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Abstract. Because poor performance status (PS) is an
independent prognostic factor in non-small cell lung cancer
(NSCLC), PS scores are widely used by oncologists to
make treatment decisions. Advanced NSCLC patients with
an Eastern Cooperative Oncology Group PS of 2 have poor
prognoses and are frequently excluded from clinical trials.
This article reviews the efficacy and safety of pemetrexed in
this patient group. We identified English-language literature
(through March 2015) involving completed and ongoing
studies through searches of PubMed, meeting abstracts,
ClinicalTrials.gov and the European Clinical Trials Register;
search terms included ‘pemetrexed,” ‘NSCLC’ and ‘PS2’.
Only studies reporting =1 subset analysis of PS2 patients
receiving pemetrexed were chosen. Our search identified a
total of ten pemetrexed studies in PS2 patients. Eight studies
included only chemonaive patients, one study included both
chemonaive patients and patients with one prior chemo-
therapy regimen and one study included only patients with
one prior regimen. In subset analyses in these studies, PS2
patients had worse outcomes than PSO-1 patients regard-
less of treatment. In a phase 3 study, chemonaive advanced
NSCLC patients with PS2 receiving pemetrexed-carboplatin
versus pemetrexed experienced improved overall survival
[hazard ratio (HR)=0.62; P=0.001], progression-free survival
(HR=0.46; P<0.001) and response (P=0.032). This review
confirms the poorer outcomes in PS2 vs. PSO-1 patients.
Although it is not an approved combination therapy, in
clinical studies, PS2 patients treated with pemetrexed plus
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carboplatin as first-line therapy had improved response rates
and survival. Additional research on PS2 patients is needed.
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1. Introduction

Globally, lung cancer is the most commonly diagnosed cancer
and leading cause of cancer-related death in males, and the
fourth most commonly diagnosed cancer and second most
common cause of cancer-related death in females (1). In a
meta-analysis published in 1995, cisplatin-based chemo-
therapy showed a small but statistically significant survival
advantage compared with best supportive care (BSC) for treat-
ment of non-small cell lung cancer (NSCLC) (2). The current
standard of care for advanced/metastatic NSCLC evolved
to platinum-based doublet therapy (or triplet therapy when
bevacizumab is included) as first-line therapy of medically fit
patients with advanced NSCLC and a performance status (PS)
of 0-1 (3-5). More recently, patients with epidermal growth
factor receptor mutations are recommended to have first-line
erlotinib, gefitinib or afatinib, and patients with anaplastic
lymphoma kinase translocations should be treated with crizo-
tinib as first-line therapy 4,5).

Clinicians use PS to make clinical decisions regarding the
use of chemotherapy and to make judgments regarding medical
fitness for chemotherapy. PS scales are used in an attempt to
quantify the well-being and daily life activities of patients with
cancer. Additionally, PS is used to determine whether chemo-
therapy dose adjustments are needed. In clinical trials, PS is
used as an enrollment criterion.

The most widely used scales for measuring PS are the
Karnofsky Performance Status (KPS) score and the Eastern
Cooperative Oncology Group (ECOG) scale (6,7). The KPS
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scale, published in 1949, is expressed as percentages along
a continuum with 0% denoting death and 100% denoting
normal, no complaints, no evidence of disease (7). This scale
was developed to enable physicians to evaluate a patient's
ability to survive and tolerate chemotherapy. The ECOG
scale uses a five-point system, with 0 being asymptomatic
and 5 denoting death (6). Conversions between the KPS and
ECOG PS scales were validated in lung cancer patients, in
which ECOG PS scores of 0-1, 2 and 3-4 are approximately
equivalent to KPS scores of 80-100, 60-70 and 10-50%,
respectively (8).

PS scales are used by clinicians to guide treatment
decisions (9). Patients with an ECOG PS score of 2 are ‘ambu-
latory and capable of all self-care but unable to carry out any
work activities; up and about >50% of waking hours’ (6). The
percentage of lung cancer patients with a PS of 2 is estimated
to be 20-40% (8-11). Poor PS is an independent prognostic
factor in NSCLC (12-16). Consequently, patients with a PS
of 2 are frequently excluded from clinical trials because of
historically poorer outcomes and more toxicity compared with
patients with a PS of 0-1 (17).

Patients with a PS of 2 are a heterogeneous group (17). PS
is affected by both cancer-related symptoms and comorbidi-
ties that are unrelated to cancer (9). In a recent review of the
literature (18), chemotherapy use and outcomes among patients
with cancer (including lung cancer) with comorbidities were
generally inferior to patients without comorbidities; however,
there was insufficient evidence to conclusively determine the
relationship between decreased chemotherapy use and inferior
survival. These types of observations and clinical experience
may prompt clinicians to treat patients with lung cancer who
have a PS of 2 due to lung cancer symptoms more aggres-
sively than patients with lung cancer who have a PS of 2 due
to comorbidities.

In first-line treatment of PS2 patients with advanced
NSCLC, the decision to use single-agent versus combina-
tion therapy is clinically challenging. Until recently, single
agents have been the preferred treatment for these patients,
but randomized clinical trials have shown that PS2 patients
with advanced chemonaive NSCLC can benefit from combi-
nation therapy (relative to monotherapy) without excessive
toxicity (19-24). Emerging data have prompted the revision of
treatment guidelines (Table I) (3.,4).

Pemetrexed (Alimta®; LY231514), a third-generation multi-
targeted antifolate (25), is currently approved in the United
States (US) and European Union for use in locally advanced or
metastatic non-squamous NSCLC in initial first-line treatment
in combination with cisplatin, as a single agent in maintenance
treatment for patients whose disease has not progressed after
4 cycles of platinum-based first-line chemotherapy, and as
second-line treatment after prior therapy (26-32); pemetrexed
is also approved for use in combination with cisplatin for
unresectable malignant pleural mesothelioma (33). The
pemetrexed first-line (31) and maintenance (27,29,30) NSCLC
registration trials enrolled patients with a PS of 0-1, whereas
the second-line registration trial enrolled patients with a
PS of 0-2 (28). Herein, we present a review of the literature
on studies involving the use of pemetrexed in patients with
advanced NSCLC and a PS of 2. We also discuss the efficacy
and safety of pemetrexed in this patient population.

