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The pemetrexed-containing treatments in the
non-small cell lung cancer, is -/low thymidylate
synthase expression better than +/high
thymidylate synthase expression: a meta-analysis
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Abstract

Background: The predictive value of thymidylate synthase (TS) for clinical sensitivity to pemetrexed-containing
chemotherapy in patients with non-small cell lung cancer (NSCLC) remains controversial. This meta-analysis is
performed to provide an assessment of whether expression variations of TS are associated with objective response
in patients with NSCLC treated with pemetrexed-containing chemotherapy.

Methods: An electronic search was conducted using the databases MEDLINE, EMBASE and CNKI, from inception to
June 10™, 2013. A systemic review of the studies on the association between TS expression in NSCLC and objective

calculated using the software Revman 5.0.

chemotherapy in patients with NSCLC.

response of pemetrexed-containing regimen was performed. Pooled odds ratios (OR) for the response rate were

Results: There were a total of 526 patients in the eight studies that met our criteria for evaluation. +/high
expression of TS was found in 269 patients (51.1%), and -/low expression for this gene was found in 257 (48.9%)
patients. The objective response rate for pemetrexed-containing chemotherapy was significantly higher in patients
with -/low expression TS expression (OR =0.45; 95% Cl, 0.29-0.70; p = 0.0004). Although patients with -/low
expression of TS have a longer median overall survival time and progression free survival time than those with +/high
expression of TS, the difference was not statistically significant.

Conclusions: —/low expression of TS was associated with higher objective response in NSCLC patients treated
with pemetrexed-containing chemotherapy. TS may be a suitable marker of sensitivity to pemetrexed-based
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Background

Lung cancer is the most-common cause of cancer-related
mortality worldwide and non-small cell Lung cancer
(NSCLC) accounts for more than 85% of primary lung
cancers and approximately two-thirds of NSCLC patients
are diagnosed at an advanced stage [1-3]. Platinum-based
chemotherapy is appropriate for selected patients who
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have a good performance status [4,5]. But the approach
of treating patients with a platinum-containing regimen
may have reached a plateau in terms of efficacy [6].
Most patients receiving front-line chemotherapy may
experience disease progression and need second-line
therapy [7]. One of several treatments for NSCLC as the
second line therapy is pemetrexed, which is increasing
its therapeutic scope from second-line therapy to first-line
and maintenance therapy [8-10].

Pemetrexed is a multitargeted antifolate agent, inhi-
biting at least three of the enzymes involved in DNA
synthesis and folate metabolism: thymidylate synthase
(TS), dihydrofolate reductase (DHFR) and glycinamide
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ribonucleotide formyl transferase (GARFT) [11,12]. Among
them, TS is a key enzyme that catalyzes the methylation of
fluorod UMP, the precursor of DNA synthesis, into dTMP
[13]. Recent in vitro studies demonstrated that lung cancer
cell lines with low thymidylate synthase expression were
highly sensitive to pemetrexed [14-16]. Thymidylate syn-
thase expression in NSCLC has attracted a considerable
attention because of its potential role as a promising pre-
dictor for response to pemetrexed-based chemotherapy.

A number of studies have explored the relationship
between thymidylate synthase expression and overall re-
sponse rate in NSCLC patients, but clinical data about
TS expression and its predictive value in NSCLC pa-
tients receiving pemetrexed -containing chemotherapy
are still inconclusive. There are published reports sup-
porting that significantly higher response rates were as-
sociated with TS-negativity compared with TS-positivity
in patients with NSCLC especially in those with nonsqua-
mous NSCLC treated with pemetrexed-based Chemother-
apy [3,17,18]. However, there are also reports of studies
failed to find such an association [6,19-22]. Recently, sev-
eral studies have demonstrated that high level of TS ex-
pression was associated with poor prognosis, suggesting
that TS expression may be useful to predict survival after
complete resection in p-stage I adenocarcinoma of the
lung [23-25]. Whereas Zheng and colleagues found that
patients with high TS expression actually had significantly
increased overall survival (OS) when compared to patients
with low expression [26]. To determine whether TS ex-
pression is associated with objective response in NSCLC
patients treated with pemetrexed-containing therapy,
we reviewed published studies and carried out a meta-
analysis.

Methods

Search strategy

The search was performed by consulting the electronic
database MEDLINE, EMBASE and CNKI f or all relevant
papers published from the earliest publication date in-
cluded in the database onward to June 10™ 2013. Searches
included the terms TS OR thymidylate synthase and lung
cancer. The results were then hand searched for eligible
studies. No language restrictions were imposed. The refer-
ences of retrieved articles were also screened for relevant
articles and two authors (L Wang and R Wang) conducted
all searches independently.

Eligibility criteria

The following criteria for eligibility among studies were
set before collecting articles: (1) utilized pemetrexed —
containing chemotherapy for patients with pathologically
proven NSCLC. (2) measured TS with immunohisto-
chemistry (IHC) or real-time reverse transcriptase PCR
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(RT-PCR); (3) presented the data of objective response
according to TS status.

