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Erlotinib is an epidermal growth factor receptor tyrosine kinase inhibitor used in treatment of advanced NSCLC. Patients
harboring EGFR or KRAS mutations represent minority of all patients in caucasian population and there is no available pre-
dictor for a predominant group of patients harboring the wild-type EGFR and wild-type KRAS genes. Skin rash is the most
frequent manifestation of cutaneous toxicity of erlotinib. Rash is associated with a good therapeutic response. We aimed at
the evaluation of rash as a predictor of therapeutic effect of erlotinib in patients harboring the wild-type EGFR and KRAS
wild-type genes and to assess its possible usage in a clinical practice.

Totally 184 patients with advanced stage NSCLC (IIIB, IV) harboring the wild-type EGFR and wild-type KRAS genes
were analysed. Comparison of ORR, PFS and OS according to the occurrence of rash was performed. In order to assess
the impact of rash in clinical practice it was conducted landmark analysis of the group of patients whose rash was ob-
served during first month of treatment (n=124). Patients in whom progression was observed during the first month of
treatment were excluded from the landmark analysis. The comparison of ORR was performed using Fisher’s exact test,
visualization of survival was performed using Kaplan-Meier survival curves and the differences in survival were tested
using the log-rank test.

Median PFS in patients who were observed with rash during the treatment was 3.0 vs. 1.2 months in patients with no
rash (p<0.001), median of OS in patients who were observed with rash during the treatment was 13.9 vs. 5.8 months in
patients with no rash (p<0.001). ORR in patients who were observed with rash during the treatment was 17.4% vs. 3.3% in
patients with no rash (p=0.001). Median of PFS after 1 month of treatment in patients who were observed with rash during
the first month was 2.9 vs. 1.1 months in patients with no rash (p=0.027). Median of OS after 1 month of treatment in pa-
tients who were observed with rash during the first month was 13.8 vs. 9.9 months in patients with no rash (p=0.082).

Rash is strongly associated with better survival and ORR in patients harboring wild-type EGFR and wild-type KRAS
genes. Occurrence of rash during the first month of treatment is a useful predictor of better effect of erlotinib after one month
of treatment. Patients who were not observed with rash during the first month of treatment are in high risk of progression.
Optimization of the treatment of these patients can contribute restaging after two months of treatment, assessment of plasma
levels of erlotinib and eventually attempt to dose escalation.
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Lung cancer is a principal cause of cancer-related deaths
worldwide and its incidence has been still increasing.
Non-small cell lung cancer (NSCLC) is the most common
histological type of lung cancer constituting more than 80%
of all lung carcinomas. Molecular targeted therapy based

on tyrozine kinase inhibitors (TKI), directed at epidermal
growth factor receptor (EGFR) is one of the most effective
tools in management of advanced NSCLC. Erlotinib is a low
molecular weight tyrosine kinase inhibitor blocking the acti-
vation of EGFR cascade. In clinical practice today erlotinib
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is commonly used for treatment of advanced stage NSCLC
(stage ITIB and IV).

Searching for predictors of EGFR-TKI therapy achieved
good results especially in the field of molecular genetics.
A presence of activating mutations in EGFR gene is currently
the best predictor of therapeutic effect of EGFR-TKI [1-5].
Frequency of EGFR mutations is 5-20%, predominantly in
asians, women with adenocarcinoma histology and never
smokers [5-7]. KRAS mutations represent another molecular
marker frequently related to effectiveness of EGFR-TKI ther-
apy. Mutated KRAS gene has indeed been widely reported as
a negative predictor for EGFR-TKI therapy as well as a negative
prognostic factor in NSCLC [8-11]. Frequency of KRAS mu-
tations is 15-25%, predominantly in caucasians and smokers
[12,13]. Patients harboring EGFR or KRAS mutations repre-
sent a minority of all patients with advanced NSCLC. There
is no available predictive marker suitable for usage in clinical
practice for the predominant group of patients harboring the
wild-type EGFR and wild-type KRAS genes.

