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Abstract 

Background: We aimed to assess the prognostic value of tumor infiltrating lymphocytes (TILs) in patients with bladder 
cancer (BC) after radical cystectomy (RC). Materials and Methods: We searched Pubmed, Web of Science and Scopus 
in April 2022 to identify studies assessing the prognostic value of TILs, including a subset of lymphocytes (eg, CD3, CD8, 
FOXP3), after RC. The endpoints were overall survival and recurrent free survival. Subgroup analyses were performed 

based on the evaluation method for TILs (ie, CD3, CD8, FOXP3, HE staining). Results: Overall, 9 studies comprising 

1413 patients were included in this meta-analysis. The meta-analysis revealed that elevated expressions of TILs were 

significantly associated with favorable OS (pooled hazard ratio [HR]: 0.65, 95% confidence interval [CI]: 0.51-0.83) and 

RFS (pooled HR: 0.48, 95% CI: 0.35-0.64). In subgroup analyses, high CD8 + TILs were also associated with favorable 

OS (HR: 0.51, 95% CI: 0.33-0.80) and RFS (pooled HR: 0.53, 95% CI: 0.36-0.76). Among 3 studies comprising 146 

patients, high intratumoral TILs were significantly associated with favorable OS (pooled HR: 0.34, 95% CI: 0.19-0.60). 
Conclusion: TILs are useful prognostic markers in patients treated with RC for BC. Although the prognostic value of TILs 
is varied, depending on the subset and infiltration site, CD8 + TILs and intratumoral TILs are associated with oncologic 
outcomes. Further studies are warranted to explicate the predictive value of TILs on the response to perioperative 

systemic therapy to help clinical decision-making in patients with BC. 
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Introduction 

Radical cystectomy (RC) with lymph node dissection preceded by
cisplatin-based neoadjuvant chemotherapy (NAC) is the mainstay of
treatment for patients with muscle-invasive bladder cancer (MIBC)
and very high risk non-muscle invasive bladder cancer (NMIBC).
However, despite this strategy, the prognosis of bladder cancer (BC)
after RC is still unfavorable and heterogeneous. 1-3 Therefore, there is
a need for a well-established biomarker to usher the age of precision
medicine in MIBC or at least to help identify the most likely patients
to benefit from an intensification of therapy. 

BC is a highly immunogenetic tumor as shown by its sensitivity to
Bacille Calmette-Guérin (BCG) and immune checkpoint inhibitors
(ICI). Evidence related to an important role of the tumor immune
microenvironment (TME) in this malignancy is mounting, specif-
ically the association with cancer progression. Tumor infiltrating
lymphocytes (TILs) play a crucial role in the TME response to
cancer; indeed, several studies reported on TILs to be of prognos-
tic value in various cancers. 4-6 While some studies reported on the
prognostic value of TILs in patients with BC, others did not. 7-12

Most studies suffered from a smaller sample size, retrospective
single-center design as well as using different evaluation methods
for TILs. To overcome these limitations and to assess the prognostic
role of TILs in patients with BC after RC, we undertook a system-
atic review and meta-analysis. Further, we assess how TILs subsets
and their location independently affect the prognosis. 

Materials and Methods 

A protocol for this study was registered a priori on the
International Prospective Register of Systematic Reviews (ID:
CRD42022310804) ( Supplemental Table 1 ). 

Search Strategy 
The systematic review and meta-analysis were performed accord-

ing to the Preferred Reporting Items for Meta-Analyses (PRISMA)
of Observational Studies in Epidemiology Statement .13 

A literature search was conducted using PubMed, Web of Science,
and Scopus databases in April 2022 to identify the studies that
reported the prognostic value of TILs and survival outcome (OS and
RFS) in patients with BC after RC. The search terms were as follows:
(“bladder cancer” OR “bladder carcinoma” OR “urothelial cancer”
OR “urothelial carcinoma”) AND (“tumor infiltrating lymphocytes”
OR “lymphocytes tumor infiltrating” OR “TIL” OR “tumor infil-
trating immune cells” OR “TIIC”). 

Initial screening was performed independently by 2 investigators
based on the titles and abstracts to identify ineligible reports. Poten-
tially relevant reports were subjected to a full article review and
excluded for reasons. Any discrepancies were resolved by a consensus
with co-authors. 

