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Abstract: The identification of the epidermal growth factor mutation (EGFR) is a positive prognostic factor for surviv-
al and therapeutic response to tyrosine kinase inhibitors (TKIs) in patients with non-small cell lung cancer (NSCLC).
TKIs are considered first line treatment in Patients with stages IlIB and IV NSCLC. We investigated the survival and
prognostic factors in NSCLC patients with the mutation of the EGFR in routine clinical practice. We conducted a
retrospective cohort observational study of 72 patients with non-small cell lung cancer (NSCLC) with EGFR gene
mutations that received treatment with erlotinib from January 2009 to December 2015. Kaplan-Meier curves were
presented. The association between independent variables and survival was analyzed using the Long-Rank test
in bivariate analysis and for multivariate analysis, Cox proportional hazards method was used to calculate hazard
ratios (HRs) and corresponding 95% confidence intervals (Cls). We included data from 72 patients, which were fol-
lowed for a total of 1144 patient-months. The majority of patients were female (61.11%), non-smokers (62.50%),
and with histological type corresponding to adenocarcinoma (76.38%). The most frequent EGFR gene mutation was
the deletion of exon 19 (65.27%). The majority of patients presented with comorbidities (77.78%), most commonly
hypertension. Almost all patients had stage IV NSCLC. Out of the 72 cases, 65 (90.28%) died. The median survival
was 9.3 months (95% Cl, 7.01-16.93). When comparing the survival curves when using the Log Rank Test, histologi-
cal type (P = 0.01), place of mutation (P = 0.06), hemoglobin (P = 0.01) and age (P = 0.01) were significant associ-
ated to overall survival (OS). In multivariate analysis, only age (HR, 1.02; 95% Cl, 1-1.04, P = 0.009) and hemoglobin
(HR, 0.70; 95% Cl, 0.55-0.89, P = 0.003) remained significant. In conclusion, the median OS of NSCLC patients
with positive EGFR gene mutation treated with TKI was 9.3 months. Bivariate and multivariate analysis showed that
younger age and a higher hemoglobin level were the most important factors associated with survival.
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Introduction inhibitors (TKIs) [3-5]. In patients in advanced
stages (llIB and IV), TKIs have shown to be an
effective treatment. Therefore, these drugs are
considered as first line therapy in their treat-
ment [6-8]. The TKls with evidence of effective-
ness in patients with NSCLC and mutation of
the EGFR gene include erlotinib, gefitinib, and

Lung cancer is the deadliest neoplastic disease
in Latin America [1] with non-small cell lung
cancer (NSCLC) accounting for 85% to 90% of
all lung cancers [2]. Every year, sixty thousand
related deaths are reported in Latin American

countries. In Peru the reported incidences of
lung cancer for men and women are 13 and 9
cases respectively per 100000 inhabitants [1].
Some of these patients have mutations of the
epidermal growth factor receptor (EGFR), which
is a positive prognostic factor for survival and
the therapeutic response to tyrosine kinase

afatinib.

Several studies have found an improved sur-
vival in NSCLC patients with mutation of the
EGFR treated with TKls [7, 9, 10]. However,
there is variability in the response according to
the type of population studied. In Peru, the clini-
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Figure 1. Kaplan-Meier curve showing overall surviv-
al in NSCLC patients with EGFR mutations.

cal response to this treatment has not been
evaluated, so it is important to carry out stud-
ies that analyze the response to TKIis in the
Peruvian population. In addition to assessing
the survival of patients in treatment with TKIs it
is important to identify the factors associated
with the response to this treatment. The objec-
tive of the present study is to determine the
overall survival and its associated factors in
NSCLC patients in advanced stages with muta-
tion of the EFGR gene treated with TKI at a ref-
erence center in Peru during the period 2009-
2015.

Methods

A retrospective cohort observational study of
patients with NSCLC in advanced stages (llIB
and IV) with EGFR gene mutation attended at
the Hospital Nacional de Policia Luis N. Saenz
from Peru between 2009 and 2015. The clini-
cal information of each patient was obtained
from the data registered in medical records.

