Wang et al. World Journal of Surgical Oncology (2025) 23:72 World Journal of Su rgica|
https://doi.org/10.1186/512957-025-03726-0 OI"ICO'Ogy

: . : : ®
Risk prediction model for surgical site D
infection in patients with gastrointestinal
cancer: a systematic review and meta-analysis

YuWang'", Yao Shi?', Li Wang?, Wenli Rong?, Yunhong Du?, Yuliang Duan' and Lili Peng"”

Abstract

Background Currently, various risk prediction models for surgical site infection (SSI) in patients with gastrointestinal
tumors have been developed, but comprehensive comparisons regarding the model construction process,
performance, and data sample bias are lacking. This study conducts a systematic review of relevant research to
evaluate the risk bias and clinical applicability of these models.

Materials and methods The Web of Science, PubMed, Cochrane Library, Embase, CINAHL, CBM, CNKI, Wanfang, and
VIP databases were searched for studies related to SSI prediction models in gastrointestinal cancer patients published
up to August 19, 2024. Two researchers independently screened the literature, extracted the data, and evaluated the
quality. A meta-analysis was conducted on the common predictive factors included in the model, using odds ratio
(OR) values and 95% confidence interval (Cl) as effect statistics. The Q test and heterogeneity index  were used to
assess heterogeneity. All the statistical analyses were performed via Stata 16.0 software. The Preferred Reporting Iltems
for Systematic Reviews and Meta-Analyses (PRISMA) checklist was submitted as a supplement.

Results A total of 28 articles were included, and 39 models were constructed. The area under the receiver operating
characteristic curve (AUC) for the models ranged from 0.660 to 0.950, indicating good predictive performance.

Eight studies conducted internal validation, eight studies conducted external validation, and two studies used a
combination of internal and external validation for model evaluation. The overall risk of bias in the literature was high,
but the applicability was good. The results of the meta-analysis revealed that factors such as underlying diseases,
surgical factors, demographic factors, and laboratory-related indicators are the main predictors of surgical site
infections in patients with gastrointestinal tumors.

Conclusions Currently, risk prediction models for surgical site infections in patients with gastrointestinal cancer
remain in the developmental phase, and there is a high risk of bias in the areas of study subjects, outcomes, and
analysis. Researchers need to enhance research methodologies, conduct large-scale prospective studies, and refer to
the reporting standards of the bias risk assessment tool for predictive models to construct predictive models with low
bias risk and high applicability.
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Introduction

GLOBOCAN statistics [1] show that there were approxi-
mately 4.98 million new cases and 3.25 million deaths
from digestive system tumors worldwide in 2022. The
annual number of new cases and deaths from digestive
system tumors ranks highest among all cancer types, and
it is already a major public health concern on a global
scale. Surgery, as one of the main treatments for diges-
tive system tumors, can prevent the spread of tumor cells
by removing diseased tissues, thereby controlling disease
progression and prolonging patient survival. Surgical site
infection (SSI) [2] is a serious complication after surgical
treatment of digestive system tumors. The occurrence
of SSI not only increases the postoperative hospital stay
of patients but also aggravates the economic burden on
patients and society [3, 4] and seriously affects the post-
operative rehabilitation process and quality of life of
patients. It can even significantly shorten the survival
time of these patients [5, 6]. At present, many medical
and health organizations worldwide have issued guide-
lines for the prevention and control of SSI [7, 8], which
indicate that the key to controlling the occurrence of SSI
lies in the early detection of high-risk groups, the deter-
mination of their related risk factors, and the adoption of
multimode joint intervention strategies.

The risk prediction model can establish a statisti-
cal model based on multiple predictive variables and
predict the occurrence probability of related outcome
events [9, 10], which can help medical staff identify high-
risk groups at an early stage, take targeted interventions
to reduce their incidence, improve patient prognosis
and save medical resources. In the context of promot-
ing clinical decision-making on the basis of data, early
monitoring and warning of high-risk groups of patients
undergoing digestive system tumor surgery via risk pre-
diction models has become a research hotspot in the field
of SSI prevention and control in recent years. At present,
SSI risk prediction models for patients with digestive sys-
tem cancer have been developed. Nevertheless, compre-
hensive comparisons of the model construction process,
performance, and data sample bias are lacking. Further
research is still needed to determine the predictive ability
and clinical value of these models. This study conducted a
systematic review of the risk bias and clinical applicability
of SSI risk prediction models via standardized retrieval of
related studies on SSI risk prediction models for patients
with digestive system tumors to provide a scientific basis
for the development, application, optimization, and per-
sonalized prevention and treatment of such risk predic-
tion models in the future. This study was approved by the
PROSPERO platform (CRD42024579877).

Materials and methods

Study design

This study was conducted following the PRISMA guide-
lines, ensuring transparent and comprehensive reporting
of methods and results. Additionally, the study has been
registered with PROSPERO (ID: CRD42024579877).
Ethical approval was deemed unnecessary, as this study
included a meta-analysis and systematic review of previ-
ously published research.

Construct evidence-based questions
The PICOTS model [11] recommended by the Cochrane
Library was adopted.

+ Population: Patients with digestive system cancer.

+ Index prediction model: SSI risk prediction model.

» Comparator: None.

+ Outcome: Postoperative SSI in patients with
digestive system cancer.

+ Timing: Within 30 days after surgery.

+ Setting: Hospital or other medical institution.

Search strategy

Computer searches were conducted in the Web of Sci-
ence, PubMed, Cochrane Library, Embase, CINHAL,
CBM, CNKI, Wanfang, and VIP databases for studies
on SSI risk prediction models in patients with gastroin-
testinal tumors, including those published up to August
19, 2024. The search strategy combined subject headings
and free-text terms, employed citation tracking and uti-
lized synonyms and Boolean operators. The search terms
included variations of “digestive system neoplasms” and
“surgical site infections’, combined with terms for “risk
prediction models” Supplementary material 3 contains
the detailed search strategies. To avoid discrepancies
caused by database updates, all data retrieval and collec-
tion tasks were completed on August 20, 2024.

Inclusion and exclusion criteria
Inclusion criteria

+ The study subjects were patients aged > 18 years with
digestive system tumors.

+ This research included the construction and/or
validation of SSI prediction models for patients with
digestive system tumors.

+ The model included more than 2 predictor variables.

+ The study design included prospective studies,
retrospective studies, and cross-sectional studies.
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Exclusion criteria

« The full text could not be obtained.

« The risk factors for SSI in patients with digestive
system tumors were analyzed without the need to
establish a model.

+ DPrediction model based on a systematic review.

+  When information is incomplete, important
indicators cannot be extracted or published
repeatedly.

Study selection and data extraction

It was performed independently by two investigators who
were both trained in evidence-based medicine. EndNote
software was used for the literature review. Researchers
screened the literature according to the inclusion and
exclusion criteria, cross-checked the data after extrac-
tion, and negotiated with a third researcher in case
of disputes. The data were extracted according to the
CHARMS [12] data retrieval checklist. The extracted
data included: first author, publication year, country,
research design, research object, data source, SSI diag-
nostic standard source, modeling method, modeling
sample size, prediction variable screening method, miss-
ing value processing method, prediction factor, model
performance, model validation and presentation mode.