Inclusion/Exclusion Criteria 

Studies were included if they investigated patients with BC who
underwent RC (Patients), and had high infiltration of lympho-
cytes (Intervention) compared to those with low infiltration of
lymphocytes (Comparison) regarding oncologic survival outcomes
(Outcome) within an observational study design. We included
studies assessing TILs by hematoxylin & eosin (HE) staining or
Clinical Genitourinary Cancer April 2024
immunohistochemistry (IHC) and evaluating overall survival (OS)
or Recurrent free survival (RFS) in patients with BC after RC. We
only included studies performing multivariable Cox proportional
hazard regression analysis to investigate the effect of immune cell
infiltration on survival outcomes. 

We excluded review articles, letters, editorials, conference
abstracts, case reports, nonhuman animal studies, and articles not
published in English. 

Data Extraction 

Two investigators independently extracted the following data:
author names, publication year, country of origin, age, number of
patients, with or without perioperative chemotherapy, pathological
stage, follow-up duration, TILs subset, TILs evaluation method,
TILs location, and cut-off value for positive TILs. We included
computable data of CD3 + TILs, CD8 + TILs, FOXP3 + TILs, and
TILs on HE staining as subsets of TILs in the meta-analysis. Hazard
ratio (HR) and 95% confidential intervals (CIs) for OS and RFS
based on multivariate Cox hazard analysis were also extracted. 

Quality Assessment and Risk of Bias 
The risk of bias and applicability were evaluated independently by

2 investigators using the Risk of Bias in nonrandomized Studies of
Interventions (ROBINS-I) .14 In ROBINS-I, each bias domain and
overall risk of bias was judged as “Low,” “Moderate,” “Serious,” or
“Critical” risk of bias. Any discrepancies were resolved by consensus
with coauthors. 

Statistical Analysis 
The primary outcomes were OS and RFS. The pooled HR and

95% CIs were used to analyze the prognostic value of TILs for BC
after RC. Cochrane’s Q test and I2 statistics were used to estimate
the heterogeneity among the outcomes in this meta-analysis. Signifi-
cant heterogeneity was indicated by Cochrane’s Q test < 0.05 and I2

> 50%. If there was significant heterogeneity, a random effect model
was used; if not, a fixed effect model was used. Funnel plots were
described to assess the publication bias ( Supplemental Figure ). All
analyses were conducted using Review Manager 5.3 (The Cochrane
Collaboration, Copenhagen, Denmark); The statistical significance
level was set at P < .05. We conducted subgroup analyses to account
for the heterogeneity of TILs subsets. Each TILs evaluation method
was analyzed separately (ie, CD3, CD8, FOXP3, all TILs [HE stain-
ing]). 

Results 

Study Selection and Characteristics 
The PRISMA flowchart is presented in Figure 1 . In total, 9

studies comprising 1413 patients were included in this meta-
analysis. 7-12 , 15-17 Three studies included only MIBC; the others
included patients with both MIBC and high-risk NMIBC. Two
studies included patients who underwent cisplatin-based neoad-
juvant chemotherapy (NAC), and 6 studies included patients
who underwent cisplatin-based adjuvant chemotherapy (ACT). All
included studies were retrospective. The characteristics of included
studies are shown in Tables 1 and 2 . 
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Table 1 Study Design and Patient’s Characteristics 

First Author Publication 
Year (Year) 

Country Number 
(n) 

Patients Age (Year) Pathological Stage Perioperative 
Chemotherapy 

Endpoint Follow-Up Period 
(Month) 

Sharma 2007 USA 69 median (range) 72(41-90) � pT1: 38 (55%) � pT2: 31 
(45%) 

NAC: 0 ACT: 19 (28%) OS, RFS median (range) 32 
(1-112) 

Winerdal 2011 Sweden 37 median (range) 69 (46-81) � pT1: 7 (19%) � pT2: 30 
(81%) 

NAC: 0 ACT: 0 OS, RFS NR 

Horn 2016 Germany 149 median (range) 66.2 (35-85) � pT1: 18 (12%) � pT2: 131 
(88%) 

NAC: 0 ACT: NR OS, CSS median 46 

Zhang 2017 China non-organ-confined:51 
organ-confined:75 

median non-organ-confined: 
63 organ-confined: 60 

� pT1: 65 (52%) � pT2: 61 
(48%) 

