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Introduction

Squamous cell carcinoma (SqCC), the second most com-
mon histologic type of non–small cell lung cancer (NSCLC), 
accounts for 20%-30% of NSCLC cases [1]. Though recent  
advances in molecular diagnosis and treatment have sig-
nificantly improved the survival of patients with advanced 
NSCLC, patients with advanced lung SqCC still have a poor 
prognosis. Patients with lung SqCC are often diagnosed at older 
ages and present with multiple comorbidities that make them 
vulnerable to treatment-induced toxicities [2,3]. Moreover, 
most therapeutic breakthroughs with survival benefits are not  
applicable to this histologic type. Lung SqCC is directly relat-
ed to tobacco smoking exposure and thus has a high mutation 
rate and complex genomic alterations that complicate efforts 
to develop effective targeted therapies against it [4,5]. 

Recently, immune checkpoint inhibitors targeting pro-
grammed cell death protein ligand one demonstrated supe-
rior efficacy compared with that of cytotoxic chemotherapy 
in several clinical trials [6-8]. These drugs have thus been 

successfully incorporated into the treatment of patients with 
advanced NSCLC, including SqCC. Nevertheless, cytotoxic 
chemotherapy is still a mainstay of treatment for patients 
with advanced lung SqCC, either combined with immuno-
therapy or as a salvage treatment after failure of immunothe-
rapy. Therefore, an unmet need remains for new, less toxic 
cytotoxic agents to improve the survival of patients with  
advanced lung SqCC.

Pemetrexed is an antimetabolite that inhibits multiple  
enzymes in the folate pathway. In three large randomized 
clinical trials, pemetrexed showed similar efficacy and a favo- 
rable safety profile compared with standard treatment arms 
[9-11]. However, the subgroup analyses in these studies  
revealed that the efficacy of this drug varied significantly by 
histologic subtype and it was relatively ineffective against 
lung SqCC [12,13]. Based on these results, pemetrexed has 
been established as the standard treatment for patients with  
advanced non-SqCC of the lung.

Translational studies have been conducted to discover 
additional predictive biomarkers for pemetrexed efficacy 
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beyond histologic type. Among the candidate biomarkers, 
thymidylate synthase (TS) has been investigated in many 
preclinical and clinical studies as a potential determinant of 
sensitivity to pemetrexed. This enzyme, which is involved in 
DNA replication and repair, is the primary target of action for 
pemetrexed [14]. Ozasa et al. [15] reported that upregulation 
of the gene encoding TS in lung cancer cell lines may lead to 
pemetrexed resistance. Several retrospective studies showed 
that TS overexpression was associated with poor response to 
pemetrexed treatment [16]. A randomized phase II trial of 321 
Korean patients with advanced nonsquamous NSCLC found 
that pemetrexed plus cisplatin had superior efficacy as a first-
line treatment compared with gemcitabine plus cisplatin in 
TS-low patients but not in TS-high patients [17]. In the same 
context, many researchers reported that pemetrexed is inef-
fective in SqCC because this tumor type has higher TS expres-
sion than other lung cancer types [18,19]. In a Japanese retro-
spective study, the RNA expression level of TS was two times 
higher in lung SqCC (n=520) than in lung adenocarcinoma 
(n=1,352) [19]. We thus designed a phase II study to explore 
the efficacy and safety of pemetrexed in selected patients with 
lung SqCC with low TS expression. 

 

Materials and Methods

1. Study design and participants 
This open-label, single-arm phase II trial was conducted at 

the National Cancer Center in Korea between July 2016 and 
November 2019 (KCT0003518). Eligible patients had stage 
IV cytologically or histologically confirmed squamous-cell 
NSCLC with immunohistochemical staining indicating low 
TS expression (i.e., in 10%or less of tumor cells) and had pro-
gressed during or after at least one platinum-based regimen. 
Patients were required to be at least 19 years of age and to 
have had either measurable or assessable lesions according 
to Response Evaluation Criteria in Solid Tumors (RECIST) 
ver. 1.1 [20]. Other eligibility requirements included Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0 to 2, adequate bone marrow (white blood cell count  
≥ 2,000/mm3, hemoglobin level ≥ 9.0 g/dL, and platelet 
count ≥ 100,000/mm3), and sufficient renal (serum creatinine 
level ≤ 1.5 mg/dL or creatinine clearance ≥ 45 mL/min) and 
hepatic (in the absence of liver metastases, total bilirubin 
level ≤ 2 times the upper limit of normal [ULN] and serum 
transaminase ≤ 2.5 times the ULN; in the presence of liver 
metastases, total bilirubin level ≤ 3 times the ULN and serum 
transaminase ≤ 5 times the ULN) function.  