2. Methods

English-language literature involving completed studies
was identified through searches of PubMed (database incep-
tion through March 2015), proceedings of the American
Society of Clinical Oncology (ASCO) (database inception
through March 2015) and European Society of Medical
Oncology (ESMO) meeting abstracts (from 2011 through
March 2015). Ongoing clinical trials were identified by using
ClinicalTrials.gov (34) and the European Clinical Trials
Register (35); only studies that specifically targeted patients
with a PS of 2 were included. Search terms included combi-
nations of ‘pemetrexed,” ‘NSCLC, ‘performance status,
‘performance status 2,” ‘PS2’ and ‘poor performance status’.
References within identified articles were also reviewed.
Only studies that reported at least one subset analysis for PS2
patients receiving pemetrexed or reported on PS2 patients
receiving pemetrexed exclusively were chosen for this review.

3. Results

Our search identified a total of ten pemetrexed studies in PS2
patients (Tables II-IV) (19,28,36-43). Eight studies included
only chemonaive patients (19,36-38,40-43), one study included
both chemonaive patients and patients with one prior chemo-
therapy regimen (39) and one study included only patients
with one prior regimen (28). Only one randomized trial was
dedicated to the use of pemetrexed exclusively in chemonaive
patients with an ECOG PS of 2 (19). In some studies, data
pertaining specifically to PS2 patients were limited. All but two
trials (36,43) included folic acid and vitamin B12 supplementa-
tion and dexamethasone per the pemetrexed label (26). Six trials
included patients with squamous histology (19,28,36,37,40,41),
as these trials predated the revision of the pemetrexed indica-
tion excluding squamous patients (26).

Completed pemetrexed clinical trials including PS2 patients

First-line pemetrexed single-agent therapy. Clarke et al
performed an international, single-arm, phase 2 trial in patients
with advanced NSCLC (36). Eligibility requirements included
being chemonaive, having stage IIIA/B or IV NSCLC (of both
squamous and non-squamous histology) and having an ECOG
PS of 0-2 (Table II). Patients received 600 mg/m?* pemetrexed
every 3 weeks (q3w) for a maximum of 12 cycles (without
vitamin supplementation). The aims were to investigate the
activity and toxicity of pemetrexed in this patient population.

Fifty-nine patients were enrolled (36). The median age was
59 years (range, 39-74 years), 32% (19/59) of patients had a PS
of 2, 34% were female, 66% had stage IV disease, and 17% of
patients had squamous histology. The response rate in patients
with a PS of 2 was 5%, whereas it was 18% in patients with a
PS of 0-1 and 16% overall. The effects of PS on dose delivery
and tolerability were not reported. On the basis of response
rate, the authors concluded that pemetrexed treatment should
be restricted to patients with a PS of 0-1. It should be noted
that the pemetrexed dose used in this trial exceeded the now
registered dose of 500 mg/m?, and this trial predated the use of
vitamin supplementation and allowed patients with squamous
histology. As such, toxicities in this trial are more pronounced
than in later studies.
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Table I. Treatment guidelines for PS2 or elderly patients with advanced non-small cell lung cancer.

Organization Date Guidelines Source (ref.)

ASCO 2011  ‘Evidence supports use of chemotherapy in patients with Azzoli CG, Temin S, Aliff T, Baker S, Brahmer J,
stage IV NSCLC with ECOG/Zubrod PS of 0, 1, Johnson DH, Laskin JL., Masters G, Milton D,
possibly 2. Available data support use of single-agent Nordquist L, et al: 2011 focused update of 2009
chemotherapy in patients with a PS of 2; data are American Society of Clinical Oncology Clinical
insufficient to make recommendation for or against using  Practice guideline update on chemotherapy for
combination of two cytotoxic drugs in patients with a stage IV non-small-cell lung cancer. J Clin
PS of 2. Evidence does not support selection of specific Oncol 29: 3825-3831,2011. (3)
first-line chemotherapy drug or combination
based on age alone.’

ESMO 2014  ‘Chemotherapy prolongs survival and possibly improves Reck M, Popat S, Reinmuth N, De Ruysscher D,

QoL in NSCLC patients with PS 2, when compared with
BSC (I, B). Single-agent chemotherapy with gemcitabine,
vinorelbine, and taxanes represents an option (I, B).
Carboplatin-based combination chemotherapy should be
considered in eligible PS 2 patients (I, A). A survival
advantage has been seen for carboplatin-based
chemotherapy in eligible patients aged 70-89 years with
PS 0-2 with adequate organ function (I, B). For the other

Kerr KM and Peters S; ESMO Guidelines
Working Group: Metastatic non-small-cell lung
cancer (NSCLC): ESMO Clinical Practice
Guidelines for diagnosis, treatment and
follow-up. Ann Oncol 25 (suppl 3):

11i27-1ii39, 2014. (4)

clinically unselected patients with advanced NSCLC,
single-agent chemotherapy remains the standard of care

for first-line therapy patients (I, B).’

ASCO, American Society of Clinical Oncology; BSC, best supportive care; ESMO, European Society for Medical Oncology; NSCLC, non-small cell lung

cancer; PS, performance status; QoL, quality of life.

Gridelli et al performed an open-label, randomized, phase 2
trial comparing single-agent pemetrexed (500 mg/m? q3w for
8 cycles) to sequential pemetrexed-gemcitabine (pemetrexed
500 mg/m?* q3w for cycles 1 and 2 followed by 1,200 mg/m?
gemcitabine on days 1 and 8 q3w for cycles 3 and 4 repeated
once for a total of 8 cycles) (Table II) (37). Eligible patients had
stage I1IB or IV NSCLC (of both squamous and non-squamous
histology), were chemonaive, had an ECOG PS of 0-2, and
were at least 70 years old or less than 70 years old, but ineli-
gible for platinum-based chemotherapy. The primary endpoint
was time-to-progressive disease (TtPD).

