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Abstract

Background: thymidine phosphorylase (TP) has beerdentified as a specific marker enzyme
that is expressed in tumor-infiltrating macrophages being associated with tumor angiogene-
sis and poor prognosis in patients with intestinatype gastric cancer. However, the clinical
and prognostic significance of TP expression in gai cancer remains controversial. Publi-
cations were identified which assessed the clinical prognostic significance of TP expres-
sion in gastric cancer from January 1995 to May 28 A meta-analysis was performed to
clarify the association between TP expression andimical outcomes. A total of 13 studies
met the inclusion criteria, and comprised 1541 case Analysis of these data showed that
there was no statistically significant associationf TP and tumor differentiation (pooled OR

= 0.88, 95% CI: 0.67-1.15, Z = 0.94, P = 0.95, ftkeffect). There was significant association
between the expression of TP and clinical parametgrsuch as lymph node metastasis (pooled
OR = 2.35, 95% CI: 1.42-3.88, Z = 3.34, P = 0.00é&ndom-effect) or lymphatic invasion
(pooled OR =1.71, 95% CI: 1.02-2.87, Z = 2.02, P304 random-effect).Moreover, in iden-
tified studies, the expression of TP was correlatedith reduced overall survival (relative
risk [RR] = 1.73, 95% CI: 1.06-2.82, Z = 2.19, P 6.03). TP expression is associated with
tumor aggressiveness and poor prognosis. If thisniiling is confirmed by well-designed pro-
spective studies, TP expression may be a useful grwstic indicator for clinical outcome in
patients with gastric cancer.
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Introduction TP, an enzyme originally isolated from platelets atso
known as platelet-derived endothelial cell growdctor

Gastric cancer is one of the leading causes ofecanc (PDECGF), catalyses the reversible phosphorolysis o
related deaths worldwide, especially in Far EasaAs  thymidine to deoxyribose 1-phosphate and thyminkas
countries such as Japan, China, and Katpdrjcreasing Peen proposed that one role for TP is to contrelitira-
evidence suggests that solid tumors, including rigast Cellular levels of thymidine, which at high conaetibns
cancer, require neovascularization for growth aredagy ~P&comes toxic to cells and causes replication ®ror
tasis. It is also thought that the degree of tummgio- DNA [6]. Direct ew_dence c_>f a rqle for TP in angiogenesis
genesis is related to clinical outcome, suggedtiagan- omMes fr_om experiments in whlc_h xenografts fromls*._ra
giogenic properties are correlated with tumor agsjre- formed f!broblasts transfected with TP form rr_lc_)rthy
ness 2, 3]. Recent studies have shown that macrophage¥ascularized tumors than controls [8]. In additi@ano-

as well as malignant cells, are an important soafeaich ~ 9rafts of the breast carcinoma line MCF-7, whemsra
angiogenic factors in solid tumord][ Kawaharaet al ~ fected with TP, form more rapidly growing tumorsith
reported that TP could be a specific marker enzyragis _controls@). Increased expression of TP has been reported
expressed in tumor-infiltrating macrophages, beisgo- N @ number of tumor types. TP expression was 2&0-f
ciated with tumor angiogenesis and poor prognosisa higher in invasive cancers than in normal bladdendes

tients with intestinal-type gastric cancel.[ and 40-fold higher in invasive cancers than supieifi
cancers [9, 10].
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Expression of TP was significantly associated with  bined into single categories: TP-negative and pasit
crovessel density and poor clinicopathologic patame and well and moderate differentiation. ORs with 96%
in gastric cancer and in other various tumor sfield.  were used to evaluate the association betweerxpites
However, Koriyama et al. showed that the expression sion of TP and clinicopathological factors, incluglitu-
TP varied according to the histological type oftgas mor differentiation, lymph node status and lympthat-
cancer [12]. There is insufficient clinical datacanfirm a  vasion. Survival data were extracted from origipabers
clinical application for TP. In order to addressicover- as described by Parmar et al. [14]. Differencesveen
sial issues, we performed a meta-analysis to daierthe the expression of TP and OS were quantified usiRg R
association between the expression of TP and ofsaic  with 95% CI. Heterogeneity across studies was exatl

thologic parameters in gastric cancer . with the Q test and P values. ORs and RRs weraialc
lated by a random-effects model when the P valug wa

Materials and Methods less than 0.05. Otherwise, a fixed-effects moded used.
The Begg and Egger funnel plot was used to assdsds p