NAC: 56 (44%) ACT: 22 
(17%) 

OS median 
non-organ-confined: 30.5 

organ-confined: 51.8 
Yu 2018 Canada 67 median 67.5 � pT1: 16 (24%) � pT2: 51 

(76%) 
NAC: 14 (21%) ACT: 13 

(19%) 
OS, RFS median 15 

Wahlin 2019 Sweden 135 median (range) 71(39-83) � pT1: 47 (35%) � pT2: 88 
(65%) 

NAC: 65 (48%) ACT: 12 (9%) RFS median (range) 52 (2-95) 

Liu 2020 China cohort 1: 141 cohort 2: 
118 

median (IQR) cohort 1: 62 
(56-71) cohort 2: 62 (55-68) 

� pT2: 259 (100%) NAC: 0 ACT: 119 (46%) OS, RFS NR 

Schubert 2020 Germany 320 median (IQR) IIC: 68 (62-73) 
PIC:68 (59-73) no TILs: 70 

(61-76) 

� pT1: 77 (24%) � pT2: 243 
(76%) 

NAC: 0 ACT: 12 (4%) OS, RFS, CSS median (range) 37 
(10-55) 

Sikic 2021 Germany 241 mean ± SD 69 ±11 � pT2: 241 (100%) NAC: 0 ACT: 57 (24%) OS, RFS, CSS NR 

Abbreviations: TILs = Tumor infiltrating lymphocytes; IIC = Intratumoral immune cell; PIC = Peritumoral immune cell; NAC = Neoadjuvant chemotherapy; ACT = Adjuvant chemotherapy; OS = Overall survival; RFS = Recurrent free survival; CSS = Cancer specific 
survival; IQR = Interquartile range; SD = Standard deviation; NR = Not reported. 
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Figure 1 The preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart detailing the article 
selection process. 
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Applying the ROBINS-I, 3 studies were considered at serious risk,
and 6 studies were at moderate risk of bias ( Supplemental Table 2 ).
The most affected domain bias was the confounding effect, and this
is due to the possible impact of chemotherapy or BCG. 

Meta-Analysis for Overall TILs 
Eight studies 7 , 8 , 10-12 , 15 , 17 , 18 comprised 1268 patients for OS,

and 7 studies 7 , 10-12 , 15-17 comprised 1128 patients for RFS analysis
( Figures 2 and 3 ). For both analyses, heterogeneities were identi-
fied (OS: I2 = 66%, P = .001; RFS: I2 = 53%, P = .02); there-
Clinical Genitourinary Cancer April 2024
fore, random effect models were used. The pooled HRs showed that
patients with high levels of TILs had a more favorable OS (HR:
0.65, 95% CI: 0.51-0.83) and RFS (pooled HR: 0.48, 95% CI:
0.35-0.64) compared to those with low levels of TILs ( Figures 2
and 3 ). 

Subgroup Analyses for TILs Subsets 
CD3 + TILs. In the CD3 + TILs subgroup analyses, we included

3 studies 8 , 12 , 15 comprising 253 patients evaluating OS and 2
studies 12 , 15 comprising 104 patients evaluating RFS. There was no
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Table 2 Evaluation Characteristics 

First Author Publication 
Year (Year) 

TILs Subset TILs Site Other Markers Evaluation 
Method 

Cut-Off 

Sharma 2007 CD8 intratumoral NR IHC median value 
Winerdal 2011 CD3, FOXP3 intratumoral FOXP3 in tumor cells IHC minimum P -value 

analysis 
Horn 2016 CD3, CD8, FOXP3 tumor epithelium, 

peritumoral stroma 
FOXP3/CD3 
FOXP3/CD8 

IHC minimum P -value 
analysis 

Zhang 2017 CD8 intratumoral, stromal NR IHC � 1% stained 
cells/total cells 

Yu 2018 CD3, CD8 Tumor core(CT), 
invasive margin(IM) 

Immune score IHC minimum P -value 
analysis 

Wahlin 2019 CD8, FOXP3 tumor nest, stromal CD20, PD-1, PD-L1, IHC median value 
Liu 2020 CD8 NR TIGIT + CD8 IHC mean value 
Schubert 2020 total TILs 

(HE staining) 
IIC, PIC NR HE presence of any 

immune cell infiltrate 
Sikic 2021 total TILs 

(HE staining) 
stromal NR HE � 10% (stromal area 

occupied by TILs) 

Abbreviations: TILs = Tumor infiltrating lymphocytes; CT = Tumor core; IM = Invasive margin; IIC = Intratumorally immune cell; PIC = Peritumorally immune cell; HE = Hematoxylin & eosin; 
IHC = Immunohistochemistry; NR = Not reported. 