Of the 92 randomized patients, 87 were treated (44 peme-
trexed and 43 pemetrexed-gemcitabine) (37). The median age
was 73 years (range, 58-82 years) for patients receiving peme-
trexed and 73 years (range, 61-83 years) for those receiving
pemetrexed-gemcitabine; 14/44 patients (32%) receiving
pemetrexed and 17/43 patients (40%) receiving peme-
trexed-gemcitabine had a PS of 2. Among patients receiving
pemetrexed and pemetrexed-gemcitabine, ~21 and 33% were
female, 82 and 81% had stage I'V disease, and 25 and 35% had
squamous histology, respectively. Because many patients died
in the absence of documented progression, there was a high
rate of censoring for TtPD. Consequently, progression-free
survival (PFS) was added retrospectively as this endpoint was
expected to have less censoring than TtPD. The median PFS
was 3.3 months for each treatment arm, and the median overall
survival (OS) was 4.7 months for pemetrexed and 5.4 months
for pemetrexed-gemcitabine. In an exploratory analysis of
patients with a PS of 2 who received pemetrexed and peme-
trexed-gemcitabine, the median PFS was 1.3 and 1.9 months,

respectively; in patients with a PS of 0-1, the median PFS
was 4.4 months for pemetrexed and 3.7 months for peme-
trexed-gemcitabine. The median OS was 1.8 and 3.9 months in
patients with a PS of 2, and was 5.2 and 7.6 months in patients
with a PS of 0-1 for pemetrexed and pemetrexed-gemcitabine,
respectively. The between-arm differences were not significant
for the subgroups. The effects of PS on dose delivery and
tolerability were not reported. The authors noted that the study
confirmed that a PS of 2 predicted poor outcomes and that
studies dedicated to patients with a PS of 2 were needed. The
authors concluded that either treatment was appropriate for
further study in more homogeneous patient populations such as
elderly patients who are unsuitable for treatment with platinum-
based combination chemotherapy (i.e., patients with a PS of 2).
Pemetrexed is not approved as a single-agent first-line therapy
or in combination with gemcitabine. There was no blinding in
the study, thus investigator bias may have been introduced, and
there was a high level of censoring for TtPD (37).

Second-line pemetrexed single-agent therapy. In a
large, phase 3, registration trial, Hanna et al random-
ized previously-treated patients with advanced NSCLC
to receive pemetrexed (500 mg/m? q3w) or docetaxel
(75 mg/m? q3w) (Table IT) (28). Eligibility criteria included
having stage III or IV NSCLC (of both squamous and
non-squamous histology), having received 1 prior regimen for
advanced disease and having an ECOG PS of 0-2. This was
a noninferiority trial with a primary endpoint of OS. At the
time of this study, single-agent docetaxel had already been
approved as second-line therapy (44,45).
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Table II. Published completed studies of single-agent pemetrexed in PS2 patients.

Authors, year (ref.),

Grades 3 or 4 AEs occurring

Treatment type, Study design/ in patients in either arm
Endpoint phase Study population Treatment® ORR mPFS and mOS and deaths®
Clarke et al,2002 (36) Single-arm/ N=59 enrolled; Pemetrexed All: 15.8% mPFS All (% Grade 3/% Grade 4):
phase 2 n=57 evaluable for 600 mg/m’ (95% CI, 7-28) All: NR Lymphopenia 44/32
First line ORR; =18 years of q3w up to PS0-1: 18%  PS0-1: NR Neutropenia 27/15
age; ECOG PS <2; 12 cycles (95% CI,NR) PS2: NR Leukopenia 27/7
Primary endpoint= stage III/IV NSCLC; PS2: 5% Anemia 7/3
response and toxicity All histologies (95% CI,NR) mOS Thrombocytopenia 0/5
17% SCC All: 7.2 months Febrile neutropenia 3/0
32% PS2 PS0-1: NR ALT/AST 20/0
PS2: NR Cutaneous 19/12
Nausea 14/0
Vomiting 5/3
Fatigue 5/0
Mucositis 5/0
Death: not reported
*Asymptomatic
Gridelli et al, 2007 (37) Open-label N=92 enrolled; Pemetrexed  All Pem: Pem: (% Grade 3/% Grade 4)
randomized/ =70 or <70 years of 500 mg/m? 4.5% (95% mOS All Pem:
First line phase 2 age if ineligible for q3w up to CI,0.6-15.5) All: 4.7 months Anemia 4.5/2.3
platinum-based 8 cycles (95% CI,3.2-6.8) Neutropenia 2.3/2.3
Primary endpoint= chemotherapy; vs. Sequential PS0-1: 5.2 months” Thrombocytopenia 2.3/2.3
TtPD ECOG PS of 0-2; Pemetrexed  Pem/Gem: PS2: 1.8 months®  Febrile neutropenia 4.5/0
stage I1IB or IV 500 mg/m? 11.6% (95% Pulmonary 4.5/0
NSCLC; onday 1 for CI,3.9-25.1) mPFS Mucositis 4.5/0
All histologies cycles 1 and 2 All: 3.3 months All ntial P m:
followed by (95% CI,2.0-4.4) Thrombocytopenia 7.0/0
Pem (n=44): gemcitabine PS0-1: 4.4 months” Febrile neutropenia 4.7/0
25.0% SCC 1,200 mg/m? PS2=1.3 months”  Anemia 4.7/0
31.8% PS 2 on days 1 Neutropenia 2.3/0
and 8 q3w for Sequential Rash 4.7/0
Sequential cycles 3 and 4, Pem/Gem:
Pem/Gem repeated once mOS Deaths (both arms):
(n=43): for a total of All: 5.4 months 12, none attributed to
34.9% SCC 8 cycles (95% CI,3.8-7.6) study drug
39.5% PS2 PS0-1: 7.6 months®
PS2: 3.9 months”
mPFS
All: 3.3 months
(95% CI, 1.7-4.1)
PS0-1: 3.7 months”
PS2: 1.9 months”
Within PSO-1 and
PS2 subgroups,
between arm
differences not
significant
“95% CI, NR
Hanna ef al, 2004 (28) Randomized/ N=571 Pemetrexed All Pem: 9.1% Pem: All Pem (%):
phase 3 randomized; 500 mg/m? mOS Neutropenia 5.3
Second line ECOG PS of 0-2;  q3w All Doc: 8.8% All: 8.3 months Anemia 4.2
stage Il or IV vs. PS0-1: NR PS0-1: 9.4 months Febrile neutropenia 1.9
Noninferiority NSCLC; 1 prior Docetaxel PS2: NR PS2: 3.6 months ~ Thrombocytopenia 1.9
Primary endpoint=0S chemotherapy for 75 mg/m? Neutropenia w/ infection 0

advanced disease;

q3w

Fatigue 5.3



INTERNATIONAL JOURNAL OF ONCOLOGY 48: 13-27, 2016 17

Table II. Continued.

