MOLECULAR AND CLINICAL ONCOLOGY 4: 425-428, 2016

Efficacy of first-line erlotinib in non-small cell lung cancer
patients undergoing dose reduction and those with a low body
surface area: A population-based observational study by the
Ibaraki Thoracic Integrative (POSITIVE) Research Group
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Abstract. The aim of the present study was to evaluate the
efficacy of erlotinib, one of the epidermal growth factor
receptor-tyrosine kinase inhibitors (EGFR-TKIs), in patients
undergoing dose reduction and in those with a low body surface
area (BSA). The association between dose reduction, low BSA
and efficacy, including response rate, disease control rate, time to
treatment failure and overall survival, were evaluated in patients
prescribed first-line erlotinib for EGFR mutated non-small cell
lung cancer patients between April 2012 and March 2015. A
total of 22 patients received first-line erlotinib during the study
period. A dose reduction of erlotinib for the reason of low BSA
and poor performance status occurred in 14 (63.6%) of the
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patients: 6 (27.3%) had initial dose reduction, 6 (27.3%) had dose
reduction in their clinical courses, and 2 (9.1%) had both. Dose
reduction of erlotinib with the initial dose of erlotinib/BSA
was >80 mg/m?, and longest-term prescribed dose of erlo-
tinib/BSA was >50 mg/m?, which may have no association with
a survival disadvantage. Dose-reduction estimation studies for
TKIs may be crucial, particularly for patients with a low BSA.
Future prospective studies and confirmation of these results in
population-based retrospective ones investigating the incidence
of dose reduction in patients with AEs and those with low BSA
may be required for the efficient use of erlotinib in common
clinical practice.

Introduction

Determining the recommended dose of traditional cyto-
toxic antitumor agents usually occurs at or near their
maximum-tolerated dose (1-3). The recommended dose for
epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs) is established at an optimal biological dose,
which minimizes the risk of adverse events (AEs) without
compromising efficacy (4-6). However, previous dose-finding
studies did not factor in body size or body surface area (BSA).
A significant portion of EGFR-mutated patients are female
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and the majority may have low BSA (7-9). Therefore, these
patients may require a dose reduction in daily clinical prac-
tice due to AEs or low BSA. However, limited information is
available regarding the association between low BSA and TKI
dose reduction and efficacy (10,11). Furthermore, the efficacy
of TKIs has not been elucidated in patients undergoing a dose
reduction due to severe AEs. In the present study, the efficacy
of TKIs was evaluated in patients undergoing a dose reduction
due to AEs and in those with a low BSA in clinical practice.

Patients and methods

Patients. The Ibaraki Prefecture in Japan covers an area of
6,095 km?* and has a population of 3 million. This retrospective
population-based study included patients with non-small cell
lung cancer (NSCLC) who had received erlotinib at 16 hospitals
in Ibaraki between November 2009 and August 2011. All the
patients were required to have had a pathological or cytological
diagnosis of NSCLC. Pathological diagnosis of lung cancer was
defined by the World Health Organization classification (12). A
tumor-node-metastasis staging procedure using head computed
tomography (CT) or magnetic resonance imaging, bone scans,
and ultrasonography and/or CT of the abdomen was performed
for all patients prior to starting erlotinib treatment. Eligible
patients were identified in the clinical database of each hospital
and the following information was extracted from their data:
Patient demographics at the time of erlotinib treatment (age,
gender, smoking history, histology and stage) and objective
tumor response. The tumor response was evaluated according
to the Response Evaluation Criteria in Solid Tumors (RECIST).
Toxicity was graded according to the National Cancer Institute
Common Toxicity Criteria, version 3.0 (13).

Evaluation of outcomes. Response rate, time to treatment
failure (TTF) and overall survival (OS) after the initiation
of erlotinib therapy in each treatment group with or without
EGFR mutation were evaluated.

Ethical statement. This observational study conformed to the
Ethical Guidelines for Clinical Studies issued by the Ministry
of Health, Labor and Welfare of Japan. Ethical approval of
reporting this study was obtained from the institutional review
board in the Mito Medical Center, University of Tsukuba
(Mito, Ibaraki, Japan) (13-15).

Statistical analysis. Differences in proportions between
2 independent groups were compared by the ¥’ test. P<0.05
was considered to indicate a statistically significant difference.
Survival probability was estimated with the Kaplan-Meier
method and compared using the log-rank test. In multivariate
analysis, Cox's proportional model was used.

Results

Patient characteristics. The patient characteristics are summa-
rized in Table I. During the study period, a total of 22 patients
were treated with first-line erlotinib. The median age was
72 years (range, 33-89 years). A total of 4 patients (18.2%)
were male, 3 (13.6%) had a smoking history and 14 (63.6%)
had a good performance status (0-1). All the patients had

INAGAKI et al: DOSE REDUCTION OF ERLOTINIB AND BODY SURFACE AREA

Table I. Characteristics of the 22 patients with EGFR-mutated
non-small cell lung cancer.