Publication search cation bias. Statistical analyses were estimatéatyule-

A comprehensive computer literature search of abistr vView manager software. P values were two-sidedh wit

about studies in human subjects was performedetatify ~ Significance at P < 0.05.

articles about the prognostic role of TP expressiogas-

tric cancer. The MEDLINE and EMBASE databases, Results

from January 1995 to May 2013, were used with tie f

lowing key words: “thymidine phosphorylase” or “TBf  Description of studies

“platelet-derived endothelial cell growth factor’r o A total of 13 publications met the criteria fordtanalysis

“PDECGF” or “gastric carcinoma” or “gastric cancer” [12, 15-26]. The total number of patients was 154hg-

and “overall survival” or “OS”. All searched studigrere ing from 67 to 183 patients per study. Main charast

retrieved, and their bibliographies were checkedother tics of the eligible studies were summarized in l&&ah

relevant studies identified were hand-searchedirid f Thirteen articles dealt with clinicopathologicalctars.

additional eligible studies. Six studies determined with OS. There was only kind
of methods used to evaluate the expression of Tga#a

Information was carefully extracted from all eliitpub-  tric cancer specimens: immunohistochemistry (IHC)
lications independently by two of the authors adow to

the inclusion criteria. Disagreements were resolied Correlation of TP expression with clinicopathological
consensus. The inclusion criteria were: (1) adicdealing parameters

with the expression of TP and either prognostitdiacor  Nine studies investigated the relationship betwéemn
overall survival (OS) of gastric cancer; (2)articleon- expression of TP and degree of tumor differentiatio
taining sufficient data to allow the estimationasf odds (Figure 1). There was no statistically significassocia-
ratio (OR) or a relative risk (RR) of OS; (3) algis were tion of TP and tumor differentiation (pooled OR 88
reported in the English or Chinese (4) articleslishbbd 95% CI: 0.67-1.15, Z = 0.94, P = 0.95, fixed-effect
as original research. Reviews, comments, duplicstiedt ~ There was significant association between the assfe
ies, and articles unrelated to our analysis werdueed. of TP and clinical parameters such as lymph nod@&asne
Studies with fewer than 50 patients, follow-up lésn 2 tasis (pooled OR = 2.35, 95% CI: 1.42-3.88, Z 43
years, and relevant articles using RT-PCR or EL¥&%e = 0.0009 random-effect) (Figure 2) or lymphaticasion
also excluded. (pooled OR = 1.71, 95% CI: 1.02-2.87, Z = 2.02, P =

0.04 random-effect) (Figure 3).
The following information was extracted from the in

cluded papers: author, publication year, patiertiantry,
tumor stage, number of patients, research techniged

and definition of TP positivity. Two major groupsere ~ Cancer patients _ _
created according to the objective. One clarifleglasso- 1h€ Meta-analysis was performed on six studies (86

ciation between the expression of TP and clinicopaP@ti€nts) investigating the association of TP esgion
thological parameters, including degree of difféigion, ~ &nd OS. The pooled RR was calculated using theadsth
lymph node status and lymphatic invasion. Anothetg described above. As the test for heterogeneitysigasfi-
investigated the association between the expresgige ~ cant (P < 0.0001), a random-effect model was used t

Impact of TP expression on overall survival of gastric

and OS. calculate the RR. The presence of TP expression was
highly correlated with poor OS (pooled RR = 1.73%8
Statistical analysis Cl: 1.06-2.82, Z = 2.19, P = 0.03) (Figure 4). Timdi-

The meta-analysis was performed as previously destr cated that TP was an independent prognostic fantor
[13]. For ease of analysis, the following datattwf ex- gastric cancer. No significant publication bias vetes
pression of TP and clinicopathological factors wesen- ~ tected.
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Table 1. Main characteristics of the eligible studies