Quality assessment

The prediction model risk of bias assessment tool (PRO-
BAST) [13], which was independently completed by
two researchers who had received evidence-based train-
ing in oncology care, was used to evaluate the bias risk
and applicability of the included studies. The evalua-
tion results were cross-checked. The third researcher
arbitrated if there were any doubts about the literature
evaluation.

Statistical analysis

A meta-analysis of the model’s common predictive fac-
tors was carried out via Stata 16.0 software, the odds ratio
(OR) and 95% confidence interval (CI) were used as effect
statistics, and the Q test and heterogeneity index (I?) were
used to evaluate heterogeneity. If I <50% and P>0.1, the
consistency was acceptable, and the fixed effect model
was used for analysis. If > 50% and P<0.1, further sensi-
tivity analysis was performed. If heterogeneity could not
be eliminated, random effects model analysis was used.
P<0.05 was considered statistically significant.

Results

Results of literature screening

A total of 5066 relevant articles were systematically
retrieved. Using Endnote software for automatic dedu-
plication, we initially screened the titles and abstracts,
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excluded irrelevant literature, then read the full texts, and
finally included 28 articles. The search process is shown
in supplementary material 1 (Fig. 1).

Basic characteristics of the included studies

The studies published from 2015 to 2024 included 22
studies [14—35] published in the past five years; 23 stud-
ies [15-23, 25-31, 33-39] conducted in China; 3 studies
[14, 24, 40] conducted in Japan; 1 study [32] conducted
in the United States; and 1 study [41] conducted in Tur-
key. Data were obtained from clinical data databases and
patient reports. The basic information of the included
studies is detailed in Table 1.

Model establishment

A total of 39 models were included, and the incidence
of outcome events was 1.471%~49.153%. The model-
ing methods included logistic regression, random for-
ests, gradient boosting, artificial neural networks, etc., of
which 26 studies [14-23, 25-40] used logistic regression.
In terms of missing data, one study [30] used multiple
imputation, 16 studies [14-17, 19, 20, 22, 23, 25, 26, 31,
32, 34, 37, 40, 41] excluded subjects with incomplete data
when the inclusion and exclusion criteria were met, and
the remaining studies were not reported. Twelve stud-
ies’ [14, 19, 21-23, 27, 28, 30, 31, 33, 35, 38] models were
finally presented for the nomogram; 1 study [25] pre-
sented the decision tree; and 3 studies [24, 32, 40] failed
to report. The remaining 12 studies [15-18, 20, 26, 29, 34,
36, 37, 39, 41] used risk scoring formulas or scoring sys-
tems. The basic model information is detailed in Table 2.

Model performance and predictors

In this study, the discriminative power of the model was
evaluated by the area under the receiver operating char-
acteristic curve (AUC) or concordance index (C-index).
Two studies [19, 28] used the area under the curve (AUC)
and C-index to evaluate the discrimination ability of
the model simultaneously. Except for Saylam et al. [41],
whose AUC was 0.660, and 1 study [33], whose AUC was
not reported, the AUC of the remaining studies were all
>0.7, indicating high prediction performance. Fifteen
studies [16, 18, 19, 21, 23, 27, 28, 30, 31, 35-37, 39-41]
reported calibration methods, including the Hosmer-
Lemeshow goodness-of-fit test, calibration curve, deci-
sion curve, Brier score, etc.; 8 studies [14, 21, 24, 28, 30,
31, 38, 40] carried out internal validation; 8 studies [16,
17, 19, 23, 35, 37, 39, 41] carried out external validation;
and 2 studies [27, 32] used a combination of internal and
external validation to evaluate the model. The model
ultimately included 3-13 predictors, and the 5 most fre-
quent predictors were operation time (n=14), ALB level
(n=12), laparotomy (n=11), BMI (n=11) and diabetes
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Identification of studies via databases and registers

Records indentified from:
All (n=5066)
CNKI (n=246)

WangFang Data (n=619) Records removed before

VIP (n=164) screening:

CBM (n=427) ) Duplicate records removed
Pubmed (n=578) (n=241)

WOS (n=2549) Records marked as ineligible
Embase (n=251) by automation tools (n=462)

Cochrane (n=217)
CINAHL (n=15)

Records screened Records excluded
(n=4363) (n=4237)

Reports excluded:
Research object dosn't match
(n=19)
Research purpose dosn't match
] (n=22)
Literatures type dosn't match
(n=17)
No prediction model was built
(n=9)
Predictor <2 (n=23)
Full text not available (n=2)

Reports sought for retrieval
(n=126)

\ 4
Reports assessed for eligibility

(n=34)

Studies included in review
(n=28)

Reports excluded:
—» Important information is missing
too much (n=6)

