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Abstract

Context: The role of tumor size in predicting prognosis in upper tract urothelial
carcinoma (UTUC) patients remains poorly defined.

Objective: To assess the prognostic value of tumor size in patients with UTUC
through a systematic review and meta-analysis.

Evidence acquisition: A comprehensive literature search of the PubMed and
Embase databases were performed to identify all relevant articles published up
to December 2021 according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) statement. Available hazard ratios (HRs)
and corresponding 95% confidence intervals (95% Cls) were analyzed to evaluate
the association between tumor size and survival outcomes.

Evidence synthesis: A total of 35 articles representing 32 292 patients met the eli-
gibility criteria and were finally included for the meta-analysis. Tumor size was sig-
nificantly associated with poor outcomes in terms of overall survival (HR = 1.42,
95% CI = 1.28-1.58), cancer-specific survival (HR = 1.66, 95% CI = 1.47-1.88),
recurrence-free survival (HR = 1.25, 95% CI = 1.13-1.38), and intravesical recur-
rence (HR = 1.12, 95% CI = 1.04-1.20). There was between-study heterogeneity in
the effect of tumor size on all these meta-analyses, with p < 0.10 and I? generally
>50%. Subgroup analyses illustrated that the association of tumor size with adverse
prognosis in UTUC patients is not affected by treatment modalities. Segmental
resection of ureter, whether receiving lymph node dissection, cutoff of tumor size,
and region of population were potential sources of heterogeneity. The funnel plot
test indicated no significant publication bias in the meta-analysis of survival out-
comes.
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Conclusions: This study shows that larger tumor size is associated with an
increased risk of overall and cancer-specific mortality, and disease recurrence in
UTUC. Integration of tumor size with other prognostic indicators may help in risk
stratification and individualized treatment of UTUC.

Patient summary: Through a systematic review and meta-analysis, this study
found that larger tumor size is associated with an increased risk of overall and
cancer-specific mortality, and disease recurrence in patients with upper tract

urothelial carcinoma.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Upper tract urothelial carcinoma (UTUC) is a relatively
uncommon malignancy derived from the urothelium along
the pyelocaliceal cavities and ureter, accounting for
approximately 5-10% of all urothelial carcinomas [1].
Although a conservative approach to treatment has
achieved encouraging results in selected patients, radical
nephroureterectomy (RNU) with ipsilateral bladder cuff
excision remains the standard treatment for high-risk
patients with nonmetastatic disease [2,3], which has pro-
vided durable local tumor control and better long-term
survival.

Despite the advancement of surgical techniques and
the increasing application of perioperative systemic
chemotherapy, survival outcomes of patients with UTUC
have not improved significantly over time, with up to
30% of patients, particularly those with advanced disease,
experiencing disease recurrence and cancer-specific death
[4]. To improve the oncological outcomes of UTUC, prog-
nostic factors have been identified to guide clinical
decision-making and risk stratification. However, these
factors are mainly pathological features, such as tumor
stage and grade, tumor location and architecture, con-
comitant carcinoma in situ, and lymphovascular invasion
(LVI) status [5,6], which can only be acquired
postoperatively.

Tumor size is an essential variable when assessing the
characteristics of urothelial carcinoma and can be
acquired conveniently in preoperative imaging [7]. Tumor
size has been identified as a risk factor for poor oncolog-
ical outcomes in bladder cancer, while its prognostic
impact in UTUC has not been addressed fully. Some stud-
ies reported that tumor size larger than 3 or 4 cm was
associated with poor overall survival (OS), cancer-
specific survival (CSS), recurrence-free survival (RFS), and
higher risk of intravesical recurrences (IVRs) after RNU
[8,9]. However, other studies reached diverse conclusions
[10,11]. This is likely due to the limitations of small sam-
ple size and the heterogeneity of treatment modalities in
these studies.

Therefore, the aim of this study is to conduct a sys-
tematic review and meta-analysis to summarize the
existing evidence to determine the prognostic value of
tumor size in patients with UTUC, and perform sub-
group analyses to address the heterogeneity of included
studies.

2. Evidence acquisition

2.1. Search strategy

The present systematic review and meta-analysis was per-
formed according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement
[12] and has been registered on PROSPERO (www.crd.
york.ac.uk/PROSPERO; CRD42019133468). The PubMed
and Embase databases were searched to identify reports
published until December 2021 regarding the prognostic
value of tumor size in UTUC. The following search terms
were used separately or in combinations: (“upper urinary
tract” OR “urinary tract” OR “urothelial”) AND (“carcinoma”
OR “neoplasms” OR “tumor” OR *“cancer”) AND (“tumor
size” OR “tumor diameter” OR “tumor volume”) AND
(“prognosis” OR “outcomes” OR “survival” OR “prognos-
tic”). Reference lists in the relevant publications were
checked for any other potential studies. Initial screening
was performed independently by two investigators based
on the titles and abstracts to identify ineligible reports,
and reasons for exclusions were noted. Potentially relevant
reports were subjected to a full-text review, the relevance of
the reports was confirmed, and the data were extracted.
Disagreements were resolved via an independent third
investigator.

