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Abstract: Lung cancer is the leading cause of cancer-related mortality. This study was undertaken to investigate the
efficacy and safety of adding regulatory T cell inhibitor cyclophosphamide to pemetrexed therapy for the second-line
treatment of NSCLC with wild-type epidermal growth factor receptor (EGFR). A total of 70 patients were screened
between March 2011 and December 2013, out of which 62 patients were enrolled in the study. Patients were
randomized to receive 500 mg/m? pemetrexed in combination with 20 mg/kg cyclophosphamide in a 21 day cycle
(n=30) or 500 mg/m? pemetrexed (n=32), and followed up for 30 months. Disease progression was observed in
23 patients in the pemetrexed plus cyclophosphamide arm and 27 patients in the pemetrexed monotherapy arm.
Median progression-free survival was 3.6 months (95% confidence interval [Cl], 1.3 to 5.9 months) in the peme-
trexed plus cyclophosphamide arm and 2.2 months (95% Cl, 1.3 to 3.1 months) in the pemetrexed monotherapy
arm. The 6-month PFS rates were 22% (95% Cl, 10 to 34) and 14.5% (95% Cl, 6 to 23) in the pemetrexed plus
cyclophosphamide arm and pemetrexed monotherapy arm, respectively. Median overall survival was 9.8 months
for the pemetrexed combination therapy arm and 8.8 months for the pemetrexed arm, and the 1-year survival rates
were 46% and 33%, respectively. The present study showed that pemetrexed in combination with low-dose cyclo-
phosphamide may be a better treatment approach than pemetrexed monotherapy when considering second-line
treatment for wild-type EGFR NSCLC.
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Introduction Several randomized studies comparing first-line
) ) epidermal growth factor receptor tyrosine
Lung cancer is the leading cause of cancer- kinase inhibitors (EGFR-TKIs) with doublet che-

associated death in the world [1]. Most patients
with non-small cell lung cancer (NSCLC) are
diagnosed at a relatively late stage, and plati-
num-based first-line chemotherapy is pre-
scribed as a part of the standard treatment for
advanced NSCLC. However, the factors that
may predict survival and treatment response
are limited. Approximately half of the patients
with  NSCLC are initially diagnosed with
advanced disease. For patients with negative
or unknown driver mutation status, platinum-
based combination chemotherapy represents
the standard of care in advanced NSCLC [2].
However, almost all patients eventually develop
progressive disease that requires further treat-
ments after the initial therapy.

motherapy in patients with advanced NSCLC
harboring activating EGFR mutations have dem-
onstrated better improvements in objective
response rate (ORR), progression-free survival
(PFS), and quality of life (QoL) with EGFR-TKIs
than with platinum-based chemotherapy [3-5].
Therefore, EGFR-TKIs are recommended as a
standard first-line treatment for patients with
EGFR-mutant advanced NSCLC and EGFR
mutation detection is mandatory to determine
the use of first-line EGFR-TKIs. However, in sec-
ond-line or greater settings, the role of EGFR
mutation status in the guidance of EGFR-TKI
use is unclear. Eight randomized trials [6-13]
compared EGFR-TKIs with standard second-line
chemotherapy (docetaxel or pemetrexed) in
Traditional first-line therapy for advanced patients with advanced NSCLC, but none of
NSCLC is platinum-doublet chemotherapy. these trials was initially designed to evaluate
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the effect of EGFR genotype. Therefore, the
patients enrolled in these trials were unselect-
ed populations.

Cyclophosphamide is the most widely used
alkylating agent and its antineoplastic and
immunomodulating activities have been regis-
tered for early and advanced breast cancer [6,
14]. Pemetrexed, a multitargeted antifolate,
inhibits thymidylate synthase, dihydrofolate
reductase (DHFR), and glycinamide ribonucleo-
tide formyltransferase (GARFT), and has dem-
onstrated antitumor activity in multiple tumor
types [7, 8]. Single-agent pemetrexed has
showed activity in several phase Il studies in
patients with lung cancer [9]. On the basis of
the folate-disrupting mechanism of peme-
trexed, which is similar to methotrexate and
B5-fluorouracil, and the tolerable safety profile
evaluated in a phase | study, we designed this
phase I, multicenter, randomized study to
determine whether pemetrexed plus cyclophos-
phamide can be a valuable regimen for the
treatment of locally advanced NSCLC [10]. The
primary objective of this study was to assess
the antitumor activity, measured by response
rate, of two doses of pemetrexed in combina-
tion with cyclophosphamide versus pemetrexed
monotherapy as a second-line treatment in
patients with advanced non-squamous NSCLC
with wild-type EGFR. Secondary objectives
were time-to-event efficacy variables, safety,
pharmacokinetics of pemetrexed and cyclo-
phosphamide when given in combination, and
assessment of patients’ baseline nutritional
status on safety and efficacy as measured by
homocysteine levels.