Figure 2 Forest plot of the relationship between TILs and OS in patients with BC after RC. 

Clinical Genitourinary Cancer April 2024 539



The Prognostic Value of Tumor Infiltrating Lymphocytes After Radical

Figure 3 Forest plot of the relationship between TILs and RFS in patients with BC after RC. 
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significant association of TILs with either OS (HR: 0.83, CI: 0.44-
1.54) or RFS (HR: 0.46, CI: 0.11-1.91) ( Figures 2 and 3 ). 

CD8 + TILs. In the CD8 + TILs subgroup analyses, we included
5 studies 7 , 8 , 10 , 12 , 18 comprising 670 patients evaluating OS and
4 studies 7 , 10 , 12 , 16 comprising 540 patients evaluating RFS. The
pooled HRs revealed that high levels of CD8 + TILs were associ-
ated with both favorable OS (HR: 0.51, CI: 0.33-0.80) and RFS
(HR: 0.53, CI: 0.36-0.76) ( Figures 2 and 3 ). 

FOXP3 + TILs. In the FOXP3 + TILs subgroup analyses, we
included 2 studies 8 , 15 comprising 186 patients evaluating OS analy-
ses and 2 studies 15 , 16 comprising 182 patients evaluating RFS. There
was no difference in OS (HR: 0.63, CI: 0.15-2.70) and RFS (HR:
0.22, CI: 0.04-1.14) between patients with high and low levels of
FOXP3 + TILs ( Figures 2 and 3 ). 

TILs on HE Staining. In the TILs on HE staining subgroup
analyses, we included 2 studies 11 , 17 comprising 561 patients evalu-
ating OS and RFS. The pooled HRs showed that high levels of TILs
were associated with both favorable OS (pooled HR: 0.69, 95%
CI: 0.49-0.97) and RFS (pooled HR: 0.48, 95% CI: 0.28-0.81)
( Figures 2 and 3 ). 
Clinical Genitourinary Cancer April 2024
Meta-Analysis for Intratumoral TILs 
Two studies 7 , 15 comprising 106 patients were included in the

meta-analysis focused on assessing TILs expressed in the intertu-
moral site as well as its prognostic value for OS. There was no
heterogeneity (I2 = 0%, P = .80); therefore, the fixed effect model
was used. The pooled HRs showed that high levels of intertumoral
TILs were associated with favorable OS (HR: 0.34, 95% CI: 0.19-
0.60) ( Figure 4 ). 

Discussion 

In this meta-analysis, we focused on the prognostic value of TILs
in patients with BC after RC. We found that high levels of total and
CD8 + TILs were significantly associated with favorable OS and
RFS. In contrast, CD3 + TILs and FOXP3 + TILs did not seem to
be associated with survival outcomes after RC. Moreover, the pooled
data suggest that intrastromal TILs were significantly associated with
favorable OS. 

Although most of the included studies evaluated the specific
subsets of TILs, 2 studies in our meta-analysis evaluated total TILs
on HE staining. TILs on HE staining could not be a more specific
biomarker than TILs subset but also suggest a prognostic benefit to
TILs in patients with BC after RC; TILs are, indeed, practical to
measure, and often obtained in the routine setting. A biomarker is
needed to be better than what we have today; they must be cheap,
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Figure 4 Forest plot of the relationship between intertumoral TILs and OS in patients with BC after RC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

easy, and convenient to utilize .19 Although the semi-quantitative
evaluation method based on HE staining has inherent limitations
such as inter-observer variability, previous studies demonstrated
that these limitations could be minimalized when the standard-
ized methodology of the international working group on TILs is
used. 20-22 