Fig. 1 Flow diagram for study selection



Page 5 of 15

(2025) 23:72

Wang et al. World Journal of Surgical Oncology

(£10¢) uonssju |eydsoH J9DUued [€12210|03 JO uon [SZIHD
7] H  2us [e21bIns Jo uonuaAald ay3 o) AUIPPIND 56581 52|dosd piyL ueureH -D3531 [BDIPRIBYI JUSMIDPUN OYM SIUlIRed 9AI1D2ds019Y eUIYD €707 nq
eLRIID (OAD) |eydsoH 132UeD UO|0D [||-|| 9beIS WA
7] H  UONUSA3Id PUE [01IUOD) 3SeSI(] IO SI9IUDD) €091 AUSIDAIUN [EDIP3IN OAYO]  10J A12DINS [BDIP.I JUSMISPUN OYM SIUBIIed 2A11D2ds0119Y ueder  7z0C ouyo
sbuipuy d1dodsopus AMSISAIUN MOYD00S JO 1oNp 39|Iq ‘D13eadURd U]l ‘[RUIISIIUI
N H 1o buibew yim pauIquIod sainyesy [edIulD 7/56  [eNdSOH paiely)y 1sii4 ay]  -osseb jo adued yim syuaped aaieladolsod dANDads0NY eUYD 7zoz  [edlr nx
UOD34u| XS [e216INg |exdsoH J3oUed D1seb [ear
] H JO UOIUSARIJ 3U3 JOJ UI|DPIND) 3saulyD L0671 Paielyy AUSIDAIUN [BYBUID  JO UOIIDIS3I [BIIPRI JUSMISPUN OYM SJUSIIed dAI1D2ds0Y eUIYD 7207 on
SUOI1D3Ul SYS [eD Aysianun [edipapy buelfur J192Ued DLISeH [1ZIxa
7] H  -164ns jo uonusaaid ay3 4oy saulRpINb ISV 76581 JO |P)dSOH pajelyy 315114 JO UOI1D3Sal [BDIpEe) JUSMISPUN OYM S1USlied 9A1D2ds0I19Y eUlyD g0z bueny
sbuipuy d1dodsopus [0Z]dA
N H 1o bulbewl yim pauiquiod sainiesy |esiuld) 0007C [eudsoH ueynysir buifiag syuaiied A19bins 19dued |e12210|0D) 9AI12ds0119Y eUIYD  7Z0Z  busyd
192Ued UO|0D Ul Alisiaaiun buojoelr ue,ix K19bIns
7] H  SUORD3jul 1S [e21BINS JOJ UOIIeIYIIRAS YSIY G896 JO [eUdSOH palelyy 1S4 J9DUed [B}D310|0D JUSMIDPUN OYM SIUIlIey dAI1D2ds0118Y eUIYD 20T [6LINNg
elaIId (OAD) |eudsoH 2b3) 192UBD WIBISAS 9AINSIDIP padueApe JO 8L
H H  UORUSA3Id PUE |0J1UOD) 35835 J0) SIIUDD) 6/09  -|0D[edIPa Uolun Bbuad  uondasal [edipel bujiobispun oym syusiied aAI30adsoud eUIYD 1707 uns
Alsisniun
eLRIID (OAD) [eo1pay buibbuoy) jo jeud Awoidausponpodleanued
7] H  UORU3A3I PUE [011UOD) 35eSI JO) SI9IUDD) €SL'6Y  -SOH pajel|yy puodas ay | JUSMIIPUN OYM S3UBIIRd 9A11D2ds0119Y eUIYD  LZoZ [/1]gnH
|eydson sa11abiNs JUaM [91]A
7] H (le1]) euayud disoubelp uodayul [eidsoH YANN4 [RJIUSD) UIDISIAA UBUIRH  -JISPUN OYM J2DUBD [R1D310|0D UM SIUdlied dAID2ds0119Y eUIYD 17207 Buem
QUIDIP3N JO
'L (D)) |00YdS ANsianiun buelfsyz ewiouDIed Jejnjjad03eday [sir
7] H  UORUSA3Id PUE [0JIUOD) 35835 10§ SIDIUSD) 818¢ ‘leydsoH paieluy 1sii4 10} Aw0y0a3eday JUSMISPUN OYM SIUSIIEd dAID2ds0119Y eUIYD 0707 uays
eLIID (OdD) U013123s31 Jadued Aleljigoyeasduedoleday wLr
7] H  UORUSASId PUE [0JIUOD) 35835 10§ SI9IUDD) 182°9 133U9D) [eDIPSN BPaWEY 1O [PUIISSIUIOIISED JUSMISPUN OYM SIUSIIRd dANDads0NY ueder  0z0C e}
|exdsoH
eLID (OdD) 132UBD) SOUIIDS [BIIPAN SISOWO}SBUR [BDIAIDD YHM 61X
7] H  UORUSASIJ PUB [0J3UOD) 35835 10§ SI9IUDD) €50 Jo Awiapedy asaulyd ay | Awoyoabeydosa Jusmispun oym sjualied dANDads0NY eUIYD 8107 UIA
uond3yul |eudsoH ydJeasay pue K1sbins [1¥]g
7] H 9IS [e2164NS JO UORUAId IO BUI|DPIND GEFOE  UOIBDNPTI aUNWINN eleyuy 192UED |B}D3J JUIMISIPUN OYM SJUIIed dAI1D2ds011aY ANl /107 welkes
uoDAuI ewiouldiedolbue|joyd Jejiyuad oy
7] H 3Is |e21b1ns Jo uopuaAald 1oy aulRpIND 6v101 [e)dSOH BUIYD 1S9M YL UOI303531 [BDIPRI JUSMISPUN OYM SIUSIIed 9A11D2ds0119Y eUIYD /10T [8€11 N
uondAJuI [eudsoH uolun 190Uued Dp3seb 1oy uon [Z€1HY
7] H 9IS [e2164NS JO UOIUAId IO dUI|DPIND €80°L L AUSIDAIUN [EDIP3IN Bl  -D35a1 D1dodsolede| Juamiapun oym Ssyualied ENIBEleoIEN] eUIYD 9107 np
AJSISAIUN UO[303534 J9DURD oD
7] H (lewi) euayud dsoubelp uondaul [e1dsoH £70'1T Buopueys jo |endsoH Njip UO|0D [BDIPEI JUSMIDPUN OYM SIUSIIRy 9AI1D2ds0119Y eUIYD 9107 e
uonddyul leER:Y| [O¥IH
7 H 9IS [B2164NS JO UORUSAId 1O dUI|DPIND /6/°€1 AJISISAIUN O1BSRIIY 132UPeD D1I3SeH JUSMIDPUN OYM SIUIlIRed dAI1D2ds0Y ueder S0z MYIysN
seiq
famge>  jo (%) 1V
-llddy sy Jo dusp
"~ jusw jeIAQ  synsal uondipasd jo poyraw dsoubelq -pU| $924Nn0s ejeq 13(qo Yyoieasay adKy Apmis Anunoy 1esp Joyiny
S21PN1S Papn|auUl 8yl JO SdlisualdeIRYD Diseg | djqel



Page 6 of 15

(2025) 23:72

Wang et al. World Journal of Surgical Oncology

obuopy sa119bINs UM [s€laqg
1 H (leu) euayud dnsoubelp uondaul [e)dsoH 1/€6 Jouujuleudsoy 9a1yi doly  -JSpun OYm JIDURD [e3D2I0[0D YIM SJUlIed aAI1Dads0NnY eUIYD 70T no
(31epdn 910¢) sauljeping
UOII23)u| XS [e2161NG :A13100S UO[RIYU| ISTSEN! Auwo12913586 [BD 1L
1 H  |ea1bing pue suoabing Jo 9H3||0D) UedLIRWY /6877 uawery [eudsoH ueysbuoyz  -Iped didodsosede| Juamiapun oym syusiied 2AI1Dads0NY eUIYD 70T usyD
eUIID (OAD) |eydsoH A12bins €D
1 H  UORUSA3I PUB [013U0D) 35e3SIQ J04 SI9IUDD) /59/ pueynoys ueysbueny  jJusmIspun oym syuafied Jadued [e1010|0D) 9AI1Dads09Y eUIYD €707 ueH
9seqeiep (dIOSN)
wieboid Juswanoidu| A

euRId (OAD) -[enD [euoneN suoabing 591815 leelv
1 H  UORUSA3IJ PUE [013UOD) 35e3sI(J 10§ SIUDD) 00£01 Jo 2b63)j0) uedBWY 3y AI9BINS [B1D310]0D JUIMISPUN OYM SIUSIIed dAnDadsonaYy paluN €707 M usyd