Authors, year (ref.),

Grades 3 or 4 AEs occurring

Treatment type, Study in patients in either arm
Endpoint design/phase  Study population Treatment® ORR mPFS and mOS and deaths®
All histologies Both arms: mPFS Deaths=3
Cycles were All: 2.9 months (treatment-related;
Pem (n=283): repeated until PS0-1: NR causes NR)
n=265 treated the disease PS2: NR All Doc (%):
27.6% SCC progressed, Neutropenia 40.2; P<0.001
11.4% PS2 the patient Doc: Febrile neutropenia 12.7;
experienced mOS P<0.001
Doc (n=288): unacceptable All: 7.9 months Anemia 4.3; P=0.99
n=276 treated toxicity, or the PS0-1: 9.1 months; Neutropenia w/
32.3% SCC patient or the P=0.996 infection 3.3; P=0.004
12.4% PS2 investigator PS 2: 2.2 months; Thrombocytopenia 0.4;
requested P=0.264 P=0.116
therapy Fatigue 5.4; P=0.99
discontinuation mPFS
All: 2.9 months Deaths=5
PS0-1: NR (treatment-related;
PS2: NR causes NR)
Pem OS vs. Doc OS
HR=0.99
(95% CI1,0.82-1.2)
P=0.226

*Patients received folic acid and vitamin B12 and dexamethasone (28,37), except patients in the study by Clark ez al (36). *Includes all grade 3 or 4 hematologic
AEs, deaths, and grade 3 or 4 nonhematologic AEs occurring in =5% of patients in either arm. All, overall population; AE, adverse events; ALT, alanine amino-
transferase; AST, aspartate transaminase; CI, confidence interval; Doc, docetaxel; ECOG, Eastern Cooperative Oncology Group; Gem, gemcitabine; HR, hazard
ratio; m, median; n, number of patients in the specified category; N, population size; NR, not reported; NSCLC, non-small cell lung cancer; ORR, objective
response rate; OS, overall survival; Pem, pemetrexed; PFS, progression-free survival; PS, performance status; q3w, every 3 weeks; SCC, squamous cell carci-

noma; TtPD, time-to-progressive disease; vs., versus.

Of the 571 randomized patients, 265 received pemetrexed
and 276 received docetaxel (28). The median age (peme-
trexed/docetaxel) was 59 (range, 22-81 years)/57 years (range,
28-87 years), 11/12% had aPS of 2,31/25% were female, 75/75%
had stage IV disease and 28/32% had squamous histology.
The median OS in PS2 patients was (pemetrexed/docetaxel)
3.6/2.2 months, whereas it was 9.4/9.1 months in PSO-1 patients
and 8.3/7.9 months overall; the between-arm differences were
not significant. Factors significantly associated with increased
survival were: PS of 0 or 1 (HR=0.25, 95% ClI, 0.19-0.34;
P<0.001), stage III disease (HR=0.77, 95% CI, 0.60-0.97,
P=0.026), and longer time since last chemotherapy (HR=0.74,
95% CI, 0.60-0.97; P=0.004). The effects of PS on dose
delivery and tolerability were not reported.

An open-label, phase 2, single-arm study is investigating
the use of pemetrexed monotherapy (plus vitamin supplemen-
tation) in PS2 patients with advanced NSCLC (Table III) (39).
The study included both chemonaive patients and patients with
one prior chemotherapy who had stage II1IB or IV NSCLC,
and a Zubrod PS2 or PS3. This study has been completed, but
study data are not available yet.

First-line pemetrexed combination therapy. Blakely et al
performed a single-arm phase 2 trial testing the combination
of pemetrexed (500 mg/m? g2w) and gemcitabine (1,500 mg/

m? q2w) for up to 12 cycles (Table IV) (40). Eligibility criteria
included age =65 years, ECOG PS of 0-2, and stage IIIB or
IV NSCLC (of both squamous and non-squamous histology);
patients <65 years were eligible if they had a PS of 2. Patients
had to be chemonaive. The primary endpoint was objective
response rate (ORR). Forty-five patients with a mean (SD)
age of 72 (6.7) years (range, 46.1-88.0 years) were enrolled,
13/45 patients (29%) had an ECOG PS of 2, 44% were female,
and 89% had stage IV disease (40). Only 5/13 patients (38%)
with a PS of 2 were evaluable for response. Of these, there were
no responses, but 1 patient had stable disease lasting longer than
24 weeks. In contrast, 26/32 patients (81%) with a PS of 0-1 were
evaluable for response, and among these the ORR [complete
response (CR) + partial response (PR)] was 25% (CI, 13.3%-
42.1%). The difference in response between patients with a PS
of 2 and those with a PS of 0-1 was not significant (P=0.083);
however, this subgroup analysis was unplanned and few patients
with a PS of 2 were evaluable. The median PFS was 1.6 months
(CI, 1.2-2.0) in patients with a PS of 2, 3.8 months (CI, 2.9-4.8)
in patients with a PS of 0-1, and 3.5 months (CI, 2.3-4.6) overall.
The median PFS difference between patients with a PS of 2 and
those with a PS of 0-1 was statistically significant (P=0.011),
although this subgroup analysis was unplanned.

Of the 6 patients who died during the study, all had a PS
of 2 at baseline (40). However, none of these deaths were attrib-
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Table III. Unpublished clinical trials of pemetrexed in PS2 patients.

