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Abstract

Background: The aim of this study was to assess the role of skin rash in predicting the efficacy of epidermal growth factor
receptor tyrosine kinase inhibitors (EGFR-TKIs) and the prognosis of patients with non-small cell lung cancer (NSCLC).

Method: We systematically searched for eligible articles investigating the association between rash and the efficacy of
EGFR-TKIs and the prognosis of patients with NSCLC. The summary risk ratio (RR) and hazard ratio (HR) were calculated
using meta-analysis.

Results: We identified 33 eligible trials involving 6,798 patients. We used two different standards to group the patients
[standard 1: rash vs. no rash, standard 2: rash (= stage 2) vs. rash (stage 0, 1)]. For standard 1, the objective response rate
(ORR) and disease control rate (DCR) of the rash group were significantly higher than the no rash group [RR =3.28; 95% Cl:
2.41-4.47(corrected RR=2.225, 95% Cl: 1.658-2.986); RR=1.96, 95% Cl: 1.58-2.43]. The same results were observed for
standard 2. For standards 1 and 2, the progression-free survival (PFS) (HR=0.45, 95% Cl: 0.37-0.53; HR=0.57, 95% Cl: 0.50—
0.65) and overall survival (OS) (HR=0.40, 95% Cl: 0.28-0.52; HR =0.53, 95% Cl: 0.35-0.71) of the rash group were significantly
longer than the control group, and the same results were observed in the subgroup analysis.

Conclusions: skin rash after EGFR-TKI treatment may be an efficient clinical marker for predicting the response of patients
with NSCLC to EGFR-TKIs. Furthermore, skin rash is also the prognostic factor of patients with NSCLC. Patients with skin rash
have a longer PFS and OS.
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Compared with traditional chemotherapy, the adverse events of
EGFR-TKIs are small and include skin rash, diarrhea, fatigue,
nausea, and elevated transaminases. Some studies revealed that
skin rash was the most commonly reported adverse event [5]; the
most common manifestation was an inflammatory follicular rash

Introduction

The discovery of epidermal growth factor receptor tyrosine
kinase inhibitors (EGFR-TKIs) was a milestone in the develop-
ment of non-small cell lung cancer (NSCLC) treatment. EGFR-

TKIs mainly included gefitinib and erlotinib. EGFR mutations
have been demonstrated to predict the efficacy of EGFR-TKIs in
NSCLC [1,2,3]. In NSCLCs with EGFR mutations, the gefitinib
objective response rate (ORR) was 71.2%; however, the gefitinib
ORR for NSCLCs with wild type EGFR was less than 10% [4].
Therefore, it is important to ascertain the EGFR genotype of
patients to predict the EGFR-TKI efficiency, though it is
sometimes difficult to know the EGFR genotype of patients for
various reasons. Thus, it is necessary to find other clinical markers
that predict the EGFR-TKI efficacy in NSCLC.
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in the face, limbs and trunk rashes were less frequent [6]. A rash
may affect the patient quality of life, and it may even result in a
reduction in the drug dose or its withdrawal. However, many
studies confirmed that patients with a skin rash may have a better
response to EGFR-TKIs and an even better prognosis [7,8,9,10].
In particular, Wacker, B et al. analyzed two large phase III studies
(i.e., National Cancer Institute of Canada Clinical Trials Group
(NCIC CTG) Study BR.21 and NCIC CTG Study PA.3). The
BR.21 study evaluated single-agent erlotinib compared with
placebo in patients with stage IIIB/IV non-small cell lung cancer
who had failed at least one prior chemotherapy regimen. The
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PA.3 study evaluated erlotinib compared with placebo given in
combination with standard gemcitabine therapy for patient
treatment. This study concluded that rash development maybe a
positive event that is indicative of a greater likelihood for clinical
benefit [7]. However, the PA.3 study did not evaluated single-
agent erlotinib. To further and systematically evaluate associations
between skin rash and the efficacy of EGFR-TKIs and the
prognosis of patients with non-small cell lung cancer, we
performed a systematic review and meta-analysis of 33 studies to
evaluate the role of skin rash in predicting the efficacy and PFS
and OS of patients with non-small lung cancer treated with

EGFR-TKIs.

Materials and Methods

Search Strategy

We performed an internet search of PubMed, the Embase
database, the Cochrane library, the American Society of Clinical
Oncology (ASCO), the European Society for Medical Oncology
(ESMO) and the World Conference of Lung Cancer (WCLC)
using the following terms: (gefitinib or erlotinib) AND (rash or skin)
AND lung cancer. The deadline for trial inclusion was June 2012.
The language was limited to English. The reference lists of all
retrieved articles and those of relevant review articles were also
cross-referenced. Eligible studies were those that reported or
evaluated the amount of complete response (CR)+ the partial
response (PR), or the CR+PR+ stable disease (SD) patients
according to the Response Evaluation Standard in Solid Tumors
(RECIST), the hazard ratio (HR) with the corresponding 95%
confidence interval (CI) comparing overall survival (OS), progres-
sion-free survival (PFS) or time-to-progression (1T'TP) stratified by
development of skin rash for patients with NSCLC who received
monotherapy including erlotinib or gefitinib. Moreover, we

Potentially relevant articles (n=432)
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excluded rashes caused by other diseases. Studies examining
EGFR-TKIs in combination with other agents, such as cytotoxic
agents, were excluded from the meta-analysis. Case reports,
studies reporting 10 or fewer patients, and the same or overlapping
data from the same authors were also excluded.

Data Extraction

Two reviewers (Hongbing Liu and Ying Wu) independently
collected the following data from all eligible studies: first author,
year of publication, ethnicity, therapy line, the EGFR-TKI used,
total number of cases and controls, number of patients with ORR
(CR+PR) or disease control rate (DCR) (CR+PR+SD), HR with a
95%CI comparing the OS, PFS or TTP stratified by skin rash.
Disagreements between the two reviewers were resolved by
consensus, which involved a third reviewer (Yong Song).
According to the National Cancer Institute Common Toxicity
Standard, some studies used the presence or absence of a rash to
distinguish cases and controls (standard 1). In other studies, cases
were defined as patients with a rash that was = stage 2, and
controls were patients with a rash that were = stage 1 (standard 2).
Additionally, three trials [7,11,12]provided the data in both the
two standards. Thus, we extracted data according to the two
standards.

