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Background: Recent reports have suggested that erlotinib therapy after gefitinib failure requires optimal
patient selection to obtain clinical benefits in relapsed non-small cell lung cancer (NSCLC). However,
insufficient evidence exists to determine which clinical factors best identify patients who benefit from

Accepted 19 March 2011 erlotinib therapy.

Methods: One hundred twenty-five patients with relapsed NSCLC who had-received erlotinib therapy
ggoz‘:i gs" after gefitinib failure were retrospectively evaluated between January 2008 and May 2009.
Gefitinib Results: The response rate (RR), disease control rate (DCR), and median progression-free survival (PFS)
Failure for all patients were 9% (95% confidence interval [CI], 5-15%), 44% (95% CI; 35-53%), and 2.0 months
Non-small cell lung cancer (95% C1, 1.4-2.5 months), respectively. The median survival time was estimated to be 11.8 months (95%
Response Cl, 6.4-16.0 months). Using multivariate analysis, good performance status (PS), EGFR mutation-positive

status, and benefit from prior gefitinib therapy were identified as significant predictive factors for disease
control. Using a proportional hazards model, benefit from prior gefitinib therapy, good PS, and insertion
of cytotoxic chemotherapies between gefitinib and erlotinib therapies emerged as significant predictive
factors for longer PFS. Thirty-two patients with concomitant PS 0/1, benefit from prior gefitinib therapy,
and insertion of cytotoxic chemotherapies between gefitinib and erlotinib therapies benefitted more from
erlotinib therapy: RR, 25% (95% C1, 12-43%); DCR, 72%(95% Cl, 53-86%); and median PFS, 3.4 months (95%
(1, 2.4-4.9 months).

Conclusions: Higher efficacy of erlotinib after gefitinib failure can be achieved with propeér patient selection
criteria, including good PS, benefit from prior gefitinib therapy, and insertion of cytotoxic chemotherapies
between gefitinib and erlotinib therapies.

Performance status

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Erlotinib and gefitinib, both of which belong to the oral epi-
dermal growth factor receptor (EGFR) tyrosine kinase inhibitor
(TKI) family, have been widely used to treat patients with relapsed
advanced non-small cell lung cancer (NSCLC). In the Iressa Sur-
vival Evaluation in Lung Cancer (ISEL) study, gefitinib failed to show
a survival benefit compared with placebo for recurrent advanced
NSCLC [1]. Conversely, erlotinib demonstrated a survival benefit
for recurrent advanced NSCLC in a randomized phase Il study (BR.
21) [2], which showed that erlotinib was significantly superior

* Corresponding author. Tel.: +81 78 304 5200; fax: +81 78 306 0768.
E-mail addresses: katakami@fbri.org, katakami@kcgh.gr.jp (N. Katakami).

0169-5002/% ~ see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.Jungcan.2011.03.010

to placebo in terms of overall survival. The discrepancy between
erlotinib and gefitinib was suggested to be due to differences in the
usual dosage. Erlotinib was administered at its maximum tolerated
dose (MTD; 150 mg), whereas gefitinib was administered at a dose
of 250 mg: approximately one-third of its MTD (700 mg) based on
dose-evaluating phase II studies [3,4]. Thus; erlotinib may have a
higher biological activity than gefitinib. These findings suggest that
salvage treatment with erlotinib may be an.option for patients after
treatment failure with gefitinib. In fact, some prospective studies
were recently conducted to evaluate the efficacy of erlotinib after
gefitinib failure [5-7]. These reports have suggested that optimal
patient selection is important to obtain clinical benefit. However,
insufficient evidence exists to determine which clinical factors con-
tribute to optimal patient selection. The aim of our study was to
perform further analysis at the largest scale to date.

365
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2. Patients and methods
2.1. Patients

Between January 2008 and October 2009, we analyzed 125
patients with relapsed NSCLC who had received erlotinib therapy
after gefitinib failure at our institutes. Results were analyzed ret-
rospectively using case records and radiographic records. Patients
had Eastern Cooperative Oncology Group (ECOG) performance sta-
tus (PS) 0-3, with no organ dysfunction. Patients who reported
never smoking in their lifetime were defined as never smokers,
those who had smoked within 1 year of the diagnosis were catego-
rized as current smokers, and the rest were considered to be former
smokers.

Written informed consent regarding the administration of
erlotinib was obtained from all patients.

2.2. Treatment methods

Patients received erlotinib at a dose of 150 mg/day. Dose reduc-
tion to 100, 75, or 50 mg/day and dose interruption were performed
when intolerable toxicities were observed. Therapy was continued

" until disease progression, intolerable toxicity, or patient with-
drawal.

2.3. Evaluation of efficacy and toxicity

Baseline evaluations, including medical history, physical exam-
inations, and laboratory tests were performed. Evaluation of
treatment response by computed tomography (CT) scan was
repeated every 4-8 weeks according to the Response Evaluation
Criteria in Solid Tumors (RECIST) Committee [8]. If a patient was
documented to demonstrate a complete response (CR) or a par-
tial response (PR), a confirmation was necessary after more than
4weeks. Disease control was defined as the best tumor response of
CR, PR, or stable disease (SD) that was confirmed and sustained
for 8 weeks or longer. The response rate (RR) and disease con-
trol rate (DCR) were defined as CR+PR and CR+PR+SD > 8 weeks,
respectively. Because of the retrospective nature of this study, strict
application of RECIST for brain lesions was occasionally impossi-
ble. Progression-free survival (PFS) was defined as the period from
the start of treatment to the date when disease progression was
observed. Overall survival (OS) was defined as the period from the
start of erlotinib treatment to the date of death. Adverse events
were graded according to the National Cancer Institute Common
Toxicity Criteria (version 2.0). The TKl-free interval was defined as
the period between termination of gefitinib therapy and initiation
of erlotinib therapy.

2.4. EGFR mutational analysis

We isolated tumor DNA from various specimens, and the EGFR
mutation status was analyzed using the peptide nucleic acid-locked
nucleic acid polymerase chain reaction clamp method, as pre-
viously reported [9]. Almost all EGFR mutational analyses were
performed before administration of gefitinib.