Quality assessment

Two investigators (L Wang and ] Zhang) independently
assessed the quality of each study using the Newcastle—
Ottawa Quality Assessment Scale. Discrepancies were
resolved by consensus. The Newcastle—Ottawa Quality
Assessment Scale involves assessing three categories —
patient selection, study comparability and outcome—based
on eight items. Stars awarded to high-quality elements are
used to compare study quality in a qualitative manner.
Four items in the selection category, two items in the
comparability and three items in the outcome category; a
maximum of two stars can be given for comparability; a
study can be awarded one star for each item in these cat-
egories. The scoring system was recommended by the
Cochrane Non-randomized Studies Methods Working
Group [27,28].

Statistical analysis

Two independent reviewers extracted the required infor-
mation using pre-determined forms. Data on objective
response rate were analyzed. The data were entered into
the Cochrane Collaboration software (RevMan Version
5.0 for Windows; the Cochrane Collaboration, Oxford,
UK) and the Cochran’s test was used to assess the het-
erogeneity of included studies. For the heterogeneity
tests, a P-value below 0.05 was considered to indicate
significance. If the test of heterogeneity was significant
(p <0.05, I*>50%) the random-effect model would be
used, otherwise the fixed model would be used. Publica-
tion bias was estimated by examining the relationship
between the treatment effects and the standard error of
the estimate (S.E log OR) using a funnel plot. Several
additional sensitivity analyses (chemotherapy regimens
and TS measurement methods) were also performed to
further detect and evaluate clinical heterogeneity.

Results

Selection of studies

The search strategy identified 613 potentially relevant
articles, 178 of which were excluded after the titles were
reviewed. A total of 435 studies were included for
abstract review after the first exclusion. Among the 435
studies, 56 of them were not relevant to clinical chemo-
therapy (only illustrating the TS expression and its clini-
copathological correlation to NSCLC) and 98 of them
were not relevant to NSCLCS (studying TS in small cell
lung cancer, neuroendocrine, malignant pleural meso-
thelioma, thymic tumors, primary colorectal cancer, and
so on). There were also 109 review articles in the 435
studies above. So 263 articles were excluded and 172
studies were extracted for full text review after careful
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Figure 1 Flow chart of article selection in this meta-analysis: eight studies involving 526 patients were analyzed.

abstract review. We excluded 164 studies due to lack of
sufficient information or methods discrepancies. After
completing the selection process, data from a total of
eight studies involving 526 patients (Figure 1) systemat-
ically was analyzed. All of them studied the association
between TS expression and response to pemetrexed-
containing chemotherapy [6,22-31].

The Newcastle—Ottawa Scale, composing of eight items
that assess patient selection, study, comparability and out-
come, was used to conduct the quality assessments for the
eight studies. This scale has been adopted in other non-
randomized studies [28,32,33]. Studies which met five or
more of the eight criteria were given higher quality scores.
A summary of the studies which scored highly is
shown in Table 1. Characteristics of the eligible stud-
ies are presented in Table 2. Bias assessment was eval-
uated by funnel plot analysis shown in Figure 2 and
the heterogeneity in the 8 studies was not significant
statistically (p = 0.23).

Objective response

All studies reported data on tumor objective response
(Table 2), which included complete and partial tumor re-
sponses, stable disease and progression disease. Because
no heterogeneity was found across studies (Chi*=9.39,
p=023; *=25%), the fixed-effects model was used.
Pooled data from these eight studies showed an overall
objective response rate of 19.3% for TS +/high expression
(n=269) and 30.0% for TS -/low expression (n=257).
These results indicate a statistically significant favorable
clinical outcome for patients with -/low expression TS.
The pooled odds ratio from the eight studies was 0.45
(OR = 0.45; 95% CI, 0.29-0.70; p =0.0004; Figure 3).

Subgroup analysis was conducted based on chemo-
therapy regimen. Six studies described clinical results
with patients treated with pemetrexed monotherapy or
pemetrexed plus gemcitabine and three clinical studies
described results of patients treated with pemetrexed
plus cisplatin or carboplatin. For the regimen of peme-
trexed monotherapy or pemetrexed plus gemcitabine, the
overall objective response rate for patients with -/low TS
expression was higher than that for patients with +/high
TS expression(OR = 0.54, 95% CI 0.33-0.91, p =0.02).
For patients treated with pemetrexed plus cisplatin or
carboplatin, a significantly better objective response rate
was also observed in patients with -/low TS expression
(OR =0.27, 95% CI 0.10-0.70, p = 0.007). There existed no
heterogeneity between two treatment subgroups (7 = 12%)

Table 1 Quality of the studies used in the meta-analysis

Studies Selection Comparability Outcome
(stars) (stars) (stars)
Bepler et al. [6] 4 2 3
Chang et al. [30] 3 2 3
Chen et al. [21] 4 2 3
lgawa et al. [31] 3 2 3
Park et al. [22] 3 2 3
Sun et al. [17] 4 2 3
Takezawa et al. [18] 3 2 3
Wang et al. [19] 3 2 3

The Newcastle-Ottawa Quality Assessment Scale is composed of three
categories, selection, comparability and outcome. Stars are awarded to
high-quality elements and are used to compare study quality in a quantitative
manner. There are four items in the Selection category and three items in the
Outcome category; a study can be awarded one star for each item in these
categories. A maximum of two stars can be given for comparability.