Materials and methods
Study design and patient eligibility

The study was undertaken in accordance with
the Declaration of Helsinki, Good Clinical
Practice guidelines, and the protocol was
approved by local Ethics Committee of The First
Affiliated Hospital of Nanchang University,
China. A written informed consent for participa-
tion in the study was obtained from all patients.

This phase IlI, open-label, randomized study
was undertaken at a single centre in China. The
criteria for enrollment were as follows: patients
must have histologically or cytologically proven
advanced (stage IlIB or IV) or recurrent NSCLC,
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disease (AJCC/UICC version 6) without EGFR
mutations in exons 18-21 in their tumor sam-
ples, as tested by direct sequencing, and previ-
ously received one chemotherapy regimen as
palliative therapy for locally advanced or meta-
static disease. The inclusion criteria are: dis-
ease progression after first-line or second-line
chemotherapy; age =18 years; Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status (PS) <2; at least one measurable
lesion; adequate bone marrow (absolute neu-
trophil count >1500/mL and platelet count
>100,000/mL), normal hepatic (bilirubin <1.25
upper limit of normal [ULN] and hepatic trans-
aminase <2.5 ULN), and renal (serum creati-
nine <1.5 mg/dL) functions; and an estimated
life expectancy of at least 3 months. Patients
with brain metastasis were also eligible if they
were treated with radiation therapy and were
clinically stable. Exclusion criteria were chronic
diarrhea of any grade, inflammatory bowel dis-
ease, uncontrolled comorbid illness, or other
malignancies.

Treatment

Patients were randomized to receive either
pemetrexed plus cyclophosphamide or peme-
trexed monotherapy, and were stratified accord-
ing to histology (adenocarcinoma vs. others)
and smoking history (current/ex-smokers vs.
nonsmokers). Pemetrexed (Alimta, 500 mg/m?)
was administered intravenously with concomi-
tant administration of cyclophosphamide
(Cytoxan) over 10 min on day 1 of every 21-day
cycle (n=30). In the monotherapy arm, only 500
mg/m? of iv. pemetrexed was administered
(n=32). Cycles were repeated until disease pro-
gression or unacceptable toxicity was observed
or until the patient declined further treatment.
Patients in the pemetrexed arm were instruct-
ed to take folic acid (1 mg orally daily) from 1
week before the administration of the first dose
of pemetrexed until 3 weeks after the last dose.
Intramuscular injection of Vitamin B12 (1 pg)
was administered 1 week before the first dose
of pemetrexed and was repeated after every 3
cycles.

Target lesions were assessed using computed
tomography (CT) and magnetic resonance
imaging (MRI). Tumor response and disease
progression were assessed according to
Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.0. Patients were assessed
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Assessed for eligibility

Dose modification

Dose adjustments to new
cycles were based on the
consideration of the worst
toxicity observed during the
previous cycle. Treatment
interruptions up to 14 days
were allowed for recovery
from adverse events. Pe-
metrexed treatment was
started only when the neu-
trophil count was >1000/
mL, the platelet count was
>75,000/mL, and nonhe-
matologic toxicities were
grade <1. Pemetrexed do-
ses were reduced by 25%

in patients with grade >4
neutropenia, febrile neutro-

penia, grade >3 thrombocy-
topenia, or grade >3 non-
hematologic toxicity, ex-

cluding nausea, vomiting,
and alopecia. Patients who
experienced grade >3 hy-
persensitivity reactions or
required two successive

dose reductions were with-
drawn from the study.

(n=70)
€
g Excluded (n =8)
o Not meeting inclusion criteria
S (n =6)
Refused to participate
(n=2)
Figure 1. CONSORT diagram
showing the flow of partici-
Randomized (n = 62) pants through each stage of a
/ \ randomized trial.
Allocated to pemetrexed Allocated to pemetrexed
plus cyclophosphamide treatment
treatment (n =32)
5 (n = 30) 500 mg/m’ 21 day cycle
B (pemetrexed=500 mg/m?,
g cyclophosphamide =
<=t 20mg/kg, 21 day cycle)
a Lost to follow up Lost to follow up
3 (n =2) (Patients moved (n = 3) (n=2, patient
g out of country) refusal after treatment
= related adverse event; n=1
2 treatment-related death)
Analyzed (n =28) Analyzed (n =29)
» Overall Survival (OS) ¢ Overall Survival (OS)
2 | « Progression Free Survival « Progression Free Survival
> (PFS) (PFS)
g « ECOG Performance Status « ECOG Performance Status
< | « Toxicity o Toxicity