2.5, Statistical analysis

The DCR was compared between demographic factors using
Fisher's exact test or Spearman’s rank correlation. Multivariate
analysis on factors to obtain better disease control was performed
usinglogisticregression analysis. The survival distribution was esti-
mated by the Kaplan~Meier method. PFSs were compared between
demographics factors using the log-rank test. Multivariate analysis

366

Table 1 .
Patient characteristics.
Characteristics No. of patients %
Age
Median (range) 64 (37-84)
Prior regimens
Median (range) 3(1-11)
Gender
Male 49 39
Female 76 61
Smoking history
Never 70 56
Former 27 22
Current 28 22
Performance status (ECOG)
0.1 88 70
2,3 37 30
Histology o
Adenocarcinoma 17 94
Other 8 6
EGFR mutation status
Positive - 63 50
Negative 28 23
Unknown 34 27
Response to prior gefitinib therapy
Complete response 3 2.
Partial response . 638 .55
Stable disease . 22 18
Progressive disease 28 22
Not evaluable 4 3
Chemotherapy between G and E therapies
Cytotoxic agent 65 52
None 60 48
PFS of prior G therapy (months)
Median (range) 71.6 (02-64.3)
EGFR-TKI-free interval
Median (range) 2.1(0-31.7)

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor recep-
tor; G, gefitinib; E, erlotinib; PFS, progression-free survival; TKI, tyrosine kinase
inhibitor.

on factors to obtain a longer PFS was performed using a propor-
tional hazards model. A backward stepwise approach was adopted
as our variable selection method for multivariate analyses. A P-
value less than 0.05 was considered to be statistically significant.
Statistical analysis was performed using JMP 7 software (SAS Insti-
tute Inc., Cary, NC, USA). '

3. Results
3.1. Patient characteristics

Between January 2008 and October 2009, 125 patients with
relapsed NSCLC who had been treated with erlotinib after gefi-
tinib failure were evaluated retrospectively. Patient characteristics
are shown in Table 1. Female patients (61%), never smokers (56%),
and patients with PS 0 or 1 (70%) were predominant. The histol-
ogy of most patients was adenocarcinoma (94%). EGFR mutations
were investigated in 91 (73%) of 125 patients, and mutations were
detected in 63 (50%) patients. In total, 71 (57%) of 125 patients
responded to prior gefitinib therapy.

3.2. Tumor response

Out of 125 patients, 11 had a PR and 44 had SD, yielding an over-
all RR of 9% (95% confidence interval [Cl], 5-15%) and a DCR of 44%
(95% Cl, 35-53%). The characteristics of patients who achieved PR
are shown in Table 2. Most patients were female, never smokers,
and in good PS. The histology of all these patients was adenocar-
cinoma, and they responded to prior gefitinib therapy. Eight of 11
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Table 2

Characteristics of patients who obtained a partial response.
Age Gender Smoking Histology PS EGFR mutation PFSwithE Response of PFS with G TKifree interval Chemotherapy

(months) prior G {months) {months) between G and E

59 F Never Ad 1 G719 24 PR 10.6 36 CDDP+VNR
75 F Never Ad 3 Del-19 66 PR 278 (1] None
83 F Never Ad 1 Del-19 482 PR 42 20 GEM
78 -M Never Ad 1 Del-19 2.5 PR 114 0 None
7 F Never Ad 1 Del-19 36° PR 62 1.5 GEM+VNR
54 F Never Ad 1 L858R 78 PR 24.1 136 3 regimens
60 F Current Ad 1 1858R 42 PR 182 0 "None
75 F Never Ad 0 Unknown 82 PR 19.2 54 CBDCA +PTX
60 F Never Ad 0 Unknown 4.8 PR 121 56 CDDP+GEM
66 F Never Ad 1 Unknown 722 PR 264 7.7 DOC+S-1
61 F Never . Ad 1 None 5.0 PR 8.6 15.5 2 regimens

PS, performance status; EGFR, epidermal growth factor receptor; PFS, progression-free survival; E, erlotinib; G, gefitinib; TKI, tyrosine kinase inhibitor; M, male; F, female;
Ad, adenocarcinoma; G719S, G719S point mutation in exon 18; Del-19, deletion mutation in exon 19; L858R, L858R point mutation in exon 21; PR, partial response; CDDP,
cisplatin; VNR, vinorelbine; GEM, gemcitabine; CBDCA, carboplatin; PTX, paclitaxel; DOC, docetaxel.

2 Ppatient is still progression-free.

patients received cytotoxic chemotherapies between gefitinib and
erlotinib administration.

3.3. Survival
The median PFS was 2.0 months (95% Cl, 1.4-2.5 months;

Fig. 1A), and the median overall survival time was 11.8 months
(95% (I, 6.4-16.0 months; Fig. 1B).

3.4. Toxicity profile

Frequencies and grades of toxicities are shown in Table 3. The
most common side effect was skin rash, which was recorded in 101
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Fig. 1. The curve of progression-free survival (A} and overall survival (B).

patients (81%). Interstitial lung disease was observed in four (3%)
of 125 patients. No treatment-related death was observed. Grade
3/4 non-hematological adverse events were observed in 38 (30%)
of 125 patients. Particularly, in poor PS (2/3) patients, 16 (43%)
of 38 patients experienced grade 3/4 non-hematological toxicities,
including fatigue or anorexia. Dose reduction or interruption was
performed in 61 (49%) of 125 patients because of adverse events.
In poor PS patients, dose modification was performed in 24 (63%)
of 38 patients.

3.5. Analysis of disease control and progression-free survival

Analysis of disease control is shown in Table 4. Using uni-
variate analysis, smoking history, PS, EGFR mutation status, and
response to prior gefitinib therapy were suggested to be pre-
dictive factors for better disease control. In multivariate analysis
using a logistic regression model, PS 0/1, EGFR mutation-positive
(or unknown) status, and benefit from prior gefitinib ther-
apy were significant predictive factors to obtain ‘disease control
(Table 5).

Analysis of PFS is also shown in Table 4. Using univariate anal-
ysis, smoking history, PS, and response to prior gefitinib therapy
were suggested to be predictive factors for longer PFS. In multi-
variate analysis using a proportional hazards model, PS 0/1, benefit
from prior gefitinib therapy, and insertion of cytotoxic chemother-
apies between gefitinib and erlotinib therapies were significant
predictive factors to obtain longer PFS (Table 5).