Characteristics Patients
Median age, years (range) 72 (33-89)
Gender, n

Male 4

Female 18
Smoking history, n

Never smokers 19

Current or ex-smoker 3
ECOG PS,n

0-1 14

2-4 8
Histology, n

Adenocarcinoma 22

Squamous 0

Large cell 0

Other 0
EGFR mutation, n

Ex 19 del 15

Ex 21 L858R 7
Body surface area, n

<1.25m? 1

>1.25 to <1.50 m? 13

>1.50 m? 8

EGFR, epidermal growth factor receptor; ECOG PS, Eastern
Cooperative Oncology Group performance status.

adenocarcinoma. A total of 15 patients had Ex19 del, and
7 had Ex 21 L858R. One patient (4.5%) had an extremely low
BSA (<1.25 m?) and 13 (59.1%) had 1.25<BSA<1.5 m?. A dose
reduction of erlotinib for the reason of low BSA and poor PS
was performed in 14 (63.6%) of the patients: 6 (27.3%) had
initial dose reduction, 6 (27.3%) had dose reduction in their
clinical courses, and 2 (9.1%) had both.

Overall response rate (RR), disease control rate (DCR),
progression-free survival (PFS) and AEs. The overall
RR was 77.3%, the DCR was 100% and the TTF was
13.0 months, and OS was did not reach the median survival
time (range, 1-21 months). Among 14 patients with low BSA
(<1.5 m?), 11 (78.6%) had dose reduction and 10 (71.4%) had
PR (at least a 30% decrease in the sum of the largest diameter
of target lesions, taking as reference the baseline sum largest
diameter in evaluation of target lesions in RECIST criteria).
By contrast, 3 (37.5%) of 8 patients with BSA >1.5 had dose
reduction and 7 (87.5%) had PR. There was no statistical
difference in dose reduction and response between them
(P=0.0541 and P=0.3869, respectively). Among 14 patients
with low BSA (<1.5 m?), 5 (35.7%) had grade 3-4 AEs, and
3 (37.5%) of 8 patients with BSA =1.5 m? had grade 3-4 AEs.
There was no statistical difference in AEs between them
(P=0.9332).
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Table II. Dose reduction of erlotinib.

Erlotinib dose Patients
Dose reduction
Present, n (%) 14 (63.6)
Initial dose reduction, n 6
Dose reduction in clinical course, n 6
Both, n 2
Absent, n (%) 8(364)

Median initial dose/BSA, mg/m*/day (range) 86.2 (67.6-121)

Median longest-term prescribed dose/BSA, 74.1 (28.7-121)

mg/m*/day (range)

BSA, body surface area.

Table III. Dose reduction of erlotinib and survival difference.

Log-rank test

P-value
Dose, <Cut-off >Cut-off
mg/m*BSAlevel level,n level, n TTF oS
Cut-off initial
80 8 14 0.9920 0.7453
90 13 9 0.6649 CA
100 15 7 0.8077 CA
110 18 4 0.3668 CA
Longest-term
50 3 19 0.3349 CA
60 4 18 0.7433 CA
70 7 15 0.9744 CA
80 13 9 0.3864 0.0614
90 16 6 CA CA
100 17 5 CA CA
110 20 2 CA CA

BSA, body surface area; CA, cannot analyze as OS did not reach
the median survival time; TTF, time to treatment failure; OS, overall
survival.

Dose reduction and survival. Table IT shows the results of
dose reduction. TTF in patients with an initial dose of 100 mg
erlotinib and those with 150 mg was 9.0 and 9.0 months,
respectively, and there was no statistical difference in TTF
between them (P=0.9920). OS in patients with an initial dose
of 100 mg erlotinib and those with 150 mg did not reach the
median survival time, respectively, and there was no statistical
difference in TTF between them (P=0.7456). With regard to
the longest-term prescribed dose (LTD) of erlotinib, TTF in
patients administered <100 mg and those with >100 mg was
9.0 and 13.0 months, respectively; however, there was no statis-
tical difference in TTF between them (P=0.3684). OS in these
patients did not reach the median survival time, respectively,
and there was no statistical difference in TTF (P=0.0614).
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Dose reduction, BSA and survival.Dose reduction and survival
were evaluated with consideration of BSA. Patients were
divided into groups based on whether their initial erlotinib
dose (ID)/BSA levels were < or >80 mg/m? and subdivided
into groups with ID/BSA levels of 90, 100 and 110 mg/m?. As
shown in Table III, a statistically significant difference was not
observed when patients were divided into groups at ID/BSA
levels of 80, 90, 100 and 110 mg/m?. Patients were divided
into groups based on whether their LTD/BSA levels were < or
>50 mg/m? and subdivided into groups with LTD/BSA levels
of 60, 70, 80, 90, 100 and 110 mg/m?. As shown in Table IIT, a
statistically significant difference was not observed.