Statistical Analysis

For studies in which the HR was not given directly, Kaplan-
Meier plots were used to calculate the HR according to the
methods described by Tierney [13].The risk ratio (RR) was used
for the ORR and DCR, and the HR was used for PFS and OS. A
P<0.05 was considered statistically significant. An RR >1
reflected a better overall response rate in the experimental arm.
Begg tests were performed to examine whether there was a
publication bias.

2l 61 reviews

Excluded 233
reviewing titles and abstracts:

172 non-relevant

articles by

N

Potentially appropriate articles (n=199)

6 pool analysis

Excluded 166
reviewing the full articles:
82 non-extractable data
22 non- monotherapy

53 non-English language

3others (corrected, expert panel
meeting, letter to the editor)

articles by

N

appropriate articles (n=33)

Figure 1. Flow chart demonstrating the progression of the trials in the review. The flowchart of selecting procedure and the exclusive

reason of studies are summarized.
doi:10.1371/journal.pone.0055128.g001

PLOS ONE | www.plosone.org

January 2013 | Volume 8 | Issue 1 | e55128



Rash Predict EGFR-TKIs Efficacy and Prognosis

(€£°0-7'0)£5°0 (1'0)6LL (+arsL/ozL (1'0)6LL (+2)rsL/ss (0)62/
N (8v'0-€T0)€E0  /€L'(0)6T/TL (+1)rbe/L81 /€T0)6T/E  (+LIPbT/SL (L)06/(+2)¥SL €12 3 paxiw ueisy 800t L1 *d 'Y ‘Buiad
(1'0)z6l (+o)L6L/8L1 (1'0) z6l/ (+2)L61/9T (0)2£/

(6€'0-9T°0)€€°0 (9v'0-1€0)8€0  /0£'(0)LL/TL (+1)TLe/9LL 0z(0)££/8  ‘(+L)TLE/8E (L)SLL/(+D)L61 68¢€ 3 =< SUYM  £00T 4[£] g "19xdem
(s8'0-£T°0)8%°0 (£6'0-€€°0)£5°0 /el 0z/6 iy 0z/T (t>)ev/(=)oT [4°] 3 =< SUYM 600 [L€] 'S ‘saipad
UN UN 09/9€ 75/0S 4N UN (t>)09/(z=)2s 41} 3 =< uelsy  600C 511 'S 'noyz
N (L8'0-1Z'0)L¥0 62/8 zL/ol 4N 4N (e>)6t/(c=)zL (A% 3 paxiw uelsy 110 (6] 'V ‘eleH
N 4N 6T/LL vL/9 6T/ vL/€ (t>)6t/(T=IvL 37 3 =< AMYM  L10T «[61] ‘W "eluereld
(€L°L-0€0)65°0 (86'0-0€°0) ¥S°0 4N 4N Ts/e LL/E (T>Wws/(@=)L1 V4 ERED) =< uelsy  Z10¢ vl A 997
UN (18'0-52°0)5t'0 UN UN 4N 4N (@>)1€e/@=)1e [43 3 L UM 800C «[S€] y'wnequa|
(88°0-€€°0)¥S0 (¢£0-62°0)9t0 4N 4N 4N 4N UN L1zl 3 paxiw AMYM  oloz «[6€] "W ‘Buljysey
(£6'0-1LT0)St0 4N 9z/8 Yedid} 4N 4N 9z/LtT €5 3 =< aMYM  LloT [8€] "4 ‘luozzep
UN 4N 4N UN 8L/€ LL/L 8L/LL se D) L SUUM 6002 [£€] *H "ensanD-ele]
N 4N UN UN vi/L gs/€C ¥1/8S 69 9 paxiw ueisy 007 [9€] 'H D 'MYyd
N 4N LL/y vT/6l LL/L vT/EL LETLY [+ 3 =< SMYM  800C [v€l a AisoP
(9°0-70)€0 4N 4N 4N €5/1 8v/0L €5/8Y Lol b} =< aMYM 500 [9L] 71" ‘@SdUOIDA
UN  (296°0-€L2°0)TLS0 4N 4N 4N 4N ¥S/2T 9L 5 paxiw UYM  900C [6¢] 'Z 'Y “epna
dN (65°0-61"0)6£°0 UN 4N 4N 4N 8z/€€ 19 b} L uelsy 110 [0€] X ‘uayd
(¥S'0-£10)0€0 (r£0-¥T0)T1'0 9€/¢€ zs/6L 9€/0 75/6 9€/2S 88 5 L SMYM  600C [¢€l 'r ‘|suesped
(¥8'0-2T0)EV0 UN vZ/S SL/6 UN UN ¥T/S1 6€ p] paxiw UM 9002 [€€] Y 'suibay
(€£°0-8T°0)st'0 (28°0-v1T°0)61t°0 6€/6 se/€T 6€/T S€/9 6€/S€ vL ) paxiw SMYM  Lloz [0L] 'V “49ydaid
(55'0-5¥°0)05°0 (£5'0-87°0)25°0 4N 4N UN UN ¥89/66CC €867 3 paxiw SMYM  Lloz [82] 4 *q 4auabley
(£9°0-1T°0)LE°0 4N UN UN N 4N LL/€9 08 3 paxiw SUYM  £00T [£2] "W "Q ‘uewnyder
(0£'0-€€°0)8%'0 4N 18/LT €L/0% 18/T €4/5 18/€L 51 p] =< aAMYM  ¥00T [92] 'V *d ‘duuer
4N 4N 4N 4N 6/T v1/6 6/7L € 5 paxiw ueisy 900t [€2] M D ‘wer]
(92°0-LT0)St°0 4N 4N 4N ¥2/0 TLL/1e vz/TiL 9€lL p] paxiw aUYM  900T [S] 1 °H 1sam
4N 4N /8 £9/9€ /€ £9/9T ¥b/L9 LLL ) =< uelsy  00¢ (1] °r ed
(€L°0-6€0)€S0 4N 4N 4N UN UN LL1/29 6L1 ] =< SMYM 500 [2Z] M "W'paweyony
N (19°0-L1°0) 8520 LE/SL 8b/v LE/S 8b/8L LE/8Y 6L 3 paxiw ueisy 010 [rL] T °A ‘Nuz
(18'0-25°0)59°0 4N 4N 4N £0L/L LLE/L€E STL/€9€ 88y 3 =< SUYM 500 [s2] 'Y °r ‘uosuyor
(€9'0-0T°0)S€°0 (6:0-2€°0)2S0 [T/L €6/19 Vadis £6/9¢ £T/€6 ocL 3 paxiw uelsy 600 [£11°3 1 ‘wyn
(5Z1°0-1100)890°0 4N vL/L £7/8¢C v1/0 /L vL/EY LS 3 =< SUYM  ¥00T [0Z] 'Y 49]0S-Z24ad
4N 4N 4N UN 19/£ 0€/0L 19/0€ 16 9 =< UYM  0Loz [8L] ‘W ‘odsiL
N 4N 81/6 vT/SL 81/0 vT/S 8L/vT 44 3 =< aMYM  LLoT [81 DV "BUN
(1D%S6)4H (1D%S6)4H |o13uo0d ased |o1uod ased lonuod/ese) sjuspned  spL-Y4D3  sul Adessyl  Aipiuyg aes) Joyny