Data source & patients

Eligible patients were those with histological
diagnosis of NSCLC in advanced stages IlIB
and IV with mutation of EGFR treated with TKI.
The identification of mutations as deletion of
exon 19, point mutation of codon 858, inser-
tion of exon 20 and mutation of exon 21 of the
EGFR gene were carried out by bidirectional
fluorescent cyclic sequencing amplified by real-
time polymerase chain reaction (PCR) with the
COBAS s 201 of Roche at a certified clinical
laboratory.
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A census evaluation was carried out including
all the patients who met the inclusion and ex-
clusion criteria. 72 medical records were obta-
ined as shown in Figure 3. Based on a signifi-
cance level of 95%, a power of 83% was calcu-
lated to detect a Hazard Ratio of 2.1 [12]. All
patients with stage IlIB or IV NSCLC treated
with TKI who had an EGFR gene mutation diag-
nosed between January 2009 and December
2015 and who had at least one medical follow-
up visit after the start of the tyrosine kinase
inhibitor were included. We excluded patients
whose medical records were not found, those
with small cell lung cancer diagnosis, patients
who were negative for the EGFR gene mutation,
and those without survival data or with no reg-
istered data of their last control.

Statistical analyses

The outcome was the survival time starting
from the diagnosis. The date of death was
obtained from the review of medical records
and the consultation with the National Registry
of Identification and Civil Status records obta-
ined by the Oncology service of the Hospital.
The patients were followed up until December
31, 2016, after which the data was censored.
The following data obtained from the review of
medical records were included as independent
variables: date of diagnosis of EGFR gene muta-
tion, gender, age (in years) at the time of diag-
nosis of EGFR gene mutation, histological sub-
type (adenocarcinoma, squamous cell carcino-
ma, large cell carcinoma and others), clinical
staging at the initial diagnosis, unilateral or
bilateral pulmonary involvment, smoking histo-
ry, previous treatment with chemotherapy, leu-
kocyte count, hemoglobin, albumin, and res-
ponse to treatment (no response, stable dis-
ease, partial response and total response). The
type of EGFR mutation was determined throu-
gh the polymerase chain reaction test in real
time (quantitatively). The deletion of exon 19,
the point mutation of codon 858, the mutation
of exon 21 and the insertion of exon 20 were
evaluated.

The categorical variables were presented as
frequencies and percentages. The numerical
variables as mean and standard deviation for
those of normal distribution. For numerical vari-
ables with distributions other than normal, the
median and interquartile range were used. The
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Figure 2. Kaplan-Meier curves showing the overall survival in NSCLC patients with EGFR mutations for those vari-
ables with significant association according to log rank-test.

Kaplan Meier curve for OS was presented. In Software: Release 13. College Station, TX:
addition, the annual mortality of the patients StataCorp LP).

was calculated. For the bivariate analysis, the

association between independent variables Ethical aspects

and survival was analyzed using the Log-rank
test. For the multivariate analysis, the Cox pro-
portional hazards method was used to calcu-
late hazard ratios (HRs) and corresponding
95% confidence intervals (Cls) using time-to-
event outcomes. An initial multivariate model
was elaborated, in which all those variables

This study was approved by the Ethics Com-
mittees of Universidad Peruana de Ciencias
Aplicadas and the Hospital de la Policia Na-
cional del Perl. The study did not involve any
intervention on human beings, as it was based
on the retrospective review of clinical records.

with a value of P < 0.15 in the bivariate analysis Results

were included. Subsequently, those variables

with higher values of p (Backward elimination) A total of 72 patients were included, followed
were eliminated, until a final model was ob- for a total of 1144 patient-months. Most pati-
tained in which all the variables presented a ents were females (61.11%). The average age
value of P < 0.05. This methodology has been at diagnosis was 58.8 years (SD: 18.66) and
used in previous studies for the identification 25% were smokers. The majority of patients
of clinical prediction models from a set of can- had comorbidities (77.78%), being the most
didate variables [13, 14]. A p value less than frequent hypertension. Regarding the clinical
0.05 was considered as statistically significant. stage of the diagnosis, almost all patients we-
All calculations were performed using the sta- re in tage IV of NSCLC with adenocarcinoma
tistical package Stata V13.0 (Stata Statistical being the most common histological subtype
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Patients with lung cancer diagnosed at the
National Police Hospital of Peru (NPHP) in
the 2009-2015
(n=672)

type had higher survival com-
pared to adenocarcinomas.
Likewise, hemoglobin greater
than 12 g/dl and age under

.

Clinical histories not found

65 years old had an associa-
tion with a longer survival.

Patients with lung cancer diagnosed at the
NPHP 2009-2015
(n=567)

Carriers of the point mutation
of codon 858 had higher sur-
vival compared to carriers of

Patients with small cell lung cancer

the exon 19 deletion, muta-
tion of exon 21 or insertion of

A
Reviewing clinical histories of patients with
non-small cell lung cancer (NSCLC) at the
NPHP in the 2009-2015
(n=480)

exon 20.