2.2. Inclusion and exclusion criteria

As the between-study heterogeneity is a known problem in
the meta-analysis of prognostic marker studies, we used
strict inclusion and exclusion criteria to limit the hetero-
geneity across studies. Our inclusion criteria were as fol-
lows: (1) the histological type of the tumors was
confirmed as UTUC; (2) oncological outcomes of different
tumor sizes were reported; and (3) prognostic value (hazard
ratios [HRs] and 95% confidence intervals [95% Cls]) for
tumor size were reported. Studies were excluded if those
met one of the following criteria: (1) articles not published
in English; (2) nonoriginal articles, such as review articles,
commentaries, meeting abstracts, letters to the editor, or
case reports; (3) laboratory studies, such as studies on can-
cer cell lines or animal models; and (4) studies that did not
provide information on survival or could not offer sufficient
data to acquire HRs and 95% Cls. When there was an overlap
of patient cohorts between studies, the most recent or com-
plete article was included in the analysis to avoid duplica-
tion of the same datasets.
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2.3. Data extraction

Two investigators independently extracted the following
information from the included articles: the first author’s
name, publication year, recruitment country, period of
patient recruitment, number of patients, study design, age,
gender, tumor size, treatment methods, adjuvant therapy,
follow-up duration, and oncological outcome. Subsequently,
the HRs and 95% Cls of tumor size associated with each of
the outcomes were retrieved. All discrepancies regarding
data extraction were resolved by an independent third
investigator.

24. Quality assessment of studies

The quality of the included studies was assessed using the
Newcastle-Ottawa Scale (NOS) [13], which was recom-
mended by the Cochrane Collaboration. The NOS assessed
the quality of studies using a star system based on the fol-
lowing three domains: selection of the study groups (1-4
points), comparability of cohorts (1-2 points), and assess-
ment of exposure and outcome (1-3 points), with total
scores ranging from O (lowest) to 9 (highest). Studies with
scores >8 were considered to have high quality, those with
scores of 6-7 were considered to have intermediate quality,
and those with scores <6 were considered to have low
quality.

2.5. Statistical analyses

The endpoints of the present meta-analysis were OS, CSS,
RFS, and IVR in UTUC patients. We extracted and combined
HRs with the corresponding 95% CIs from every eligible
study to analyze the prognostic value of tumor size. Hetero-
geneity between the studies was evaluated by Cochran’s Q
test and [? statistic. The random-effect model was applied
to calculate the pooled HRs and 95% CIs if there was signif-
icant heterogeneity among the enrolled studies (I2 > 50% or
p < 0.10). Alternatively, we used the fixed-effect model to
perform cumulative analyses when no significant hetero-
geneity was found (I < 50% or p > 0.10). In addition, sub-
group analyses, stratified by different study features, were
conducted to evaluate the potential factors contributing to
heterogeneity. Sensitivity analyses were performed by
excluding studies with an NOS score of <7 or with unad-
justed key confounding factors to assess the stability of
the core results. The presence of publication bias was eval-
uated using the funnel plots. Statistical analyses were per-
formed using Review Manager (Revman) 5.4 (The Nordic
Cochrane Center, The Cochrane Collaboration, Copenhagen;
2014). All p values were two sided, and p < 0.05 was consid-
ered statistically significant.

3. Evidence synthesis

3.1. Search results

Following an initial electronic search, we identified 597
potentially eligible articles (171 in PubMed and 426 in
Embase); finally, 35 articles published from 2006 to 2021,
which met all the inclusion and exclusion criteria, were

597 references identified from database search:
Pubmed, N =171
Embase. N = 426

43 duplicates

l 554 abstracts screened |

374 abstracts excluded:
Reviews, editorials, letters. etc., N = 46
Not UTUC patients. N = 220
Irrelevant to tumor size. N = 40
Case report, case series, descriptive single arm study,
N=2I
Prognostic outcome not reported, N = 13
Duplicates. N = 11
Not in English. N =8
Insufficient data, N = 6
Not human, N =9

\ 4

A 4
l 180 full texts reviewed

145 abstracts excluded:
Reviews. editorials, letters, etc.. N'= |
Irrelevant to tumor size. N = 42
Case report. case series. descriptive single-arm study.
o N=18
i Prognostic outcome not reported. N =6
Duplicates. N =21
Not in English. N =2
Insufficient or contradictory data, N = 46
Adjusted hazard ratio not reported. N =9

v
l 35 studies included in final analysis

Fig. 1 - A flowchart of the study selection process. UTUC = upper tract
urothelial carcinoma.

enrolled in this meta-analysis. Figure 1 presents a detailed
flowchart of our selection process.

3.2. Study characteristics

The main characteristics of the 35 eligible studies are sum-
marized in Tables 1 and 2. Briefly, a total of 32 292 partici-
pants were included in our meta-analysis, with a
recruitment period from 2006 to 2021. The numbers of
male and female participants were 18 927 and 13 365,
respectively. All included studies had a retrospective study
design. Among the 35 studies, 22 were conducted in Asia,
seven in Europe, five in America, and one internationally.
All patients in these studies had pathologically confirmed
UTUC with different tumor sizes. The median age ranged
from 65 to 75 yr, and the median follow-up periods ranged
from 22 to 137 mo. The NOS scores ranged from 6 to 9, indi-
cating moderate to high quality of the included studies.