Patient's

Tumor stage

Number of  Definition of TP

Study country Year (Uiceo) Technique patients positivity
Takeba-  ;o0an 1996 IV IHC 158 > 5%
yashi
Tanigawa  Japan 1996 IV IHC 154 cytoplasm positive
Maeda Japan 1996 IV IHC 120 cytoplasm positive
Saito Japan 1999 -1V IHC 126 > 5%
Suda Japan 1999 1B IHC 67 cytoplasm positive
Kimura Japan 2001 Il IHC 102 > 5%
Konno Japan 2002 -1 IHC 116 > 5%
Yu China 2004 -1V IHC 120 >Score 3
Fan China 2005 =\ IHC 69 > 5%
Li China 2006 Il IHC 90 =Score 4
Koriyama Japan 2010 -V IHC 156 > 5%
Zhang China 2011 0-Iv IHC 183 = Score 2
Yang China 2012 Y IHC 80 >Score 2
Experimental Lontral Odds Raie Ddds Ratio
Study or Subgroup  Events  Total Events Total Weight  M-H, Fixed, 95% C M-H, Fixed, 95% CI
Zhang 13 a7 21 B3 8% 1.05 046, 2.59) -
Yl 24 73 347 B 0584026, 1.14] T
Yang 18 i 12022 1% 075026, 2.19] -
Tanigawaa 31 1 at 93 VA% 0.85[0.45, 169 e
Saito a9 a4 TR B 4 4 053042, 2 06| -
Maeda 43 73 s B TR VR 1 0.59 [0.42, 1.6 -
Li 34 44 12 16 3% 1.30 034, 499 T
konno o a0 40 BB 128% 050042, 1.90] -
kimura 33 a2 aoan o 9% 116 0482, 257 T
Total (25% Cl) 482 478 00.0%  0.88[0.8T,1.15) 4
Total events 266 2
Heterogeneity: Chi#=2.71, df= & (P = 0.98), = 0% Inm D!1 : 15} m!
Testior overall effect 2=0.34(P =0.33) Favours [experimentall  Favours [control]

Figure 1. Forrest plot of ORs for the association of TP espren with tumor differentiation
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Experimental Cortral Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weght  L-H, Random,95% C IW-H, Fandam, $5% ¢
Tak ebayas hi kT 67 14 91 11.7% B.78 [3.22, 14.30] —
Tanigawa 43 61 7283 13% 119054, 2 64 T
Maeda a2 73 B4 115% 2000093, 430 |
Saitn 22 a4 34 T2 11.8% 077038, 157 -
Kimura 46 a2 45 40 TA% 085024, 2599 - T
konno 34 a0 28 BB 11.5% 288134, 6.29 -
1) a0 73 12 4 1% 203091, 455 T
Fan 17 25 4 14 BS% 31127, 22.24)
Li 3 43 B 17 Ba% 4741143, 1568 -
Zhang 2 45 4 18 79% 525 [1.49,15.53] -
Total {95% Cl) 543 515 100.0% 235[1.42,3.88] &
Total events 345 245
Heterogengity: Tau?= 0.42; ChE= 27 01, df = 3(P = 0.001); P=67% l l l l
TestfurEI uuegll effect 7= E:.E-tl iP= IZI.I]IIIIIIISJ E : 1ot D'j 1 w1
Favours [experimental]  Favours [control]

Figure2. Forrest plot of ORsfor the association of TP expression with lymph node metastasis.

Expearimeantal Cortral Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M, Random $5°% Cl VHH, Random $5°% CI
Tanigawa 43 &7 209 14% 330[01.71, 6835 B
Tk ebaryashi 40 &1 B3 93 135% 0BE6[0.33,1.54] T
Suda 25 a0 X T i 0.61[0.19,2.45 -
Saita 38 a4 46 T2 1336 1.34[063, 2.85] ™
Magda a7 73 2547 125 313[1.41, 6.9g] -
Kotiyama 348 4] 43 91 14.4% 1.87[0.83, 299 ™
Konno 43 a0 M BB 11E% AFB[227,1470] -
KimLra 348 a2 3k a0 12.7% 1.06[0.44, 252 -
Total ($5% Cl) 452 547 100.0% 1.71[1.02,2.87] <
Total events 322 318

|

Heterogeneity. Tau®= 035, Chi*= 2329 df =7 (P = 0002} [*=70% '

| |
o ) 0m 04 1 10 100
Testfor overal] efect. 7= 2.02(P =0.04) Fawours [experimental]  F avours [control]

Figure 3. Forrest plot of ORs for the association of TP espren with lymphatic invasion.