so Sd4d (as+yd+¥d)¥da (4d+HDd)H¥0

'sasAjeuy Ul papN|PU] S L-H4DT 4O SIIPNIS DTISN 4O SonsHIRIRYD *L d|qe]

January 2013 | Volume 8 | Issue 1 | e55128

PLOS ONE | www.plosone.org



g
>
n
()
w [ o
O |xT |=
=N
= |8
O o
Yol
LR
25
w |~ [Sx
w | ©
a | T |co
=
—|&8e
= o
e 0 O
£|88
RS
—~ |V O —
a
7]
+
E AR
x 24
o
) a8
o =
S 2|82
0|V |~
©°
S
S
c
o [+
v | =2
=
[
o
+
o
)
€ |3
G |
o v (=
=
° | =
£
£1l3 ¥
°|= £
vir | 3]
R N=) v
6| ®® <
N =
u|Zs| g
Ku}
w ©
2
c R
9 c
- o ©
] K]
a|® 2
9]
=4
ﬂ <
< =
0 @
[+ ©
w >
(U] o
w w =]
2
a
@
v e
c =
= £
g £
s 2 o
g |2 =]
= = ©
| E 2
—
S
> 2
> =
v el
|2 =
£ | Z £
=
w (= o
=]
2
i
s | s
9 [ S
> | N £
Py
=
2
c
Ny
. =
E [}
o £
v = <
. N =
- = E
(/] ‘°' = =
Q2 £ |0 il
&
© 518 o
= < | iE =z

Abbreviations: NR: no report;

*The six studies with the grouping standard 2.

"The three studies patients were divided into three groups according to rash stage.

doi:10.1371/journal.pone.0055128.t001
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Analysis was performed using the STATA SE 12.0 package
(StataCorp, College Station, TX). If the P value of heterogeneity
assessment was found to be <<0.05, the assumption of homogeneity
was deemed in-valid and the random-effects model was used.
Otherwise, the fixed-effects model was used. P values for all
comparisons were two-tailed and statistical significance was
defined as a P<<0.05.

Ethics and Funding Source
This was a literature-based study, and ethics approval was not
required.

Results

Study Identification

As shown in the NSCLC flow chart (Figure 1), our initial search
yielded 432 potentially relevant published articles. A review of the
titles and abstracts of these articles resulted in 199 promising
articles. The remaining 199 articles were selected for analysis and
evaluated in greater detail by reviewing the full articles. Of these,
166 articles were excluded for various reasons. Finally, 33 studies
(5,7,8,9,10,11,12,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,2-
9,30,31,32,33,34,35,36,37,38,39] with 6,798 patients were includ-
ed in the meta-analysis. The characteristics of the eligible studies
are summarized in Table 1.

Response Rate

For standard 1, data for the ORR and DCR was available for
18 and 14 trials, respectively. Analysis of these data demonstrated
that the ORR of the rash group was 21.08% (339/1608), which
was higher than the 6.06% (42/693) found for the no rash group
(RR=3.28; 95% CI: 2.41-4.47; I-squared=18.9%, P=0.228)
(Figure 2a). While the overall DCR were 64.51% (896/1389) and
32.82% (192/585) for the rash and no rash groups, respectively.
Meta-analysis revealed that the DCR of the rash group was nearly
twice than that of the no rash group (RR=1.96, 95% CI: 1.58—
2.43; I-squared = 59.1%, P=0.003) (Figure 2b).

Furthermore, subgroup analysis of therapy lines (i.e. =2 and
mixed), ethnicity (i.e., White and Asian) and treatment (i.e.,
erlotinib and gefitinib) revealed that the ORR was significantly
different between the two groups (therapy line: RR =3.41, 95%
CL: 2.24-5.20 and RR=3.24, 95% CI: 1.99-5.29; ethnicity:
RR =320, 95% CI: 2.12-4.82 and RR=3.39, 95% CI: 2.12—
5.43; treatment: RR=2.79, 95% CI: 1.84-4.22 and RR =4.02,
95% CI: 2.52-6.40). The same results were also observed in the
subgroup analysis for the DCR (therapy line: RR =1.88, 95% CI:
1.34-2.64 and RR=193, 95% CI. 144-2.58; ethnicity:
RR=1.90, 95% CI: 1.43-2.53 and RR =2.08, 95% CI: 1.63—
2.65; treatment: RR=1.89, 95% CI: 1.46-2.46 and RR=2.14,
95% CI: 1.46-3.13) (Table 2).

For standard 2 studies, 5 trials reported ORR data, and 7 trials
reported DCR data. The global ORR for the rash group (stage=2)
in the 5 trials was 22.14% (89/402), which was higher than the
12.21% (53/434) found for the control group (rash stage 0, 1)
(RR=1.63; 95% CI: 1.19-2.22; I-squared=0.0%, P=0.697)
(Figure 3a). The overall DCR was 71.72% (464/647) for the rash
group (stage=2), and it was 49.80% (365/733) for the control
group (rash stage 0, 1). Meta-analysis demonstrated that the DCR
of the rash group (stage=2) was higher that of the control group
(rash stage 0, 1) (RR=1.45 95% CI. 1.24-1.70; I-
squared =57.9%, P=0.027) (Figure 3b).