Thirty-two patients with concomitant PS 0/1, benefit from
prior gefitinib therapy, and insertion of cytotoxic chemotherapies
between gefitinib and erlotinib therapies benefitted more from
erlotinib therapy: RR, 25% (95% Cl, 12-43%); DCR, 72% (95% (],
53-86%); median PFS, 3.4 months (95% CI, 2.4-4.9 months).

Characteristics of patients who achieved the longest three PFSs

" are shown in Table 6. PD in all three cases was caused by pro-

gression of brain metastases, while primary and other lesions
remained SD. Gefitinib was directly switched to erlotinib in all three
cases. ]

No correlation was found between skin rash and clinical benefit
as evaluated by DCR and PFS.

3.6. Response of central nervous system ( CNS) metastases

Brain metastases were confirmed in 62 (50%) of 125 patients

in our study. CNS lesions in 21 (34%) of these 62 patients

responded to erlotinib after gefitinib failure. Seven (11%) patients
were SD, and PD was observed in five (8%) of these 62 patients.
Twenty-nine (47%) patients with CNS metastases were not evalu-
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Table 3
Frequencies and grades of toxicities.
Adverse effect Grade 12 Grade 3 Grade 4 ) Grade 3/4 (%)
Rash S0 n 0 9
Diarrhea 26 2 0 2
Fatigue 24 5 0 4
Anorexia 29 16 0 13
Liver dysfunction 9 2 1] 2
Interstitial lung disease 2 2 0 2
Table 4
Univariate analyses of disease control rate and progression-free survival.
Characteristic Disease control rate P-value of DCR Progression-free survival {months) P-value of PFS
Age
<65 46% (30/65) . 0.7187 1.8 0.2655
>65 42% (25/60) . 25
Prior regimens . ‘
<5 49% (33/67) 02127 23 0.4742
=5 38%(22/58) 22
- Gender . .
Male 39%(19/49) 0.3447 19 0.5184
Female 47%(36]76) 23
~ Smoking history
Never 51%(36/70) 0.0181 24 : . 0.0482
Former 48% (13/27) 25
Current 21%(6/28) 12
PS (ECOG) .
0,1 56% (49/88) <0.0001 28 <0.0001
2.3 16%(6/37) 0.8
EGFR mutation
Positive 51% (32/63) '0.0112 24 0.2185
Negative 21%(6/28) 15
Unknown v 50% (17/34) e
Response to prior gefitinib
CR+PR 52%(37)71) 0.0112 29 - 0.0005
sb 50%(11/22) 20
PD 25%(7/28) ) 13
Chemotherapy between G and E )
Cytotoxic agent 42%(27/65) 0.5639 24 . 0.5794
None 47% (28/60) 20
PFS of prior gefitinib
<10 months 41%(29/70) 0.5872 2.0 0.4900
>10 months 47% (26/55) 24
TKHree interval .
<6 months 46% (28/61) 0.6758 24 0.5717
>6 months 42%(27/64) 20

DCR, disease control rate; PFS, progression-free survival; PS, performance status; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; CR,
complete response; PR, partial response; SD, stable disease; PD, progressive disease; G, gefitinib; E, erlotinib; TKI, tyrosine kinase inhibitor.

able because brain CT or magnetic resonance imaging (MRI) Eight patients simultaneously had leptomeningeal metastases.
data were not available, or patients were receiving whole brain Of these, five responded to erlotinib, one was PD, and two were not
radiotherapy or stereotactic radiotherapy around erlotinib admin- evaluable (response was defined as the improvement of clinical
istration. : symptoms and/or findings of brain MRI).
Table 5
Multivariate analyses of disease control rate and progression-free survival.
Characteristics Disease control rate P-vatue of DCR - OR95%C1 Progression-free -+ P-value of PFS HR95% C1
survival (months)
PS (ECOG)
0.1 56% (49/88) . <0.0001 11.60 28 <0.0001 <0.0001
2,3 16% (6/37) 0.15-0.50 0.8 047-0.73
EGFR mutation
Positive or unknown 51% (49/97) 0.0045 459 25 0.075 1.52
Negative 21% (6/28) 026-0.79 15 ‘ 0.65-1.02
Response to prior gefitinib
CR+PR+SD 52% (48/93) 0.0040 023 25 0.0003 041
PD 25%(7/28) 126-365 13 1.24-1.94
Chemotherapy between G and E
Cytotoxic agent 42%(27/65) 0.0570 0.42 24 0.0447 0.67
None 47% (28/60) 0.99-2.52 20 1.00-1.49

DCR, disease control rate; PFS, progression-free survival; OR, odds ratio; Cl, confidence interval; HR, hazard ratio; PS, performance status; ECOG, Eastern Cooperative Oncology
Group; EGFR, epidermal grewth factor receptor; (R, complete response; PR, partial response; SD, stable disease; PD, progressive disease; G, gefitinib; E, erlotinib.
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Table 6
Characteristics of patients who achieved the longest three PFSs.
Age Sex Smoking His PS  EGFRmutation Response of E  PFS(E) Responseof G PFS(G) = TKi-free interval Chemo between G and E
56 F Never Ad 1 Del-19+T790M*  SD (13.8) PR 7.2 1.0 None
61 F Never Ad 1 Del-19+1858R SD CR 324 0.1 None
65 M Former ~ Ad 1 Del-19 SD (11.6) PR 98 0.6 None

PFS, progression-free survival; His, histology: PS, performance status; EGFR, epidermal growth factor receptor; E, erlotinib; G, gefitinib; TKI, tyrosine kinase inhibitor; F,
female; M, male; Ad, adenocarcinoma; Del-19, deletion mutation in exon 19; T790 M, T790 M point mutation in exon 20; L858R, L858R point mutation in exon 21; SD, stable

disease; PR, partial response; CR, complete response.
Numbers in parentheses mean still progression-free.

2 With gefitinib treatment, progressive disease was assessed by the occurrence of brain metastases despite SD in other lesions. Subsequently, the brain tumor was surgically
resected and the T790 M mutation was detected in the brain tumor tissue. After surgery, erlotinib was initiated.