3.3. Quality assessment of studies

All studies we analyzed scored from 6 to 9 using a nine-
point scoring system. The result showed that most studies
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Table 1 - Characteristics of 35 studies included in the meta-analysis

Study Year Region Recruitment Study type No. of patients Oncological outcome NOS
Cho et al. [26] 2006 Korea 1995-2004 RC 71 IVR 8
Wu et al. [10] 2007 Taiwan, China 1988-2003 RC 72 DES, RFS 8
Simone et al. [16] 2009 Italy 1990-2006 RC 162 DFS, MFS 9
Pieras et al. [9] 2010 Spain 1990-2006 RC 79 IVR 9
Grasso et al. [27] 2012 USA 1996-2011 RC 160 0S, CSS, MFS 7
Holmdng and Johansson [28] 2014 Sweden 1971-1998 RC 614 IVR 9
Espiritu et al. [15] 2014 USA 1998-2012 RC 120 RFS 9
Shibing et al. [8] 2016 Mainland, China 2002-2012 RC 795 0S, CSS, RFS 9
Cui et al. [29] 2017 Mainland, China 2006-2013 RC 169 oS, CSS 9
Lee et al. [30] 2017 Korea 2000-2015 RC 760 0S, CSS, RFS, IVR 8
Yoo et al. [31] 2017 Korea 1999-2012 RC 418 0S, RFS 8
Toussi et al. [32] 2017 International 1995-2009 RC 372 CSS, RES 8
Tseng et al. [33] 2017 Taiwan, China 2004-2015 RC 118 0S, CSS, RFS, MFS 8
Cho et al. [34] 2017 Korea 2004-2015 RC 1049 0S, CSS, RFS 8
Emamekhoo et al. [35] 2018 USA 1995-2014 RC 286 OS, PFS 9
Villa et al. [11] 2018 France 2003-2015 RC 92 PFS 9
Tan et al. [36] 2018 Mainland, China 2003-2015 RC 620 0S, CSS, RFS 8
Wang et al. [37] 2019 Mainland, China 2011-2017 RC 439 oS, IVR 9
Dong et al. [38] 2019 Mainland, China 2004-2014 RC 2731 0sS, CSS 6
Li et al. [39] 2019 Mainland, China 1999-2015 RC 885 0S, CSS, PFS 6
Kang et al. [40] 2019 Korea 1994-2015 RC 338 CSS 6
Zhang et al. [41] 2020 Mainland, China 2007-2017 RC 568 IVR 8
Yang et al. [42] 2020 Mainland, China 2004-2015 RC 1768 0sS, CSS 9
Nazzani et al. [43] 2020 Canada 2004-2014 RC 4266 CSM, OCM 9
Chen et al. [44] 2020 Mainland, China 2008-2018 RC 232 0S, CSS, RFS 8
Li et al. [45] 2020 Taiwan, China 2012-2016 RC 217 0S, RFS, IVR 9
Cheng et al. [46] 2021 Mainland, China 2006-2017 RC 398 CSS, RFS, DFS 9
Piraino et al. [47] 2020 USA 2004-2015 RC 8979 (0N 8
Shvero et al. [48] 2021 Israel 2014-2019 RC 59 RFS, PFS 9
Hu and You [49] 2022 Mainland, China 2010-2015 RC 1979 oS, CSS 9
Sanguedolce et al. [50] 2021 Spain 2015-2019 RC 47 0S, BR, RFS, PFS 6
Li et al. [51] 2021 Mainland, China 1975-2016 RC 2576 CSD 9
Zhao et al. [52] 2021 Mainland, China 2008-2019 RC 316 0sS, CSS 9
Chen et al. [53] 2022 Mainland, China 2010-2017 RC 195 0S, IRFS, CUTR 8
Milojevic et al. [54] 2021 Serbia 2000-2018 RC 342 CSS, RES 7

BR = bladder recurrence; CSD = cancer-specific death; CSM = cancer-specific mortality; CSS = cancer-specific survival; CUTR = contralateral upper tract
recurrence; DFS = disease-free survival; IRFS = IVR-free survival; IVR = intravesical recurrence; MFS = metastasis-free survival; NOS = Newcastle-Ottawa Scale;
OCM = other-cause mortality; OS = overall survival; PFS = progression-free survival; RC = retrospective cohort; RFS = recurrence-free survival.

had good performance in sample selection and outcome,
but failed in comparability. Assessment of study-specific
quality scores from the NOS system is summarized in Sup-
plementary Table 1.

34. Meta-analysis of survival outcomes

34.1. Association of tumor size with OS

A total of 14 studies with 19 834 patients provided data on
the association between tumor size and OS in patients with
UTUC. The forest plot (Fig. 2A) showed that larger tumor
size was significantly associated with shorter OS in UTUC
patients (HR = 1.42, 95% CI = 1.28-1.58, z score = 6.58).
The Cochrane Q test (chi-square = 192.30, p < 0.00001)
and I? test (91%) revealed significant heterogeneity.