Discussion

A fixed dose of EGFR-TKIs achieved a significant improve-
ment in PFS with acceptable AE profiles in previous clinical
trials (14,15). The first-choice treatments for advanced NSCLC
patients with EGFR mutation include gefitinib, erlotinib or
afatinib (14,15). However, TKI efficacy in the clinical setting,
particularly in patients undergoing a dose reduction due to
toxicity or low BSA, remains to be elucidated. Whether a strictly
fixed dose of TKIs, as determined by dose-finding studies, would
exhibit the same efficacy in patients undergoing a dose reduc-
tion as in those without also remains to be elucidated. Therefore,
the RR, DCR, PFS and OS in patients with and those without
a dose reduction of TKIs were determined in our previous
study (11). However, the study included heterogeneity in the
EGFR mutation status, TKIs used, and second or later line of
TKI treatment. To eliminate the effect on the results of unknown
factors associated with them, the present study was performed
using a database of patients treated with first-line erlotinib. Dose
reduction of erlotinib for the reason of low BSA and poor PS
occurred in 14 (63.6%) of the patients: 6 (27.3%) had initial dose
reduction, 6 (27.3%) had dose reduction in their clinical courses,
and 2 (9.1%) exhibited both. In previous studies assessing TKI
treatments, either in clinical trials or clinical practice, the popula-
tion of female patients with NSCLC was higher compared to that
in the general population (7-9,16). The present study identified
no disadvantage regarding TTF from a dose reduction in patients
receiving first-line erlotinib, even when considering BSA.
Although these findings were obtained from a small number
of patients in a retrospective study, no definitive conclusions
could be drawn on how dose reduction would affect patients
with AEs and those with low BSA. Therefore, these results be
should be interpreted carefully, rather than overlooking them as
anecdotal findings. The most appropriate dosage of erlotinib for
such patients should possibly be recalculated, in order to obtain
maximum efficacy with an acceptable toxicity profile.

To the best of our knowledge, only two previous studies
have evaluated the effect of BSA on the efficacy of TKIs; the
study by Ichihara et al (10) and our previous study (11). The
former study investigated the potential effect of BSA on the
PFS and OS of patients with advanced EGFR-mutated NSCLC
who were treated with gefitinib (10) and identified that BSA
affected the outcome of gefitinib therapy, with a higher BSA
being associated with worse PFS (10). The main focus of the
study by Ichihara er al (10) was treatment efficacy in patients
with a high BSA. By contrast, the present study aimed to
assess the effects of dose reduction in patients with AEs, as
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well as in patients with a low BSA. The PFS of patients with
low BSA with treatment interruption or reduced dose was
either equal to or superior to that of all low-BSA patients (10),
consistent with our previous study (11) and the present results.
Ichihara ef al (10) hypothesized that dose reduction in patients
due to AEs may be those with relatively high blood concentra-
tions of the agent, due to factors including drug metabolism.
This hypothesis requires confirmation in future studies.

The effect of BSA on OS was also investigated. There
was no association between OS and BSA in the study by
Ichihara et al (10). In our previous study, there was no apparent
difference in OS between patients with BSA <1.5 m?* and those
>1.5 m? receiving treatment with either gefitinib or erlotinib (11).
The OS in patients without dose reduction appeared to be
longer compared to patients with dose reduction, with no statis-
tical significance (11). Ichihara ef al (10) suggested that this was
possibly the effect of preceding and/or subsequent therapies on
0S8, and >70% of the patients received chemotherapy following
disease progression post-gefitinib monotherapy, therefore,
post-progression therapy may have hindered any difference
in PFS between the high- and low-BSA subgroups. Further
cytotoxic antitumor chemotherapy was not indicated in the
majority of the low-BSA patients, as observed in our previous
study, which may also be an explanation (11). In the present
study, taking BSA into consideration, there was no significant
disadvantage in the ID level and LTD level for patients with low
BSA. These results suggested that the degree of dose reduction
conducted in daily practice for low BSA, poor PS and severe
AE:s has little influence on the survival rate.

There are certain limiting factors for the analysis of the
present data set: Small sample size, retrospective design,
reasons for dose reduction, and exclusion of patients with
discontinuation of erlotinib without any dose reduction.
Another major limitation was that pharmacokinetic data were
not included in this analysis. Whether BSA differences cause
inter-patient pharmacokinetic variability, resulting in the
observed difference in TTF remains to be elucidated, possibly
by a pharmacokinetics-pharmacodynamics study. The blood
concentration of cytotoxic agents is closely associated with
their efficacy (17-19), and similarly, the blood concentration of
TKIs appears to be associated with their efficacy (20,21).

The present results suggested that dose reduction of erlotinib
with ID/BSA >80 mg/m?, and LTD/BSA >50 mg/m?* may not be
associated with survival disadvantage. Dose-reduction estima-
tion studies for TKIs may be crucial, particularly for low-BSA
patients. Heterogeneity in these factors, such as low BSA,
poor PS and severe AEs, should be taken into consideration.
Prospective studies, followed by confirmation in retrospective
ones, which investigate the incidence of dose reduction in
patients with AEs and those with low BSA may be important for
common clinical practice. This approach may further elucidate
the clinical meaning of TKI dose reduction in such patients.
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