4. Discussion

In our study, the RR, DCR, and median PFS were 9%, 44%, and
2.0 months, respectively. These results are similar to those of pre-
vious reports regarding erlotinib after gefitinib failure [5-7], which
reported RRs less than 10%, DCRs of approximately 30%, and median

PFSs of 1.7-2.0 months. Furthermore, two pooled analyses, includ- -

ing prospective and retrospective studies, were performed that
revealed the RR and DCR to be approximately 10% and 30%, respec-
tively [10,11}. - '

Using multivariate analysis, we demonstrated that PS 0/1, EGFR
mutation-positive status (or unknown), and benefit from prior
gefitinib therapy were significant predictive factors to obtain bet-
ter disease control. PS 0/1, benefit from prior gefitinib therapy,
and insertion of cytotoxic chemotherapies between gefitinib and
erlotinib therapies were also significant predictive factors for
longer PFS using multivariate analysis. The results of the two
pooled analyses concluded that erlotinib can be an option for highly
selected NSCLC patients after gefitinib failure. They suggested that
clinical benefit from erlotinib after gefitinib failure was produced
more frequently in patients who had responded to prior gefitinib
therapy than in those who experienced PD on prior gefitinib ther-
apy. We agree with their suggestion, and as shown by the present
multivariate analyses, we propose two additional predictive fac~
tors: good PS and insertion of cytotoxic chemotherapies between
gefitinib and erlotinib therapies. Thirty-two patients with these
three concomitant factors in our study demonstrated the following
good results: RR, 25% (95% (1, 12-43%); DCR, 72% (95% C1, 53-86%);
and median PFS, 3.4 months (95% Cl, 2.4-4.9 months).

Although PS is a common prognostic factor in patients with
NSCLC, PS in our study was a significant predictive factor for
erlotinib therapy. We considered that the cause may be less fea-
sibility of erlotinib for poor PS patients. In our study, grade 3/4
adverse events were found in 16 (43%) of 38 patients with PS 2/3.
Dose reduction or interruption was performed in 24 (63%) of 38
poor PS patients, and we considered that the dose intensity was not
sufficiently maintained to promote the benefits of erlotinib. Hotta
et al. suggested that discontinuation of erlotinib therapy was fre-
quently observed in poorer PS patients [12]. They concluded poor PS
is related to low compliance. A phase Il trial evaluating erlotinib for
PS 2 patients with NSCLC revealed that grade 3/4 toxicities, includ-
ing fatigue and anorexia, were found in 40% of 76 patients [13]. For
poor PS patients, erlotinib should not be given routinely after gefi-
tinib failure because of the absence of efficacy and high frequency
of severe toxicities.

Twenty-one of 62 (34%) patients with brain metastases
responded to erlotinib therapy in our study. Additionally, eight
patients simultaneously had leptomeningeal metastases, and five
of these eight patients responded to erlotinib therapy. Erlotinib
therapy after gefitinib failure may be much more effective for brain
metastases (with or without leptomeningeal metastases) com-
pared with other lesions. In the clinical course of patients with
the longest three PFS (13.8, 12.4, and 11.6 months), gefitinib was

directly switched to erlotinib after evaluation of PD (Table 6). PD
of these three cases was caused by progression of brain metas-
tases, while primary and other lesions remained SD. In the clinical
course of treatment with EGFR-TKIs, CNS metastases were fre-
quently observed as the cause of PD [14,15]. Furthermore, the high
efficacy of erlotinib for CNS metastases after gefitinib failure was
found in patients who had responded to prior gefitinib therapy [16].
Therefore, patients with PD from progression of brain metastases,
despite SD with other lesions, may be good candidates for erlotinib
therapy after gefitinib failure.

We. confirmed 11 patients who had achieved PR with erlotinib
after gefitinib failure. However, the PFS of PR cases with erlotinib
was not much longer than the PFS obtained from prior gefitinib
therapy (Table 2). The most successful patients were females,
were never smokers, had adenocarcinoma histology, were EGFR
mutation-positive, showed PR to prior gefitinib therapy, and had a
“TKl-free interval” consisting of insertion of cytotoxic chemother-
apies. In multivariate analysis regarding PFS in our study, the
TKI-free interval with the insertion of cytotoxic chemotherapies
between gefitinib and erlotinib therapies was associated with
longer PFS. This TKI-free interval may contribute to the recovery of
sensitivity to EGFR-TKIs. Interestingly, efficacy of re-administration
of gefitinib for initial responders was demonstrated [17,18]. This
interval also appears to promote erlotinib efficacy as a comparable
benefit of EGFR-TKI re-administration.

Cho et al. reported that erlotinib was effective in patients with
wild-type EGFR who had SD while receiving gefitinib {5]. In our
present study, patients who had SD while receiving gefitinib could
achieve a good DCR (50%), but no patients responded to erlotinib.
Most of these patients probably had wild-type EGFR, and the
response rate of erlotinib was considered to be relatively low. Their
data suggest that a population exists that can benefit from erlotinib
after SD with gefitinib treatment. A high drug concentration with
erlotinib may contribute to some patients needing a higher drug
concentration than with gefitinib. On the other hand, some muta-
tions such as L747S and D761Y were suggested to have different
sensitivities to erlotinib and gefitinib {19,20]. Although these muta-
tions seem to be rare, some patients who respond to erlotinib may
have one of these mutations.

Some mechanisms of acquired resistance to EGFR-TKIs after
an initial response have been indicated. Documented mechanisms
include a T790M point mutation in exon 20 in the EGFR gene that
accounts for 50% of resistant cases, amplification of the MET gene
(20%), and others (30%) [21-24]. However, neither re-analysis of
EGFR mutations nor other molecular analyses between adminis-
tration of gefitinib and erlotinib could be performed in our study.

Thus, we could not investigate the cause of sensitivity to erlotinib

therapy after gefitinib failure. Further investigations are warranted
to clarify the mechanism of sensitivity to erlotinib therapy after
gefitinib failure.

