must
hamper immune surveillance mechanisms and compromise
tumor immunity [20, 21]. These cancer cells exhibit a more
invasive feature and therefore result in a poor prognosis.

A study evaluated gefitinib treatment in patients with post-
operative recurrent NSCLC harboring EGFR mutations and in
patients with stage IV disease [22]. Similar to our study, this
study found that patients with postoperative recurrence had

better OS than those with newly diagnosed advanced lung can-
cer. The reason for this difference, although unclear, may be
related to tumor burden [23]. At NTUH, patients with lung can-
cer after complete resection receive regular chest and brain CT
follow-up every 3–6 months for at least 2–5 years, and then
annually, according to NCCN guidelines. Therefore, recurrent
lung cancer is usually detected when the tumor is relatively
small or when it involves fewer extrapulmonary organs. How-
ever, this early detection of recurrent lung cancer may result in
lead-time bias.

The most interesting finding of our study was that chronic
HCV infection predicted poor OS. Chronic HCV infection is often
associated with primary liver cancer [24]. Several studies have
reported HCV infection is associated with a higher incidence of
cancers other than liver cancer [25]. In addition to an increased
incidence of non-liver cancer, some studies showed that HCV
infection increased non-liver-related natural death [26]. The
increased presence of comorbidity, alcohol abuse, injected
drug use, and a poor socioeconomic status among HCV-
infected patients has been proposed to explain this finding
[26]. In our study, the prevalence of HCV infection in lung can-
cer was higher than the estimated prevalence rate in Taiwan
(6.6% vs. 4.4%) [27]. An increased incidence of lung cancer in
patients with chronic hepatitis C has also been reported [28].
The mechanism by which chronic HCV infection affects OS is
still unclear. HCV infection is now considered to be a systemic
disease, with a lot of extrahepatic manifestations such as auto-
immune or lymphoproliferative disorders [29]. Some studies
have indicated that the severity of extrahepatic disorders may
correlate with the serum HCV viral load, and that eradication of
the HCV viral load significantly reduced the rate of extrahepatic
deaths [30, 31]. Further studies are needed to clarify the impact
of chronic HCV infection on lung cancer survival. Although
chronic HCV infection predicted a poor prognosis, this negative
effect was not seen among patients with chronic hepatitis B
(HR 0.89, 95% CI 0.54–1.46, p 5 .643). One study using
National Health Insurance Research Database of Taiwan
revealed that hepatitis B virus (HBV) infection might increase
risk of mortality in extrahepatic cancers, such as non-Hodgkin
lymphoma, gallbladder, and extrahepatic bile duct cancers
among women with surface antigen of the hepatitis B virus
prenatal screening [32]. However, in agreement with our study,
they did not find association of HBV infection and lung cancer
mortality. In Taiwan, anti-HBV treatment usually reserves for
patients with liver cirrhosis, decompensated liver disease, or
active hepatitis caused by HBV infection, or patients who are
HBV carriers and receive chemotherapy. Nevertheless, anti-HBV
treatment is not recommended in patients receiving EGFR TKI
treatment. Among our patients with HBV infection (n 5 36), 13
patients received anti-HBV treatment (9 patients received
second-line chemotherapy and 4 patients received EGFR TKIs
alone). There is no significant OS difference between patients
with anti-HBV treatment or not (p 5 .479, log-rank test). How-
ever, due to the small number of patients with HBV infection,
further study may be conducted to clarify whether anti-HBV
treatment is a prognostic factor in this patient population.

The prognosis of NSCLC patients with BM is variable [33].
Some case reports and case series recently reported promising
effects of EGFR TKIs alone on patients harboring activated
EGFR mutations [34–36]. In our study, no significant difference
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in OS was noted between patients with BM who received brain
local treatments and those who did not. However, selection
bias existed because brain local treatments in our hospital are
usually reserved for patients with neurologic symptoms. There-
fore, a prospective, randomized controlled study is still needed
to confirm the efficacy of EGFR TKIs alone for such patients.

