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Prognostic and Predictive Roles of
Thymidylate Synthase Expression in
Lung Cancer: The Debate Is Still Open

TO THE EDITOR: Sun et al1 report data from an observational
phase II study in which they prospectively investigated the cor-
relation between tumor baseline expression of thymidylate synthase
(TS) and outcome in patients with nonsquamous non–small-cell
lung cancer (NSCLC) whowere randomly assigned to receive either
pemetrexed and cisplatin or gemcitabine and cisplatin treatment.
Low TS protein levels were predictive of significantly increased
response rates and prolonged progression-free survival in patients
treated with pemetrexed and cisplatin compared with the gemcitabine-
and-cisplatin group. Regarding the same treatment allocation, high
TS expression was not correlated with the outcome.

In our opinion, some key points should be discussed in more
detail. Without a consideration of treatment arms, low TS levels
were associated with significantly prolonged overall survival and
emerged as a good prognostic factor in the multivariable analysis
(hazard ratio, 0.60; 95% CI, 0.42 to 0.84). However, the potential
prognostic role of TS has not been clarified. TS levels may be
associated with the stage of disease, lymph node metastasis, tumor
differentiation, and cellular proliferation. However, several studies
showed controversial results in terms of their clinical relevance, as
reviewed in the article by Galvani et al.2 In particular, automated
in situ protein quantification of cytoplasmic TS, which demon-
strated improved survival for patients with NSCLC and high TS
expression,3 appears to contradict the results of the current study.
These discrepancies might be the result of different methods,
treatment heterogeneity, and relatively small and/or heterogeneous
samples. Therefore, a power analysis regarding the number of
patients appears to be crucial to obtain reliable prognostic results,
to enhance data interpretation, and to plan future studies.

The technique to evaluate TS status remains a critical point.
Immunohistochemistry is a sensitive method widely used for the
detection of specific proteins in tissue preparations. However, it is
largely empirical and depends on the antibody and on several
physicochemical properties of the tissue, such as fixation, as well as
on the pathologist’s expertise. The TS-specific mouse monoclonal
antibody clone-106 has been used in studies that showed a partial
relationship between TS mRNA, protein expression, activity, and
sensitivity to TS inhibitors.4,5 Despite this, a consensus has not been
reached yet with regard to scoring, and detailed procedures are
urgently needed to improve experimental reproducibility and to
correct the interpretation of results. Appropriate controls should be
included to be used for intralaboratory and interlaboratory validation.
Optimization and standardization of technical procedures is indeed
crucial to validate the best biomarkers for personalized chemotherapy.

Sun and colleagues claimed that, because of the key role of TS
in DNA replication and subsequent cellular proliferation, low TS
expression is correlated with well-differentiated tumors and a low

proliferation index. Therefore, additional information about
tumor grading, as well as on markers of proliferation such as Ki-67,
are warranted. Ki-67 is a bona fide cell-cycle marker that has been
linked to proliferation. However, TS levels are not exclusively asso-
ciatedwith the S phase because their variation between exponentially
growing and confluent cell populations appears to be the results
of differences between G0 and G1 cells.6 Moreover, TS expression
is regulated by multiple mechanisms occurring at transcriptional,
posttranscriptional, and translational levels.2,7 These physiologic
mechanisms are associated with cellular proliferation and apo-
ptosis, which are often altered in tumors. Therefore, we believe that
functional studies to evaluate key factors that modulate TS status
are necessary before larger prospective pharmacogenetic trials
are launched. TS may indeed have a mixed role as a prognostic
and a predictive biomarker, one that possibly depends on the
drug and the disease.

Because the response rate to gemcitabine and cisplatin was
unexpectedly low in the group of patients with low TS, Sun and
collaborators also hypothesized that these patients can benefit
more from pemetrexed-based therapy than from other chemo-
therapeutic regimens whose antitumoral targets are not associated
with TS. However, we recently demonstrated that gemcitabine can
inhibit TS, presumably by means of the phosphorylated metabolite
difluorodeoxyuridine monophosphate, which enhances the mis-
incorporation of 2’-deoxyuridine into DNA, hence causing indirect
damage.8 We would, therefore, suggest an assessment to check for
whether an increased proliferation rate could account for higher
sensitivity to cell cycle–specific drugs, such as gemcitabine.

Last but definitely not least, although overexpression of TS is
the most studied drug-resistance mechanism involved in pemetrexed
chemoresistance, multiplemechanisms of antifolate resistance might
affect pemetrexed activity. This supports further evaluation of the
expression and/or mutational status of emerging determinants,
such as the proton-coupled folate transporter PCFT/SLC46A1,
which displays an exceptionally high affinity for pemetrexed.9,10

In conclusion, we congratulate Sun et al for their study, but
we look forward to additional preclinical and clinical inves-
tigations that may strengthen these results regarding the role of
TS for predicting the outcome of patients with NSCLC and meso-
thelioma who are treated with pemetrexed-based regimens, as well
as for prognostic purposes.