2. Pathologic examination: histology and TS expression
Diagnosis of SqCC was confirmed histologically by a lung 

cancer pathologist (G.K.L.) based on hematoxylin and eosin 
and p63 staining of pathology slides. Expression of TS in 
paraffin-embedded tumor tissue was evaluated by immu-
nohistochemistry (IHC) analysis with a monoclonal anti-TS 
antibody (4H4B1, Invitrogen, Carlsbad, CA). Low TS expres-
sion was defined as TS expression in 10% or less of the tumor 
cells, as described previously [17]. 

3. Procedures 
Pemetrexed (Pemed-S, Samyang Biopharm, Seongnam,  

Korea) was given at a dose of 500 mg/m2 on day 1 of a 
3-week cycle. All patients received daily oral supplements 
of 1 mg folate and intramuscular injections of 1 mg vitamin  
B12 every 9 weeks. Supplementation began 1 week before 
the initiation of study treatment and continued until 3 weeks 
after the end of treatment to prevent severe treatment-relat-
ed myelosuppression and mucositis [21]. Study participants 
were also prescribed 4 mg dexamethasone twice daily on the 
day before, the day of, and the day after each dose of pem-
etrexed. Treatment was continued until disease progression, 
the occurrence of unacceptable toxic effects, or withdrawal of 
patient consent. Doses could be reduced or delayed to allow 
recovery from toxic effects at the discretion of the treating 
physician.

Tumor responses were assessed every two cycles using 
computed tomography scans. Designation of complete res-
ponse, partial response, stable disease, or progressive dis-
ease was based on the definitions established by RECIST 1.1 
[20]. Toxicity evaluations were based on the National Cancer  
Institute’s Common Terminology Criteria for Adverse Events 
ver. 4.0.

4. Outcomes and statistical analysis
The primary endpoint of this study was the progression-

free survival (PFS) rate at 12 weeks, which was shown to be 
strongly predictive of subsequent survival in patients with 
advanced NSCLC [22]. The 12-week PFS rate was defined as 
the proportion of patients alive without evidence of disease 
progression at 12 weeks from the start of the study treat-
ment. To detect an increase in the 12-week PFS rate from 40% 
to 55% with pemetrexed, a sample size of 28 patients was  
required with a power of 80% and a one-sided ɑ level of 10%. 
Assuming a drop-out rate of 10%, an initial sample size of 32 
patients was planned for enrollment.

The secondary endpoints of this study were PFS, overall 
survival (OS), and safety. The PFS was calculated as the time 
from the date of treatment initiation to the first documented 
date of disease progression, death, or the last follow-up visit. 
The OS was calculated as the time from the date of treatment 
initiation to the date of death, or the last follow-up visit. R 
ver. 4.0.0 (R Software, R Foundation for Statistical Comput-
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ing, Vienna, Austria) was used for all analyses.

Results

1. Patient characteristics
Between July 2016 and November 2019, we screened 40 

patients with advanced SqCC and enrolled 32 patients to  
receive pemetrexed as salvage chemotherapy (Fig. 1). After 
enrollment, one patient withdrew consent following treat-
ment initiation, and one patient died after receiving the first 
cycle of pemetrexed but before the tumor assessment.