8056

:19oued

€3

-2310|0D

LD (SINN) 92Ue|[I9AINS Yadas) A1abuns |esiped
UOI1D3jU] [eIULUODOSON [eUOlBN pue (DJD)  Haoued AYSIDAIUN MOYD00G JUSMISPUN OYM 13DUBD [B1D3J0]0D Y}IIM [LE1TA
1 H  UORUSA3Id PU |0I3UOD) 35e3SI(J 10§ SIIUDD) olseb Jo |endsoH paiel|yy 3sii4 syuaned pue Jadued duIseb Yim sjuaiied 9AI1D9ds0119Y eUIYD €707 ny
AMSISAIUN [e2IPSN 192UBD UO|0D JO UOID353) 010X
H H (leu) euayud dsoubelp uondaul [eldsoH VAR 92104 J1y ‘[eydsoH bulfix [eDIPRI JUSMISPUN OYM Sjuaired Apiap|3 9AI1Dads013Y eUIYD €707 puep
AJSISAIUN noyzbuayz 1395ued dp3seb Joy Auoy [6ZINH
1 H (leu) euayud disoubelp uondaul [e)dsoH LY L 4O [endsoH pajel|yy 3514 -22435eb [edIpel JUIMISPUN OYM S3uSlIed aAI1DadsonY eUIYD  €70C Buem
noyzino JuswWieal} [e216INS JusM [87]L
1 H (le1]) eua1ud onsoubelp uonRdayul [eadsoH /9917 4O [eNdsOH Jadue) pajeljyyy  -I9pUN OYM JSDUED [P}D3I0[0D YIM SURIIed 9AI1Dads09Y eUIYD €707 uiD
JUaWieal} [e216INS JUSMIIPUN OYM UOIIDNIIS 22144
H H (leu) eusyud disoubelp uondaul [e)dsoH Z1E€91  |eudsoH s91doad INYsbusH -go [BUIISaIUI PUB J9DUBD UOJOD YIM SIUDIzed 2ADads0aY eulyd  €20C oeIN
263|100 |e21paN apbusyd sa11abINs UM [9ZIXM
1 H (Ie1]) euayud disoubelp uopdayul [eidsoH 458 JO |e)dSOH pajeljyy  -ISPUN OYM JadUED [P}DI0|0D YIM SYUSlied aAnDadsonay eUIYD €707 n
selq

jo (%) IV1

nddy  yysiy jo ausp
JIBW [eISAQ S} nsa4 uoipdipaid jo poyiaw diysoubeiq -1pU| $324nos eyeq 193[qo Ydieasay 2dAy Apnis Anuno>y ieap  Joyny
(penunuod) | 3qeL



Page 7 of 15

(2025) 23:72

Wang et al. World Journal of Surgical Oncology

21025 Ayjenb bul

-sINU ‘gy ‘awi abeurelp ‘swi uonelado

pauoiuaW ‘y1bua| UoIsIdUl ‘AWolosede] ‘UoIIdONIISGO 3|qeLeA [0Z]dA
O] 10N psuonuaw 10N 0S6'0=2NY [eUNSOIUL ‘SNH|[SW Sa39CERIP ‘NG 90y snonuiuo) opn|PX3 0ge 0LLL s|diyni +3|6uls Y1 busyd
€L8'0=DNV
9AIND  S)3S UOIIepI_A uigojbowlay
UONEPI[EA  UOISIDIP ‘DAIND 2980=oNY ‘Awoyolede| ‘Adesayiowayd aAnesado S9|geLeA B6LIN
® [UIRIXT uopeiqgled s19s buutel| -a1d ‘snyjjjaW sa19qeIp ‘NG Jspusn  |edobale) apn|Px3 oy €/€ a|diNN +31bulg 41 ng
Ae1s N 4O Y1bua| ‘eIsayisaue
pauonuaw Jo uoneinp ‘Auoydausponpodiieaidued sa|qelen uonewoUl 81D
® 10N 1591 7-H 08/°0=2NY 'U0I3D531 [B12310|0D ‘AWi0IdaIISeD)  [BDlI0DIIRD) Bujssiul oN IS 88/ a|diyIN +31bulg 41 uns
89,0=2NY
$195 UoliepI|e
uopepifea W6 0=NY A103SIY uoIsnysuely poojq ‘ybnod 3|qeleA /119
® [PUIDIX]  PaUOHUSWI JON s195 bulutes| ‘e|nIsSy DleadURd ‘DINjeU JOWN} ‘gTY  SNONURUOD) apn|Px3 /8 06 diyn+3buls 47 nH
9€8'0=oNY
$19S UOIepIeA sopolgold ‘gy ‘uolsidpul [es
uonepl[eA 6980=2Ny -16ins jo adA} ‘Aworosede| ‘ouiy uonesado S9|geLeA [911A
o [eula1xg 1591 7-H s1as bujulel]  ‘9be1s SN ‘sniljloW sa1agelp ‘NG 9By [edlobaie) apnPx3 8l /9 a|diniy + 316Ul 41 buem
pauoiuaW g7V ‘uoIssiupe N ‘uols S3|gelLeA [s1Ir
®&+0 JON  Pauoiuaw 0N 00/°0=D -NJSUBI} POO|q ‘UOIIISS3I UBHIO pauiquio)  [eduobaed) apnpPx3 XS 18/ a|diny +31buls 1 uays
uopnepljea S|qelen [PLr
® [BUJSIU  PSUOIUSW JON €88'0=DINV 4499 dyD g1V 19p9re|d DM shonunuod °pn|PX3 L0l Lyl S| dyniy +3|6uls d71 IO
¥¢80=oNY
S195 UoleplieA g1v 's210igiue aAn
uonepl[ea 90/°0=Dny -esadoaid jo asn onoelAydoid ou ‘A1abins S9|gelLIeA l6EIXT
® [PUIIXT 1591 J-H 335 Bujuled]  1sayd snoiaaid ‘aseasip Jejndsen [eiaydudd  [edobale)  PauUoUSW 10N ol Gos  adnn+23)buls 1 UIA
uonepijea SAIND Uon uolnedylssepd S3|qeleA pauonuaw [1¥]9
® [PUIDIX]  -BIQIeD 159} T-H 099'0=D0Y VSV ‘Awojoiede| ‘A11S200 ‘uoljeulllRlUOD)  [BDHODBIIRD) apn|Px3 o1 9 PaUOIIUSW JON JON  Wejkes
uonepl(eA ‘K19b.ns [euiwopge S9|geLeA
®+O [PUISIU|  PaUOIUSW JON 1580=DNV Jo AI03S1Y ‘SSO| POO|Q ‘S9U03S 1ONP 3l [edlob3Ie)  PaUoIIUAW 0N %S L0€ a|diyINN +31bulg 41 [8e11 N
YeL0=D0NY
$195 Uoliepl|e
uopeplfea 6£/°0=DNY uolsnjsuely S3|gelLeA [Z€]1HY
® [eulaIXg 1591 7-H s19s buutes| poo|q ‘@i uoiesado ‘sso| poolg NG [eduobared) apn|Px3 79¢ 01z ddmn+91buls 41 np
uonedo|
pauoiuaW Jowiny ‘UoI3eZII339Y3ed SN03URINIGNS ‘U0 3|qeLeA o
) 10N 159} 7-H L160=JNV -edIpaw uonebiul ‘ybiam Uapusb ‘gly  SNONUIRUOD  PaUORUSW 10N /€ 6€1 a|diyny +91buls ¥l e
pauon uonepijea SAIND uon Japuab ‘swin uonelado Ng S3|qeeA [o¥IH
-uauwl JoN [PUIDIU|  -RIQI[ED 15} T-H 0¥80=>  ‘U0I3D9s3) UBDHIO PauIqUIOD ‘Awojoiede]  |eduobared) apn|Px3 601 189 3din +3|buIs 41 mysn
apow SJUDAD  SJUDAD
uone} poyisw poylaw Buissadoad 9Al} 9Al} salpnis
-uasaid uonepijea uoneiqije) uonieulwndsIq Buissadoid anjea Buissiu  -Isod  -eBaN poylaw papnp
I9po 19pow duewloyiad |apopy s103}oej papnjpu| d|qenepn J0 poyis|y az|s s|dwes uondses a|qerep  Buldpow -u|