As demonstrated in Table 3, with the exception of the ORR for
therapy lines =2, and White ethnicity had no significant difference
between the two groups (RR=1.41, 95% CI: 0.89-2.23;
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Figure 2. Forest plot of the RR for ORR and DCR for standard 1. a:ORR;b: DCR. The squares and horizontal lines correspond to the study-
specific RR and 95% Cl. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary RR and 95% Cl.

doi:10.1371/journal.pone.0055128.g002

RR =1.31, 95% CI: 0.80-2.13, respectively), the ORR for Asian,
erlotinib and the DCR of the therapy line (i.e., =2 and mixed),
ethnicity (i.e., White and Asian) between the two groups have a
significant difference (RR=1.91, 95% CI: 1.27-2.87; RR =1.58,
95% CI: 1.15-2.18; RR=1.49, 95% CI: 1.19-1.86; RR =1.43,
95% CI: 1.14-1.79; RR=1.35, 95% CI: 1.07-1.70; RR =1.62,
95% CI: 1.22-2.15, respectively).

Progression-Free Survival

For standard 1 studies, PFS data were available for 10 trials.
Meta-analysis revealed that the risk of disease progression for
patients with rashes decreased 55% compared with patients
without a rash (HR=045, 95% CI. 0.37-0.53; I-
squared = 69.1%, P=0.001) (Figure 4a). Further subgroup analysis
of the therapy line (i.e., mixed and 1), ethnicity (i.e., Asian and
White) and treatment (i.e., erlotinib and gefitinib) demonstrated
that the risk of disease progression for patients with a rash

decreased compared with patients without rash in every subgroup
(therapy line: HR =0.48, 95% CI: 0.36-0.59 and HR =0.40, 95%
CIL: 0.25-0.56; ethnicity: HR=0.35, 95% CIL 0.26-0.44 and
HR =0.50, 95% CI: 0.39-0.60; treatment: HR =0.46, 95% CI:
0.35-0.57 and HR =0.42, 95% CI: 0.29-0.55) (Table 4).

For the standard 2 studies, PFS data were obtained for just 7
trials. Random effects analysis demonstrated that the risk of
disease progression for patients with a rash (stage=2) decreased
40% compared with patients with a rash (stage 0, 1) (HR=0.57,
95% CI: 0.50-0.65; I-squared = 0.0%, P=0.472) (Figure 4b). The
risk of disease progression for patients with a rash (stage=2)
decreased compared with patients a rash (stage 0,1) in every
subgroup in the therapy line (=2 and mixed) ethnicity (Asian and
White) and treatment (erlotinib)subgroup analyses (therapy line:
HR =0.56, 95% CI: 0.32-0.79 and HR=0.59, 95% CI: 0.50—
0.67; ethnicity: HR =0.54, 95% CI: 0.42-0.66 and HR =0.60,
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Table 2. Subgroup Meta-analysis of the ORR and DCR in Standard 1.
ORR heterogeneity DCR heterogeneity
studies Rash No rash RR(95%CI) 12 P studies Rash No rash RR(95%CI) 12 P
Therapy line
1 2 10/69 3/54 246(0.69-8.68)  7850% 0031 1 19/52 3/36 438(1.40-13.72) - -
=2 9 151/938  23/466  3.41(224-520)  43.00% 0081 7 326/570  75/271 1.88(1.34-2.64)  58.20%  0.026
mixed 7 178/601  16/173  3.24(1.99-5.29)  0.00% 0916 6 551/767 114/278 1.93(1.44-2.58)  60.10%  0.028
Ethnicity
White 12 162/1087 25/539  3.20(2.12-4.82)  39.60% 0077 10 568/937 150/454 1.90(1.43-253)  65.50%  0.002
Asian 6 177/521  17/154  3.39(2.12-543)  0.00% 0779 4 328/452  42/131  2.08(1.63-2.65)  0.00% 0.565
Treatment
gefitinib 10 120/503  21/379  4.02(2.52-6.40) 11.40% 0338 6 354/574  118/352  2.14(1.46-3.13)  69.30%  0.006
erlotinib 8 219/1105 21/314  2.79(1.84-422)  25.10% 0229 8 542/815 74/233  1.89(1.46-2.46)  43.60%  0.088
doi:10.1371/journal.pone.0055128.t002

January 2013 | Volume 8 | Issue 1 | e55128



%
Study RR (95% CI) Weight
Lee, Y (2012) ' 3.06(0.68, 13.76) 283

Platania, M. (2011) 2,07 (0.48, 8.99) 374

Wacker, B. (2007) 1.27 (0.73, 2.19) 38.79

Pemg, R. P. (2008) 1.85(1.21,2.82) 4969
Cedres, . (2009) 1.0 (0.21, 5.26) 494
Overall (I-squared = 0.0%, p =0.687) i 163 (1.18, 2.22) 100.00
T t T
21 1 163 13.8

Rash Predict EGFR-TKIs Efficacy and Prognosis

b

Study RR (85% CI)

%

Weight
Platania, M. (2011) 0.73(0.37, 144)  4.46
Wacker, B. (2007) 164(1.32,205) 1897
Hata, A. (2011) 3.02(1.59, 5.74) 4.89

Perng, R. P. (2008) 1.33(1.14,1.57) 2297

Tiseo, M. (2009) 1.30(1.13,148) 2475
Zhou, S. (2009) T 1.60(1.29,1.88) 1932
Cedres, S. (2009) 1.45(0.75, 2.82) 4.64
*’B
Overall (l-squared = 57.9%. p = 0,027) S 1.45(1.24,1.70)  100.00
NOTE: Weights are from random effects analysi:
T t T
37 1 145 574

Figure 3. Forest plot of the RR for ORR and DCR for standard 2. a: ORR; b: DCR. The squares and horizontal lines correspond to the study-
specific RR and 95% Cl. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary RR and 95% Cl.

doi:10.1371/journal.pone.0055128.g003

95% CI: 0.50-0.69; treatment: HR =0.58, 95% CI: 0.50-0.65) )
(Table 4).

Overall Survival

In the standard 1 studies, 14 trials reported OS data, and meta-
analysis revealed that the risk of death for patients with a rash
decreased 60% compared with patients without a rash (HR = 0.40,
95% CI: 0.28-0.52; I-squared = 91.6%, P=0.000) (Figure. 5a).