(Figure 5). Egger’s test showed no significant fmation
Publication bias bias for degree of differentiation (P=0.532), lympbde
Begg’s funnel and Egger’s test were performed tesg€ metastasis (P=0.368) and OS (P=0.152).However, we
the publication bias in this meta-analysis. Furplets’  found that an indication of significant publicatibras for
shape did not reveal obvious evidence of asymmetriyymphatic invasion (P=0.026) .
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Expetimertal Cortrol Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight NHH, Random, $5% CI IVHH, Random, $5% CI
Kimura 35 T 2Zm 1T5% 216[1.41,3357) -
Li 23 43 13 17 185% 0.70[0.43,1.03 Ll
Maeda 24 45 639 135% 3.25(1.48,7.19 -
Suda 20 2 037 184% 1.26[0.87,1.87] ™
Takebayashi 34 &7 249 182% 1.85(1.23, 279 L
i 24 45 B 33 135% 3.25(1.48,7.19) -
Total (95% Cl) 302 314 100.0% 1.73[1.06,2.82] L
Total events 160 92
Heterogeneity, Tau? = 0,30, Chi?=30.68, df= (P < 0.0001); 2= 64% Iu o nl1 : 153 1IZIEII
Testfor overall effect. 2=213 = 0.03) F avours [experimental] Favours contrd]

Figure4. Forrest plot of relative risk (RR) for the association of TP expression with overall survival (OS).
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Figure 5. Begg’s funnel plots for assessing the publicati@s isk of studies of tumor differentiation (A),
lymph node metastasis(B), lymphaticasion(C),overall survival(D
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Discussion

To our knowledge, the present meta-analysis isfitbe
article to systematically examine the associatietwben
the expression of TP and gastric cancer survivat. 1©-
sults indicated that the expression of TP, as tkdewith
IHC, was significantly associated with lymph nodetas-
tasis , lymphatic invasion and OS, indicating thatight
be a marker for poor prognosis of gastric cancer.

TP, an enzyme involved in pyrimidine nucleotide aek
lism, has been shown to have angiogenic activi@y.[R
can induce endothelial cell migration and tube fation
in vitro [28]. Generally, TP expression is corretatwith
higher microvessel density, higher tumor stage, raoce
metastasis. An association of TP with tumor gradevi-
dent in bladder, cervical, and renal cell cancat,not in
the other investigated cancers [29]. Furthermagrenost

cases, TP appeared to be associated with poor gsisgn

although there are conflicting reports for someceas

For example, seven of the nine studies on colorcaran

Li/Wang/Zhai/Shi/Wang/Zhu/Sha/Zhang/Jiang/Zhang

erogeneity [32]. In the current meta-analysis, dese

fact that we tried to optimize standardization, eore-
maining variability in definitions was unavoidabl8ec-

ond, as reported above, potential publication kas a
concern. We restricted our review to articles mhgd in
English or Chinese language because other languages
were not accessible to the readers. This selectiutd
favour the positive studies that are more oftenliplied

in English while the negative ones tend to be nuten
reported in native languages [33].

Conclusion

In conclusion, TP expression was associated with in
creased lymph node metastasis, lymphatic

permeation and unfavorable prognosis in gastrice&an
and TP expression was an independent factor irdlogn
lymph node metastasis , lymphatic invasion and -
ther studies of TP expression and its potentia amrker
for gastric cancer prognosis in clinic are warrdnte

reported a significant correlation between TP aad b Reference

prognosis, while Saito et al. demonstrated thatsTésso-
ciated with good prognosis [30]. As for gastric cam

Tanigawa et al. [21] reported that the expressién o

dThdPase was significantly associated with theaiotr

moral microvessel counts and the incidence of hema
genous metastasis. However, no association wasd foun
between the expression of dThdPase and the owenall

vival of patients with gastric carcinoma . Takelsheet
al. [11] reported that the gastric cancer patiemith

dThdPase-positive carcinoma showed a significantly
worse prognosis than those with dThdPase-nega#ie c

cinoma. This discrepancy might be caused by difieze
in tissue fixation processing, and staining techeg] ex-
perience of the observer in selecting hot spot ted
technique of counting the dThdPase-positive cdltais,
a meta-analysis was performed to try to resolveetap-
parent discrepancies. It was notable that the &dgnt

was observed in our meta-analysis of TP expressnoh

lymph node metastasis , lymphatic invasion and <D§;
gesting that this protein can be developed foricdinap-
plications.

A dThdPase inhibitor, 6 amino-5-chrolouracil, initeiol

angiogenesis induced by dThdPase in a mouse gelatin

sponge implant assay [27]. In addition, Takao etain-
onstrated that inhibition of dThdPase suppressddstae

sis of dThdPase-transfected KB-3-1 cells in vivd]][3

Taken together with this evidence and our restitis,

growth of tumor expressing dThdPase may be inhbite

by suppressing dThdPase expression.

To be sure, there were some potential limitationghis
study. First, in prognostic factors meta-analysesiabil-

ity in definitions, outcomes, measurements, andeBxp

mental procedures might contribute to between-shety
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