3.4.2. Association of tumor size with CSS

A total of 18 studies with 18 137 patients provided data on
the association between tumor size and CSS in patients with
UTUC. The forest plot (Fig. 2B) showed that larger tumor
size was significantly associated with shorter CSS in UTUC
patients (HR = 1.66, 95% CI = 1.47-1.88, z score = 7.92).
The Cochrane Q test (chi-square = 83.64, p < 0.00001) and
I test (74%) revealed significant heterogeneity.

3.4.3. Association of tumor size with RFS

A total of 12 studies including 4546 patients provided data
on the association between tumor size and RFS in patients
with UTUC. The forest plot (Fig. 2C) showed that larger
tumor size was significantly associated with shorter RFS in
UTUC patients (HR = 1.25,95% Cl = 1.13-1.38, z score = 4.33).
The Cochrane Q test (chi-square = 67.18, p < 0.00001) and I
test (84%) revealed significant heterogeneity.

3.44. Association of tumor size with IVR

A total of seven studies with 2334 patients provided data on
the association between tumor size and IVR in patients with
UTUC. The forest plot (Fig. 2D) showed that larger tumor
size was significantly associated with higher IVR in UTUC
patients (HR = 1.12, 95% CI = 1.04-1.20, z score = 2.99).
The Cochrane Q test (chi-square = 14.54, p = 0.02) and I” test
(54%) revealed significant heterogeneity.

3.5. Subgroup analysis and sensitivity analysis

As statistically significant heterogeneity was detected
among studies, further subgroup analyses were performed
in the following cohorts: (1) cohorts receiving RNU, and
not nephron-sparing surgery; (2) those receiving segmental
resection of ureter; (3) those receiving adjuvant therapy
including adjuvant chemotherapy and/or adjuvant radio-
therapy; (4) those with negative lymph node; (5) those



Table 2 - Characteristics of patients in the included 35 studies

Study Age (yr) Gender Tumor size Measurement Treatment Adjuvant therapy (%) Follow-up (mo)
(M/F) criteria (cm)  of tumor size
Cho et al. [26] Mean: 65 48/23 3 NA RNU NA Mean (range): 16.5 (3-28)
Wu et al. [10] Mean + SD: 66.7 + 1.3 36/36 4 NA RNU 12.5% (chemotherapy), Median (range): 26.5 (3-92)
25% (radiotherapy)
Simone et al. [16] NA 103/59 1,3 Pathological specimens RNU NA Median (range): 66 (58.4-196)
Pieras et al. [9] Mean (range): 67 (65-69) 62/17 4 Pathological specimens RNU NA Median (range): 71 (59-84)
Grasso et al. [27] Median (range): 73 (45-93) 96/64 3 CT, MRI, ureteroscopic imaging 48.7% RNU, NA Mean (range): 38.2 (1-185.3)
1.3% SR, 50% URS
Holmdng and Median (range): 69 (25-92) 362/252 Continuous Pathological specimens 54.4% RNU NA Median: 137
Johansson [28]
Espiritu et al. [15] Median (range): 71 (64-78) 78/42 3 Pathological specimens RNU 22.5% (chemotherapy) Mean (range): 26.9 (8.5-36.8)
Shibing et al. [8] Mean: 67 462333 3 Pathological specimens RNU 25.4% (chemotherapy) Median (range): 32 (1-132)
Cui et al. [29] Median (range): 66 (36-87) 107/62 4 Pathological specimens 87% RNU, 13% SR 91.7% (chemo/radiotherapy) Mean #* SD: 53.7 + 31.3
Lee et al. [30] Mean: 65.5 561/199 Continuous Pathological specimens RNU 27.6% (chemotherapy) Median (range): 45 (3-76)
Yoo et al. [31] Mean + SD: 63.8 + 10.1 113/305 Continuous Pathological specimens RNU NA Mean: 69
Toussi et al. [32] Median (range): 73.7 (65.4-79.5) 249/123 3 NA RNU NA Median (range): 47 (16.4-101.4)
Tseng et al. [33] Median (range): 70.5 (42-89) 47|71 Continuous Pathological specimens RNU NA Median (range): 26.9 (8.5-36.8)
Cho et al. [34] Median (range): 68.5 (60.5-74.3)  759/290 Continuous Pathological specimens RNU 28.6% (chemotherapy) Median (range): 40 (18.4-64.8)
Emamekhoo et al. [35] Median: 72 190/96 5 NA 91% RNU, 6% (chemotherapy) Median (range): 39.5 (0.3-186)
8% SR, 1% URS
Villa et al. [11] Median (range): 71 (34-90) 62/30 1 Ureteroscopic imaging URS NA Median (range): 52.4 (27.8-76.4)
Tan et al. [36] Mean + SD: 65.70 + 11.35 355/265 3 Pathological specimens RNU 41.1% (chemotherapy) Median (range): 51 (1-168)
Wang et al. [37] Mean: 66.7 236/203 3 Pathological specimens RNU NA Mean (range): 62.5 (18-84)
Dong et al. [38] Median (range): 72 (23+-96) 1557/1174 3,5,8 NA RNU 12.6% (chemotherapy), Median: 31
3.3% (radiotherapy)
Li et al. [39] Median (range): 69 (61-75) 396/489 5 Radiological imaging RNU NA Median (range): 61.0 (38-102)
Kang et al. [40] Median (range): 65 (57-72) 245/93 Continuous Pathological specimens RNU 42.9% (chemotherapy) Median (range): 31.5 (16.0-65.0)
Zhang et al. [41] NA 294/274 2 CT RNU 34.2% (chemotherapy) NA
Yang et al. [42] NA 996/772 1,3 NA NA 0% NA
Nazzani et al. [43] Median (range): 73 (64-80) 2501/1765 4 NA RNU NA Median (range): 32 (14-63)
Chen et al. [44] Median (range): 65 (58-73) 132/100 3 Ureteroscopic imaging, retrograde RNU NA Median (range): 39 (17-53)
pyelography, CT, MRI
Li et al. [45] Median (range): 70 (34-90) 79/138 6.7 Pathological specimens RNU NA Median (range): 42.0 (1.18-83.34)
Cheng et al. [46] Median (range): 65.5 (20-92) 215/183 3 Pathological specimens RNU NA Median (range): 55 (32-71)
Piraino et al. [47] Mean + SD: 72.4 + 10.0 5510/3469  Continuous NA 74.5% RNU, 18.3% (chemotherapy) NA
25.5% SR
Shvero et al. [48] Median (range): 70 (65-75) 41/18 1,2,3 CTU, MRU, retrograde pyelography, = URS NA Median (range): 22 (11-41)
ureterorenoscopy
Hu and You [49] Mean + SD: 70.7 £ 11.2 949/1030 4.5, 6.7 NA NA NA NA
Sanguedolce et al. [50]  Median (range): 75 (67-81) 35/12 Continuous Ureteroscopic imaging URS NA Median (range): 24 (17-44)
Lietal [51] Median: 71 1536/1040 2,4 NA NA NA NA
Zhao et al. [52] Median (range): 69 (61-75) 205/111 Continuous Pathological specimens RNU 10.1% (chemotherapy) Median (range): 43 (28-67)
Chen et al. [53] Median (range): 68 (60-74) 120/75 31 CTU, MRI, ureteroscopic imaging RNU NA Median: 46
Milojevic et al. [54] Mean * SD: 66.6 + 8.9 190/152 3 Pathological specimens RNU 23.4% (chemotherapy) Median (range): 32.5 (6-154)