Therapy line (=2 and mixed), ethnicity (White) and treatment
(erlotinib and gefitinib) subgroup analyses demonstrated that the
risk of disease progression for patients with a rash decreased
compared with patients without a rash in every subgroup (therapy
line: HR=0.39, 95% CI: 0.22-0.57 and HR=0.48, 95% CI:
0.44-0.53; ethnicity: HR =0.40, 95% CI: 0.28-0.53; treatment:
HR =0.38, 95% CI: 0.21-0.56 and HR=0.42, 95% CI: 0.34—
0.50) (Table 5).

As shown in Figure 5b for the standard 2 studies, OS data were
available for just 3 trials. Meta-analysis demonstrated that the risk
of disease progression for patients with a rash (stage=2) decreased

48% compared with patients with a rash (stage 0, 1) (HR =0.53,
95% CI: 0.35-0.71; I-squared = 0.0%, P=0.906).

Publication Bias

To reduce publication bias, we conducted a more detailed
literature search and experimental design. For standard 1, no
publication bias analysis for DCR, PFS and OS was found
according to funnel plot and Begg test (P=0.189, P=0.592 and
P=0.101) (Figure 6a). The same results were obtained for ORR,
DCR, PFS and OS in standard 2 with the Begg test (P=1.000,
P=0.764, P=0.368 and P=1.000) (Figure 6b). However, the
publication bias was observed in the ORR analysis for standard 1
(P=0.012). The method of trim and fill was used to correct the
publication bias. The meta analysis showed that the corrected RR
was 2.225 (95% CI: 1.658-2.986).

Discussion

This study provides empirical evidence that skin rashes that
occur after EGFR-TKI (i.e., gefitinib and erlotinib) treatment may
be an efficient clinical marker for the prediction of the response of

PLOS ONE | www.plosone.org

Table 3. Subgroup Meta-analysis of the ORR and DCR in Standard 2.

ORR heterogeneity DCR heterogeneity

Rash Rash Rash Rash

studies  (0,1) (=2) RR(95%CI) 12 P studies (0,1) (=2) RR(95%Cl) 2 P
Therapy
line
=2 4 34/248 30/315 1.41(0.89-2.23)  0.00% 0.669 4 183/283  136/323 1.49(1.19-1.86) 41.70% 0.161
mixed 1 55/154 23/119  1.85(1.21-2.82) — - 3 281/364  229/410 1.43(1.14-1.79) 68.80% 0.041
Ethnicity
White 3 31/231 27/263  1.31(0.80-2.13)  0.00% 0.794 4 278/429  248/525 1.35(1.07-1.70) 55.20% 0.082
Asian 2 58/171 26/171  1.91(1.27-2.87)  0.00% 0.527 3 186/218  117/208 1.62(1.22-2.15) 70.90% 0.032
Treatment
gefitinib+ 1 3/17 3/52 3.06(0.68-13.76) — - 0 - - - - -
erlotinib
erlotinib 4 86/385 50/382  1.58(1.15-2.18)  0.00% 0.677 7 464/647  365/733 1.45(1.24-1.70) 57.90% 0.027
doi:10.1371/journal.pone.0055128.t003
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patients with NSCLC to EGFR-TKI treatment, including for the
ORR and DCR. Furthermore, skin rashes are also associated with
the PFS and OS of patients with NSCLC. Patients with skin rashes
have a longer PFS and OS. The results of the therapy line,
ethnicity (i.e., White and Asian) and treatment (i.c., gefitinib and
erlotinib) subgroup analyses were similar. However, in the
standard 2 subgroup analysis, there was no significant difference
in the ORR of patients with =2 therapy lines or White ethnicity
between the two groups. These results were not observed in the
standard 1 subgroup analysis. Because the groupings in the
included studies for skin rash are different, we used two different
standards, standard 1 and standard 2, to group. Standard 1
compared rash vs. no rash, and standard 2 compared patients with
stage 2 or greater rashes vs. those with a stage 0 or 1 rash. Thus,
the difference in the subgroup analysis between standard 1 and 2
may be that the presence of a rash may be more efficient in
predicting response than rash stage.

The presence of an EGFR gene mutation was used as a more
efficient factor for predicting EGFR-TKI efficiency. The IPASS

study revealed that the gefitinib response rate of NSCLC patients
with EGFR mutations was approximately 70% [4]. However, in
our study, the ORR of the rash group was only 21.10% (339/
1607). This discrepancy may be explained as follows: First, most
studies (24/33) included in this meta-analysis included a majority
of white patients. As previously reported, White patients have a
lower EGFR-TKI response rate than Asian patients. Second, most
of the studies did not involve first-line EGFR-TKI treatment. In a
study by Fausto Petrelli et al., the first-line EGFR-TKI response
rate for patients with NSCLC was nearly 70%, but it was just
47.46% when used as a second-line or higher therapy [40]. Thus,
the ORR of the rash group in this meta-analysis was lower.

We analyzed the data and found that rash incidence of patients
with erlotinib was 76.54% and that of patients with gefitinb was
61.03%. So we conducted a subgroup analysis according to the
two drugs.The subgroup analysis showed that the RR of gefitinb
was correspondingly higher than erlotinib(Table 2). That means
the relationship between the rash and efficiency for patients with
gefitinib was stronger than that for patients with erlotinib. This

PLOS ONE | www.plosone.org

Table 4. Subgroup Meta-analysis of PFS.
PFS(standard 1) heterogeneity PFS(standard 2) heterogeneity
studies  HR(95%CI) 1? P studies  HR(95%CI) ? P
Therapy line
1 2 0.40(0.25-0.56) 0.00% 0.854 1 0.45(0.17-0.73) - -
=2 1 0.38(0.30-0.45) - - 2 0.56(0.32-0.79) 0.00% 0.900
Mixed 7 0.48(0.36-0.59) 69.20% 0.003 0.59(0.50-0.67) 36.10% 0.195
Ethnicity
White 6 0.50(0.39-0.60) 73.80% 0.002 4 0.60(0.50-0.69) 28.70% 0.240
Asian 4 0.35(0.26-0.44) 0.00% 0.554 0.54(0.42-0.66) 0.00% 0.642
Treatment
Gefitinib 4 0.42(0.29-0.55) 0.00% 0.948 0 - - -
Erlotinib 6 0.46(0.35-0.57) 82.10% 0.000 0.58(0.50-0.65) 9.70% 0.354
gefitinib+erlotinib 0 - — - 1 0.54(0.20-0.88) - -
doi:10.1371/journal.pone.0055128.t004
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might explained that the dose of erlotinib (150 mg) was the
maximum tolerated dose (MTD), and the daily dose of gefitinib
(250 mg) was only one-third of its MTD.