[9pow uodIpaid s 9y} JO 9durwIOpSd UoIDIpald pue JUSWYSIGRIST T dlqeL



Page 8 of 15

(2025) 23:72

Wang et al. World Journal of Surgical Oncology

oW} uonesado ‘uondasal uebio paulq

SAIND €9/°0=D -W0> "UONeDYISSe|D YSY H9dUD [B1D310|0) 6¢ 9/¢
UOBPI[eA  UOISIDIP ‘DAIND $SO| POO|Q ‘U0IID3sI URHIO PauUIqUIOD S3|qeleA [LE1TA
® [euIa3u| uoneiqled ‘U0IIBDYISSE|D YSY 19puab iadued dusen  edliobared) apn|Px3 0¢ 9ze a|diyny +31buls ] ny
Buluies)
uonepijea 3|qeleA suoneindwil aulyoew  [0€]OX
® [eu3U| 1581 T-H DM ‘v '9zIs Jown] sNONURUOD adnniy 6% €6l a|diyniy +3|6uls g1 Buem
1D401W/9¢dD
pauonuaw ‘awWl} 1521 paq aAneladoysod ‘sonoignue Jo 3|qeleA [6ZINH
® JON  pauonuaw 10N 9sn ddejAydoiduou ‘sl uoielado 9By SNONUIRUOD  PaUOHUSW 10N 43 [Sdh4 a|diyny +31buls 41 buem
A19b4ns |eUILIOPQE JO AI0ISIY ‘UOIIY
uoneplfea -NUeW ‘|G ‘SN31j[2W S2)2qeIp ‘Uoisnysuel} S3|geleA [871L
® [PUIDIU|  DAIND UOIIRIGIED poo|q ‘Awojoiede| ‘abeys [edjulp 9By |eoLobae)  pauoiUSW 10N ZS 381 a|diyny +31bulg ] urn
uolnepi|ea SAIND
[BUID)}  UOISII9P ‘DAIND Aulojolede| ‘Adesayiowlayd aniy
-X3+Uolep uoleIqgIed 153} -e1adoaud Ja39y3ed Bul|dMpUl JO UOIRIND S9|gRLeA 22044
®  -l|eA jeula) T-H ‘dwi} uonesado ‘snyjjaw sa3aqeIp 9By [eD1I0DRIeD)  PIUOIIUSWI JON 69 $G¢ a|diynN +9|buls 1l oeIN
pauoiusw so|qelien [97IXM
®© 10N pauohuswW 10N g7y 'swi uonesado |Ng  [eduobaie) opNpPXx3 123 79¢ S| diyni +3|6uls d1 1
pauonuaw g7V ‘@win uoleiado ‘sso| poojq ‘Uuon S3|qeeA [SZIHD
® 1ION  pauoijuswi JON -DYISSe|D INL Jowiny ‘snyjjaw seyeqeiq  [eduobayed 9pNPXx3 St /61 S|dyniy +3|6uls d1 n4
snyeys bupjows
'6-61YD ‘DWWl uopesado Yy ‘uoiseaul
oneydwA| ‘azis jouwny ‘A1abins Aousb
pauon uonepiea -13Wa ‘Adodsolede| ‘uoneipuaISyIp ‘Osn 3|gelen [ZIA
-UsW 10N [PUISIU|  PAUOIUSW JON ul|nsul ‘YA ‘ssoj Pooq ‘AeYS JO Y3IbuaT  SNONUIUOD)  PaUOUSW JON 6 8¢9 paUOIIUSW 10N v ouyo
uonepijea ainjesadw) 3|qeleA [ealr
® [eulo1xg 159} T-H Apog uesw gyD ‘uIgniIlig (830} YN DM SNONURUOD 9pnPXx3 6 888 a|dyniy +3|6uls d1 nx
pauonuaw saqny abeulelp Jo Jaguinu s|qelen [ear
® JON  Pa2uOiuUSW JON ‘Awioyoainseb [eyoy ‘awiy uopesado ‘9by  |eduobared) apn|Px3 Gel 1// a|diynin + 216Ul gl on
uopesado Jo uopeinp
pue ‘Awolosede| ‘uoiesado buunp ainy
2102 Iallg ‘DAIND -eladwa) Apog Wnwiuw ‘uofeAlasald
UOIEPI[EA  UOISIDAP ‘DAIND 1e3y JO UOIIRIND ‘UOISSIWIPE Je ainjelad 3|qeLeA [171Xa
®+0 |eusnu| uoneliqgied -Wwial Apoq ‘|G ‘Sniljjlow $239geIp 9By SNONURUOD)  PaUOIIUSW JON 99 687 a|diynN +91buls 4] bueny
apow SJUDAD  SJUIAD
uone} poyisw poyiaw Buissadoad 9Al} 9Al} salpnis
-uasaid uonepijea uonjeiqijed uoneulwLdsiq Buissodoid  onjeaBuissiu  -1sod  -ebaN poydw papnjd
I2po 1opon >uew.oyiad [ppo 1012} papnpu| d|qenep JO poys |\ 9z|s s|dwes uondes a|qerep  Buldpow -u|