Skin rash is the most common manifestation of cutaneous
toxicity of erlotinib. It occurs approximately in two-thirds
of treated patients. [14-17]. Retrospective analyses of wide
variety of studies have suggested that skin toxicity correlates
with survival and therapeutic response. In the BR.21 placebo-
controlled phase III trial of erlotinib in previously treated
patients with advanced NSCLC, the median survival for er-
lotinib-treated patients who did not experience skin toxicity
was 3 months compared with 7 and 11 months for those with
grade 1 or 2/3 skin toxicity, respectively [18]. Similar relation-
ships have been observed in the clinical trials of erlotinib in
NSCLC [19-24].

We focused on the evaluation of rash as a marker of treatment
efficacy in genetically determined group of patients harboring
the wild-type EGFR and wild-type KRAS genes and subse-
quently to evaluate its possible usage in a clinical practice.

Patients and methods

Patients and statistical methodology. We analysed data
of patients with cytologically or histologically confirmed
advanced stage (IIIB, IV) NSCLC enrolled in the Tarceva
clinical registry. Patients were treated at the Department
of Tuberculosis and Respiratory Diseases at the University
Hospital in Pilsen. The treatment with erlotinib was prospec-
tively monitored, the efficacy and the incidence and type of
adverse reaction were continuously assessed at specific time
points. The total number of genetically tested patients treated
with erlotinib in the 1.-4. line was 255. 71 patients harboring
mutation of EGFR or KRAS gene were excluded from the
analysis. Totally 184 patients harboring the wild-type EGFR
and wild-type KRAS genes were closely analysed.

The comparison of overall response rate (ORR), progres-
sion-free survival (PFS) and overall survival (OS) between two
groups of patients was performed. The first group represented
patients who were observed with rash (n=92). The second

group represented patients in whom no rash was observed
(n=92). The patients” characteristics are summarized in the
Table 1.

In order to assess the impact of rash on a clinical practice
it was conducted a landmark analysis at one month after be-
ginning of the treatment. Patients in whom progression was
observed within 1 month after beginning of the treatment
were excluded from the ladmark analysis. According to these
criteria a comparison of PFS and OS were performed between
groups of patients with rash observed within the first month
(n=65) and without rash (n=59). The patients” characteristics
are summarized in the table 2.

Treatment response was assessed using Response Evalua-
tion Criteria in Solid Tumors (RECIST). Comparison of ORR
(complete response + partial response) was performed using
the Fisher's exact test. The visualization of OS and PES as
well as the estimation of survival probabilities was performed
using Kaplan-Meier survival curves; all point estimates were
accompanied with 95% confidence intervals. The differences
in survival were tested using the log-rank test. As a level of
statistical significance, a=0.05 was used. Patients’ groups were
compared according to the age using Mann-Whitney test. The
Fisher’s exact test was used for comparison according to sex,
smoking history, histological type, stage, ECOG PS and line
of the treatment. As a level of statistical significance, a=0.05
was used.

Mutation analysis of EGFR and KRAS genes. The tu-
mor specimens acquired during an initial bronschoscopy
examination were evaluated by a senior cytologist using
a regular giemsa staining. In a few cases a tumor biopsy was
processed into formalin-fixed paraffin embedded (FFPE)
histology sections. The cytology slides or, eventually, the
FFPE sections, were submitted for molecular genetic test
being included detection of somatic mutations in EGFR and
KRAS genes. If it was necessary, tumor cells were carefully
selected and removed from the samples by laser microdis-
section using a P.A.L.M. microlaser instrument [Carl Zeiss
Microlmaging GmbH, Germany]. The microdissected cells
were collected directly into the PCR buffer and processed
without a special DNA extraction step. In all other cases
the DNA was extracted from tissue cells by a standard spin
column procedure using JetQuick Tissue DNA Issolation Kit
[GENOMED GmbH, Loehne, Germany]. The mutations in
exons 19 and 21 of EGFR gene and exon 1 of KRAS gene were
examined through Genoscan KRAS and Genoscan EGFR kits
[Genomac International, Prague, Czech Republic] utilizing
a denaturing capillary electrophoresis (DCE) technique on
ABI PRISM 3100 16-capillary genetic analyzer. Detected
mutations were identified by regular DNA sequencing using
a BigDye v 3.0 chemistry (Applied Biosystems, Foster City,
CA). In rare cases, where the overall fraction of mutated
DNA was below the 20% minimum required for DNA se-
quencing, mutation was identified indirectly after forming
only a homoduplex fragment with a given known mutation
reference standard.
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Figure 1. Comparison of PFS (A) and OS (B) between patients who observed with rash and patients without rash.