The clinical characteristics of the 32 patients enrolled in 
this study are listed in Table 1. Overall, the median patient 
age was 67 years (range, 56 to 84 years), and 96.9% were 
male. The ECOG performance status at enrollment was 0 in 
15 patients (46.9%), 1 in nine patients (28.1%), and 2 in eight 
patients (25.0%). All participants were smokers with a medi-
an of 42 pack-years (range, 16 to 111). Seven patients (21.9%) 
had received three or more lines of chemotherapy prior to 
enrollment. The level of TS expression was negative in 22 
patients (68.8%) and weakly positive in 10 patients (31.2%). 
Tissue specimens were collected via biopsy in 17 patients 
(53.1%), aspiration in 12 patients (37.5%), and surgical resec-
tion in three patients (9.4%).

2. Efficacy  
Tumor response was evaluable in 30 patients. No objective 

response was observed. Twenty patients (66.7%) had pro-
gressive disease and 10 patients had stable disease as their 
best response. Thus, the disease control rate was 33.3%. 

As of the data cutoff date of November 1, 2019, 10 patients 
were known to be alive, and the median follow-up duration 
was 19.6 months (95% confidence interval [CI], 9.4 to 29.7). 
The 6-week and 12-week PFS rates were 35.0% (95% CI, 21.5 
to 56.8) and 24.5% (95% CI, 13.0 to 46.1), respectively. The  
median PFS was 1.3 months (95% CI, 1.3 to 2.7), and the  
median OS was 11.8 months (95% CI, 8.1 to not applicable). 

3. Safety
S1 Table shows adverse event data. Most adverse events 

were grade 1 or 2. The most common toxicity was rash, with 
an incidence of 21.9%, followed by constipation, aspartate 
aminotransferase elevation, and electrolyte imbalance, each 
of which occurred in four patients (12.5%). Only two grade 
3 adverse events occurred, one of which was skin rash and 
the other serum creatinine elevation. No grade 4 toxicity was 
noted in this study. 

Discussion

To the best of our knowledge, the present study is the 
first to evaluate the antitumor activity of pemetrexed in 
lung SqCC patients with low TS expression. Among the 32 
patients included in the study, 25.0% had an ECOG perfor-
mance status of 2, and 21.9% had received three or more 
lines of chemotherapy. Patients with the TS-negative SqCC 
represented 28.8% of the total number enrolled. Pemetrexed 
exhibited a disease control rate of 30.0%, a 12-week PFS rate 
of 24.5%, and a median PFS of 1.3 months. The observed 
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Fig. 1.  Selection of study population.

Patients screened (n=40)

Enrollment (n=32)

Screening failure (n=8)

Analyzed (n=32)
- Progressed (n=30)
- Died before assessment (n=1)
- Withdrew consent (n=1)

Table 1.  Patient characteristics

Characteristic	 No. (%)

Age, median (range, yr)	 67 (56-84)
Sex	
    Male	 31 (96.9)
    Female	 1 (3.1)
ECOG performance status	
    0	 15 (46.9)
    1	 9 (28.1)
    2	 8 (25.0)
Smoking history	
    Former smoker	 30 (93.8) 
    Current smoker	 2 (6.2)
Smoking dose, median (range, pack-years)	 42 (16-111)
Previous number of systemic chemotherapy	
    1	 16 (50.0)
    2	 9 (28.1)
    ≥ 3	 7 (21.9)
TS expression	
    Negative	 22 (68.8)
    Weak positive (< 10%)	 10 (31.2)
Tumor sampling method	
    Biopsy 	 17 (53.1)
    Aspiration	 12 (37.5)
    Resection	 3 (9.4)
ECOG, Eastern Cooperative Oncology Group; TS, thymidylate 
synthase.
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adverse effects of pemetrexed in this study were consistent 
with the profile reported in previous studies [9,11]. The pre-
sent study demonstrated that pemetrexed was well tolerated 
but ineffective in improving the clinical outcomes of heavily-
treated patients with TS-low SqCC of the lung. 

Two prospective trials in patients with nonsquamous 
NSCLC have shown differential responses to pemetrexed 
based on TS expression level, which supported the use of TS 
expression as a predictive biomarker for pemetrexed efficacy 
[17,23]. Considering the previous findings, how can pem-
etrexed’s lack of efficacy against TS-low SqCC in our trial be 
interpreted?