In the subgroup analysis for TILs subsets, the present study
showed that high levels of CD8 + TILs were associated with favor-
able survival outcomes. Since cytotoxic CD8 + T cells are the most
powerful effectors in the antitumor immune response, they are likely
to have a more precise prognostic value than total TILs. Indeed,
most of the included studies that evaluating the prognostic value
of CD8 + TILs consistently showed a positive prognostic value for
CD8 + TILs, except for 1 study that assessed the prognostic value
of CD8 + TILs separately for non-organ confined BC and organ
confined BC. These results suggest that the clinical and prognostic
value of CD8 + TILs as well as other immunosuppressive cells and
receptors, such as regulatory T cells (Tregs) and immune-checkpoint
molecules in TME, change according to various factors such as
tumor state and stage. 

In contrast to CD8 + TILs, we did not find any prognostic value
of CD3 + TILs for survival outcomes after RC. The analyzed studies
were, indeed, inconsistent similar to the data of other cancers. 4 , 23 , 24 

One explanation is that CD3 + T cells include not only CD8 + T
cells but also CD4 + T cells, which are not associated with tumor
behavior. Another explanation is the distribution of TILs. One study
out of 3 evaluated the prognostic value of CD3 + TILs with conflict-
ing results from T cell infiltrating site between tumor core (TC) and
invasive margin (IM) .12 The study showed the prognostic differ-
ence between TC and IM as well as CD3 + TILs and CD8 + TILs.
Therefore, considering not only the subset of TILs but also the
location of TILs seems to be crucial for determining the prognos-
tic value in patients with BC. 

Regulatory T cells (Tregs), the T cell characterized by presence of
FOXP3, have a key role in immune tolerance through the function
as a suppressor of the immune response in the TME .25 Associated
with this immunosuppressive function, numerous but not all studies
reported the relationship between high levels of tumor-infiltrating
Tregs and poor prognosis in patients with various cancers. 26 , 27 Our
study included only 2 studies with conflicting results, and we found
no significant association between FOXP3 + TILs and survival
outcomes. Reasons for these inconsistent results include the other
influences on Tregs activation. For instance, the presence of multi-
ple chemokine receptors on Tregs and the different subsets between
FOXP3(hi) and FOXP3(lo) T cells have been reported to affect
the Treg immunosuppression activity. 28-31 Interestingly, Horn T et.
reported that the ratio of FOXP3 + to CD3 + TILs was significantly
associated with OS in BC patients who underwent RC .8 Tregs have
a significant role in TME, further analyses are needed to clarify
the activation mechanism of their immunosuppressive function and
their prognostic value as a biomarker. 

Other than TILs subsets, the distribution of TILs are consid-
ered as an important factor on the prognostic value in cancers as
mentioned above. We also confirmed intratumoral TILs associated
with favorable OS in patients with BC after RC. It might be adapt-
able by the fact that T cells are required physically contact with
cancer cells to promote immune response .32 Although we could not
assess the difference on the prognostic value between intratumoral
TILs and stromal cells, several studies reported stromal TILs also
have a potential as a good prognostic maker in BC patients. 33 , 34

Further studies are needed to clarify the difference in the effect of
immune cells between the locations of TILs (eg, intratumoral or
stromal, central tumor or invasive margin) to let the TILs be more
clinically useful biomarker. 

Our study has several limitations. First, the treatment methods
varied among included studies. Although we focused on BC
patients who underwent RC, some patients had been treated with
chemotherapy and others with BCG that possibly had an influence
on the TME. Second, the included studies used different methods
and cut-off values to evaluate TILs. Third, we could only perform
the subgroup analysis for a limited subset of TILs due to possi-
ble positive publication bias. Although some studies reported more
specific subsets of TILs or combinations with some other biomark-
ers, we could not integrate them into our meta-analysis because of
the scarcity of the data. 35-37 However, the present systematic review
confirmed that total TILs, including those evaluated on HE stain-
ing, have a prognostic value for patients treated with RC for BC.
Further studies including spatial and time assessment are needed to
ensure the clinical value of this biomarker. 