Skin rash is a main side effect of EGFR-TKI therapy and occur
in approximately two-thirds of patients with NSCLC [41]. Skin
toxicity is almost never lethal, but it may lead to the interruption
or dose modification of anticancer agents [42,43]. The mechanism
of this side effect has not been fully elucidated. As is the case for
cancer, the EGFR is important for the normal epidermis. EGFR is
mainly expressed in undifferentiated, proliferating keratinocytes in
the basal and suprabasal layers of the epidermis and the outer
layers of the hair. EGFR-TKIs are thought to affect basal
keratinocytes, leading to the development of skin rash side effects
[41,44]. Thus, skin rash in response to EGFR-TKI therapy may
be an outward manifestation of the EGFR-TKI therapeutic effect
on tumors, which may be explained by an association between skin
rash and the EGFR-TKI efficiency even for the PFS and OS of
patients from a molecular pathology perspective.

Table 5. Subgroup Meta-analysis of OS in Standard 1.

oS heterogeneity
studies HR(95%Cl) ? P
Therapy line
1 1 0.30(0.12-049)  — =
=2 7 0.39(0.22-0.57) 93.5% 0.000
mixed 6 0.48(0.44-0.53)  0.0% 0.684
Ethnicity
White 13 0.40(0.28-0.53)  92.2% 0.000
Asian 1 0.35(0.13-0.56)  — -
Treatment
erlotinib 7 0.38(0.21-0.56)  95.9% 0.000
gefitinib 7 0.42(0.34-0.50)  0.0% 0.526

doi:10.1371/journal.pone.0055128.t005

PLOS ONE | www.plosone.org

Because NSCLC prognosis is poor and the cost of EGFR-TKIs
addition to the anticancer arsenal is substantial, it has become
imperative that molecular or clinical markers are identified to
stratify potential responders. This requirement has been high-
lighted in NSCLC with the identification of EGFR mutations
correlating with responses to EGFR-TKIs and clinic pathological
characteristics including sex, ethnicity, histology, and smoking
history. Sometimes we cannot acquire genotypes of EGFR and
other genes by reasons of tumor sample or technology unavailable
in clinical. Therefore, we may need to select patients for EGIR-
TKI treatment according to clinic pathological characteristics.
Previous studies demonstrated that the EGIFR-TKI response rate
of White patients with NSCLC was lower than for Asians.
However, our study revealed that patients with NSCLC that had a
rash had a higher EGFR-TKI response rate compared with
patients without a rash regardless of whether they were White or
Asian. Thus, a skin rash may be more efficient in predicting the
EGFR-TKI response rate of patients with NSCLC than clinic
pathological characteristics. Furthermore, skin rash may be
efficient prognostic factors for patients with NSCLC using
EGFR-TKIs. The meta-analysis findings provide a useful basis
for a clinician to judge the effectiveness of EGFR-TKI therapies
for patients with NSCLC.

Although our meta-analysis revealed that skin rash was an
efficient factor for predicting the response rate, PFS and OS of
patients with NSCLC treated with an EGFR-TKI, skin rash can
affect the patient quality of life, leading to dose reduction or even
discontinuation, which may affect patient outcome. Although
many drugs are used to treat skin rashes including topical skin
moisturizers, topical sunscreens, and topical and systemic anti-
inflammatory agents and antibiotics, they have not been clearly
shown to be of clinical value [45,46,47]. Roman Perez-Soler et al.
found that Menadione, at nontoxic concentrations, causes EGFR
activation and may protect the skin from toxicity secondary to
EGFR inhibitors without causing cytotoxicity [48].

Several cautions should to be taken into account when
interpreting our results. First, a number of different factors may
have affected the results including differences in the various
studies, and the language limitation of the included studies, so the
heterogeneity that exists in some of the meta-analyses. Second, the
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patient race in each study is often multiple, and we can only define
patient race as the majority of the races accounted for in a study to
the neglect the effect of a small number of races. Third, the
number of first-line studies is small, and we cannot compare the
different effects of rashes resulting from first- and second-line
treatments. Forth, previous studies showed that it was approxi-
mately one month for occurrence of rash [20,22,49]. The OS of
most patients included in this article was more than one month.
However, there were still a few patients who did not live long
enough for the occurrence of skin rash. Fifth, the publication bias
was observed in the ORR analysis in standard 1(P=0.012). We
have searched as many databases and conference abstracts and
could not find other related articles. Usually, it is easy to publish
the positive results. And our study only included the published
literature, so it may produce publication bias. Then the method of
trim and fill was used to correct the publication bias. The Meta
analysis showed that the corrected RR was 2.225 (95% CI: 1.658—
2.986). So the skin rash was still associated with the ORR in

References
1. Gao G,Ren S, LiA, Xu ], Xu Q, etal. (2012) Epidermal growth factor receptor-

tyrosine kinase inhibitor therapy is effective as first-line treatment of advanced
non-small-cell lung cancer with mutated EGFR: A meta-analysis from six phase
III randomized controlled trials. Int J Cancer. 131: E822-829.

2. Kobayashi S, Boggon 1], Dayaram T, Janne PA, Kocher O, et al. (2005) EGFR
mutation and resistance of non-small-cell lung cancer to gefitinib. N Engl ] Med.
352: 786-792.

3. Dahabreh IJ, Linardou H, Siannis F, Kosmidis P, Bafaloukos D, et al. (2010)
Somatic EGFR mutation and gene copy gain as predictive biomarkers for
response to tyrosine kinase inhibitors in non-small cell lung cancer. Clinical
cancer research : an official journal of the American Association for Cancer
Research. 16: 291-303.

4. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, et al. (2009) Gefitinib or
carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl ] Med. 361: 947—
957.

5. West HL, Franklin WA, McCoy J, Gumerlock PH, Vance R, et al. (2006)
Gefitinib therapy in advanced bronchioloalveolar carcinoma: Southwest
Oncology Group Study S0126. ] Clin Oncol. 24: 1807-1813.