Criteria for acquired resistance to EGFR-TKIs in NSCLC have been
recently proposed by Jackman et al., and all patients should have the
following: (1) previous treatment with a single-agent EGFR-TKI; (2)
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either or both of the following: (A) a tumor that harbors an EGFR
mutation known to be associated with drug sensitivity or (B) objec-
tive clinical benefit from treatment with an EGFR-TKI as defined
by either: (i) documented PR or CR, or (ii) significant and durable
(6 months) clinical benefit (SD) after initiation of EGFR-TKIs; (3)
systemic progression of disease while on continuous treatment

with EGFR-TKIs within the last 30 days; and (4) no intervening

systemic therapy between cessation of EGFR-TKIs and initiation
of new therapy [25). Twenty patients in our study met these cri-
teria, and nine of them obtained clinical benefit (disease control)
from erlotinib despite acquired resistance to EGFR-TKIs based on
these criteria. Four of nine patients who obtained clinical bene-
fit had CNS progression and responded to erlotinib. Jackman et al.
reported that special attention should be paid to patients whose
disease progresses only in the CNS [25]. Although patients who
meet these criteria rarely respond to erlotinib as an EGFR-TKI re-
administration therapy, some patients may obtain clinical benefit
in specific situations such as CNS progression and otherwise SD
prior to gefitinib therapy.

In conclusion, erlotinib as a re-administration EGFR-TKI ther-
apy may be a good treatment option for a highly selected subset
of patients. Optimal patient selection is based on the following
factors: benefit from prior gefitinib therapy, good PS, and inser-
tion of cytotoxic chemotherap1es between gefitinib and erlotinib
therapies.
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ABSTRACT

Background and objective: Combined pulmonary
fibrosis and emphysema (CPFE) is a unique disorder of
the upper lobe, whereas emphysema is usually assocl-
-ated with lower lobe fibrosis. Although CPFE might
increase the risk of lung cancer, the prevalence of CPFE
in patients with lung cancer and the incidence of lung
cancer in patients with CPFE are unknown. The objec-
tive of this study was to determine the prevalence of
CPFE In lung cancer patients and to assess the clinical
features of these patients. : ‘
Methods: A total of 1143 patients with lung cancer
were reviewed. Based on HRCT performed at diagnosis
of lung cancer, patients were categorized into four
groups: normal, emphysema, fibrosis and CPFE. The
clinical characteristics of patients with CPFE were
compared with those of the other groups.
Results: CPFE, emphysema and fibrosis were identi-
fied in 101 (B.9%), 404 (35.3%) and 15 (1.3%) patients
with lung cancer, respectively. The median overall sur-
vival of CPFE patients (n = 101, 10.8 months) was sig-
nificantly less than that of normal patients (n =623,
53.0 months) or that of patients with emphysema
alone {n=404, 21.9 months). Acute lung injury
occurred in 20 (19.8%) patients with CPFE.
Conclusions: CPFE is more prevalent than fibrosis in
patients with lung cancer, and patients with CPFE had
a poorer prognosis in the present study. Further inves-
tigation Is therefore necessary to elucldate whether
CPFE Is an independent risk factor for lung cancer.

Key' words: combined pulmonary fibrosis and emphy-
sema, interstitial lung disease, lung cancer.

INTRODUCTION

Combined pulmonary fibrosis and emphysema
(CPFE) is a unique disorder of the upper lobe,
whereas emphysema is usually associated with lower
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lobe fibrosis.! Although emphysema and pulmonary
fibrosis are entities defined by distinct clinical, func-
tional, radiological and pathological characteristics,
both disorders are related to lung cancer, indepen-
dent of exposure to tobacco smoke. Cross-sectional
studies have shown that the prevalence of COPD in
subjects diagnosed with lung cancer is 40-70%.** A
population-based cohort study showed that IPF is a
risk factor for lung cancer.® Based on these studies,
CPFE, in which patients present with a combination
of pulmonary emphysema and fibrosis, is predicted
to be a common disorder in patients with lung
cancer. However, the prevalence of CPFE in patients
with lung cancer has not been studied, and the clini-

_cal characteristics of these patients are not well

known. We conducted a retrospective study to
examine the prevalence of CPFE in patients with
lung cancer, as well as the clinical characteristics of
these patients. ‘

METHODS
Patient selection

The medical records for a series of consecutive
patients with lung cancer, as confirmed by histologi-
cal or cytological examination, who: were treated in
the Division of Respirology and Chest Surgery, NTT
Medical Center Tokyo between April 2002 and Sep-
tember 2009, were retrospectively reviewed. Patients
with emphysema and fibrosis on HRET at diagnosis of
lung cancer were prospectively identified and the
data were recorded before lung cancer treatment, to
assess the risk of interstitial lung disease (ILD). Only
patients who had a chest HRCT scan; which was per-
formed at diagnosis of lung cancer and was available

Respirology (2011} 16, 326-331
doi: 10.1111/5.1440-1843.2010.01907.x
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for review, were included in the study. The study
protocol was reviewed and approved by the Ethics
Committee of NTT Medical Center, Tokyo.

Patients were categorized into four groups: those
with normal hings (except for the presence of the
tumour), emphysematous lungs, fibrotic lungs or
CPFE lungs, based on chest CT findings. Patients
who met the following ecriteria, as described by
Cottin etal,! were categorized as having CPFE:
(1) The presence of emphysema on CT, defined as
well-demarcated areas of decreased attenuation in
comparison with contiguous normal lung, and mar-
ginated by a very thin (<1 mm) wall or no wall, and/or
multiple bullae (>1 cm) with upper zone predomi-
nance. (2) The presence of diffuse parenchymal lung
disease with significant pulmonary fibrosis on CT,
defined as reticular opacities with peripheral and
basal predominance, honeycombing, architectural
distortion and/or traction bronchiectasis or bronchi-
olectasis; focal ground-glass opacities and/or areas of
alveolar condensation may be associated but should
not be prominent. Patients who met criterion 1 were
categorized as having emphysema, those who met
criterion 2 were categorized as having fibrosis and
those who met neither criterion 1 nor criterion 2 were
categorized as normal. The electronic medical
records were reviewed to obtain clinical and demo-
graphic data, including gender, age, smoking history,
histology results, route of referral, clinical stage of
lung cancer, treatment, treatment-related toxicities
and survival.