(penunuod) zajqey



Wang et al. World Journal of Surgical Oncology (2025) 23:72 Page 9 of 15

0 Us
. < £ % ; mellitus (7=10). The model performance and presenta-
$258 T $8¢g tion form are detailed in Table 2
T »w 9T 2 (©) - E O .
S ¢Eolg§ Va2
=S alE|Z= ® © as e
oc ©
o z g g Risk of bias and applicability evaluation
§ 23 g T 8 _ s 5 gg (1) All 28 studies were at high risk of bias. ® Subject
k] c S—w S =t =t E = 2 <8 : ’
o o = S 3 2% 2 EQ areas: Except for the research by Scholar Sun [18], the
T2 222 w5 =5 832 T L . : . .
ST E8gs2¢g2¢XxT 262 remaining 27 studies were at high risk of bias due to
gig the bias of sample size in their retrospective studies. @
TE< . . .
. ki 2 g egdy In the field of predictors, one study [32] involved multi-
) = 2 2 O center samples, and the data collected by each center may
58 |3 T & §6cg
52 £ £ £ @ 5 2E2 be different, so it was rated as “high risk” ® Outcome
== 4+ = 4 = %] (] . . . . . .
M5 g | s 2 z X % z domain: Five studies were rated as having a high risk of
s S852 bias: 4 studies [14, 23, 30, 32] had partial duplications
g '§ E g © o B zﬁ £ § of predictors and outcome indicatorg, and 1 sl:ud [36]
T ® D g foN i) o~ T o w0385 0 X . R Y
gl cER B 5 98cF|8Eg ad short time intervals between predictor measure-
°’§ c R 5 2% 538 £ had short t tervals bet predict
— © = o 9] o S 50| @ . . .
Is 220 £ EiEIAI8G 25 ment and outcome determination, which may have led
= 2 = = = o] [STS . . . .
238 g 2 2 OEBERe %é. § E to bias in model performance. Two studies [20, 23] did
> o = PR not state the source of the outcome definitions, and the
o o S5 < = g £23°2 risk of bias was unclear. ® Analysis field: All studies were
B @ o o = a8 o . . . . .
£ 3 & e B %3 ggsg rated as having a high risk of bias; 21 studies [15-19, 21,
2c *g 2 “éi g 9 i g };“E 23-31, 33-36, 38, 41] had insufficient outcome events,
® ?Q; g g o o % g; §(2 and the number of events per variable (EPV) was less
£ O B
g2 £ T TE  |2pf7  than 20; 18 studies [15, 16, 18, 19, 22, 25-28, 31-33, 35,
= .= (@© Q = ‘O 5 = . . . . .
sZ e =8 2,23 § 8 ‘E“E 37-41] discretized the continuous variables partially or
v %) U= T © o g o .
S 82 3 £EQ €% necso completely; and 10 studies [21, 24, 27-29, 33, 35, 36, 38,
5 SICE = A= 458 6% p Y
& =88 g g 89 = Eﬁj 39] did not report methods for handling missing data.
26 Q0 > b = : :
2 S35 gEBYsEg <55 Thirteen articles [14, 15, 17, 20, 22, 24-26, 29, 32-34, 38]
55T o] "S5 2e |SE&s . oo
3 292 % 4% 92 < 5 £ S8 h did not report a calibration test of the model. Ten stud-
A QO = £ = e . . . .
£ S35 0=S<550% 58WE  es [15, 18, 20, 22, 25, 26, 29, 33, 34, 36] did not indicate
o) = = 2 = £8¢ 5 whether validation was carried out. (2) In the applicabil-
L% = £ S0t EPEE- ity evaluation, 3 studies [18, 27, 30] in the subject field
282 |53 S5 £35 8o 5253 T TS )
g g = g c ge g % ke SIES were rated as having high applicability risk because they
= © © © © © = £ . . . . : s
>af |UZ R E % 2 é limited their study subjects to a specific population. Two
g b 3 s EE ¢ studies [20, 23] were judged to be unclear in the outcome
RS % é’ ,—E o3 domain because it was not clear where the definitions of
@ Y o o
E 28 %§ g %g g s E“é g the reported outcome measures came from. The other
= oy = = S8 Lc g . . e . .
22e I® 3 % 3 R items had good applicability. The overall risk of bias and
" 26 &g applicability are shown in Table 1.
| o c oV~
ok c T i R
w o o B T
J&E35R B2 B %‘3 TE Results of the meta-analysis
= v . .
2 PR ve2 2 One study [33] did not report the construction of a model
™~ R .
EDesy ® 0 ® £gc? of AUC, whereas 8 studies [16, 17, 22, 24, 26, 36, 39, 40]
: SR - SE S did not report the AUC value. Therefore, 19 studies [14,
S - v o o E£%§ 15, 18-21, 23, 25, 27-32, 34, 35, 37, 38, 41] were included
% Gg %l % %l g g &5 in the meta-analysis. There was high heterogeneity in the
= T > .o . . . .
° = = = = SEe3 SSI prediction models for patients with digestive system
o 1< s - .. .
8 € L v g <3 S E cancer [P=99.1%, P<0.001]. After gradual elimination, a
5 S 2 s & & § €25 random effects model was used for analysis: AUC=0.844
anet .
§ o £Ess (0.828, 0.861) [I?=74.9%, P<0.001]. The meta-analysis
= % 3 2o £>3¢ of predictors with a frequency>3 times revealed that
S 8% S E 2838 operation time, diabetes mellitus, BMI, ALB, surgi-
SI12E |9 3 ¥ g3 gz8% P ’ locd tsfusi
~ - P cal approach, age, blood loss, gender, blood transfusion,
2 38 |t 5 JELR combined organ resection, and preoperative chemo-
5. 83 |5% cWET O 5225 & ' preop
cfle3z2 &% f5 52 38 2E82 therapy were independent risk factors for SSI in patients



Wang et al. World Journal of Surgical Oncology (2025) 23:72

Table 3 Meta-analysis results of predictors
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Predictor Included studies  Heterogeneity test Effects models Meta-analysis
I2Value (%) PValue OR (95%Cl) ZValue PValue

Operation time 12 73.200 <0.001 Random effect model  2.125(1.860,2.429) 11.076 <0.001
Diabetes mellitus 10 62.200 0.005 Random effect model 2.065(1.746,2.441) 8.484 <0.001
BMI 9 56.300 0.019 Random effect model 2.137(1.773,2.575) 7.981 <0.001
ALB 9 71.400 <0.001 Random effect model 1.764(1.619,1.922) 12.989 <0.001
Surgical approach 8 77.500 <0.001 Random effect model 1.734(1.495,2.012) 7.262 <0.001
Age 8 72.100 <0.001 Random effect model  1.662(1.453,1.902) 7412 <0.001
Blood loss 4 0 0434 Fixed effect model 2.445(1.732,3.451) 5.084 <0.001
Gender 3 0 0.571 Fixed effect model 3.114(1.702,5.696) 3.685 <0.001
Blood transfusion 3 0 0.603 Fixed effect model 3.424(2.262,5.183) 5817 <0.001
Combined organ resection 3 0 0.866 Fixed effect model 3.986(2.473,6.423) 5679 <0.001
Preoperative chemotherapy 3 31.100 0.234 Fixed effect model 7.239(3.875,13.521)  6.209 <0.001

with digestive system tumors (P<0.05). The results of the
meta-analysis are detailed in Table 3.

Discussion

The existing prediction models have guiding significance
for clinical practice. The incidence of SSI in patients with
digestive system tumors is high, and it is closely related
to prolonged hospital stay, decreased quality of life, and
increased mortality [8]. The risk prediction model of SSI
can identify high-risk groups early and provide timely
prevention and control interventions to reduce their inci-
dence and adverse outcomes. The 39 prediction models
included in this study had good predictive performance
and could accurately identify high-risk populations for
SSI in patients with digestive system tumors. The predic-
tors with high frequency in their models were statistically
significant (P<0.05) after combined effect size meta-
analysis. However, there is still a lack of research in areas
such as model construction, validation, and reporting.