Conclusion 

The prognostic value of TILs is promising for patients treated
with RC for BC. The assessment of TILs on HE slides, especially
CD8 + TILs, may help to stratify patients into risk categories for
recurrence, thereby helping in the clinical decision-making regard-
ing adjuvant therapy. Further studies are warranted to explicate the
Clinical Genitourinary Cancer April 2024 541
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predictive value of TILs on the response to perioperative systemic
therapy to help clinical decision-making in patients with bladder
cancer. 
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Supplemental Table 1 PRISMA Checklist 2009 

Section/Topic # Checklist Item Reported on Page # 
Title 
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1 
Abstract 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key 
findings; systematic review registration number. 

2 

Introduction 
Rationale 3 Describe the rationale for the review in the context of what is already known. 3,4 
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, 

and study design (PICOS). 
3,4, and 6 

Methods 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (eg, Web address), and, if available, provide registration 

information including registration number. 
5 

Eligibility criteria 6 Specify study characteristics (eg, PICOS, length of follow-up) and report characteristics (eg, years considered, language, 
publication status) used as criteria for eligibility, giving rationale. 

5,6 

Information sources 7 Describe all information sources (eg, databases with dates of coverage, contact with study authors to identify additional studies) in 
the search and date last searched. 

5,6 

Search 8 Present full electronic search strategy for at least 1 database, including any limits used, such that it could be repeated. 5,6 
Study selection 9 State the process for selecting studies (ie, screening, eligibility, included in systematic review, and, if applicable, included in the 

meta-analysis). 
5,6 and Figure. 1 

Data collection process 10 Describe method of data extraction from reports (eg, piloted forms, independently, in duplicate) and any processes for obtaining 
and confirming data from investigators. 

6 

Data items 11 List and define all variables for which data were sought (eg, PICOS, funding sources) and any assumptions and simplifications 
made. 

6 

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the 
study or outcome level), and how this information is to be used in any data synthesis. 

7 

( continued on next page ) 
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Section/Topic # Checklist Item Reported on Page # 
Summary measures 13 State the principal summary measures (eg, risk ratio, difference in means). 7 
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (eg, I2) for 

each meta-analysis. 
7 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (eg, publication bias, selective reporting within 
studies). 

7 

Additional analyses 16 Describe methods of additional analyses (eg, sensitivity or subgroup analyses, meta-regression), if done, indicating which were 
pre-specified. 

None 

Results 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, 

ideally with a flow diagram. 
8, Figure 1 

Study characteristics 18 For each study, present characteristics for which data were extracted (eg, study size, PICOS, follow-up period) and provide the 
citations. 

8, Tables 1 and 2 

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 8, Table S1 
Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) 

effect estimates and confidence intervals, ideally with a forest plot. 
9 to 10 

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 9 to 10 
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). Table S1 
Additional analysis 23 Give results of additional analyses, if done (eg, sensitivity or subgroup analyses, meta-regression [see Item 16]). None 
Discussion 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups 

(eg, healthcare providers, users, and policy makers). 
11 to 14 

Limitations 25 Discuss limitations at study and outcome level (eg, risk of bias), and at review-level (eg, incomplete retrieval of identified 
research, reporting bias). 

13 to 14 

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 14 
Funding 
Funding 27 Describe sources of funding for the systematic review and other support (eg, supply of data); role of funders for the systematic 

review. 
14 
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Supplemental Table 2 Risk of Bias Assessment for NRCTs (ROBINS-I) 

Study Year Confounding Paticipants’ 
Selection 

Classification of 
Interventions 

Deviations From 

Intended Intervention 
Missing Data Measurement of 

Outcomes 
Selection of the 
Reported Result 

Overall 

Sharma 2007 Moderate Low Moderate Low Low Low Low Moderate 
Winerdal 2011 Moderate Low Moderate Low Low Low Low Moderate 
Horn 2016 Moderate Low Low Low Low Low Low Moderate 
Zhang 2017 Serious Low Low Low Low Low Low Serious 
Yu 2018 Serious Low Low Low Low Low Low Serious 
Wahlin 2019 Serious Low Moderate Low Low Low Low Serious 
Liu 2020 Moderate Moderate Low Low Low Low Moderate Moderate 
Schubert 2020 Moderate Low Moderate Low Low Low Low Moderate 
Sikic 2021 Moderate Moderate Low Low Low Low Low Moderate 

Abbreviations: NRCTs = nonrandomized comparative studies; ROBINS-I = risk of bias in nonrandomized studies -of interventions. 
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