Response to treatment and
treatment-related toxicities

The response of the patients to chemotherapy was
assessed using the Response Evaluation Criteria in
Solid Tumours criteria. Toxicities related to treatment
were assessed according to the National Cancer Insti-
tute common toxicities criteria (NCI-CTC version
3.0). Patients were diagnosed as having acute lung
injury if the following criteria were met: (i) bilateral

infiltration; (i) PaO./fraction of inspired (F/0,) <300;"

(iif) exclusion of other possible causes for (i) and (i),
especially left cardiac failure and progression of
cancer.

Statistical analyses

To compare the differences in CT findings between
the subgroups, analysis of variance was performed

for continuous variables, and the chi-square test or -

Fisher’s exact test was used for categorical variables.
Survival time was estimated by the Kaplan-Meier
method, and differences in survival time between
the subgroups were analysed by the log rank test.
Data were analysed using the StatView version
5.0] software package (Statistical Analysis Systems,
Cary, NC, USA). A P-value of <0.05 was considered
significant.
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RESULTS
Characteristics of the patients.

Data for a total of 1143 patients with lung cancer were
reviewed. One hundred and one (8.9%) of these
patients showed evidence of CPFE on chest CT per-
formed at diagnosis of lung cancer. Only 15 (1.3%)
patients with lung cancer showed evidence of fibrosis

‘without emphysematous features on chest CT. The

clinical characteristics of the patients with CPFE are
summarized in Table 1. All patients had a history of
heavy smoking (mean of 63 pack-years), and 96 of the
101 patients with CPFE (95%) were male.

Histology and clinical stage of lung cancer in
patients with CPFE

The distribution of lung cancer histology differed in
patients with CPFE compared with those with normal
lungs and was similar to that in patients with fibrosis
alone or emphysema alone (Table 1). A high preva-
lence of smoking-related lung cancers, such as small
cell lung cancer (SCLC) and squamous cell hing
cancer, was observed in patients with CPFE. In total, 57
of the 101 (56.4%) lung cancers in patients with CPFE
originated in the lower lobe. This pattern of localiza-
tion was different from that in the normal and emphy-
sema subgroups, but similar to that in the fibrosis
subgroup (39.5%, 35.0% and 60.0%, respectively).
Stage I1IB and stage IV lung cancers were defined as
advanced stage disease, and 48 of 82 non-small cell
lung cancer (NSCLC) patients with CPFE (58.5%) were
diagnosed as having advanced stage disease (Table 1).
More patients with CPFE than in the other subgroups -
were diagnosed as having advanced stage disease.

Treatment of lung cancer and outcomes in
patients with CPFE

The treatment modalities used for the patients with
CPFE are summarized in Table 1. Sixteen patients
received best supportive care. Nine patients received
thoracic radiotherapy. Thirty-three patients under-

‘went surgery, including lobectomies in 26, a segmen-

tectomy in one, and partial resection in six. Sixty
patients received chemotherapy; 44 with NSCLC and
16 with SCLC. Six patients (5 NSCLC, 1 SCLC) were
treated with radiotherapy, but not concurrently with
chemotherapy. The objective rates of response to che-
motherapy were 52.4% (95% CI: 36.9-67.6) and 93.7%
(95% CI: 80.4-99) for patients with NSCLC and SCLC,
respectively.

The median overall survival time (OS) of patients
with CPFE was 10.8 months from commencement of
treatment (Fig. 1). The median OS in patients with
CPFE was significantly different from that in normal
patients (53.0 months) or patients with emphysema
alone (21.9 months) (P < 0.001, Fig. 1). The 5-year sur-
vival rates and median OS in patients with stage IA
NSCLC treated by surgery were 86.7% and not reached
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Table 1 Characteristics of normal patients and those with combined pulmonary fibrosis and emphysema (CPFE),

emphysema alone or fibrosis alone

CPFE Normal Emphysema Fibrosis
(n=101) {n=623) {n = 404) {n=15) P-value
Age, years
Median 70 66 70 70 <0.0001
Range 50-94 17-87 36-100 57-91
Gender, n (%)
Female 5 (5.0) 302 (48.5) 57 {(14.1) 2(13.3) <0.0001
Male 96 (85.0) 321 ({51.5) 347 {85.9) 13{86.7)
Smoking status, n (%) )
Ex/current 101 (100) 290 (46.6) 382 {94.6) 14 {(93.3) <0.6001
Smoking history, pack-years
Median : 515 5.3 46 50 <0.0001
Range 8-236 0-240 0-100 0-280
Histology, n (%) )
Adenocarcinoma 46 (45,5) 517 (83.0) 196 (48.5) 7(6.7) <0.0001
Squamous cell carcinoma 31 (30.7) 60 {9.6) 125 {30.9} 2 (13.3) <0,0001
Large cell carcinoma 2(2.0) 6 {1.0) - 5{1.2) 0 {0) ~ 0.8036
Other non-small cell carcinoma 6 {6.0) 18 {2.9) 29 {7.2) 5{33.3) <0.0001
Small eell carcinoma 19 {18.8) 25 {4.0) 53{13.1) 1{6.7) <0.0001
Clinical stage of non-small cell tung cancer, n (%)
1A : 9({11.0) 269 {45.0) - 82(23.4) 6 (42.9) <0.0001
B 10 (12.2) 55 (9.2) 54 {15.4) 1{7.1) 0.0338
HA . 1(1.2) 11{6.2) 4(1.1) 0(0) 0.2362
ns 2{2.4) 14 {2.3) 20{5.7) 0{0) 0.0356
A 12 (14.6) 40 {6.7) 36 {10.3) 0 {0) 0.0514
] 19 (23.1) 49 18.2) 53 (15.1) 6(42.9) <0.0001
v 29 (35.4) 170 (28.4) 102 {29.1) 1(7.1) 0.2654
Advanced stage (llIB, IV) 48 {58.5) 219 {36.6) 155 {44.2) 7 {50.0) 0.0007
Clinical stage of small cell ung cancer, n (%)
Limited disease ' 2 ({10.5) 3(12.0) 5{9.4) 1(100) 0.5824
Extensive disease 17 (89.5) 22 (88.0) 48 {90.6) 01{0) .
Primary site, n {%) .
Lower lobe 57 (56.4) 236 (37.8) 139 (34.4) 9 (60.0) 0.0002
Route of diagnosis, n (%)
Screening, incidental 45 (46.4) 371{77.0) 184 (47.7) 16 (76.9) <0.0001
Symptoms : 52 (53.5) 111 (23.0) 202 (52.3) 3(23.1)
Treatment, n (%)
Surgery 33(32.7) 357 (57.3) 169 {41.8) 8 (53.5) <0.0001
Chemotherapy 60 (59.4) 306 (49.1) 234 (57.9) 10 {(66.7} 0.0152
Radiation 6{5.9) 53 (8.5) 79 {19.6) 0 {0) <0.6001
Bast supportive care only 16 (15.8) 56 {9.0) 41 {10.1) 2(13.3) 0.1873