CT = computed tomography; CTU = computerized tomographic urography; F = female; M = male; MRI = magnetic resonance imaging; MRU = magnetic resonance urography; NA = not available; RNU = radical
nephroureterectomy; SD = standard deviation; SR = segmental resection of ureter; URS = ureteroscopy.
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A

_Study or subgroup  log[hazardratio] = SE Weight IV. Random. 95% ClI

Chen (2020) 0.1044 02433  3.2%
Cui (2017) 06233 0.2449  3.1%
Dong (2019a) 0.138 0.0725 7.8%
Dong (2019b) 0.257 0.0941  7.1%
Dong (2019c) 0.4688 0.1466  5.4%
Emamekhoo (2018) 0.6419 0.2302  3.4%
Hu (2021a) 0.2662 0.0975  7.0%
Hu (2021b) 0.5608 0.109  6.6%
Li (2019) 0.6502 0.1697  4.8%
Li (2020) 2.0684 0.8504  0.4%
Piraino (2020) 0.0015 0.0003  9.1%
Tan (2018) 05265 0.1581  5.1%
Wang (2019) 0.4492 0.0806  7.5%
Yan (2016) 0.8825 0.1383  5.7%
Yang (2020a) 06114 02371  3.3%
Yang (2020b) 0.4898 0.2398  3.2%
Yoo (2017) 0.062 0.0276  8.9%
Zhao (2021) 0.0953 0.0436  8.6%
Total (95% Cl) 100.0%

Hazard ratio

Hazard ratio

1.11 (0.69, 1.79)
1.87 (1.15, 3.01)
1.15(1.00, 1.32)
1.29 (1.08, 1.55)
1.60 (1.20, 2.13)
1.90 (1.21, 2.98)
1.30 (1.08, 1.58)
1.75 (1.42, 2.17)
1.92 (1.37, 2.67)

7.91 (1.49, 41.89)
1.00 (1.00, 1.00)
1.69 (1.24, 2.31)
1.57 (1.34, 1.84)
2.42(1.84, 3.17)
1.84 (1.16, 2.93)
1.63 (1.02, 2.61)
1.06 (1.01, 1.12)
1.10 (1.01, 1.20)

1.42 (1.28, 1.58)

Heterogeneity: Tau? = 0.03; %2 = 192.30, df = 17 (p < 0.00001); I = 91%
Test for overall effect: Z = 6.58 (p < 0.00001)