Sponsor/identifier Status® Study design/phase Study population® Treatment Primary endpoint
Fudan University (China)/ Recruiting Open-label Non-squamous Pemetrexed/ PFS
Clinicaltrials.gov: single-arm stage IV NSCLC; carboplatin —
NCTO01860508 (38) =65 years or Pemetrexed

PS2; First-line; maintenance

Target=94 (regimen not

reported)

MD Anderson Completed Open-label Stage I1IB or IV Pemetrexed ORR (PS2)
Eli Lilly and Company single-arm/phase 2 NSCLC; Zubrod 500 mg/m? q3w, Descriptive (PS3)
Clinicaltrials.gov: PS2 or PS3; <1 prior until progression
NCT00508144 (39) chemotherapy; second-line or unacceptable

Target=70 toxicity

2As of 19 March 2015. PPatients received folic acid and vitamin B12 and dexamethasone (38,39). NSCLC, non-small cell lung cancer; ORR, objective response

rate; PFS, progression-free survival; PS, performance status; q3w, every 3 weeks.

utable to treatment-related adverse events (AEs) and the AEs
experienced by these patients were similar to those of other
patients. The probability of experiencing a grade 3 or 4 AE
did not differ between these 6 patients and the entire cohort.
Overall, the occurrence of grade 3 or 4 AEs was unrelated to
PS (and unrelated to disease stage, ethnicity, elderly status, and
histological subtype). The authors concluded that patients with
a PS of 2 fared poorly in this trial, regardless of age, and that
there was high early mortality with poor responses to therapy.

In an open-label phase 3 trial, Grgnberg et al randomized
patients with advanced NSCLC to pemetrexed (500 mg/m?
on day 1 q3w) with carboplatin (AUC=5 on day 1 q3w) or
gemcitabine (1,000 mg/m? on days 1 and 8 g3w) with carbo-
platin (AUC=5 on day 1 q3w); regimens were repeated for
up to 4 cycles (Table IV) (41). Eligibility criteria included
being chemonaive, having stage I1IB or IV NSCLC (of both
squamous and non-squamous histology), and having a WHO
PS of 0-2. The primary endpoint was health-related quality
of life (HRQoL), as measured by the European Organisation
for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30.

Overall, 446 patients were enrolled in this study (41). The
median age was 64 (range, 35-90 years) for patients receiving
pemetrexed-carboplatin and 66 years (range, 25-84 years) for
patients receiving gemcitabine-carboplatin; 47/219 patients
(21.5%) and 49/217 patients (22.6%) had a WHO PS of 2. A total
of 44 and 41% of the patients receiving pemetrexed-carboplatin
and gemcitabine-carboplatin were female, respectively, and
71 and 72% had stage IV NSCLC, respectively. There were no
significant between-arm differences for the primary HRQoL
endpoints. Of the enrolled patients, 436 patients (219 receiving
pemetrexed-carboplatin; 217 receiving gemcitabine-carboplatin)
were eligible for the survival analysis. Among patients who
received respective treatments of pemetrexed-carboplatin
and gemcitabine-carboplatin, the median OS was 4.3 and
5.1 months for patients with a PS of 2, 8.7 and 7.7 months in
patients with a PS of 0-1 and 7.3 and 7.0 months overall. The
between-differences were not significant in either PS category.
The effects of PS on dose delivery, tolerability, and HRQoL
were not reported. The authors noted that OS in the overall/

intent-to-treat (ITT) patient population was shorter than other
trials investigating gemcitabine with platinum, but this trial
had a relatively high proportion of PS2 patients.

To date, the only completed prospective clinical trial eval-
uating the use of pemetrexed specifically in PS2 patients was
performed by Zukin et al in multiple Brazilian centers and
one US center (Table IV) (19). This trial was designed prior
to the approval of pemetrexed for first-line therapy (26,31,32)
and the knowledge of the interaction between histological
subtype and pemetrexed efficacy (46,47). The protocol was
later amended to exclude patients with squamous histology.
Patients with advanced NSCLC were randomized to receive
pemetrexed (500 mg/m? q3w) or pemetrexed (500 mg/m? q3w)
with carboplatin (AUC=5 q3w), both for 4 cycles. Eligibility
criteria included having an ECOG PS of 2, stage I[1IB/IV
NSCLC and no prior chemotherapy. The primary endpoint
was OS (19). At the main center in Brazil where >60% of
the patients were enrolled during this trial, two independent
investigators had to agree on the ECOG PS2 assignment
before the patient was enrolled (19).

Overall, 217 eligible patients were enrolled, comprising 109
in the pemetrexed arm and 108 in the pemetrexed-carboplatin
arm (19). The median age (pemetrexed/pemetrexed-carboplatin)
was 65 (range, 40-86 years)/65 years (range, 41-90 years),
41/37% were female, 95/94% had stage IV NSCLC and 11/3%
had squamous histology. Comorbidities included (peme-
trexed/pemetrexed-carboplatin): hypertension (45.1/44.7%),
chronic obstructive pulmonary disease (17.6/11.7%) and
diabetes mellitus (7.8/12.6%). Overall, 53.9% of patients
receiving pemetrexed completed the planned treatment, in
comparison to 70.9% of patients receiving pemetrexed-carbo-
platin (P=0.012). Reasons for treatment discontinuation
included (pemetrexed/pemetrexed-carboplatin): early death
(14.7/9.7%), early progression (15.7/7.8%), clinical deteriora-
tion (12.7/6.8%) and toxicity (0/1.9%). The authors commented
that, during this study, investigator bias may have been
introduced regarding patient selection; patients may not be
representative of the average ECOG 2 population. In the ITT
patient population, patients receiving combination therapy
experienced improved OS (HR=0.62, 95% CI, 0.46-0.83;
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median, 9.3 vs. 5.3 months; P=0.001), PFS (HR=0.46, 95%
CI, 0.35-0.63; median 5.8 vs. 2.8 months; P<0.001), and ORR
(24 vs. 10.5%; P=0.032) (19). To confirm the results in the
pemetrexed-eligible population of non-squamous NSCLC,
patients with squamous cell carcinoma (n=14) and unknown
histology (n=10) were excluded from the data set (19). The
HRs for OS (HR=0.65, 95% CI, 0.47-0.89; P=0.007) and PFS
(HR=0.46, 95% CI, 0.33-0.63; P<0.001) were similar to those
of the ITT population.