Evaluation

The baseline evaluation
included detailed medical
history, physical examina-
tion, complete blood co-

for response and disease progression by inves-
tigators, together with input from radiologists
at each center, and assessed independently by
independent review committee (IRC). Adverse
events (AEs) were classified according to the
National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE), version
3.0. Patient’'s QoL and symptoms were
assessed every 6 weeks using Functional
Assessment of Cancer Therapy-Lung (FACT-L)
questionnaire, Lung Cancer Subscale (LCS),
and Trial Outcome Index (TOI). Primary endpoint
was IRC-assessed PFS. Secondary endpoints
included investigator-assessed PFS, 4-month
and 6-month PFS rates, overall survival (0S),
ORR, disease control rate (DCR), QoL and
safety.
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unts, blood chemistries,
and imaging for tumor
assessment. These evaluations were also
made before each treatment cycle. Tumor
responses were classified according to RECIST
ver. 1.1. The response was evaluated based on
the findings from the CT scan of the chest and
upper abdomen. Clinical responses were
assessed after every 2 cycles or earlier in case
of clinical deterioration. The toxic effects were
assessed according to the National Cancer
Institute Common Toxicity Criteria version 3.0.

All enrolled patients were investigated for wild-
type EGFR in exons 18-21, as tested in tumors
by sequencing. For EGFR gene analysis, genom-
ic DNA was extracted from paraffin-embedded
tumor tissues and amplified using polymerase
chain reaction (PCR). EGFR mutational status
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Table 1. Baseline patient characteristics

py, with a two-sided 95% Cl.

Pemetrexed +
eme Pemetrexed P-

ORR was analyzed using x2
test. Pre-planned subgroup

Characteristics cyclophospha- -32 |
mide (n=30) (n=32)  values analyses of PFS were per-
Gender 0.77 fprmed using Cox propor-
Male 26 o8 tional hazards model. QoL
scores were calculated
Female 4 4 . L. .
: using logistic regression
Median age (years) 56 (31-81) 42 (32-52) analysis
>60 8 9 0.26 ’
Performance status 0.94 Results
0 5 (17%) 5 (16%)
1 13 (43%) 13 (41%) Patient characteristics
2 12 (40%) 14 (44%) _
Smoking status 0.88 A tcl>|ta(Ij c;)f 62 pa’lt\l/lentsr;
Current or ex-smokers 21(70%) 24 (75%) enrolled between Marc
2011 and December 2013,
Nonsmokers 9 (30%) 8 (25%) .
) were randomly assigned to
Pathological subtype 0.99 the pemetrexed plus cyclo-
Adenocarcinoma 12 (40%) 14 (44%) phosphamide arm (n=30)
Squamous cell carcinoma 10 (33%) 12 (37%) or the pemetrexed mono-
Large-cell neuroendocrine carcinoma 8 (27%) 6 (19%) therapy arm (n=32) (Figure
Stage at treatment 1). A summary of patient
1B 3 (10%) 6 (19%) baseline characteristics is
v 27 (90%) 26 (81%) shown _in Table 1. ACC(.)rd.ing
Metastatic sites 0.59 to pazlent characterlstlc?
Lung to lung 21(70%) 21 (66%) ﬁgfiéu:rﬁzsmiﬁ’ Ciif
0, 0,
P'e‘fra 16 (54%) 26 (81%) noma, and 98% had wild-
Brain 2 (7%) 4 (12%) type EGFR status. The
22 sites 23 (77%) 18 (56%) treatment groups were gen-
Treatment sequence 0.32 erally well balanced for
3" line 13 (43%) 18 (56%)  0.57 baseline  characteristics,
2" line 12 (40%) 21 (66%) 0.80 except that the pemetrexed

Values are presented as number (%, rounded off).

was examined in exons 18-21 through direct
sequencing.

Statistical analysis

The primary endpoint of this study was PFS rate
at 6 months, and secondary endpoints were
PFS, toxicity, response rate (RR), and (OS).
Statistical significance was accepted for
P-values of <0.05. All analyses were performed
using SPSS version 19.0 (SPSS Inc., Chicago,
IL). Survival was estimated using Kaplan-Meier
method and was presented as a median value
with a range and a two-sided 95% CI. A two-
sided log-rank test was the main method used
to compare survival between two arms. The
estimate of the treatment effect was expressed
as a hazard ratio (HR) of pemetrexed plus cyclo-
phosphamide versus pemetrexed monothera-
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monotherapy group includ-
ed a higher percentage of
patients with pleural metastasis (50% vs. 29%),
wild-type EGFR (58% vs. 38%), and no response
to previous chemotherapy (42% vs. 33%) than
the pemetrexed plus cyclophosphamide group.