In the multivariate analysis
using the Cox regression only

A

Patients with NSCLC with negative
mutation for the EGFR gene

age and hemoglobin remain-
ed significant (Table 2) with

NSCLC patients with positive mutation of
the EGFR gene
(n=142)

Hazard Ratios of 1.02 (95%
Cl, 1.01-1.04) and 0.70 (95%
Cl, 0.55-0.89), respectively.

Patients who did not start treatment with
tyrosine kinase inhibitors

Discussion

NSCLC patients with positive mutation of
the EGFR gene treated with tyrosine kinase
inhibitors
(n=106)

Our study found a high mor-
tality among patients with
NSCLC and EGFR gene muta-

Patients without any data of the date of
last control

tion treated with TKI in com-
parison to other latinameri-
can countries [15]. Notwith-

NSCLC patients with positive mutation of
the EGFR gene treated with tyrosine kinase
inhibitors (erlotinib)

(76.38%). The most frequent mutation of the
EGFR gene was the deletion of exon 19
(65.27%). Finally, the majority of patients did
not show a response to treatment with TKils.
Table 1 shows other relevant population cha-
racteristics.

Survival and prognostic factors

Sixtyfive (90.28%) out of the 72 patients died.
The median survival was 9.3 months (95% Cl,
7.01-16.93). The Overall survival Kaplan-Meier
curve is shown in Figure 1.

When comparing the survival curves using the
Long Rank test, histological type (P = 0.02),
place of mutation (P = 0.06), hemoglobin level
(P =0.01) and age (P = 0.01) were significantly
associated with survival. Figure 2 shows that
patients with histology of squamous cell carci-
noma, large cell carcinoma or other histological
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Figure 3. Flow chart of population
(0=72) cohort selection.

standing, the median survival
was 9.3 months, more than
expected with conventional
treatment according to the lit-
erature. In addition, there is a
discrete difference in the median survival com-
pared to other countries, such as United States
(10.4 months [16]), Portugal (12 months [17])
and Colombia (9.8 months [15]). Several stud-
ies show that the prognosis of patients with
NSCLC is poor with conventional treatment,
reporting a median survival of 6 months [16].
However, it was observed that in patients treat-
ed with TKI (erlotinib) this can increase to 10.4
months [18]. Also, the median of progression-
free survival (PFS) was of 4.8 months in the
group that used TKI as a first-line treatment
[19]; compared to 2.9 months in patients treat-
ed with chemotherapy [18]. In addition, those
studies have shown that quality of life in
patients who used erlotinib was better than in
those receiving chemotherapy [8]. Finally, the
side effect profile of TKI is clearly better than
conventional chemotherpay [16, 20, 21]. We
observed that patient age (< 65 years), hemo-
globin (> 12 g/dl), histological type (no adeno-

Am J Cancer Res 2019;9(5):1009-1016
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Table 1. Clinical characteristics and prognostic factors of NSCLC patients with EGFR mutation treated

with erlotinib

Characteristics Total (n =72) Vivos (n =7) Deceased (n =65) p Valuet
Gender 0.855
Female 44 (61.11%) 4 (57.14%) 40 (61.54%)
Male 28 (38.89%) 3(42.86%) 25 (38.46%)
Smoking Status 0.245
Non smoker 45 (62.50%) 4 (57.14%) 41 (63.08%)
Current smoker 18 (25.01%) 2 (28.57%) 16 (24.62%)
Former smoker 9 (12.50%) 1 (14.29%) 8(12.31%)
Previous Treatment with Chemotherapy 13 (18.06%) 2 (28.57%) 11 (16.92%) 0.475
Comorbidity 56 (77.78%) 6 (85.71%) 50 (76.92%) 0.543
Clinical Stage 0.468
Stage IlIB 16 (22.22%) 1(14.29%) 15 (23.08%)
Stage IV 56 (77.78%) 6 (85.71%) 50 (76.92%)
Baseline Nsclc Histology 0.016*
Adenocarcinoma 55 (76.38%) 5 (71.43%) 50 (76.92%)
Squamous cell carcinomas 9 (12.50%) 1 (14.29%) 8(12.31%)
Large cell carcinoma 7 (9.72%) 1 (14.29%) 6 (9.23%)
Other 1 (1.39%) 0 1 (1.54%)
Egfr Mutations 0.064*
Deletion of exon 19 47 (65.27%) 6 (85.71%) 41 (63.08%)
Point mutation of codon 858 20 (27.78%) 1 (14.29%) 19 (29.23%)
Exon 21 mutation 4 (5.56%) 0 4 (6.15%)
Exon 20 insertion 1 (1.39%) 0 1 (1.54%)
Lung Involvement 0.823
Unilateral 46 (63.89%) 3 (42.86%) 43 (66.15%)
Bilateral 26 (36.11%) 4 (57.14%) 22 (33.85%)
Initial Response to Treatment
No response 8 (38.89%) 1 (14.29%) 27 (41.54%)
Stable disease 4 (33.33%) 0 24 (36.92)
Partial response 16 (22.22%) 4 (57.14%) 12 (18.46%)
Total response 4 (5.56%) 2 (28.57%) 2 (3.08%)
Age in years 65.52 (41.63-75.05)  45.08 (34.84-71.84) 65.62(42.91-75.06) 0.012*
Weight in Kg (RIC) 68 (59-74.5) 73 (58-80) 66 (59-73)
Height in metres 1.62(1.58-1.7) 1.7 (1.57-1.73) 1.62(1.58-1.7)
BMI 24.9 (23.48-27.25) 26.08 (22.74-27.68) 24.8 (23.52-26.71) 0.881
Albumin in g/dI 3(2.4-3.45) 3.1(2.3-3.7) 3(2.4-3.4) 0.502
Lymphocytes in cells/ulL 3219.5 (2120-4675) 4650 (2600-7038) 3160 (2110-4560) 0.466
Hemoglobin in g/dI 12 (11.05-13.1) 13.6 (9.59-14) 12 (11.1-13) 0.001*