Recently, gefitinib was compared to other TKIs as first-line
treatment in prospective clinical trials in patients with NSCLC
harboring activated EGFR mutations (the CTONG 0901 study,
comparing erlotinib with gefitinib; the LUX-Lung 7 study) [37,
38]. Lux-Lung 7 directly compared the gefitinib and afatinib in
treating patients with advanced NSCLC and harboring common
EGFR mutations (exon 19 deletion or Leu858Arg). In summary,
patients treating with afatinib have significant longer PFS than
those with gefitinib (median 11.0 months [95% CI 10.6–12.9]
with afatinib vs. 10.9 months [9.1–11.5] with gefitinib; HR 0.73
[95% CI 0.57–0.95], p 5 0.017). However, in subgroup analysis,
patients with BM showed no significant difference in PFS
between gefitinib and afatinib treatment groups. Furthermore,
regarding OS, there was no statistical significance between
these two groups [39]. In the CTONG 0901 study, erlotinib was
not superior to gefitinib in PFS or OS. However, due to the bet-
ter penetration rate of erlotinib in CSF compared to gefitinib
[40], some physicians may prefer erlotinib for treatment of
patients with BM. Therefore, gefitinib may be considered less
effective in treating BM than extra-BM. In our study, although
univariate analysis showed BM predicted shorter OS, this find-
ing could not be seen in multivariate analysis (HR 1.27, 95% CI
0.83–1.93, p 5 .275). Liver metastasis was the only site of
metastasis that predicted poor prognosis. In addition, OS of 187
patients with progressive disease during gefitinib treatment
was similar between those with intracranial progression and
those with extracranial progression (median OS: 26.6 months
and 26.3 months, respectively, p 5 .222). Although we could
not conclude whether gefitinib is active in patients with brain
metastases from our data, we suggested that BM is not a nega-
tive predictor in this patient population treating with gefitinib.

Almost all patients with advanced metastatic lung cancer
harboring activated EGFR mutation during the study period
received gefitinib as first-line therapy.This was due to the policy
of the Bureau of National Health Insurance in Taiwan at that
time to reimburse only gefitinib for first-line treatment of
advanced NSCLC with EGFR mutation. Therefore, our study
gave us real-world data about the efficacy of gefitinib in treat-
ing advanced NSCLC with an EGFR mutation, regardless of
EGFR mutation type, performance status of the patient, meta-
static sites, or physician’s preference. There are still limitations

in this study. First, lead-time bias may have resulted in pro-
longed survival for patients with recurrent lung cancer after
operation due to frequent CT follow-up. Second, the number of
patients with HCV is small (12 patients), and there were 43
patients (19%) with unknown HCV status. However, among
patients with unknown HCV status, all of their hepatic enzymes
showed within normal limit before gefitinib treatment. Accord-
ing to prior studies [41, 42], around 30% of patients with
chronic hepatitis C have normal alanine transaminase levels,
and the prevalence of HCV infection in Taiwan is only 4.4%. Tak-
ing above two points into consideration, patients with
unknown HCV status may not change the result that HCV possi-
bly predicted poor prognosis. Third, our study enrolled a real-
world population including patients with poor performance sta-
tus (i.e., ECOG�2), which could have biased this study towards
a sicker population of patients who were not eligible for a clini-
cal trial.

CONCLUSION
Gefitinib is an effective treatment in patients with advanced
NSCLC harboring EGFR mutation. Even with a lower penetra-
tion rate to CSF, BM in the initial diagnosis or intracranial failure
during gefitinib treatment is not a negative prognostic factor
for OS. Chronic HCV infection might predict poor OS in EGFR
mutation-positive advanced NSCLC patients treated with first-
line gefitinib. However, the underlying mechanism needs fur-
ther study to clarify.
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