Table 2 Characteristics of studies included in the meta-analysis

SO/t L/LOYT-L Li7L/WOD [RIIUSIPIWIOIG MMM//:d1Yy

Study All pts TS detection Chemotherapy regimen Ethnicity TS expression Evaluable for Disease stage ECOGPS TS high/+ TS low/-
method response
OR (pts) Total pts OR (pts) Total pts

Bepler et al. [6] 52 RT-PCR pemetrexed + gemcitabine Caucasian 35 35 -1l NR 5 17 7 18
Chang et al. [30] 110 IHC pemetrexed Asian 55 52 advanced or reoccurent  0-4 23 41 4 11
Chen et al. [21] 268 IHC pemetrexed Asian 49 42 I11B-IV NR 3 20 5 22
Park etal [22] 98 IHC pemetrexed Asian 98 88 IBINA-IV NR 54 5 34
Takezawa et al. [18] 24 IHC pemetrexed + platinum Asian 24 24 IB-IV 0-1 1 12 6 12
Wang et al. [19] 38 RT-PCR pemetrexed + platinum Asian 38 38 I11B-IV 0-1 2 10 11 28
lgawa et al. [31] 104 IHC pemetrexed Asian 54 54 |IIB-IV or reoccurent 0-3 0 23 5 31
Sun et al. [17] 285 HC pemetrexed Asian 149 149 I11B-IV 0-1 9 75 21 74

pemetrexed + platinum Asian 44 44 11B-IV 0-1 4 17 13 27

Abbreviations: TS thymidylate synthase, NR no report, IHC immunohistochemistry, RT-PCR real-time reverse transcriptase PCR, NSCLC non-small cell lung cancer, PTS patients.
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Figure 2 Funnel plot for the detection of publication bias.

(Figure 4). Although the objective response rate dif-
ference did not reach statistical significance between
patients treated with platinum-free and platinum contain-
ing subgroup, —/low TS expression patients treated
with pemetrexed plus cisplatin or carboplatin might be
more likely to achieve complete or partial response.
(Figure 4).

Immunohistochemistry (IHC) was used in 6 studies
and real-time reverse transcriptase PCR(RT-PCR) was
used to detect TS in 2 studies and. In IHC subgroup, ob-
jective response rate in TS -/low expression patients was
significantly higher than that in TS +/high expression
patients (OR =0.44; 95% CI, 0.27-0.71; p =0.0009). In
Real-time reverse transcriptase PCR subgroup, there was
a trend that TS -/low predicted better objective response
rate, but the difference did not reached statistical signifi-
cance (OR = 0.52; 95% CI1,0.18-1.54 p = 0.24). We noted no
evidence of heterogeneity between TS detection method
subgroups in this meta-analysis (Chi*=8.33, p = 0.22;
I? = 28%) (Figure 5).

Median survival time and time to progression

Median survival data were available in five of 8 studies
on the association between TS expression and response
to pemetrexed-containing chemotherapy [6,17,21,30,31].
Patients with +/high expression of TS had a median
overall survival(OS) time of 14.4 months; patients with
-/low expression of TS had a median overall survival
time of 19.0 months. Although those with -/low expres-
sion of TS have a longer median overall survival time
than those with +/high expression of TS, the difference
was not statistically significant (p =0.239) (Table 3).
Similar association was also found in five studies that
provide sufficient data for progression free survival time
(PFS) (7.6 months in patients with -/low expression of
TS Vs 5.8 months in patients with +/high expression of
TS, p=0.13) [6,17,21,30,31] (Table 4).

Discussion
In this meta-analysis, we evaluated the effects of expres-
sion variations in TS on the objective response rate to

(OR =0.45; 95% Cl, 0.29-0.70; p = 0.0004).

Testfor overall effect: Z= 3.52 (P = 0.0004)

Favours
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Figure 3 Comparison of objective response rate between the TS -/low arm and TS +/high arm of NSCLC patients receiving
pemetrexed-containing chemotherapy (n =526). Pooled data from these 8 studies showed an overall objective response rate of 19.3% and
30.0% for TS +/high expression (n =269) and TS -/low expression (n = 257), respectively, which was significantly in favor of TS -/low expression
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Figure 4 Subgroup analysis by chemotherapy regimen. In the subgroup of the patients treated with pemetrexed plus cisplatin or carboplatin,
overall objective response rate in TS -/low patients was significantly higher than that in TS +/high patients (OR =0.27, 95% Cl 0.10-0.70, p = 0.007). For
the patients treated with pemetrexed monotherapy or pemetrexed plus gemcitabine, the overall objective response rate for patients with -/low TS
expression was significantly higher than that for patients with +/high TS expression(OR = 0.54, 95% CI 0.33-091, p = 0.02).