B

Study or subgroup _log[hazard ratio] SE Weight IV, Random. 95% CI

Chen (2020) 0.3001 0.2799 3.1%
Cheng (2020) 0.4194 0.2014 4.4%
Cui (2017) 0.7001 0.264 3.3%
Dong (2019a) 0.2255 0.0926 6.7%
Dong (2019b) 0.4543 0.1147  6.2%
Dong (2019¢c) 0.6081 0.1733  4.9%
Grasso (2012) 0.5539 0.3466 2.4%
Hu (2021a) 0.4108 0.1094  6.3%
Hu (2021b) 0.6719 0.1209 6.1%
Kang (2019) 0.6523 0.2527 3.5%
Li (2019) 0.7006 0.1891  4.6%
Li (2021a) 0.4421 0.1807 4.8%
Li (2021b) 0.7907 0.1717 5.0%
Milojevic (2021) 0.0488 0.2447 3.6%
Nazzani (2020) 0.3293 0.0836 6.8%
Tan (2018) 0.511 0.178 4.8%
Toussi (2017) 0.7419 0.3189 2.7%
Tseng (2017) 0.9439 0409 1.9%
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Fig. 2 - Forest plots showing the association between tumor size and survival outcomes in UTUC patients: (A) overall survival, (B) cancer-specific survival, (C)
recurrence-free survival, and (D) intravesical recurrence. CI = confidence interval; df = degree of freedom; IV = inverse variance; SE = standard error;

UTUC = upper tract urothelial carcinoma.

receiving no lymph node dissections; (6) those comparing
tumor size >3 versus <3 cm, not treating tumor size as con-
tinuous variables; and (7) those in the regions of Asia, and
Europe and America. The results suggested that segmental
resection of ureter, whether receiving lymph node dissec-
tion, cutoff of tumor size, and region of cohorts might be
the origin of potential heterogeneity as there was an obvi-
ous decrease of heterogeneity in these subgroups compared

with the whole cohort (Table 3). In addition, tumor size was
significantly associated with adverse prognosis in patients
with UTUC in most subgroup analyses, except in the sub-
group of Europe and America (OS and RFS), and the negative
correlation is not affected by treatment modalities (whether
patients receiving RNU or segmental resection of ureter, and
whether receiving adjuvant therapy; Table 3). We also per-
formed sensitivity analysis by excluding the studies with an
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Fig. 2 (continued)

NOS score of <7 or with unadjusted key confounding fac-
tors. The results indicated that the significant impact of
tumor size on prognosis did not change when these studies
were omitted (Supplementary Fig. 1), which confirmed the
stability and reliability of our results.

3.6. Publication bias

Publication bias was evaluated using the funnel plots in our
study. As presented in Supplementary Fig. 3, the shapes of
the funnel plots indicated that there was no evident asym-
metry, and thus, no evidence of publication bias was found
in all indicators.

3.7. Discussion

Compared with bladder cancer, UTUC is usually in a more
advanced stage at diagnosis and is associated with higher
recurrence and progression rates [14]. It is necessary to
identify high-risk patients for individualized treatment.
Tumor size is the most common characteristic that can be
acquired preoperatively and is an adverse predictor of onco-
logical outcomes in most cancers; however, its prognostic
value in UTUC is controversial.

The results of our study indicated that larger tumor size
was significantly associated with poorer OS (HR = 1.42, 95%
CI=1.28-1.58, p < 0.00001), CSS (HR = 1.66, 95% CI = 1.47-1.
88, p < 0.00001), RFS (HR = 1.25, 95% CI = 1.13-1.38,
p < 0.0001), and IVR (HR = 1.12, 95% CI = 1.04-1.20,

p = 0.003). To the best of our knowledge, the present study
is the first meta-analysis to systematically evaluate these
associations. The sample size of the current investigation
is the largest to date in studies focusing on survival out-
comes of UTUC, given the rarity of the disease. Our study
is beneficial to clarify the controversial results about the
prognostic value of tumor size in UTUC.

To address the heterogeneity of included studies, we per-
formed several subgroup analyses. First, we analyzed the
prognostic role tumor size in cohorts receiving only RNU
and cohorts receiving only segmental resection of ureter.
The rationale is that the 35 studies included in the primary
analysis received a variety of local treatments such as RNU,
segmental resection of ureter, or endourological resection.
We assumed that the variety of treatments may be the
source of heterogeneity. The subgroup analysis results con-
firmed that tumor size is a significantly poor survival pre-
dictor irrespective of whether patients received radical
treatment or local resection. Different from the subgroup
of receiving RNU, there is an obvious decrease of hetero-
geneity in the subgroup of receiving segmental resection
of ureter compared with the whole cohort, which indicated
that the treatment of segmental resection of ureter might be
the potential source of heterogeneity. Considering that in
addition to surgical treatment, adjuvant therapy may be
another vital source of heterogeneity as well, we also per-
formed the subgroup analysis in cohorts receiving adjuvant
therapy, including adjuvant chemotherapy and/or adjuvant
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Table 3 - Subgroup analyses