6. Li T, Perez-Soler R (2009) Skin toxicities associated with epidermal growth
factor receptor inhibitors. Target Oncol. 4: 107-119.

7. Wacker B, Nagrani T, Weinberg J, Witt K, Clark G, et al. (2007) Correlation
between development of rash and efficacy in patients treated with the epidermal
growth factor receptor tyrosine kinase inhibitor erlotinib in two large phase III
studies. Clin Cancer Res. 13: 3913-3921.

PLOS ONE | www.plosone.org

standard 1. Despite the limitations of our study, we believe that it
makes an important contribution to the NSCLC field.

In conclusion, we have reviewed the literature correlating skin
rash, the efficacy of EGFR-TKIs, and the prognosis of patients
with non-small cell lung cancer. Overall, the skin rash after using
EGFR-TKI (i.e., gefitinib and erlotinib) may be an efficient
clinical marker for predicting the response of patients with
NSCLC to EGFR-TKIs including the ORR and DCR. Further-
more, skin rash was also associated with the PFS and OS of

patients with NSCLC. Patients with a skin rash have a longer PFS
and OS.

Author Contributions

Conceived and designed the experiments: HL YS. Performed the
experiments: HL. YW TL. Analyzed the data: HL. YW YS. Contributed
reagents/materials/analysis tools: YY YX DY. Wrote the paper: HL YW.

8. Mita AC, Papadopoulos K, de Jonge MJ, Schwartz G, Verwejj J, et al. (2011)
Erlotinib ‘dosing-to-rash’: a phase II intrapatient dose escalation and
pharmacologic study of erlotinib in previously treated advanced non-small cell
lung cancer. Br J Cancer. 105: 938-944.

9. Hata A, Katakami N, Kunimasa K, Yoshioka H, Fujita S, et al. (2011) Erlotinib
for pretreated squamous cell carcinoma of the lung in Japanese patients. Jpn J
Clin Oncol. 41: 1366-1372.

10. Pircher A, Ulsperger E, Hack R, Jamnig H, Pall G, et al. (2011) Basic clinical
parameters predict gefitinib efficacy in non-small cell lung cancer. Anticancer
Res. 31: 2949-2955.

11. Perng RP, Yang CH, Chen YM, Chang GC, Lin MC, et al. (2008) High efficacy
of erlotinib in Taiwanese NSCLC patients in an expanded access program study
previously treated with chemotherapy. Lung Cancer. 62: 78-84.

12. Tiseo M, Gridelli C, Cascinu S, Crino L, Piantedosi FV, et al. (2009) An
expanded access program of erlotinib (Tarceva) in patients with advanced non-
small cell lung cancer (NSCLC): data report from Italy. Lung Cancer. 64: 199~
206.

13. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR (2007) Practical
methods for incorporating summary time-to-event data into meta-analysis.
Trials. 8: 16.

14. Zhu Y]J, Xia Y, Ren GJ, Wang MZ, Zeng X, et al. (2010) Efficacy and clinical/
molecular predictors of erlotinib monotherapy for Chinese advanced non-small
cell lung cancer. Chin Med J (Engl). 123: 3200-3205.

January 2013 | Volume 8 | Issue 1 | e55128



22.

23.

24.

26.

27.

28.

30.

31.

32.

. Zhou S, Ren S, Yan L, Zhang L, Tang L, et al. (2009) Clinical efficacy of

erlotinib in patients previously treated for advanced non-small cell lung cancer.

Respirology. 14: 709-715.

. Veronese ML, Algazy K, Bearn L, Eaby B, Alavi J, et al. (2005) Gefitinib in

patients with advanced non-small cell lung cancer (NSCLC): the expanded
access protocol experience at the University of Pennsylvania. Cancer Invest. 23:

296-302.

. Uhm JE, Park BB, Ahn M]J, Lee J, Ahn JS, et al. (2009) Erlotinib monotherapy

for stage IIIB/IV non-small cell lung cancer: a multicenter trial by the Korean
“ancer Study Group. J Thorac Oncol. 4: 1136-1143.

. Tiseo M, Rossi G, Capelletti M, Sartori G, Spiritelli E, et al. (2010) Predictors of

gefitinib outcomes in advanced non-small cell lung cancer (NSCLC): study of a
comprehensive panel of molecular markers. Lung cancer. 67: 355-360.

. Platania M, Agustoni F, Formisano B, Vitali M, Ducceschi M, et al. (2011)

Clinical retrospective analysis of erlotinib in the treatment of elderly patients
with advanced non-small cell lung cancer. Target Oncol. 6: 181-186.

. Perez-Soler R, Chachoua A, Hammond LA, Rowinsky EK, Huberman M, et al.

(2004) Determinants of tumor response and survival with erlotinib in patients
with non—small-cell lung cancer. J Clin Oncol. 22: 3238-3247.

. Park J, Park BB, Kim JY, Lee SH, Lee SI, et al. (2004) Gefitinib (ZD1839)

monotherapy as a salvage regimen for previously treated advanced non-small
cell lung cancer. Clin Cancer Res. 10: 4383-4388.

Mohamed MK, Ramalingam S, Lin Y, Gooding W, Belani CP (2005) Skin rash
and good performance status predict improved survival with gefitinib in patients
with advanced non-small cell lung cancer. Ann Oncol. 16: 780-785.

Liam CK, Pang YK, Leow CH (2006) Epidermal growth factor receptor
targeted therapy with gefitinib in locally advanced and metastatic primary lung
adenocarcinoma. Respirology. 11: 287-291.

Lee Y, Shim HS, Park MS, Kim JH, Ha SJ, et al. (2012) High EGFR gene copy
number and skin rash as predictive markers for EGFR tyrosine kinase inhibitors
in patients with advanced squamous cell lung carcinoma. Clin Cancer Res. 18:

1760-1768.

. Johnson JR, Cohen M, Sridhara R, Chen YF, Williams GM, et al. (2005)

Approval summary for erlotinib for treatment of patients with locally advanced
or metastatic non-small cell lung cancer after failure of at least one prior
chemotherapy regimen. Clin Cancer Res. 11: 6414-6421.