Assessment of erlotinib toxicity. In the study group we  changes, teleangiectasias and rarely mucosal changes. Cuta-
observed papulopustular (acneiform) eruption, xerosis, ast-  neous toxicity was classified in agreement with the National
eatotic eczema, fissures, hyperpigmentations, hair and nail ~ Cancer Institute Common Terminology Criteria for Adverse

Table 1. Basic clinical characteristics of patients

Patients observed with rash Patients
(n=92) without rash (n = 92)
Sex Fisher's exact test p=0.223
Female 30 32.60% 39 42.40%
Male 62 67.40% 53 57.60%
Age Mann-Whitney test p=0.464
Median 63 62
Average 64 63
Smoking status Fisher‘s exact test p =0.493
Non smoker 25 27.20% 20 21.70%
Former smoker 34 37.00% 22 23.90%
Smoker 33 35.90% 50 54.30%
Histological type Fisher's exact test p =0.069
Adenocarcinoma 44 47.80% 58 63.00%
Squamous cell carcinoma 40 43.50% 31 33.70%
Dediferentiated carcinoma 8 8.70% 3 3.30%
Line of treatment Fisher's exact test p=0.146
1. line 10 10.90% 13 14.10%
2. line 39 42.40% 30 32.60%
3. line 40 43.50% 49 53.30%
4. line 3 3.30% 0 0.00%
ECOG PS Fisher's exact test p=0.782
0 1 1.10% 1 1.10%
1 56 56.00% 48 52.20%
2 32 34.80% 38 41.30%
3 2 2.20% 4 4.30%
4 1 1.10% 1 1.10%
Stage Fisher‘s exact test p=0.363
I1IB 22 23.90% 16 17.40%

v 70 76.10% 76 82.60%
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Events version 3.0 (NCI-CTCAE v3.0) up to the more recent
version 4.03 (NCI-CTCAE v4.03) [25].

Results

The median value of PFS in patients who were observed
with rash (n=92) was 3.0 vs. 1.2 months in patients with no
rash (n=92) as shown in Figure 1A, the difference proved high
statistically significant (p<0.001). The median value of OS in
patients who were observed with rash (n=92) was 13.9 vs. 5.8
months in patients with no rash (n=92) as shown in Figure 1B,
the difference proved high statistically significant (p<0.001).
In patients who were observed with rash 2 complete responses
(CR), 14 partial responses (PR), 48 stable diseases (SD), 23
progressive diseases (PD) were achieved vs. 0 CR, 3PR, 29 SD,
53 PD in patients with no rash as shown in Figure 2. The dif-
ference in ORR (CR+PR) proved high statistically significant
(p=0.001). There were not statistically significant differences in
age (p=0.464), sex (p=0.223), smoking history (p=0.493), his-
tological type (p=0.069), stage (p=0.363), ECOG PS (p=0.782)
and line of the treatment (p=0.146) between compared groups
(Tab.1).

Landmark analysis at 1 month after beginning of the
treatment. The median value of the PFS after 1 month of the
treatment in patients who were observed with rash during
the first month (n=65) was 2.9 vs. 1.1 months in patients with
no rash (n=59) as shown in Figure 3A, the difference proved
statistically significant (p=0.027). The median value of OS after
1 month of the treatment in patients who were observed with
rash during the first month (n=65) was 13.8 vs. 9.9 months in
patients with no rash during the first month (n=59) as shown
in Figure 3B, the difference did not prove statistically significant
(p=0.082). There was no statistically significant difference in age
(p=0.834), sex (p=0.063), smoking history (p=0.828), histologi-
caltype (p=0.377), stage (p=0.669), ECOG PS (p=0.317) and line
of the treatment (p=0.627) between compared groups (Tab.2).