Analysis specification No. of studies HR (95% CI) Study heterogeneity Effect model p value
12 (%) Pheterogeneity
Radical nephroureterectomy
oS 9 1.42 (1.23-1.65) 87 <0.00001 Random <0.00001
CSS 13 1.56 (1.35-1.80) 73 <0.00001 Random <0.00001
RFS 10 1.55 (1.20-1.99) 84 <0.00001 Random 0.0008
IVR 5 1.62 (1.10-2.40) 71 0.009 Random 0.02
Segmental resection of ureter
[N 2 1.88 (1.36-2.62) 0 0.96 Fixed 0.0002
CSS 2 1.91 (1.26-2.88) 0 0.74 Fixed 0.002
RFS NA NA NA NA NA NA
IVR NA NA NA NA NA NA
Adjuvant therapy
oS 8 1.43 (1.23-1.66) 92 <0.00001 Random <0.00001
CSS 9 1.60 (1.36-1.88) 81 <0.00001 Random <0.00001
RFS 6 1.45 (1.03-2.03) 87 <0.00001 Random 0.03
IVR 1 1.59 (0.80-3.15) NA NA Fixed 0.18
Negative lymph node
[N 1 1.74 (1.25-2.42) 0 0.72 Fixed 0.001
CSS 4 1.77 (1.38-2.27) 52 0.06 Random <0.00001
RFS 1 1.00 (0.45-2.23) NA NA Random 1.00
IVR 1 1.90 (1.02-3.53) NA NA Fixed 0.04
Without lymph node dissection
0s 3 1.66 (0.93-2.94) 66 0.05 Random 0.08
CSS 2 1.57 (1.17-2.11) 0 0.52 Fixed 0.003
RFS 2 1.51 (1.19-1.92) 22 0.26 Fixed 0.0007
IVR NA NA NA NA NA NA
Tumor size (>3 vs <3 cm)
[N 4 1.69 (1.30-2.20) 72 0.01 Random <0.0001
CSS 7 1.72 (1.47-2.02) 37 0.15 Fixed <0.00001
RFS 6 1.74 (1.33-2.28) 61 0.02 Random <0.0001
IVR 3 1.10 (1.05-1.16) 39 0.19 Fixed 0.0001
Region (Asia)
oS 12 1.48 (1.30-1.68) 85 <0.00001 Random <0.00001
CSS 14 1.71 (1.48-1.99) 78 <0.00001 Random <0.00001
RFS 7 1.46 (1.10-1.92) 85 <0.00001 Random 0.008
IVR 4 1.58 (1.01-2.46) 72 0.01 Random 0.04
Region (Europe and America)
[N 2 1.32 (0.71-2.47) 87 0.005 Random 0.38
CSS 3 1.37 (1.18-1.59) 0 0.43 Fixed <0.0001
RFS 4 1.52 (0.90-2.58) 86 0.0001 Random 0.12
IVR 3 1.08 (1.04-1.13) 38 0.20 Fixed 0.0004

CI = confidence interval; CSS = cancer-specific survival; HR = hazard ratio; IVR = intravesical recurrence; NA = not available; OS = overall survival; RFS = re-

currence-free survival.

radiotherapy. The result is satisfactory, which is similar to
primary analysis, although there was no decrease in hetero-
geneity. The above results suggest that the association of
tumor size with adverse prognosis in patients with UTUC
is not affected by treatment modalities. Subsequently, we
excluded studies treating tumor size as a continuous vari-
able, only focusing on studies comparing tumor size of >3
versus <3 cm, since 3 cm represented the median tumor
diameter of the surgical specimens [15] and was the most
common tumor size cutoff in relevant studies. Again, the
results were consistent with our primary findings, and the
heterogeneity decreased obviously in CSS and IVR, which
suggested that the cutoff of tumor size may be the source
of heterogeneity as well. In addition, we performed two
subgroup analyses in cohorts with negative lymph nodes
and without lymph node dissection. The heterogeneity of
survival outcomes of patients with UTUC decreased signifi-
cantly, suggesting that whether receiving lymph node dis-
section may be a potential source of heterogeneity, while
the decrease of heterogeneity in the subgroup of negative
lymph nodes may be due to a lack of literature. Finally,
we also performed subgroup analyses based on the regional

distribution, considering that most of the populations
included in this meta-analysis were of Asian ethnicity. The
subgroup of region (Europe and America) may be the other
important source of heterogeneity with decreased hetero-
geneity in CSS and IVR. On the contrary, tumor size is not
significant with worse OS and RFS in the subgroup of region
(Europe and America), which indicated that the prognostic
role of tumor size in UTUC could be affected by ethnicity.
Future UTUC studies should encompass this feature as well
as aforementioned potential source of heterogeneity into
their reporting to guarantee the comparativeness between
cohorts.