pemetrexed-containing chemotherapy for NSCLC. Our
goal was to test the hypothesis that -/low TS expression
is associated with better objective response rate. Among
the included studies, four of them reported a higher ob-
jective response in the TS -/low expression arm com-
pared with the TS +/high expression arm [6,17,18,31].
While the rest four studies reported no statistically
significant relationship between TS expression and re-
sponse to chemotherapy [19,21,22,30]. We found that
the objective response rate of patients with -/low TS ex-
pression was significantly higher than that in patients
with +/high TS expression. We also conducted a trend
that TS -/low predicted better median survival time and
progression free survival time but without significant

difference in patients receiving pemetrexed-containing
chemotherapy.

Previous in vitro studies have shown that TS expression
correlated with objective response of NSCLC treated with
pemetrexed-containg chenmotherapy Ozasa et al. [15]
documented that the expression level of the TS gene was
significantly correlated with the concentration of peme-
trexed for 50% cell survival (IC50) in 11 non-small cell
lung cancer cell lines, suggesting up-regulation of the ex-
pression of the TS gene may have an important role in the
acquired resistance to pemetrexed. Wu et al. found down-
ing stream of TS gene may serve as new biomarkers for
predicting responsiveness to pemetrexed [13]. Similar re-
sults were also reported by Chiappori in small cell lung

Heterogeneity: Chi*= 8.10, df= 5 (P = 0.10); F= 45%
Test for overall effect: Z= 3.33 (P = 0.0009)
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(OR=0.52; 95% C1,0.18-1.54 p = 0.24).
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Figure 5 Subgroup analysis by TS detection method. In IHC subgroup, objective response rate in TS -/low expression patients was significantly
higher than that in TS +/high expression patients (OR = 0.44; 95% Cl, 0.27-0.71; p = 0.0009). And in Real-time reverse transcriptase PCR
subgroup, there was a trend that TS -/low predicted better objective response rate, but the difference did not reached statistical significance
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Table 3 Median overall survival time in the studies

Study Median survival Median ratio p value
time(months)
TS +/high TS -/low
Bepler et al. [6] 278 27 0.97 0272
Chang et al. [30] 6.7 9.5 142 0.688
Chen et al. [21] 10 214 2.14 0.09
Sun et al. [17] 189 223 118 0.106
lgawa et al. [31] 86 14.7 1.71 0.04
Pool 144 190  132(95% Cl 092-2.72) 024

Patients with +/high expression of TS who received pemetrexed-based
chemotherapy had a median overall survival time of 14.4 months; patients
with -/low expressionof TS had a median overall survival of 19.0 weeks.
Although patients with -/low expression of TS perform a longer median overall
survival time than those with +/high expression of TS, the difference was not
statistically significant (p = 0.24).

cancer cell line [34]. In our meta analysis, the available
data indicated that the quality of response to pemetrexed-
containing chemotherapy was significantly higher in pa-
tients with -/low TS expression than those with +/high TS
expression (OR = 0.46, 95% CI 0.29-0.72, p =0.0007). Inter-
estingly, subgroup analysis based on whether platinum
was conducted in their performance demonstrated -/low
TS expression was associated a good objective response
rate in platinum-containing subgroup. The knowledge
gained from this subgroup analysis implys that treatment
with pemetrexed plus cisplatin or carboplatin chemother-
apy regimen may be more beneficial for -/low TS expres-
sion patient with NSCLC, compared with pemetrexed
monotherapy regimen or pemetrexed plus gemcitabine.
The reason is thought to be that platinum may play an
important role in the association of TS expression and
overall objective response. Published study has shown
that cisplatin binds to DNA and induces DNA cross-
linking, which leads to DNA double- and single-strand

Table 4 Median progression free survival time in the
studies

Study Median progression Median ratio p value

free survival

time(months)

TS +/high TS -/low

Bepler et al. [6] 20.7 21 1.01 0.187
Chang et al. [29] 13 24 1.85 0407
Chen et al. [21] 34 4.8 141 0.01
Sun et al. [17] 2 4.1 205 0.001
lgawa et al. [30] 16 58 3.63 0.03
Pool 58 76 131(95% Cl1 043-219) 0.3

Patients with +/high expression of TS who received pemetrexed-based
chemotherapy had a median progression free survival time of 5.8 months;
patients with -/low expressionof TS had a median progression free survival
time of 7.6 months. Although there was a trend that TS -/low predicted better
progression free survival time, the difference did not reached statistical
significance (p =0.13).
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breaks and causes cell death [35]. Pemetrexed inhibits
DNA and RNA synthesis by impairing the activity of at
least 3 enzymes, TS, GARFT and DHER, in the folate
metabolic pathway, a critical pathway for purine and pyr-
imidine synthesis [36]. In vitro sensitivity to platinum-
derived drugs, cisplatin or carboplatin have been reported
to be associated with expression of TS in human lung can-
cer [37]. Recent studies also demonstrated that cisplatin
and pemetrexed may have a synergistic effect and low TS
expression does not necessarily correlate with pemetrexed
sensitivity [38]. Multiple mechanisms may underlie natural
and acquired resistance to pemetrexed [37]. However,
evaluation of a larger data set containing more prospective
studies would provide greater confidence in efficacy be-
tween the two subgroups.