Elisa Giovannetti
Vrije Universiteit University Medical Center, Amsterdam, the Netherlands; and
Pisa University, Pisa, Italy

Paolo A. Zucali
Humanitas Cancer Center, Rozzano, Milan, Italy

Christian Rolfo
University Hospital, Antwerp, Belgium

Yehuda G. Assaraf
Technion-Israel Institute of Technology, Haifa, Israel

Journal of Clinical Oncology, Vol 34, No 5 (February 10), 2016: pp 511-512 © 2015 by American Society of Clinical Oncology 511

VOLUME 34 • NUMBER 5 • FEBRUARY 10, 2016

2016 from 146.175.11.111
Information downloaded from jco.ascopubs.org and provided by at UNIVERSITEIT ANTWERPEN BIBLIOTHEEK on June 9,

Copyright © 2016 American Society of Clinical Oncology. All rights reserved.



Godefridus J. Peters
Vrije Universiteit University Medical Center, Amsterdam, the Netherlands

ACKNOWLEDGMENT
Supported by an Associazione Italiana per la Ricerca sul Cancro Start-Up
Grant, Italy (E.G.), by the Law Offices of Peter G. Angelos Grant from the
Mesothelioma Applied Research Foundation, United States (E.G., P.A.Z.),
and by an educational grant from Eli Lilly, the Netherlands (G.J.P.).

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
Disclosures provided by the authors are available with this article at
www.jco.org

REFERENCES
1. Sun JM, Ahn JS, Jung SH, et al: Pemetrexed plus cisplatin versus gem-

citabine plus cisplatin according to thymidylate synthase expression in non-
squamous non–small-cell lung cancer: A biomarker-stratified randomized phase II
trial. J Clin Oncol 33:2450-2456, 2015

2. Galvani E, Peters GJ, Giovannetti E: Thymidylate synthase inhibitors for non-
small cell lung cancer. Expert Opin Investig Drugs 20:1343-1356, 2011

3. ZhengZ, Li X, Schell MJ, et al: Thymidylate synthase in situ protein expression
and survival in stage I nonsmall-cell lung cancer. Cancer 112:2765-2773, 2008

4. Peters GJ, Backus HH, Freemantle S, et al: Induction of thymidylate syn-
thase as a 5-fluorouracil resistance mechanism. Biochim Biophys Acta 1587:
194-205, 2002

5. Zucali PA, Giovannetti E, Destro A, et al: Thymidylate synthase and excision
repair cross-complementing group-1 as predictors of responsiveness in meso-
thelioma patients treated with pemetrexed/carboplatin. Clin Cancer Res 17:
2581-2590, 2011

6. Pestalozzi BC, McGinn CJ, Kinsella TJ, et al: Increased thymidylate syn-
thase protein levels are principally associated with proliferation but not cell cycle
phase in asynchronous human cancer cells. Br J Cancer 71:1151-1157, 1995

7. Ju J, Pedersen-Lane J, Maley F, et al: Regulation of p53 expression by
thymidylate synthase. Proc Natl Acad Sci USA 96:3769-3774, 1999

8. Honeywell RJ, Ruiz van Haperen VW, Veerman G, et al: Inhibition of
thymidylate synthase by 29,29-difluoro-29-deoxycytidine (Gemcitabine) and its
metabolite 29,29-difluoro-29-deoxyuridine. Int J Biochem Cell Biol 60:73-81,
2015

9. Gonen N, Assaraf YG: Antifolates in cancer therapy: Structure, activity and
mechanisms of drug resistance. Drug Resist Updat 15:183-210, 2012

10. Zhao R, Qiu A, Tsai E, et al: The proton-coupled folate transporter: Impact on
pemetrexed transport and on antifolates activities compared with the reduced
folate carrier. Mol Pharmacol 74:854-862, 2008

DOI: 10.1200/JCO.2015.64.2496; published online ahead of print at
www.jco.org on December 28, 2015

n n n

512 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Correspondence

2016 from 146.175.11.111
Information downloaded from jco.ascopubs.org and provided by at UNIVERSITEIT ANTWERPEN BIBLIOTHEEK on June 9,

Copyright © 2016 American Society of Clinical Oncology. All rights reserved.

http://www.jco.org
http://dx.doi.org/10.1200/JCO.2015.64.2496
http://www.jco.org


AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Prognostic and Predictive Roles of Thymidylate Synthase Expression in Lung Cancer: The Debate Is Still Open

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are
self-held unless noted. I 5 Immediate Family Member, Inst 5 My Institution. Relationships may not relate to the subject matter of this manuscript. For more
information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or jco.ascopubs.org/site/ifc.

Elisa Giovannetti
No relationship to disclose

Paolo A. Zucali
No relationship to disclose

Christian Rolfo
Speakers’ Bureau: Novartis

Research Funding: Sanofi

Yehuda G. Assaraf
No relationship to disclose

Godefridus J. Peters
Consulting or Advisory Role: Taiho Pharmaceuticals
Research Funding: Eli Lilly, Spectrum Pharmaceuticals

www.jco.org © 2015 by American Society of Clinical Oncology

Correspondence

2016 from 146.175.11.111
Information downloaded from jco.ascopubs.org and provided by at UNIVERSITEIT ANTWERPEN BIBLIOTHEEK on June 9,

Copyright © 2016 American Society of Clinical Oncology. All rights reserved.

http://www.asco.org/rwc
http://jco.ascopubs.org/site/ifc
http://www.jco.org

	Prognostic and Predictive Roles of Thymidylate Synthase Expression in Lung Cancer: The Debate Is Still Open
	REFERENCES