Janne PA, Gurubhagavatula S, Yeap BY, Lucca J, Ostler P, et al. (2004)
Outcomes of patients with advanced non-small cell lung cancer treated with
gefitinib (ZD1839, “Iressa”) on an expanded access study. Lung Cancer. 44:
221-230.

Jackman DM, Yeap BY, Lindeman NI, Fidias P, Rabin MS, et al. (2007) Phase
II clinical trial of chemotherapy-naive patients>or = 70 years of age treated with
erlotinib for advanced non-small-cell lung cancer. J Clin Oncol. 25: 760-766.
Heigener DF, Wu YL, van Zandwijk N, Mali P, Horwood K, et al. (2011)
Second-line erlotinib in patients with advanced non-small-cell lung cancer:
subgroup analyses from the TRUST study. Lung Cancer. 74: 274-279.

. Dudek AZ, Kmak KL, Koopmeiners J, Keshtgarpour M (2006) Skin rash and

bronchoalveolar histology correlates with clinical benefit in patients treated with
gefitinib as a therapy for previously treated advanced or metastatic non-small
cell lung cancer. Lung cancer. 51: 89-96.

Chen X, LiW, Hu X, Geng Y, Wang R, et al. (2011) Effect of gefitinib challenge
to initial treatment with non-small cell lung cancer. Biomed Pharmacother. 65:
542-546.

Cedres S, Prat A, Martinez P, Pallisa E, Sala G, et al. (2009) Clinical surrogate
markers of survival in advanced non-small cell lung cancer (NSCLC) patients
treated with second-third line erlotinib. Lung Cancer. 66: 257-261.

Cadranel J, Quoix E, Baudrin L, Mourlanette P, Moro-Sibilot D, et al. (2009)
IFCT-0401 Trial: a phase II study of gefitinib administered as first-line
treatment in advanced adenocarcinoma with bronchioloalveolar carcinoma
subtype. ] Thorac Oncol. 4: 1126-1135.

PLOS ONE | www.plosone.org

10

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

Rash Predict EGFR-TKIs Efficacy and Prognosis

Argiris A, Hensing T, Yeldandi A, Patel S, Raji A, et al. (2006) Combined
analysis of molecular and clinical predictors of gefitinib activity in advanced non-
small cell lung cancer: epidermal growth factor receptor mutations do not tell the
whole story. J Thorac Oncol. 1: 52-60.

Melosky B, Agulnik J, Assi H (2008) Retrospective practice review of treatment
of metastatic non-small-cell lung cancer with second-line erlotinib. Curr Oncol.

15: 279-285.

. Lilenbaum R, Axelrod R, Thomas S, Dowlati A, Seigel L, et al. (2008)

Randomized phase II trial of erlotinib or standard chemotherapy in patients
with advanced non-small-cell lung cancer and a performance status of 2. J Clin
Oncol. 26: 863-869.

Chiu CH, Tsai CM, Chen YM, Chiang SC, Liou JL, et al. (2005) Gefitinib is
active in patients with brain metastases from non-small cell lung cancer and
response is related to skin toxicity. Lung Cancer. 47: 129-138.

Lara-Guerra H, Waddell TK, Salvarrey MA, Joshua AM, Chung CT, et al.
(2009) Phase II study of preoperative gefitinib in clinical stage I non-small-cell
lung cancer. J Clin Oncol. 27: 6229-6236.

Mazzoni F, Rotella V, Pratesi N, Boni L, Simi L, et al. (2011) From clinical trials
to clinical practice: predictors of response to erlotinib in advanced non-small cell
lung cancer patients pretreated with chemotherapy. Tumori. 97: 160-165.
Faehling M, Eckert R, Kuom S, Kamp T, Stoiber KM, et al. (2010) Benefit of
erlotinib in patients with non-small-cell lung cancer is related to smoking status,
gender, skin rash and radiological response but not to histology and treatment
line. Oncology. 78: 249-258.

Petrelli F, Borgonovo K, Cabiddu M, Barni S (2012) Efficacy of EGFR tyrosine
kinase inhibitors in patients with EGFR-mutated non-small-cell lung cancer: a
meta-analysis of 13 randomized trials. Clinical lung cancer. 13: 107-114.
Lacouture ME (2006) Mechanisms of cutaneous toxicities to EGFR inhibitors.
Nature reviews Cancer. 6: 803-812.

Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, et al. (2007) Erlotinib plus
gemcitabine compared with gemcitabine alone in patients with advanced
pancreatic cancer: a phase III trial of the National Cancer Institute of Canada
Clinical Trials Group. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 25: 1960-1966.

Joshi SS, Ortiz S, Witherspoon JN, Rademaker A, West DP, et al. (2010) Effects
of epidermal growth factor receptor inhibitor-induced dermatologic toxicities on
quality of life. Cancer. 116: 3916-3923.

Nanney LB, Stoscheck CM, King LE, Jr., Underwood RA, Holbrook KA (1990)
Immunolocalization of epidermal growth factor receptors in normal developing
human skin. J Invest Dermatol. 94: 742-748.

Surguladze D, Deevi D, Claros N, Corcoran E, Wang S, et al. (2009) Tumor
necrosis factor-alpha and interleukin-1 antagonists alleviate inflammatory skin
changes associated with epidermal growth factor receptor antibody therapy in
mice. Cancer Res. 69: 5643-5647.

Lynch TJ, Jr., Kim ES, Eaby B, Garey J, West DP, et al. (2007) Epidermal
growth factor receptor inhibitor-associated cutaneous toxicities: an evolving
paradigm in clinical management. The oncologist. 12: 610-621.

Perez-Soler R, Delord JP, Halpern A, Kelly K, Krueger J, et al. (2005) HER1/
EGFR inhibitor-associated rash: future directions for management and
investigation outcomes from the HERI1/EGFR inhibitor rash management
forum. The oncologist. 10: 345-356.

Perez-Soler R, Zou Y, Li T, Ling YH (2011) The Phosphatase Inhibitor
Menadione (Vitamin K3) Protects Cells from EGFR Inhibition by Erlotinib and
Cetuximab. Clinical cancer research : an official journal of the American
Association for Cancer Research. 17: 6766-6777.

Wong S, Nguyen H, Green V, Byun TE, Grahn EP, et al. (2010) Erlotinib-
induced papulopustular rash: Need for new management approach? J Clin
Oncol. 28: e13647.

January 2013 | Volume 8 | Issue 1 | e55128