Different bio-methods were analyzed for their abilities
to predict the treatment outcome. IHC detects TS ex-
pression at protein level, while RT-PCR assays at mRNA
level. Several studies have reported some discrepancy
between mRNA expression and protein expression for
TS [24,39,40]. A recent research by Hou.et.al found that
very high protein expression of TS determined by IHC
correlates well with TS mRNA expression, while low
protein expression of TS correlates poorly with TS mRNA
expression [41]. In our meta-analysis, IHC seemed to be
better than RT-PCR to predict objective responsive rate
for lung cancer patients receiving pemetrexed-containing
treatments. TS at the protein level help DNA synthesis
and repair DNA double-strand breaks [42]. We think
that’s the possible reason why IHC is better to predict the
response rate than RT-PCR . Transcription, posttranscrip-
tional regulation, translation, post-translation processing
of the protein may also contribute to the difference. More
prospective studies with large sample size are needed to
further evaluate RT-PCR assay for TS detection and its
power to predict chemotherapy sensitivity.

Intriguingly, although there was a trend that TS -/low
predicted better median overall survival time and progres-
sion free survival time, the difference did not reached stat-
istical significance [25]. Recent studies have reported that
intratumoral TS expression was significantly related to the
prognosis in patients with mesothelioma [43], gastric can-
cer [44] and colorectal cancer [45-47]. For NSCLC, low
TS mRNA level was associated with a better PES in stage I
and II patients [48]. In our analysis, most patients available
for evaluating median OS and PFS suffered from advanced
or recurrent lung cancer and that may be the possible rea-
son why no significant difference was found between pa-
tients with -/low an +/high expression.

The study has many limitations. Only eight studies are
eligible for our meta-analysis and the sample size analyzed
in each group was relatively small. However, this is the first
and initial meta-analysis of assessment whether TS expres-
sion is associated with objective response in patients with
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NSCLC treated with pemetrexed-containing chemotherapy.
More published studies will be helpful in clarifying whether
this is a true association. There was no observed significant
heterogeneity among the included studies (I =25%), we
further explored heterogeneity by conducting subgroup
analyses. Although significant heterogeneity was not
found either, heterogeneity in IHC subgroup was mod-
erately high at 45%, which was mainly due to the diver-
sity of regimen combinations and different populations.
Publication bias is also a possible limitation because
studies that report negative results are published less
frequently than those reporting positive results or those
consistent with prevailing theories [49]. However, we
did not find that publication bias significantly influences
our result of the meta-analysis.

Conclusion

In conclusion, this meta-analysis provided us with evi-
dence that -/low TS expression is associated with a higher
objective response rate for NSCLC patients treated with
pemetrexed-containg chemotherapy. Our results may be
useful in matching NSCLC patients with suitable drugs
and predict response rate to pemetrexed-containg chemo-
therapy as well as for the further investigation of random
clinical trial on patients receiving platinum-based or
pemetrexed-based chemotherapy.

Competing interests
The authors have declared that no competing interests exist.

Authors’ contributions

Conception and design: LW, RW and HC; Acquisition of data: all authors;
Analysis and interpretation of data: all authors; Manuscript drafting: LW, JZ
and HC; Manuscript revising: all authors; final approval of this version: all
authors. All Authors read and approved the final manuscript.

Acknowledgements

We thank Doctor Hang Li, Doctor Yang Zhang, and Doctor Ting Ye for
acquisition of data and we really appreciate for the interpretation of data by
Doctor Yiliang Zhang and revision of the manuscript by Doctor Hong Hu.
We acknowledge supported by Grant No. 81101761,81172218 from the
National Natural Science Foundation of China; Pujiang Talent Grant, (to J. Z).

Author details

'Department of Thoracic Surgery, Shanghai Medical College, Fudan
University Shanghai Cancer Center, 270 Dong-An Road, Shanghai 200032,
China. *Department of Oncology, Shanghai Medical College, Fudan
University Shanghai Cancer Center, Shanghai, China.

Received: 16 October 2012 Accepted: 13 March 2014
Published: 19 March 2014

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ: Cancer statistics, 2009. CA
Cancer J Clin 2009, 59(4):225-249.

2. Socinski MA, Schell MJ, Peterman A, Bakri K, Yates S, Gitten R, Unger P, Lee
J, Lee JH, Tynan M, Moore M, Kies MS: Phase Il trial comparing a defined
duration of therapy versus continuous therapy followed by second-line
therapy in advanced-stage IlIB/IV non-small-cell lung cancer. J Clin Oncol
2002, 20(5):1335-1343.