Discussion

Skin rash of any grade was observed in 50% of patients
harboring the wild-type EGFR and wild-type KRAS genes
treated with erlotinib. Occurrence of rash within the treat-
ment was strongly associated with longer PFS (3.0 vs. 1.2
months, p<0.001, n=184), longer OS (13.9 vs. 5.8 months,

Table 2. Basic clinical characteristics of patients enrolled in landmark analysis at one month after beginning of the treatment.

Patients observed with rash during
1. month (n = 65)

Patients without rash during 1.

month (n =59)

Sex
Female 19 29.20%
Male 46 70.80%
Age
Median 63
Average 63
Smoking status
Non smoker 13 20.00%
Former smoker 25 38.50%
Smoker 27 41.50%
Histological type
Adenocarcinoma 29 44.60%
Squamous cell carcinoma 31 47.70%
Dediferentiated carcinoma 5 7.70%
Line of treatment
1. line 5 7.70%
2. line 26 40.00%
3. line 32 49.20%
4. line 2 3.10%
ECOGPS
0 0 0.00%
1 43 66.20%
2 21 32.30%
3 1.50%
4 0 0.00%
Stage
111B 16 24.60%
v 49 75.40%

Fisher's exact test p =0.063
26 44.10%
33 55.90%

Mann-Whitney test p=0.834
62
63

Fisher's exact test p=0.828
13 22.00%
16 27.10%
30 50.80%

Fisher's exact test p=0.377
34 57.60%
22 37.30%
3 5.10%

Fisher's exact test p=0.627
8 13.60%
19 32.20%
31 52.50%
1 1.70%

Fisher's exact test p=0.317
2 3.40%
37 62.70%
16 27.10%
3 5.10%

1.70%

Fisher's exact test p =0.669
12 20.30%
47 79.70%
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Figure 2. Comparison of ORR between patients who observed with rash and patients without rash.
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Figure 3. Comparison of PFS (A) and OS (B) after 1 month of the treatment between patients who observed with rash and patients without rash.

p<0.001, n=184) and higher ORR (17.4% vs. 3.3%, p=0.001,
n=172). Similar findings were previously reported in the lit-
erature [16-21]. These findings indicate that rash is strongly
associated with improved anticancer eflicacy of erlotinib.
This fact may be caused by different pharmacokinetics and
higher plasma levels of drug in the subgroup of patients who
develop rash.

Results of conducted landmark analysis after one month of
the treatment show that occurrence of rash of any grade during
the first month predicts significantly longer further PFS (after
1 month of treatment) (2.9 vs. 1.1 months, p=0.027, n=124).
The difference in further OS (after 1 month of treatment) did
not prove statistically significant, but there was a visible trend
(13.8 vs. 9.9 months, p=0.082, n=116). Patients in whom pro-

gression was observed within the first month of treatment were
excluded from the landmark analysis. When the progression is
observed, the treatment is ended immediately. There is no need
of marker predicting further treatment efficacy when the pro-
gression was observed. Patients harboring wild-type EGFR and
wild-type KRAS genes who were not observed with rash of any
grade within the first month of erlotinib treatment represent
a group with high risk of early progression. Progression within
the second month of treatment was observed in 40% patients
of this high-risk group. Progression after two months of the
treatment was observed mainly using plain chest x-ray hence
there is a high probability that if we used CT scan, the number
of revealed progressions would be higher. According to these
findings, we recommend restaging using CT scan two months
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after beginning of the erlotinib treatment for early detection
of disease progression in this high-risk patient group. Assess-
ment of plasma levels of erlotinib and dose escalation could
be also feasible options for this high-risk patient group. Large
clinical trials aiming at improvement of the erlotinib efficacy
with higher doses than standard 150 mg are still missing.

Conclusion

Skin rash is strongly associated with better survival and
ORR in patients harboring the wild-type EGFR and wild-type
KRAS genes. Occurrence of rash within the first month of
treatment is a useful marker predicting better further efficacy
of erlotinib. Patients harboring the wild-type EGFR and wild-
type KRAS genes who were not observed with rash of any grade
within the first month of erlotinib treatment are in high risk of
progression within the second month of treatment. Optimiza-
tion of the treatment of these patients can contribute restaging
after two months of treatment and assessment of plasma levels
of erlotinib. Dose escalation to rash may improve response
rates and survival durations.
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