There are several theories to explain the biological mech-
anisms of the positive associations between tumor size and
poor outcomes in UTUC. Tumor size has been identified to
be associated with aggressive tumor biological behavior of
UTUC in a number of studies, such as advanced tumor stage,
lymph node metastasis, LVI, sessile tumor architecture,
tumor necrosis, and tumor multifocality [8,16,17]. As
advanced tumor stage has been deemed as one of the most
important prognostic features in cancer, it is not difficult to
understand why large tumor size heralds poor oncological
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outcomes in UTUC [18]. In addition, larger tumor size is
more prone to LVI, which has been suggested to be a prereq-
uisite for lymph node metastases [19]. It significantly
increases the risk of disease recurrence, cancer-specific
mortality, and overall mortality even after effective local
treatment (RNU) [20]. Further, a larger tumor has a higher
chance of extensive tumor necrosis. Simone et al. [16]
reported that all the metastasis- and cancer-related deaths
occurred in cases with extensive tumor necrosis (>10%
tumor area), which potentially explains the poor prognosis
in large UTUC. Finally, Shibing et al. [8] found that patients
with large tumor size were more likely to involve both the
ureter and the renal pelvis, so they needed to receive open
RNU instead of minimally invasive surgery, while open sur-
gery was more likely to result in poorer surgical outcomes
[21,22].

Our findings have several clinical implications. First, our
results provide strong evidence to support the role of tumor
size in preoperative risk stratification. Though theoretically
the depth of tumor invasion is a more important metric for
risk stratification of urothelial carcinoma, it is difficult to
determine the depth of tumor invasion in UTUC preopera-
tively. Ureteroscopic biopsy usually cannot get deep enough
to the muscle layer, let alone whether ureteroscopic biopsy
should be performed is still open to question. Preoperative
radiographic examinations (ie, computed tomography and
magnetic resonance imaging) are usually not indicative of
tumor depth either. Thus, tumor size could serve as an ideal
surrogate in preoperative risk stratification of UTUC, which
is solidly supported by our results. More specifically, since
tumor size impacts oncological outcomes of patients
tremendously, it needs to be considered in the selection of
treatment modalities. For example, although lymph node
dissection is considered to be important in UTUC treatment,
there has been no definite consensus regarding the clinical
indications yet. Tumor size has the potential to be deemed
as an objective variable for identifying lymph node dissec-
tion candidates in UTUC [8]. Similarly, an understanding
of which patients are likely to have more aggressive disease
based on tumor size may better guide the appropriate use of
perioperative chemotherapy in UTUC. Given the common
impairment of renal function after RNU [23], neoadjuvant
chemotherapy (NAC) has been considered preferable to
adjuvant chemotherapy and has become the gold standard
[24]. However, the lack of enough pathological characteris-
tics acquired preoperatively limits the appropriate selection
of NAC candidates [25]. Therefore, identification of tumor
size combined with other preoperative clinicopathological
factors would be conducive to screening high-risk candi-
dates suitable for administration of NAC.

The current study has several limitations that need to be
acknowledged. First, all enrolled studies were retrospective
in nature. The data extracted from those studies may lead to
an inherent bias potentially. Second, most populations
included in this meta-analysis were of Asian ethnicity,
which might result in an ethnicity bias and limit the gener-
alization of the results. Although we performed subgroup
analyses based on the regional distribution of cohorts, the
results showed inconsistency between the subgroup of Asia
and the subgroup of Europe and America. Therefore, addi-

tional populations from other ethnicities are required to
further validate the impact of tumor size on UTUC progno-
sis. Third, obvious heterogeneity among studies was
observed, which limits the value of the results. Although
the random-effect model takes into account the hetero-
geneity among studies, the conclusions reached in our
meta-analysis should be interpreted with caution. Fourth,
the vast majority of studies included only patients receiving
RNU, which might lead to a selection bias as patients may
be candidate to RNU for reasons of, namely, high-grade dis-
ease at biopsy and disease multifocality other than tumor
size. Finally, in the case of UTUC, an increasing risk of poor
prognosis with increasing tumor size is not necessarily con-
troversial in any quality studies. It is more important to
determine the cutoff size of high versus low risk, but our
study could not answer the question. In addition, tumor size
measurement is particularly inaccurate in UTUC, regardless
of whether performed endoscopically or radiographically,
and the cutoff for determining risk at 3 cm remains arbi-
trary. It is also unclear whether these sizes are of the index
lesion or represent the cumulative size of all tumors in cases
of multiple lesions. Therefore, further studies are supposed
to be designed for determining the optimum cutoff of tumor
size, which can then contribute to risk stratification
guidelines.

In spite of these potential limitations, this meta-analysis
has its own advantages. First, the sample size adopted was
significantly larger than that in any individual study. The
massive study population enhanced the statistical capabili-
ties and ensured accurate risk estimations. In addition, all
articles included in the final analysis were of high quality
by NOS scores, which increase the reliability of the pooled
results.

4. Conclusions

In summary, this meta-analysis revealed that tumor size is
associated with an increased risk of overall and cancer-
specific mortality and disease recurrence in UTUC. Integra-
tion of tumor size with other prognostic indicators may
help in risk stratification and individualized treatment
options. However, given the study limitations including
heterogeneity and retrospective nature of the primary data,
these results need to be confirmed further by adequately
designed prospective studies with larger populations to
provide a better conclusion.
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