Efficacy

After a median follow-up period of 30.6 months,
25 patients in the pemetrexed plus cyclophos-
phamide arm and 29 patients in the peme-
trexed monotherapy arm showed progression.
The 6-month PFS rates were 22% (95% ClI, 10
to 34) in the pemetrexed plus cyclophospha-
mide arm and 14% (95% ClI, 5 to 25) in the
pemetrexed monotherapy arm. The median
PFS was 3.55 months (95% CI, 1.4 to 5.7
months) and 2.0 months (95% CI, 1.2 to 2.8
months) in the pemetrexed plus cyclophospha-
mide arm and the pemetrexed monotherapy

Int J Clin Exp Pathol 2015;8(11):14693-14700
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Figure 2. Kaplan-Meier curves for progression-free
survival (PFS).

arm, respectively (Figure 2). Results of explor-
atory analyses showed no significant differenc-
es in the 6-month PFS rate (P=0.35) and PFS
(P=0.71) between the two arms.

The observed median OS was 9.1 months for
both arms, and 1-year survival rates were 44%
for pemetrexed plus cyclophosphamide arm
and 31% for pemetrexed monotherapy (Figure
3). For all patients, the results of a multivari-
able analysis showed that ECOG performance
status (PS) O to 1 (HR, 0.43; 95% ClI, 0.26 to
0.71) and adenocarcinoma (HR, 0.59; 95% ClI,
0.35 to 0.98) were independent prognostic fac-
tors for longer OS. The response could not be
assessed in five patients: two in the peme-
trexed plus cyclophosphamide arm (patient
refusal after the first cycle and follow-up loss)
and three in the pemetrexed monotherapy arm
(patient refusal after the first cycle and treat-
ment-related death). The disease control rates
for pemetrexed plus cyclophosphamide and
pemetrexed monotherapy arms were 45% and
35%, respectively (P=0.36).

Efficacy analysis according to EGFR mutation
status

In 57 patients with wild-type EGFR, a trend for
better RR was observed in the pemetrexed plus
cyclophosphamide group than in the peme-
trexed monotherapy group (39% vs. 9%,
P=0.07); the median PFS and median OS were
longer in the pemetrexed plus cyclophospha-
mide arm than in the pemetrexed monotherapy
arm, but the differences were not statistically
significant (median PFS: 6.6 months vs. 3.1
months, P=0.45; median 0S: 34.3 months vs.
14.8 months, P=0.62). In patients with

14697

1501 -1. Pemetrexed + cyclophosphamide
§ —— Pemetrexed
_g 100+
2
3
a
T 504
b
Q@
>
(o]
0 1
0 50

Time (in months)

Figure 3. Kaplan-Meier curves for overall survival
(0S).

unknown EGFR mutation status, similar effica-
cy outcomes were observed between peme-
trexed plus cyclophosphamide and pemetrexed
monotherapy arms (median PFS: 3.0 months
vs. 1.8 months, P=0.55; median OS: 6.9
months vs. 6 months, P=0.80; RR: 0% vs. 8%,
P=0.17).

Toxicity

All patients were assessed for toxicity. A list of
treatment-related hematologic and nonhema-
tologic toxicities is shown in Table 2. The rea-
sons for treatment discontinuation were dis-
ease progression (61% for pemetrexed plus
cyclophosphamide arm and 83% for peme-
trexed monotherapy arm), adverse events (9%
and 10%, respectively), and follow-up loss (2%
and 0%, respectively). The most common
adverse events were anemia (51%) and fatigue
(45%) in the pemetrexed plus cyclophospha-
mide arm and skin rash (49%) and anorexia
(38%) in the pemetrexed monotherapy arm.
Grade 3 or 4 adverse events occurred in 28% of
patients in the pemetrexed plus cyclophospha-
mide arm and 19% in the pemetrexed mono-
therapy arm. There was 1 treatment-related
death resulting from pneumonia in each arm.
Interstitial lung disease was noted in 2 patients
who received pemetrexed monotherapy.