First, pemetrexed resistance in lung SqCC is likely too 
complex to be explained by TS overexpression alone. Hou 
et al. [24] predicted pemetrexed response using the expres-
sion signatures of 25 genes encoding target enzymes or other 
molecules related to the drug, including the gene encoding 
TS. The authors showed that TS expression alone failed to 
correlate with pemetrexed sensitivity in NSCLC cell lines. 
A recent review also suggested that pemetrexed resistance 
in NSCLC may involve numerous potential mechanisms  
associated with altered pharmacodynamics of the drug or 
the activation of pathways that might bypass its action [25]. 
For instance, pemetrexed resistance can result from impaired 
cellular uptake via certain folate receptors, defective intra-
cellular polyglutamylation, enhanced efflux of the drug, and 
elevated levels of its target enzymes. These findings indicate 
the presence of additional causative factors at play for pem-
etrexed sensitivity.

Second, the meaning of a molecular marker may differ 
depending on its histological context. The clinical stud-
ies that showed TS expression to be a predictive marker of 
pemetrexed efficacy were conducted in patients with nons-
quamous NSCLC [17,23]. TS expression may predict pem-
etrexed efficacy only in patients with nonsquamous NSCLC, 
whereas it may not be predictive of pemetrexed response 
in patients with SqCC. A representative example showing 
the critical role of histology in predicting drug sensitivity is 
the BRAFV600E mutation, which is a well-known predictive 
marker for BRAF-targeted inhibitors. Whereas vemurafenib, 
a BRAF inhibitor, demonstrated an objective response rate 
(ORR) of 48% in patients with BRAFV600E-mutated melanoma 
[26], it showed minimal response in patients with colorectal 
cancer harboring the BRAFV600E mutations (ORR < 5%) [27]. 
The mechanism underlying the tissue-specific primary drug 
resistance involves feedback activation of epidermal growth 
factor receptor in patients with colorectal cancer, which is not 
observed in those with melanoma [28]. Likewise, molecular 
mechanisms specific to lung SqCC may underlie its primary 
resistance to pemetrexed.

The lack of objective response observed in our study can 

be partly explained by the relative insensitivity of the study 
participants, given the previously reported ORR of 2.8% for 
pemetrexed in the second-line treatment of patients with 
SqCC [9,12]. Indeed, substantial proportions of our study 
population had a poor performance status and had received 
multiple lines of chemotherapy. Of the patients enrolled in 
our study, 25% had performance status of 2 and 50% had 
previously undergone more than one line of chemotherapy. 
Poor performance status is an independent prognostic factor 
for short survival in patients with NSCLC [29], and heavily-
pretreated patients may exhibit more aggressive tumor biol-
ogy than their counterparts.

Of note, one may question whether IHC is an optimal 
method for evaluating TS expression. Although quantitative 
reverse transcription polymerase chain reaction (qRT-PCR) is 
highly sensitive and has been used for many preclinical stud-
ies on TS, it is hardly used in routine practice settings due to 
its high cost, relative technical complexity, and requirement 
for fresh tissue. In this context, Ceppi et al. [18] reported a 
strong correlation between mRNA and protein expression 
levels, assessed by qRT-PCR and IHC, respectively. Further-
more, low TS expression by IHC was shown to be associated 
with favorable clinical outcome in the two prospective trials 
with nonsquamous NSCLC patients [17,23].

Our study has several limitations. First, the limited num-
ber of patients included in the study may have prevented us 
from detecting subtle differences. Second, the lack of compar-
ator arm could have made our hypothesis testing less robust. 
Third, the TS expression level assessed from biopsy speci-
mens might not be representative of the TS level at a given 
time or overall TS level of the tumor in an individual patient. 
Expression levels of certain proteins may vary throughout 
the tumor as intratumoral heterogeneity develops tem-
porally and spatially [30]. Finally, although we attempted 
to adjust for potential confounders, residual confounding 
by unrecorded variables cannot be ruled out completely.  
Despite these limitations, the present study is the first pro-
spective study of pemetrexed in biomarker-selected patients 
with squamous NSCLC. 

In conclusion, pemetrexed was not active against TS-low 
SqCC of the lung in a salvage setting, although its toxicity 
was generally manageable. Future studies are warranted to 
identify active and safe new agents for treating patients with 
SqCC of the lung. 
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