3. Park JO, Kim SW, Ahn JS, Suh C, Lee JS, Jang JS, Cho EK, Yang SH, Choi JH,
Heo DS, Park SY, Shin SW, Ahn MJ, Yun YH,Lee JW, Park K: Phase Il trial of
two versus four additional cycles in patients who are nonprogressive

20.

21

Page 8 of 9

after two cycles of platinum-based chemotherapy in non small-cell lung
cancer. J Clin Oncol 2007, 25(33):5233-5239.

Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, Krook J, Zhu J,
Johnson DH: Comparison of four chemotherapy regimens for advanced
non-small-cell lung cancer. N £ngl J Med 2002, 346(2):92-98.

Chen LK, Liang Y, Yang QY, Xu F, Zhou NN, Xu GC, Liu GZ: Triplet
platinum-based combination sequential chemotherapy improves survival
outcome and quality of life of advanced non-small cell lung cancer
patients. Asian Pac J Cancer Prev 2012, 13(5):1863-1867.

Bepler G, Sommers KE, Cantor A, Li X, Sharma A, Williams C, Chiappori A,
Haura E, Antonia S, Tanvetyanon T, Simon G, Obasaju C, Robinson LA:
Clinical efficacy and predictive molecular markers of neoadjuvant
gemcitabine and pemetrexed in resectable non-small cell lung cancer.
J Thorac Oncol 2008, 3(10):1112-1118.

Pfister DG, Johnson DH, Azzoli CG, Sause W, Smith TJ, Baker S Jr, Olak J,
Stover D, Strawn JR, Turrisi AT, Somerfield MR: American Society of Clinical
Oncology treatment of unresectable non-small-cell lung cancer
guideline: update 2003. J Clin Oncol 2004, 22(2):330-353.

Hanna N, Shepherd FA, Fossella FV, Pereira JR, De Marinis F, von Pawel J,
Gatzemeier U, Tsao TC, Pless M, Muller T, Lim HL, Desch C, Szondy K,
Gervais R, Shaharyar, Manegold C, Paul S, Paoletti P, Einhorn L, Bunn PA:
Randomized phase Il trial of pemetrexed versus docetaxel in patients
with non-small-cell lung cancer previously treated with chemotherapy.
J Clin Oncol 2004, 22(9):1589-1597.

Scagliotti GV, Parikh P, von Pawel J, Biesma B, Vansteenkiste J, Manegold C,
Serwatowski P, Gatzemeier U, Digumarti R, Zukin M, Lee JS, Mellemgaard A,
Park K, Patil S, Rolski J, Goksel T, Marinis F, Simms L, Sugarman KP, Gandara
D: Phase Il study comparing cisplatin plus gemcitabine with cisplatin
plus pemetrexed in chemotherapy-naive patients with advanced-stage
non-small-cell lung cancer. J Clin Oncol 2008, 26(21):3543-3551.

Ciuleanu T, Brodowicz T, Zielinski C, Kim JH, Krzakowski M, Laack E, Wu YL,
Bover |, Begbie S, Tzekova V, Cucevic B, Pereira JR, Yang SH, Madhavan J,
Sugarman KP, Peterson P, John WJ, Krejcy K, Belani CP: Maintenance
pemetrexed plus best supportive care versus placebo plus best
supportive care for non-small-cell lung cancer: a randomised, double-
blind, phase 3 study. Lancet 2009, 374(9699):1432-1440.

Mendelsohn LG, Shih C, Chen VJ, Habeck LL, Gates SB, Shackelford KA:
Enzyme inhibition, polyglutamation, and the effect of LY231514 (MTA)
on purine biosynthesis. Semin Oncol 1999, 26(2 Suppl 6):42-47.

Adjei AA: Pemetrexed (Alimta): a novel multitargeted antifolate agent.
Expert Rev Anticancer Ther 2003, 3(2):145-156.

Wu MF, Hsiao YM, Huang CF, Huang YH, Yang WJ, Chan HW, Chang JT, Ko JL:
Genetic determinants of pemetrexed responsiveness and nonresponsiveness
in non-small cell lung cancer cells. J Thorac Oncol 2010, 5(8):1143-1151.

Yang TY, Chang GC, Chen KC, Hung HW, Hsu KH, Wu CH, Sheu GT, Hsu SL:
Pemetrexed induces both intrinsic and extrinsic apoptosis through
ataxia telangiectasia mutated/p53-dependent and -independent
signaling pathways. Mol Carcinog 2011. doi:10.1002/mc.2184.

Ozasa H, Oguri T, Uemura T, Miyazaki M, Maeno K, Sato S, Ueda R:
Significance of thymidylate synthase for resistance to pemetrexed in
lung cancer. Cancer Sci 2010, 101(1):161-166.

Rossi A, Ricciardi S, Maione P, de Marinis F, Gridelli C: Pemetrexed in the
treatment of advanced non-squamous lung cancer. Lung Cancer 2009,
66(2):141-149.