Discussion

To our knowledge, this is the first head-to-head
study designed to explore the efficacy and safe-
ty of pemetrexed plus cyclophosphamide ver-
sus pemetrexed monotherapy as second-line
treatment for patients with advanced non-
squamous NSCLC harboring wild-type EGFR. In

Int J Clin Exp Pathol 2015;8(11):14693-14700
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Table 2. Adverse events

the standard second-line treatment

Pemetrexed + cyclo- Pemetrexed mono-
therapy (n=32)

phosphamide (n=30)

for advanced non-squamous NS-
CLC. Previously, two randomized tri-

Adverse events

All grade Grade 3 All grades Grade 3
(%) to 4 (%) (%)

als compared EGFR-TKIs with peme-

to 4 (%) trexed monotherapy in a second-

Hematologic toxicity

Anemia 12 (40%) 2 (7%) 10 (31%)
Leukocytopenia 2 (6%) -
Neutropenia 3 (10%) -

Thrombocytopenia
Nonhematologic toxicity

3(10%)  1(3%)

Skin rash 5 (17%) - (
Fatigue 11 (36.6%) - 14 (
Anorexia 6 (20%) 10 (
Nausea 10 (33%) 1 (3%) 18(
Vomiting 4 (13%) 7
Stomatitis 3 (10%) 9
Constipation 2 (7%) 4
Diarrhea 4 (13%) - 8
Infection 2 (7%) 2
Edema 2(7%) 3

line treatment setting. The aim of
the phase Ill KCSGLUO8-01 study
(n=135) was to compare peme-
trexed monotherapy with gefitinib in
a clinically selected population (non-
smoker Korean patients with pulmo-
nary adenocarcinoma) [13].

1 (3%)

Of all the randomized trials compar-
ing EGFR-TKIs with second-line che-
motherapy [13, 15-17], CTONGO806
was the first study that was specifi-
cally designed to address the role of
EGFR mutation as a predictive
marker. In April 2014, 2 meta-analy-
ses of EGFR-TKIs versus chemother-
apy in wild-type EGFR NSCLC
achieved same conclusion that che-

1 (3%)

Values are presented as number (%, rounded off).

this study, patients showed significant improve-
ments in PFS and DCR with pemetrexed in com-
bination with cyclophosphamide compared
with pemetrexed monotherapy, which was con-
firmed by IRC. Therefore, the data analysis was
validated. There was also a trend towards
improved OS in the pemetrexed plus cyclophos-
phamide arm, which may have achieved statis-
tical significance given a sufficient sample size.

Both regimens demonstrated modest activity
as a second-line treatment with a median PFS
of 2.0 months and a median OS of 8.5 months
in each arm. Both the regimens were generally
well-tolerated and related toxicities were mild.
The results of exploratory analyses for compari-
son of clinical outcomes between the two arms
showed no significant difference in efficacy
between pemetrexed plus cyclophosphamide
and pemetrexed monotherapy in overall popu-
lation and in patients with wild-type EGFR
tumors. For patients with EGFR activating
mutations, EGFR-TKIs are the favored second-
line therapy if not used in the first-line setting
[11, 12]. However, the role of EGFR-TKIs as the
second-line treatment of patients with wild-
type EGFR or unknown EGFR status remains
controversial. Both EGFR-TKIs and pemetrexed
monotherapy are currently used in East Asia as
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motherapy significantly improved
PFS butnot0S[16,17]. CTONGO806
was the only trial that initially
enrolled patients with wild-type EGFR. The
other trials enrolled unselected patients and
the conclusion about patients with wild-type
EGFR was only from subgroup analysis.

These findings suggest that the exact mutation-
al status should be determined in order to
guide rational decision making for the second-
line treatment. In the current study, no signifi-
cant difference of efficacy was observed
between pemetrexed plus cyclophosphamide
and pemetrexed monotherapy among patients
with wild-type EGFR. This observation may be
explained by the small number of patients in
our study who were confirmed to have wild-type
EGFR tumors. In addition, we used direct
sequencing for EGFR mutation analysis. Our
study has some limitations. First, it was con-
ducted at a single institution and in a small
study population using an initial noncompara-
tive design, which reduced the accuracy of
comparison between the two treatment arms.
Second, our study was initiated before the
interaction between pemetrexed efficacy and
histology was detected; therefore, patients with
squamous cell carcinoma (20%) were included
in the analyses, which could have biased the
results. Although the results of a subgroup
analysis of nonsquamous patients showed no

Int J Clin Exp Pathol 2015;8(11):14693-14700
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significant differences in PFS (P=0.66) and 0S
(P=0.84) between the two arms, our results
clearly demonstrate that pemetrexed in combi-
nation with cyclophosphamide is better than
pemetrexed monotherapy.

The present study showed that pemetrexed in
combination with low dose cyclophosphamide
may be a better treatment approach than
pemetrexed monotherapy when considering
second-line treatment for EGFR-positive
NSCLC.
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