Grade 3 and 4 AEs for patients receiving pemetrexed
vs. those receiving pemetrexed-carboplatin included anemia
(3.9 vs. 11.7%), neutropenia (1.0 vs. 6.8%), thrombocytopenia
(0 vs. 1.0%), febrile neutropenia (2.9 vs. 1.0%), nausea/emesis
(1.0vs.4.9%),diarrhea (2.0 vs. 1.0%) and dyspnea (10.8 vs.5.8%)
(19). The authors noted that the apparently increased dyspnea
incidence in the pemetrexed arm was most likely a manifesta-
tion of the disease rather than treatment toxicity. There were
4 treatment-related deaths (3.9%) in the combination arm
(vs. 0% in the single-agent arm) due to renal failure, sepsis,
pneumonia and thrombocytopenia. The authors concluded
that combination therapy offered improved outcomes relative
to single-agent therapy and should be offered to PS2 patients.
Pemetrexed in combination with carboplatin is not an approved
therapy however. It was noted that the mortality rate was higher
than anticipated, although not unexpected, for PSO-1 patients
receiving a carboplatin doublet, thus PS2 patients should be
closely monitored throughout treatment.

In a German multicenter, open-label, phase 3 trial,
patients were randomized 1:1 to pemetrexed (500 mg/m?) plus
bevacizumab (7.5 mg/kg) or pemetrexed plus bevacizumab
and carboplatin (AUC=5) q3w for 4-6 cycles, followed by
maintenance therapy with bevacizumab or pemetrexed-beva-
cizumab (Table IV) (43). Eligibility criteria included
stage I1IB/IV non-squamous NSCLC, age =65 years and ECOG
PS of 0-2. The primary endpoint was PFS. Of the 271 patients
who were enrolled, 251 (pemetrexed-bevacizumab; n=118;
pemetrexed-bevacizumab-carboplatin, n=133) were evaluable.
The median age was 71 years in pemetrexed-bevacizumab and
72 years in pemetrexed-bevacizumab-carboplatin. Median
PFS time was 4.8 months in pemetrexed-bevacizumab and
6.8 months in pemetrexed-bevacizumab-carboplatin. In a
treatment comparison using the Wilcoxon test for the subgroup
analysis of patients with ECOG PS of 0-1 [pemetrexed-beva-
cizumab (n=112) and pemetrexed-bevacizumab-carboplatin
(n=126)], the HR was 1.31 (95% CI, 0.99-1.73; P=0.0426).
The ORR was 31.4% in pemetrexed-bevacizumab vs. 44.4%
in pemetrexed-bevacizumab-carboplatin (P=0.0343). Median
OS time was 11.6 months in pemetrexed-bevacizumab
vs. 15.2 months in pemetrexed-bevacizumab-carboplatin
(HR=1.20, 95% CI, 0.85-1.70; P=0.2050). The 1-year survival
rates were 48.2 and 58.8%, respectively. In comparison, the
median OS time in the small group of patients with ECOG
PS2 was 11.5 months in pemetrexed-bevacizumab (n=6) and
3.8 months in pemetrexed-bevacizumab-carboplatin (n=7) (43).

A total of 76 patients (64.4%) reported grade 3/4 AEs
in pemetrexed-bevacizumab and 87 patients (65.4%) in
pemetrexed-bevacizumab-carboplatin; 58 patients (49.2%)
in pemetrexed-bevacizumab and 64 patients (48.1%) in
pemetrexed-bevacizumab-carboplatin had serious AEs. A
total of 46 patients (39.0%) in pemetrexed-bevacizumab and

69 patients (51.9%) in pemetrexed-bevacizumab-carboplatin
received maintenance therapy. The combination of peme-
trexed-bevacizumab-carboplatin demonstrated efficacy,
particularly in PSO-1 patients, with an acceptable toxicity
profile in elderly patients (43).

Ongoing pemetrexed clinical trials dedicated to PS2 patients

First-line pemetrexed combination therapy. In 2013,
Lilenbaum ez al reported results from the randomized, phase 2,
the Trial of Poor Performance Status Patients (ToPPs) trial at the
15th World Conference on Lung Cancer Meeting (Table IV) (42).
Patients with previously untreated non-squamous stage IIIB or
IV NSCLC and PS2 were randomized 1:1:1 to receive peme-
trexed (500 mg/m? g3w) (Arm 1), pemetrexed (500 mg/m? q3w)
with bevacizumab (15 mg/kg q3w) (Arm 2) or pemetrexed
(500 mg/m?* q3w) with bevacizumab (15 mg/kg q3w) and
carboplatin (AUC=5 q3w) (Arm 3) for a maximum of 4 cycles.
Patients were evaluated every 2 cycles. The primary endpoint
was PFS.

Among the 163 randomized patients (median age,
~72 years), the ORRs were 14.6% (95% CI, 6.1-27.8) in
Arm 1, 25.4% (95% CI, 15.0-38.4) in Arm 2 and 39.3% (95%
CI, 26.5-53.3) in Arm 3 (42). The median time to progres-
sion was 3.5 (95% CI, 1.6-6.4) months in Arm 1, 4.9 (95%
CI, 3.1-8.0) months in Arm 2, and 5.3 (95% CI, 3.2-7.1) months
in Arm 3. The median PFS was 2.6 (95% CI, 1.5-5.1) months
in Arm 1, 3.5 (95% CI, 2.4-5.1) months in Arm 2 and 4.1 (95%
CI, 3.0-6.4) months in Arm 3 (Table I'V). The median OS was
7.6 (95% CI, 3.0-10.7) months in Arm 1, 8.7 (95% CI, 5.0-11.3)
months in Arm 2, and 8.8 (95% CI, 5.4-13.4) months in Arm 3.