The numerical variables are presented as median and interquartile range. The categorical variables are expressed as means and percentages.
IMC, Body mass index; EGFR, epidermal growth factor receptor; *, significance level; T, Long-Rank test.

carcinoma) and type of mutation (point muta-
tion of codon 858) were significantly associat-
ed with OS. Other studies have found other
related factors depending on study setting
according to the setting reviewed literature
including gender, clinical stage, functional sta-
tus, history of smoking or second-line treat-
ment with chemotherapy [22]. As was previ-
ously reported in other populations [23-25],
mutations of the EGFR gene were more fre-
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quent in women, in patients who had never
smoked, in those with histological adenocarci-
noma subtype and the most EGFR gene muta-
tion type found was the deletion of exon 19.

An additional finding during the sample selec-
tion was found that 29.6% of the patients with
NSCLC were carriers of the EGFR mutation
while in developed countries such as United
States the patients with positive mutation only

Am J Cancer Res 2019;9(5):1009-1016
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Table 2. Multivariate analysis of prognostic factors of NSCLC patients with EGFR mutation treated
with erlotinib

Final Model
HR (95% Cl) p Value

Initial Model
HR (95% Cl) p Value
0.94 (0.42-2.10) 0.882

Characteristics

Baseline Nsclc Histology (non adenocarcinoma)
Egfr Mutations (compared to deletion of exon 19)

Point mutation of codon 858 0.90 (0.51-1.59) 0.712

Other types of mutations 1.73 (0.64-4.64) 0.277
Age in years 1.02 (1.00-1.04) 0.048 1.02 (1.01-1.04)  0.009
Hemoglobin in g/dl 0.72 (0.56-0.92) 0.008 0.70(0.55-0.89) 0.003

HR, harzard ratio; CI, confidence interval.

reach 18.5% [26]. This higher percentage of
positivity to this mutation, if confirmed by fur-
ther studies, would be specially relevant for
peruvian oncologysts.

Among the limitations of our study were those
of the retrospective nature of the study, the
possible limitations in data collection due to
incomplete clinical histories or the possibility of
selection bias due missing data. In addition,
the study was limited to a single health facility,
which limited the generalization of its findings.

Finally, our study is the first Peruvian series that
analyzes outcomes related to TKI therapy in
Peru. Our results provide national evidence of
the factors that are associated with survival in
patients during treatment with TKI as first-line
drugs for NSCLC patients with positive muta-
tion of the EGFR gene.

Conclusion

This study provided evidence on overall survival
and their prognostic factors during treatment
with TKI from patients with NSCLC and positive
mutation of the EGFR gene in Peru. Our data
suggest that treatment with TKI could be an
effective strategy for the Peruvian population
with NSCLC. Younger age and higher hemoglo-
bin levels were the most important factors
associated with a longer survival both in bivari-
ate and multivariate analysis. Further studies
are needed to confirm the high frequency of
EGFR mutations in Peruvian population and to
compare responses to TKI therapy in specific
subpopulations.
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