Sun JM, Han J, Ahn JS, Park K, Ahn MJ: Significance of thymidylate
synthase and thyroid transcription factor 1 expression in patients with
nonsquamous non-small cell lung cancer treated with pemetrexed-
based chemotherapy. J Thorac Oncol 2011, 6(8):1392-1399.

Takezawa K, Okamoto |, Okamoto W, Takeda M, Sakai K, Tsukioka S, Kuwata
K, Yamaguchi H, Nishio K, Nakagawa K: Thymidylate synthase as a
determinant of pemetrexed sensitivity in non-small cell lung cancer.
Br J Cancer 2011, 104(10):1594-1601.

Wang ZK, Hu Y, Zhao H, Fu C: Thymidylate synthase expression and
therapeutic effect analysis of pemetrexed in advanced lung
adenocarcinoma. Nan Fang Yi Ke Da Xue Xue Bao 2010, 30(5):978-980.
Uramoto H, Onitsuka T, Shimokawa H, Hanagiri T: TS, DHFR and GARFT
expression in non-squamous cell carcinoma of NSCLC and malignant
pleural mesothelioma patients treated with pemetrexed. Anticancer Res
2010, 30(10):4309-4315.

Chen CY, Chang YL, Shih JY, Lin JW, Chen KY, Yang CH, Yu CJ, Yang PC:
Thymidylate synthase and dihydrofolate reductase expression in



Wang et al. BMC Cancer 2014, 14:205
http://www.biomedcentral.com/1471-2407/14/205

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

non-small cell lung carcinoma: the association with treatment efficacy of
pemetrexed. Lung Cancer 2011, 74(1):132-138.

Park CK, Kim KS, Oh 1, Tseden IM, Choi YD, Kwon YS, Kim VI, Lim SC, Kim
YC: Efficacy of pemetrexed in relapsed non-small cell lung cancer and
thymidylate synthase expression. Tuberc Respir Dis 2009, 67(3):191-198.
Nakagawa T, Tanaka F, Otake Y, Yanagihara K, Miyahara R, Matsuoka K,
Takata T, Yamada T, Fukushima M, Wada H: Prognostic value of
thymidylate synthase expression in patients with p-stage | adenocarcinoma
of the lung. Lung Cancer 2002, 35(2):165-170.

Zheng Z, Chen T, Li X, Haura E, Sharma A, Bepler G: DNA synthesis and
repair genes RRM1 and ERCC1 in lung cancer. N Engl J Med 2007,
356(8):800-808.

Millett GA, Flores SA, Marks G, Reed JB, Herbst JH: Circumcision status and
risk of HIV and sexually transmitted infections among men who have
sex with men: a meta-analysis. JAMA 2008, 300(14):1674-1684.
Schoenleber SJ, Kurtz DM, Talwalkar JA, Roberts LR, Gores GJ: Prognostic
role of vascular endothelial growth factor in hepatocellular carcinoma:
systematic review and meta-analysis. Br J Cancer 2009, 100(9):1385-1392.
Check ML, Check JH, Choel JK, Davies E, Kiefer D: Effect of antagonists vs
agonists on in vitro fertilization outcome. Clin Exp Obstet Gynecol 2004,
31(4):257-259.

Chang MH, Ahn JS, Lee J, Kim KH, Park YH, Han J, Ahn MJ, Park K: The
efficacy of pemetrexed as a third- or fourth-line therapy and the
significance of thymidylate synthase expression in patients with
advanced non-small cell lung cancer. Lung Cancer 2010, 69(3):323-329.
Igawa S, Ryuge S, Wada M, Otani S, Maki S, Takakura A, Katono K, Sasaki J,
Sato Y, Masuda N: Pemetrexed for previously treated patients with
non-small cell lung cancer and differences in efficacy according to
thymidylate synthase expression. Chemotherapy 2012, 58(4):313-320.
Stang A: Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses.
Eur J Epidemiol 2010, 25(9):603-605.

Kyrgiou M, Tsoumpou |, Vrekoussis T, Martin-Hirsch P, Arbyn M, Prendiville W,
Mitrou S, Koliopoulos G, Dalkalitsis N, Stamatopoulos P, Paraskevaidis E: The
up-to-date evidence on colposcopy practice and treatment of cervical
intraepithelial neoplasia: the Cochrane colposcopy & cervical cytopathology
collaborative group (C5 group) approach. Cancer Treat Rev 2006,
32(7):516-523.

Chiappori AA, Zheng Z, Chen T, Rawal B, Schell MJ, Mullaney BP, Bepler G:
Features of potentially predictive biomarkers of chemotherapeutic
efficacy in small cell lung cancer. J Thorac Oncol 2010, 5(4):484-490.
Makimoto T, Tsuchiya S, Nakano H, Watanabe S, Minato K, Takise A, Ezawa K,
Fueki N, Naruse |, Nomoto T, Takei Y, Ishihara S, Mori M, Saitoh R: A phase Il
study of carboplatin-cisplatin-etoposide combination chemotherapy in
advanced non-small-cell lung cancer. Am J Clin Oncol 1997, 20(1):51-54.
Shih C, Chen VJ, Gossett LS, Gates SB, MacKellar WC, Habeck LL, Shackelford
KA, Mendelsohn LG, Soose DJ, Patel VF, Andis SL, Bewley JR, Rayl EA,
Moroson BA, Beardsley GP, Kohler W, Ratnam M, Schultz R: LY231514, a
pyrrolo[2,3-d]pyrimidine-based antifolate that inhibits multiple folate-
requiring enzymes. Cancer Res 1997, 57(6):1116-1123.