Grade 3 bevacizumab-associated AEs in Arm 2 were
thromboembolic events (5.6%), hypertension (3.7%), and
hemorrhage (1.9%), and in Arm 3 were thromboem-
bolic events (7.7%), hypertension (1.9%) and proteinuria
(1.9%) (42). Thromboembolic events were the only grade 4
bevacizumab-associated AEs (1.9% Arm 2 and 3.8% Arm 3).
There were no treatment-related deaths in Arm 1. There were
3 treatment-related deaths (cerebrovascular accident, acute
respiratory distress syndrome, and pulmonary embolism) in
Arm 2 and 1 death (seizure) in Arm 3. Currently, this study is
ongoing but not recruiting patients.

An open-label, single-arm study is ongoing, actively
recruiting patients with non-squamous NSCLC who are
at least 65 years old or have a PS of 2, and testing first-line
pemetrexed and carboplatin combination followed by
pemetrexed maintenance (Table III) (38).

4. Discussion

Because poor PS is an independent prognostic factor in
NSCLC (12-16), PS scores are widely used by oncologists
to guide treatment decisions. Historically, PS2 patients with
advanced NSCLC had poor outcomes in randomized clinical
trials (48-50), and early evidence suggested that therapy may
have been detrimental in these patients (49,50). Thus, there
has been a tendency to limit enrollment to patients with
a PS <1. However, several recent trials have included PS2
NSCLC patients. The determination of PS scores as assessed
by oncologists and other health care professionals can differ
from patient-assessed PS (11). Nonetheless, health care profes-
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sional-rated PS scores are prognostic, reliable and similar in
accuracy to patient-reported PS scores, comparing favorably
with the patient-reported PS scores (11,51,52).

Especially challenging are patients with a score between
PS1 and PS2. The subjective determination of PS2 scores could
affect the types of treatments offered (53). Also problematic
are comorbid conditions (frequently measured by the Charlson
Comorbidity Index) (54) that are independent of cancer;
comorbidity may influence both PS and tolerance for cancer
treatment. Despite the problems intrinsic to PS measure-
ments, these measures are widely used and accepted given
their reproducible capacity to assess prognosis and predict
tolerability of treatment. However, with recent improvements
in supportive care and improved tolerability and efficacy of
anticancer agents in the treatment of advanced NSCLC, there
has been a need to clarify the potential benefits of anticancer
therapy in patients who have a PS of 2.

Until recently, treatment recommendations for PS2
patients were in part driven by the results of the cooperative
group trial (EST 1581) published in 1986 (48). Between 1981
and 1983, EST 1581 randomized 486 patients with metastatic
NSCLC to one of the four active regimens at the time: cyclo-
phosphamide, doxorubicin, methotrexate and procarbazine;
mitomycin, vinblastine and cisplatin; etoposide and cisplatin;
or vindesine and cisplatin. Most of the severe toxicity
occurred in the 19% of patients who had a PS of 2 at base-
line (48). On the basis of these results, the authors suggested
that patients with a PS of 2 be excluded from future phase 3
trials (48).

A later phase 3 cooperative group trial (ECOG 1594)
investigating newer platinum-containing regimens initially
included patients with advanced NSCLC and a PS of 2, but the
protocol was later amended to exclude patients with a PS of 2
because of a high rate of serious AEs in these patients (49). On
the basis of the toxicity and poorer outcomes of patients with a
PS of 2 relative to those with a PS of 0-1, the authors concluded
that the routine use of platinum-based combination chemo-
therapy in patients with poor PS was not recommended (49).
A subsequent retrospective analysis of ECOG 1594 suggested
that the worse outcomes of PS2 patients were related to the
disease, not the treatment (50).

The ECOG 1599 trial was the first US cooperative group
trial that specifically enrolled patients with a PS of 2 and
NSCLC (55). In an attempt to maximize tolerability, this
phase 2 trial randomized PS2 patients to receive first-line
treatment with dose-attenuated carboplatin plus paclitaxel
(the least toxic combination from ECOG 1594) and dose-
attenuated gemcitabine plus cisplatin, which yielded a
median OS of 7.9 months in patients with a PS of 2 in
ECOG 1594 (50,55). One hundred patients were eligible to
receive treatment. The 1-year OS rate was 25% for carboplatin
plus paclitaxel and 19% for gemcitabine plus cisplatin. The
authors concluded that platinum-based chemotherapy was
feasible with acceptable toxicity in PS2 patients with NSCLC
and that a randomized trial comparing a non-platinum single
agent with a platinum doublet was needed in patients with a
PS of 2 (55).

On the basis of historical studies and clinical experience,
many clinical trials still exclude PS2 patients, leading to a
paucity of data in this patient population (as evidenced by the

few clinical trials reported in this review). Because of the lack
of robust clinical trial data, there is still no consensus on the
best chemotherapy for patients with poor PS. On the basis of
emerging data, treatment guidelines are evolving. In ESMO
guidelines published in 2010, single-agent chemotherapy was
the preferred option in PS2 (and elderly) patients, although
‘selected’ PS2 patients (and elderly patients with good PS)
could be offered combination chemotherapy (56). The most
recent ASCO guidelines, published in 2011 (prior to the publi-
cation of some of the studies evaluating platinum doublets
versus single-agent treatments in poor PS chemonaive patients),
suggest that data are insufficient to make a recommendation
for chemotherapy doublets in PS2 patients (Table I) (3). The
ESMO guidelines, published in 2014, now suggest carbo-
platin-based doublet therapy should be considered in eligible
PS2 patients (Table I) (4).

Although patients with a PS of 2 have worse outcomes
when compared with those with a PS of 0-1, regardless of
whether they receive pemetrexed (28,36,37,40,41) or other
agents (48-50,57,58),recent data from completed trials show that
among PS2 patients, chemonaive patients receiving combina-
tion treatment have improved outcomes with acceptable safety
compared to those receiving single-agent treatment (19-24).
Many of these studies include non-pemetrexed regimens.
In the CALGB 9730 trial, in a preplanned subset analysis,
chemonaive PS2 patients receiving carboplatin with paclitaxel
experienced improved OS relative to PS2 patients receiving
paclitaxel as a single agent (median OS was 4.7 vs. 2.4 months;
P=0.016) (21). In a phase 3 trial, Reynolds er al randomized
chemonaive PS2 patients to gemcitabine as a single agent
or gemcitabine plus carboplatin; patients receiving combi-
nation therapy experienced significantly improved ORR
(21.1 vs. 6.3%; P=0.01). However, median OS and PFS were
not statistically significant in the gemcitabine plus carboplatin
group versus the single-agent gemcitabine group (median OS of
6.7 vs. 5.1 months; P=0.24) (median PFS of 3.8 vs. 2.7 months;
P=0.14) (22). Gemcitabine and carboplatin is not an approved
combination therapy.