The overall prediction performance of the SSl risk
prediction model for patients with digestive system cancer
is good, but the bias is high

All the prediction models included in this study had a
high risk of bias, and most of them focused on research
subjects, outcomes, and analysis fields. The main rea-
sons are as follows: ® Retrospective studies using exist-
ing data cannot ensure the accuracy of data collection,
which may affect the overall quality of the constructed
model, and interference from existing results easily
occurs, resulting in increased model heterogeneity. A
cohort study or nested case-control study can be used
in future research [13] to reduce the risk of data bias. @
Some studies included predictors in the outcome defini-
tion. PROBAST [13] noted that the predictors of the con-
structed model included outcome evaluation indicators,
and the correlation between them was overestimated,
which affected the objectivity and accuracy of the model
and led to an increased risk of bias. ® If the outcome

events corresponding to the predictors were insuffi-
cient, an EPV <20 would lead to an increased risk of bias
and decreased reliability of the model. PROBAST [13]
reported that an EPV of >20 cases in model development
studies can reduce overfitting of the model. Researchers
in various countries can actively carry out large sample
size studies in the next step to capture more variability
and potential confounding factors, estimate the predictor
effect more accurately, and help ensure the generalization
of the model. ® Most studies use multivariate analysis to
screen predictor variables on the basis of a single factor,
which cannot fully evaluate the interactions and inter-
nal relationships between candidate variables, and it is
easy to ignore important variables. New methods, such
as LASSO regression, ridge regression, and ElasticNet
regression [42], should be adopted in combination with
clinical practice for variable screening in the future to
improve the accuracy of screening. In addition, clinical
significance, measurement accessibility, and measure-
ment cost should be fully considered to comprehensively
incorporate predictors. ® The continuous variables were
poorly processed, and the continuous data were trans-
formed into categorical variables for modeling, which
resulted in partial information loss and reduced the pre-
dictive ability of the model. When the model is in the
stage of clinical promotion and it is necessary to con-
vert continuous variables into categorical variables to
improve the convenience of researchers’ application, the
nonlinear fitting of continuous variables or the classifica-
tion of variables can be verified via universally accepted
standard definitions, clinical significance, etc [13]. ®
Improper processing of missing data biases the rela-
tionships between predictors and outcomes, which may
affect the accuracy and increase the bias of the model. In
the future, attention should be given to improving miss-
ing data and using the weighting method, imputation
method, and other methods to correctly address missing
values to improve the reliability of the prediction model.
@ To fully measure the performance of the model, both
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discrimination and calibration should be evaluated. Cali-
bration reflects the degree of agreement between the pre-
dicted risk and the actual risk, usually using calibration
curves, decision curves, Brier score measures, etc. Using
only the Hosmer—Lemeshow goodness-of-fit test calibra-
tion or not reporting the calibration information of the
prediction model will lead to a high risk of bias. Future
studies should be evaluated and reported in time after
modeling to facilitate the comparison of developed risk
prediction models and facilitate clinical transformation.
Due to the differences in research sites and subjects,
internal and external validation should be performed
before the prediction model is applied to clinical prac-
tice to reduce overfitting and ensure its applicability and
validity. In addition, external validation can improve the
extendibility of the model, which is more time-saving and
cost-saving than reconstructing the model. High-quality
models can be selected for optimization and calibration
on the basis of this study in the future, and spatial and
temporal validation methods can be used to improve the
performance of the model.

Risk factors for SSl in patients with digestive system
tumors

Operation time, diabetes mellitus, BMI, ALB, surgi-
cal approach, age, blood loss, gender, blood transfusion,
combined organ resection, and preoperative chemo-
therapy are common predictors of SSI in patients with
digestive system tumors. Most of these factors are objec-
tive and easy to collect, and the model is more conve-
nient. The results of the meta-analysis of this study all
suggested medical statistical significance. The above 11
factors, which are divided into 4 categories, can be con-
sidered in future modeling. (1) Underlying disease factors
include diabetes mellitus, preoperative chemotherapy,
etc. Patients with diabetes mellitus are in a state of con-
tinuous high glucose, which can cause damage to vascu-
lar endothelial cells, inhibit capillary regeneration and
granulation tissue growth, and increase blood glucose,
which is conducive to the colonization and attachment of
pathogenic bacteria and is more likely to cause SSI [28,
34]. Moreover, diabetes leads to a higher catabolic rate
than anabolism and affects neutrophil chemotaxis and
phagocytosis, which reduces the clearance of pathogens
by the body’s immune system and further increases the
risk of SSI [43]. For such patients, basic diseases should
be diagnosed and treated in a timely manner before the
operation, and a blood glucose management process
and intervention plan should be formulated to control
blood glucose effectively. On the other hand, 3 studies
[19, 27, 35] listed preoperative chemotherapy as a predic-
tor because chemotherapy regimens are usually accom-
panied by toxic reactions, which affect the synthesis of
related immune factors and cause immune dysfunction,
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leading to an increased risk of SSI [27]. In the future,
more attention should be given to this population, tar-
geted immunity enhancement should be carried out as
soon as possible, and related clinical indicators should
be continuously detected to reduce the incidence of
SSI. (2) Surgical factors include operation time, surgical
approach, blood transfusion, blood loss, combined organ
resection, etc. @ The classic surgical method for diges-
tive system tumors is laparotomy, but it is destructive to
body tissue, and the internal organs are directly exposed
to the surrounding environment, which increases the
risk of infection with pathogenic bacteria [43]. @ Studies
[44] have shown that a long operation time significantly
increases the risk of SSI in patients with digestive system
tumors. The long-term exposure of the surgical area led
to bacterial colonization, and the prolonged traction and
compression of the tissue by the tractor led to poor blood
circulation and a reduced ability to resist bacteria [45].
® Perioperative blood transfusion can lead to an imbal-
ance in the white blood cell proportion and increases
in thromboxane and prostaglandin levels in the body,
whereas prostaglandin can inhibit the activity of helper
T cells, resulting in a decrease in the body’s immunity
and resistance to pathogenic bacteria [28, 46]. @ A large
amount of blood loss can cause local immune deficiency,
which provides a good opportunity for pathogen inva-
sion and proliferation. The above factors can lead to the
occurrence of SSI in patients who have undergone diges-
tive system tumor surgery. Clinicians should shorten the
operation time, pay attention to surgical skills, reduce
intraoperative blood loss and perioperative blood trans-
fusion, and reduce the risk of SSI after surgery in patients
with digestive system tumors on the premise of ensur-
ing the safety of surgery as much as possible. In addition,
three studies [15, 31, 40] included combined organ resec-
tion as a predictor, and combined resection may expose
more internal organs to airborne microorganisms and
increase the chance of postoperative SSI [44]. Surgeons
should strictly grasp the indications for combined organ
resection and avoid blindly expanding the scope of surgi-
cal resection. (3) Demographic factors: age, male sex, etc.
Age is closely related to the organ function, tolerance,
and immune function of patients. In addition, the body
stress caused by surgery is more significant in elderly
patients, which further inhibits the body’s immune func-
tion and increases the likelihood of SSI [44, 47]. Some
studies [19, 31, 36, 40] have included male sex as a risk
factor, which may be related to the effects of the male vis-
ceral fat area and sex hormones on the immune system
[31, 44], increasing the risk of infection. At present, the
influence of gender factors on SSI in patients with diges-
tive system tumors remains to be further explored. In the
future, patients in different gender groups can be clas-
sified on the basis of disease characteristics, and cluster
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analysis can be used to analyze the influence mechanism
of gender on SSI after surgery. (4) Laboratory indicators:
ALB, BMI, etc. A low level of ALB can reduce plasma
osmotic pressure and immunoglobulin synthesis, lead-
ing to a decrease in the compensatory ability and defense
ability of the patient, degenerative changes in the func-
tion of important organs, and increased possibility of SSI
after surgery [34, 48]. Therefore, for patients with poor
nutritional status, medical staff can guide patients to eat
more high-calorie and high-protein foods according to
their daily eating habits to ensure patients’ comprehen-
sive nutritional needs. On the other hand, patients with
higher BMIs have thicker abdominal fat, and the surgical
site is prone to fat liquefaction, fluid accumulation, and
necrosis, which provides a good breeding and survival
environment for pathogenic bacteria [28, 48]. In future
clinical work, attention should be given to the relevant
laboratory indicators of patients, with regular analysis
and summary of their data. Targeted treatment should
be initiated for high-risk groups as early as possible to
reduce the incidence of postoperative SSI.