Takizawa M, Kawakami K, Obata T, Matsumoto |, Ohta Y, Oda M, Sasaki T,
Watanabe G: In vitro sensitivity to platinum-derived drugs is associated
with expression of thymidylate synthase and dihydropyrimidine
dehydrogenase in human lung cancer. Oncol Rep 2006, 15(6):1533-1539.
Kitazono-Saitoh M, Takiguchi Y, Kitazono S, Ashinuma H, Kitamura A, Tada Y,
Kurosu K, Sakaida E, Sekine |, Tanabe N, Tagawa M, Tatsumi K: Interaction
and cross-resistance of cisplatin and pemetrexed in malignant pleural
mesothelioma cell lines. Oncol Rep 2012, 28(1):33-40.

Ibe T, Shimizu K, Nakano T, Kakegawa S, Kamiyoshihara M, Nakajima T, Kaira
K, Takeyoshi I High-grade neuroendocrine carcinoma of the lung shows
increased thymidylate synthase expression compared to other
histotypes. J Surg Oncol 2010, 102(1):11-17.

Monica V, Scagliotti GV, Ceppi P, Righi L, Cambieri A, Lo lacono M, Saviozzi S,
Volante M, Novello S, Papotti M: Differential thymidylate synthase expression
in different variants of large-cell carcinoma of the lung. Clin Cancer Res 2009,
15(24):7547-7552.

Hou J, Lambers M, den Hamer B, den Bakker MA, Hoogsteden HC, Grosveld
F, Hegmans J, Aerts J, Philipsen S: Expression profiling-based subtyping
identifies novel non-small cell lung cancer subgroups and implicates
putative resistance to pemetrexed therapy. J Thorac Oncol 2012,
7(1):105-114.

Page 9 of 9

40. Nazki FH, Masood A, Banday MA, Bhat A, Ganai BA: Thymidylate synthase
enhancer region polymorphism not related to susceptibility to acute
lymphoblastic leukemia in the Kashmir population. Genet Mol Res 2012,
11(2):906-917.

41, Righi L, Papotti MG, Ceppi P, Bille A, Bacillo E, Molinaro L, Ruffini E, Scagliotti
GV, Selvaggi G: Thymidylate synthase but not excision repair
cross-complementation group 1 tumor expression predicts outcome in
patients with malignant pleural mesothelioma treated with pemetrexed-
based chemotherapy. J Clin Oncol 2010, 28(9):1534-1539.

42, Johnston PG, Lenz HJ, Leichman CG, Danenberg KD, Allegra CJ, Danenberg
PV, Leichman L: Thymidylate synthase gene and protein expression
correlate and are associated with response to 5-fluorouracil in human
colorectal and gastric tumors. Cancer Res 1995, 55(7):1407-1412.

43, Yamachika T, Nakanishi H, Inada K, Tsukamoto T, Kato T, Fukushima M,
Inoue M, Tatematsu M: A new prognostic factor for colorectal carcinoma,
thymidylate synthase, and its therapeutic significance. Cancer 1998,
82(1):70-77.

44, Karlberg M, Ohrling K, Edler D, Hallstrom M, Ullen H, Ragnhammar P:
Prognostic and predictive value of thymidylate synthase expression in
primary colorectal cancer. Anticancer Res 2010, 30(2):645-651.

45. Qiu LX, Tang QY, Bai JL, Qian XP, Li RT, Liu BR, Zheng MH: Predictive value
of thymidylate synthase expression in advanced colorectal cancer
patients receiving fluoropyrimidine-based chemotherapy: evidence from
24 studies. Int J Cancer 2008, 123(10):2384-2389.

46.  Shintani Y, Ohta M, Hirabayashi H, Tanaka H, luchi K, Nakagawa K, Maeda H,
Kido T, Miyoshi S, Matsuda H: New prognostic indicator for non-small-cell
lung cancer, quantitation of thymidylate synthase by real-time reverse
transcription polymerase chain reaction. Int J Cancer 2003, 104(6):790-795.

47. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997, 315(7109):629-634.

doi:10.1186/1471-2407-14-205

Cite this article as: Wang et al: The pemetrexed-containing treatments in
the non-small cell lung cancer, is -/low thymidylate synthase expression
better than +/high thymidylate synthase expression: a meta-analysis. BVMC
Cancer 2014 14:205.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Eligibility criteria
	Quality assessment
	Statistical analysis

	Results
	Selection of studies
	Objective response
	Median survival time and time to progression

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