Likewise, data from the European Union have also shown
that chemonaive PS2 patients experience improved outcomes
when treated with combination therapy (23). In the phase 3
CAPPA-2 study, chemonaive PS2 patients were randomized to
receive first-line treatments of gemcitabine plus cisplatin and
gemcitabine (23). The study was stopped after enrollment of
57 patients as a result of slow accrual. Among these patients,
those receiving combination therapy experienced improved
median OS (5.9 vs. 3.0 months; P=0.039), median PFS
(3.3 vs. 1.7 months; P=0.017) and response (18 vs. 4%; P=0.19)
without a substantial increase in toxicity.

Pemetrexed is better tolerated than gemcitabine, pacli-
taxel and docetaxel and has been shown to be at least
equally effective in non-squamous NSCLC patients with PS
0-1 (28,31,44,59). Thus, given the previously mentioned results
supporting the use of platinum doublets in PS2 chemonaive
NSCLC patients, it is tenable that a platinum doublet containing
pemetrexed would also be promising as first-line therapy in
PS2 patients with advanced NSCLC. This was demonstrated
in the study by Zukin et al, in which PS2 patients receiving
first-line pemetrexed plus carboplatin had improved OS (with
acceptable safety) relative to patients receiving single-agent
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pemetrexed (19). Pemetrexed and carboplatin is not an
approved combination therapy.

Completed results are pending in the ongoing study, ToPPs,
in which chemonaive patients were randomized to receive
pemetrexed plus bevacizumab and pemetrexed plus bevaci-
zumab and carboplatin. Preliminary results show numerically
improved outcomes compared to patients receiving peme-
trexed monotherapy (42). Bevacizumab and pemetrexed is not
an approved combination therapy.

To our knowledge, there are no published data assessing
pemetrexed as second-line cytotoxic chemotherapy in PS2
patients aside from the study by Hanna et al (28), and there are
few clinical data on NSCLC patients with PS2 who received
maintenance cytotoxic chemotherapy. To date, there are no
pemetrexed trials on maintenance therapy in PS2 patients.
There have been a few studies on the role of maintenance
therapy with gemcitabine in PS2 patients. In the Central
ECOG trial of continuation maintenance with gemcitabine
after cisplatin-gemcitabine induction therapy, Brodowicz et al
reported that a survival benefit for maintenance therapy was
observed only in patients with good PS (60). For patients with
a KPS >80 (n=99), median OS was 8.3 months with BSC and
229 months with gemcitabine (HR=2.1; 95% CI, 1.2-3.8). For
patients with a KPS <80 (n=107), median OS was 7.7 with BSC
and 7.0 months with gemcitabine (HR=0.8; 95% CI, 0.5-1.3).
However, the authors caution that this was an unplanned
subset analysis. Belani er al assessed gemcitabine continuation
maintenance vs. BSC after carboplatin-gemcitabine induction
chemotherapy (61). In this trial, 25% of patients had a PS =2 at
the time of randomization. Although this trial did not specifi-
cally report results for PS2 patients, survival was not improved
with gemcitabine maintenance therapy for the overall popula-
tion. However, maintenance gemcitabine was tolerable, albeit
with higher rates of grade 3-4 toxicities. With more effective
induction regimens that have better therapeutic indices, it might
be possible in the future to explore the role of maintenance
treatment in patients with advanced NSCLC and a PS of 2.

Recently, in a meta-analysis including 2,671 patients with
non-squamous NSCLC and good PS who were treated with
a pemetrexed-containing regimen as first- or second-line or
maintenance therapy, the effect of pemetrexed on OS was
similar in younger and older patients as evidenced by the pooled
HR ratio close to 1. The authors concluded that pemetrexed is
an efficacious treatment for advanced non-squamous NSCLC,
regardless of patient age (62). The final efficacy and safety results
of pemetrexed continuation maintenance therapy in the elderly
from the phase 3 PARAMOUNT study showed that continuation
maintenance pemetrexed had comparable survival and toxicity
profiles in the elderly and non-elderly subgroups (63). In the
present review, we identified a German multicenter study in
elderly patients, in which the combination of pemetrexed-
bevacizumab-carboplatin demonstrated efficacy, particularly in
PS0-1 patients, with an acceptable toxicity profile (43).

It should be noted that this review has several limitations.
These include a small number of clinical trials, some of
which were subject to retrospective subset analyses. Although
prospective clinical trials were included in this review,
patient numbers are relatively small and patient enrollment
may have been subject to investigator bias with respect to
the assessment of PS2. It is also possible that the PS2 patient

populations enrolled in these clinical trials may not be repre-
sentative of patients in community practice in that patients
with excessive or specific comorbidities may not have met the
inclusion criteria for a clinical trial. Additionally, although
pemetrexed (with vitamin supplementation) is now indicated
for use in patients with non-squamous NSCLC (26,32), some
of the earlier clinical trials included in this review enrolled
patients with squamous NSCLC and/or did not require
vitamin supplementation, preventing meaningful subset
analyses. Other limitations of this review are as follows:
i) investigator bias in assessing progressive disease; ii) lack
of placebo-controlled trials; and iii) only 1 trial that met its
primary endpoint.

5. Conclusion

Patients with a PS of 2 represent a heterogeneous population.
Doublet regimens can improve the response rate and survival in
PS2 patients (19-24). Consequently, doublet combinations, such
as pemetrexed plus carboplatin, are an option in PS2 patients
with non-squamous NSCLC (19). Pemetrexed plus carboplatin
is not an approved combination therapy. Single-agent therapy
remains an option for PS2 chemonaive patients with excessive
comorbidities and those who cannot tolerate combination
therapy. Finally, supportive care with a focus on palliation of
symptoms is important for all patients; quality of life should
be a key determinant in selecting treatment.
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