Inspiration for future research

In the literature included in this study, Fu GH et al. [25]
established a decision tree model to analyze and predict
the risk factors for SSI infection in patients with diges-
tive system tumors, focused on the interaction between
multiple independent variables, and screened 3 high-risk
groups. The model was concise and easy to understand,
and the prediction effect was closer to that of clinical
practice. Wang XQ et al. [30] used the multiple imputa-
tion method to address missing data, which effectively
reduced the negative impact of missing data on statis-
tical analysis and model reliability, and used machine
learning to build a prediction model, which was helpful
for better capturing the complex nonlinear relationships
and interactions in the data. The other two studies [32,
37] established risk prediction models on the basis of
large sample data and made the models freely available to
clinical workers as mobile applications to promote clini-
cal application. The above studies provide new ideas for
future model research from a new perspective of preven-
tion and control and new modeling methods. Currently,
research on SSI risk prediction models for patients with
gastrointestinal tumors is developing rapidly, and most
studies further stratify the population of gastrointestinal
tumor patients. Nearly half of the studies (n=15) lim-
ited the study population to colorectal cancer patients,
possibly because colorectal cancer is the most common
malignant tumor among gastrointestinal tumors. This
may be related to the following two factors: on the one
hand, colorectal cancer is the most prevalent malignant
tumor among digestive system tumors; on the other
hand, compared with other digestive system tumors,
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surgical procedures in the colorectal area are more prone
to contamination of the intestinal flora due to its anatom-
ical location and the complexity of the gut microbiome,
thereby increasing the risk of SSI [33, 48]. In this study,
AUC value extraction and meta-analysis were conducted
on models targeting colorectal cancer patients, with
AUC=0.755 (0.751, 0.759), indicating that such models
have good discrimination ability for high-risk groups of
SSI occurrence in colorectal cancer patients. Moreover,
conducting related research by refining the study sub-
jects can avoid confounding factors of different tumor
types affecting the model’s accuracy, increasing the accu-
racy of the model in reflecting the risk situation of spe-
cific tumor patients and providing a basis for precision
treatment. With the continuous development of modern
medical technology, surgical treatments can now be cat-
egorized into open surgery, laparoscopic surgery, robotic
surgical systems, and other methods, each with its own
advantages and limitations. It is recommended that
scholars from various countries use patients with gas-
trointestinal tumors undergoing different surgical meth-
ods as research subjects to construct SSI risk prediction
models. This approach can be used to further investigate
the differences in risk among various methods and adapt
to specific surgical risk factors, thereby continuously
improving risk prediction models and providing precise
guidance for clinical practice. Moreover, relatively few
studies have used multicenter data and external valida-
tion of existing risk prediction models for SSI infection
in patients with gastrointestinal tumors, which may limit
the predictive ability and scope of application of these
models. In the future, multicenter and large-sample
application validation studies should be carried out on a
global scale, and external validation should be performed
to promote the implementation of models to develop
an SSI risk prediction model for patients with digestive
system tumors that can meet both standardization and
individualization, practicality and applicability require-
ments. On the other hand, when applying the prediction
model to clinical work, medical staff should pay attention
to combining the individual characteristics of high-risk
groups, optimize and continuously calibrate the predic-
tion model in a timely manner, which helps medical staff
provide corresponding intervention measures for high-
risk groups to ensure patient outcomes and reduce the
economic burden on patients and medical costs. Finally,
scholars from all over the world should construct more
high-quality prediction models in strict accordance with
the methodological guidelines in follow-up studies and
conduct external validation to improve their applicabil-
ity and generalizability. In addition, the model can also be
transformed into technological forms such as online cal-
culators and apps, giving full play to the positive role of
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artificial intelligence and data mining technology in pro-
moting the medical and health industry.

This study has certain limitations: ® To maintain
research quality, this study is based solely on currently
available models for analysis, excluding unpublished
model studies, which may result in the omission of rel-
evant research and potentially affect the completeness
of the research results; ®@ Most of the predictive models
included in this study are based on research conducted in
the Chinese population, and this regional difference may
impact the applicability to other populations; ® Although
literature searches were conducted across nine databases,
it is still possible that some high-quality models were
overlooked, potentially underestimating the number of
developed and validated models. To address this issue,
researchers should continue comprehensive searches
across multiple databases and sources to minimize the
likelihood of missing relevant studies. Additionally, to
enhance the international comparability and overall qual-
ity of the research, future studies could be limited to the
English literature. ® The SSI risk prediction models for
certain gastrointestinal tumor patients lack validation,
so their generalizability remains to be confirmed. In the
future, it is necessary to limit the search and analysis to
validated studies to explore the generalizability, stability,
and reproducibility of each model in detail. Despite these
limitations, this study still provides a valuable analytical
perspective on the current state of research regarding SSI
risk prediction models for patients with gastrointestinal
tumors. On this basis, future research can be optimized
in multiple aspects: ® expanding the scope of literature
screening to avoid missing key information; @ updating
the timeframe to include the latest research findings; and
® standardizing and coordinating statistical methods and
research designs to increase the comparability between
models. More comprehensive and accurate research
results are expected to be obtained through these opti-
mization measures, thereby promoting the further devel-
opment of SSI risk prediction models for patients with
gastrointestinal tumors.

Conclusion

A total of 28 articles were included in this study, and
39 prediction models were constructed. The results
showed that the SSI risk prediction models for patients
with digestive system tumors had good performance and
applicability. However, some models have not been cali-
brated or validated, and there is a high risk of bias and
heterogeneity. Scholars from various countries are rec-
ommended to conduct large-sample and multicenter
prospective cohort studies, prioritize external valida-
tion, use advanced modeling algorithms to construct risk
prediction models and follow the TRIPOD statement
to standardize research design and reporting processes,
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further evaluating the effectiveness and feasibility of the
models in clinical practice.
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