in patients with normal lungs (n=269), 79.2% and
79.3 months in patients with emphysema (n = 82), and
40% and 29.3 months in patients with CPFE (n=9)
(P < 0.001, Fig. 1b). The median OS in patients with
stage IV NSCLC treated with chemotherapy was
12.3 months, 9.0 months and 7.1 months in patients
with normal lungs (n = 131), emphysema (n=77) or
CPFE (n=22), respectively (Fig. lc, P=0.01). The
presence of CPFE indicated a poor prognosis in
patients with early, as well as advanced NSCLC.

Acute lung injury in patients with CPFE

Severe acute lung injury was diagnosed in 20 of the
101 patients with CPFE. The incidence of acute hung

Respirology (2011) 16, 326-331

injury according to type of treatment is summarized
in Table 2. There were no statistically significant
differences in the incidence rates for acute lung
injury between treatment modalities and surgical
procedures. Even among those who received best
supportive care only, two of 16 patients (12.5%) with
acute lung injury died. Twelve of the 60 patients
(20%) with CPFE, who received chemotherapy, expe-
rienced acute lung injury. There was a tendency
for the incidence of acute lung injury to increase
as the number of chemotherapeutic agents
increased (P=0.0378, Table 2). The prognosis of
CPFE patients with acute lung injury was poor;
the mortality rate and median survival time from
onset of acute lung injury were 75% and 22 days,
respectively.
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Figure 1 Overall survival in patients with primary lung
cancer, according to underlying pulmonary disease
(normal: dotted line; emphysema: dashed fine; CPFE:
solid line; fibrosis: dotted/dashed line), (a} for the overall
population, (b} in patients with stage 1A non-small cell
lung cancer (NSCLC) treated by surgery, and (¢} in
patients with stage IV NSCLC treated with chemotherapy.
CPFE, combined pulmonary fibrosis and emphysema.

DISCUSSION

The prevalence of CPFE was 8.9% in the consecutive
patients with primary lung cancer, who were included
in the study. The patients with CPFE were current,
heavy smokers and were predominantly males, as
described previously.! Of interest, 76% of lung cancers
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Table 2 Incidence of acute lung injury in patients with
combined pulmonary fibrosis and emphysema according
to treatment ‘

Acute lung
Total, n  injury, n{%) P-value
Treatment
Chemotherapy 60 12 (20.0) 0.6617
Surgery 33 9 (27.3)
Radiation 6 1067
Best supportive care 16 2{12.5)
Surgery
Total 33 9 (27.3) 0.9307
Lobectomy 26 7 {26.9)
Partial resection/ 7 2 {28.6)
segmentectomy
Chemotherapy
Total 60 12 (20.0) 0.0378
First line 60 3(5.0)
Second line 35 4{11.4)
Third or greater line 17 5(29.4)

in patients with CPFE were diagnosed at an advanced
stage. The overall survival of lung cancer patients with
CPFE was poor, with a median survival time of
10.8 months, Fatal severe acute lung injury occurred
more frequently in those with CPFE, irrespective of
the treatment modality.

In patients with lung cancer, CPFE based on CT
findings was more prevalent than pulmonary fibrosis
without emphysema (8.9% vs 1.3% of patients with
hing cancer). Previous studies showed that the inci-
dence of lung cancer was higher in patients with IPF
than in the general population’® Kawasaki etal.
reported that IPF was diagnosed in 7.5% of patients
with surgically resected lung cancers.® The present
study showed that the prevalence of pulmonary fibro-
sis without emphysema that could be categorized as
IPF was only 1.3% (15 of 1143) among the patients
with lung cancer. _

Combined pulmonary fibrosis and emphysema
may be a risk factor for huing cancer. Kitaguchi et al.
retrospectively reviewed the records of 47 patients
with CPFE and found that 22 of those patients (46.8%)
had lung cancer.” Katzenstein et al. reported the pres- .
ence of interstitial fibrosis in smokers with no clinical
evidence of ILD, and these patients met the criteria
for CPFE.® Although the present retrospective study
was performed at a single institution and has some
limitations, the results suggest that patients with
CPFE have a higher prevalence of lung cancer, and
that CPFE in patients with lung eancer may be under-
recognized or misdiagnosed as IPE

All the patients with CPFE were heavy smokers. The
high prevalence of CPFE in patients with lung cancer

-in this study reflects not only this high smoking expo-

sure, but is also likely to reflect an association in
genetic susceptibility to chronic smoking-induced
inflammation, as shown in other studies on the rela-
tionship between COPD or IPF and lung cancer.®®
Genome-wide association studies have identified
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variants in the nicotinic acetylcholine receptor
(nAchR) gene on chromosome 15q24/25 as risk
factors for nicotine dependence, lung cancer and
COPD.>" Lambrechts et al. showed that the 15q24/25
nAchR locus was associated with the presence and
severity of emphysema as assessed by chest CT.”2 A
genome-wide association study identified an associa-
tion between a common varlant of the telomerase-
related TERT gene and susceptibility to IPE®
Heterozygous mutations in the hTERT or hTR genes
have been detected in families with IPE™ Shortened
telomeres -are another risk factor for IPE including
familial, as well as sporadic forms of the disease.”
Shortened telomeres are also associated with COPD
and lung cancer.'® It is not known which genetic
variants increase the risk of occurrence of CPFE, or its
association with lung cancer. However, Cottin et al.
speculated that common genetic factor(s), in combi-
nation with smoking exposure, play a central role in
the pathogenesis of CPFE.! Pathological changes con-
sistent with CPFE have been shown in transgenic
mice overexpressing the cytokine, TNF-a.*® Further
investigations are necessary to elucidate whether
CPFE is an independent risk factor for lung cancer, its
role in susceptibility to lung cancer, and whether
CPFE might result from overlapping or associated
genetic variants implicated in smoking-related
inflammation.

Patients with CPFE had a poor prognosis and a high
incidence of acute lung injury. Postoperative lung
injury occurred in nine of 33 patients with CPFE
{27.3%), and two of these nine patients died. A}thonﬁh
it was expected that the extent of resection might be
related to the incidence of postoperative lung injury,
the rate of CPFE exacerbation was not related to the
extent of resection or the surgical method. Kawasaki
et al. reported that patients with ILD had a pulmonary
morbidity of 26% and mortality of 8%.® Chiyo et al.
showed that the incidence of postoperative pneumo-
nia and acute exacerbation of ILD was higher in
patients with ILD than in those without ILD.”® The
present results suggest that CPFE is a risk factor for
severe ILD in patients with lung cancer who are
treated by surgery. A strategy for preventing exacerba-
tions of CPFE should therefore be established, in
order to improve the survival of lung cancer patients
with CPFE.

A standard chemotherapy regimen for patients with
lung cancer and CPFE has not gleen established. Most
clinical trials in patients with lung cancer have
excluded those with lung fibrosis because of the high
incidence of pulmonary toxicity and poor prognosis.
Kudoh etal. reported that ILD that was induced
and/or exacerbated by chemotherapy was relatively
common among Japanese patients with NSCLC, and
that ILD-related death occurred in about 30% of these
patients.” They showed that the risk factors for ILD
were older age, poor World Health Organization per-
formance status, reduced normal lung area on CT,
pre-existing chronic ILD and concurrent cardiac dis-
ease.” The present findings suggest that CPFE should
be included as one of the risk factors for fatal ILD.

The present study had several limitations, includ-
ing the fact that it was observationat and uncontrolled
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in design, and was performed at a single institution,
with retrospective collection of data. The results may
have been subject to selection and' treatment bias.
The indications for therapy and the selection of treat-
ment were not uniform for all patients, thereby limit-
ing evaluation of the effects of treatment. The data
presented here should not be interpreted as providing
an appropriate evaluation of the efficacy of treatment,
which will require randomized prospective studies.
Multivariate analysis could not be performed due to
the small sample size, and it was not possible to
evaluate the potential confounding effects of various
other variables related to survival time. However, the
existence of emphysema and fibrosis on chest CT
were prospectively identified at the diagnosis of lung
cancer. Data on the demographic characteristics and
survival of patients were unlikely to be affected by the
study design. ,

In summary, there was a high prevalence of CPFE in
patients with lung cancer. Patients with CPFE and
lung cancer had a history of heavy smoking and a
poor prognosis. Acute lung injury was more frequent
in patients with CPFE than in those with fibrosis or
emphysema alone, irrespective of treatment modali-
ties. A prospective study is necessary to elucidate the
association between lung cancer and CPFE, and
whether CPFE is an independent prognostic factor for
severe acute hung injury.
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Background. Although epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) are effective in patients with
nonsmall cell lung cancer with epidermal growth factor receptor (BGFR) mutation, EGFR-TKIs have a risk of inducing fatal
interstitial lung disease (ILD). The selection of chemotherapy based on the EGFR mutation status is recommended, however,
the frequency of EGFR mutation in patients with ILD and the efficacy and safety of EGFR-TKI in patients with ILD and EGFR
mutation are unknown. Methods. We retrospectively reviewed the association of the EGFR mutation status of nonsmall cell ung
cancer and pulmonary diseases. Based on high-resolution computed tomography (HRCT) performed at diagnosis of lung cancer, ‘
patients were categorized into three groups: normal, emphysema, and fibrosis. Results. Of 198 patients with nonsmall cell lung
cancer, we identified 52 (26.3%) patients with an EGFR mutation. EGFR mutations were identified in 43 (35.2%) of 122 patients
with normal lungs, 8 (13.6%) of 59 with emphysema, and 1 (5.9%) of 17 with pulmonary fibrosis. Of the 52 patients with EGFR
mutation, 43 patients received gefitinib. One patient with an EGFR mutation and fibrosis developed fatal ILD. There was not a
significant difference in median overall survival from gefitinib treatment between never-smokers and smokers (797 days versus
not reached; P = 0.96). Conclusions. Patients with sensitive EGFR mutation and normal lungs may benefit from an EGFR-TK1

treatment even if they have smoking history.

1. Introduction

Gefitinib is a reversible epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TKI) used for the treatment
of nonsmall cell lung cancer patients [1]. Although demo-
graphic and clinical factors such as East-Asian race, female
gender, nonsmoking status, and adenocarcinoma were
shown to be predictive of the efficacy of gefitinib, two pivotal
studies showed that the presence of somatic mutations in the
kinase domain of epidermal growth factor receptor (EGFR)
strongly correlates with increased responsiveness to EGFR-
TKIs in patients with nonsmall cell lung cancer [2, 3]. It
was later found that the subgroups of patients with nonsmall
cell lung cancer who had sensitivity to gefitinib had a high

incidence of EGFR mutations [4, 5]. Selecting patients on
the basis of EGFR mutations, rather than clinical factors,
would likely result in a population with a greater sensitivity
to gefitinib. First-line gefitinib for patients with advanced
nonsmall cell hing cancer who are selected on the basis of
EGFR mutations improves progression-free survival, with
acceptable toxicity, compared with standard chemotherapy,
although it failed to prolong overall survival [6, 7).
However, EGFR-TKI increases the risk-of developing life-
threatening interstitial lung diseases (ILDs). The estimated
incidence of ILD is low in many countries (e.g., 0.3% in
the United States) [8] but is relatively high (4 to 6%) in
Japan [9, 10]. An older age, poor World Health Organization
performance status, reduced normal lung area on computed
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