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Background: Studies have reported that diabetes is related to the prognosis of upper
tract urothelial carcinoma (UTUC) after radical nephroureterectomy (RNU), but this
conclusion is still controversial. Here, we performed a meta-analysis to comprehensively
explore the association between diabetes and UTUC prognosis.

Methods: In November 2020, we searched PubMed, Web of science and the Cochrane
Library to find relevant studies that evaluated the effect of diabetes on the prognosis of
UTUC. The Newcastle Ottawa Scale was used to assess the quality of the literature.
Review Manager 5.3 was used to pool cancer-specific survival (CSS), overall survival (OS),
recurrence-free survival (RFS) and intravesical recurrence (IVR).

Results: A total of 10 studies with 11,303 patients were included in this meta-analysis.
Our pooled results showed that diabetes did not affect the survival outcome of UTUC,
including CSS (HR: 1.33, 95% CI: 0.89-1.98; P =0.16), OS (HR: 1.18, 95% CI: 0.77-1.80;
P =0.45) and RFS (HR: 1.37, 95% CI: 0.91-2.05; P = 0.13). However, diabetes increased
the risk of IVR of UTUC patients (HR: 1.26, 95% Cl: 1.11-1.43; P = 0.0004).

Conclusion: Although diabetes has no significant impact on the survival outcomes of
UTUC after RNU, it increases the risk of IVR. Therefore, special attention should be paid to
monitoring the IVR for UTUC patients with diabetes and the necessity of appropriate
intravesical adjuvant treatment when needed.
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INTRODUCTION

Upper tract urothelial carcinoma (UTUC) is a rare cancer with a
yearly incidence of only 1 to 2 cases per 100,000 individuals (1).
Although the incidence of UTUC is low, it is always malignant
and locally invasive (2). Therefore, radical nephroureterectomy
(RNU) is the current gold standard for UTUC treatment (3).
Even after RNU, the risk of UTUC recurrence and related
mortality is still high. The five-year overall mortality rate in
UTUC patients treated with RNU is approximately 40%, and the
cancer-specific mortality rate is as high as 25% (3, 4). Therefore,
it is necessary to study the prognostic factors of UTUC.

Current prognostic models are based on preoperative factors
like tumor multifocality, size, location, tumor stage and grade on
biopsy, hydronephrosis (5, 6) and postoperative predictors such
as T stage, lymphovascular invasion, tumor necrosis, architecture
and concomitant carcinoma in situ (5, 7). These prognostic
factors classified UTUC as low risk or high risk and
determined whether the patients should undergo kidney-
sparing procedures or RNU. Additionally, these models are
very important for predicting the survival outcomes of UTUC
patients and whether they will be treated with adjuvant
chemotherapy after surgery (8). However, these predictive
models have limited their clinical applications due to low
accuracy. Therefore, it is necessary to find new predictive
factors for UTUC patients to increase the accuracy of
prognostic models.

In recent years, the incidence of diabetes has increased with
changes in diet and lifestyle. Moreover, there are studies showing
that diabetes increases the risk of cancer of the liver, colorectum,
breast, endometrium and pancreas (9). In addition, diabetes is
also an important risk factor for bladder cancer and prostate
cancer (10, 11). To date, several studies have also shown that
diabetes is related to UTUC prognosis, but this conclusion is still
controversial. We aimed to explore the effects of diabetes on the
prognosis of UTUC through this meta-analysis and draw
conclusions with a stronger evidence to guide clinical practice
of UTUC treatment.

MATERIALS AND METHODS
Search Strategy

Two researchers searched PubMed, Web of science and the
Cochrane Library in November 2020 according the PRISMA
guidelines (12). They searched for studies on diabetes and the
prognosis of UTUC using the following key terms: (“diabetes”
OR “glycemic”) AND (“upper tract urothelial carcinoma” OR
“upper tract urinary carcinoma”) AND (“survival” OR
“prognostic” OR “progression” OR “recurrence”).

Inclusion and Exclusion Criteria

We developed the inclusion and exclusion criteria according to
the populations, interventions, comparators, outcomes, and
study designs (PICOS). Studies were considered eligible if they
met the following selection criteria: UTUC patients

(populations) after RNU (interventions), studies evaluating the
association of diabetes (comparators) with UTUC prognosis
(outcomes). All prospective or retrospective controlled trials
(study designs) were included in this meta-analysis. The
exclusion criteria included the following items: reviews, case
series reports, abstract and letters. The study did not include any
indicator and its corresponding HR and 95% intervals of cancer-
specific survival (CSS), recurrence-free survival (RES), overall
survival (OS) or intravesical recurrence (IVR). In cases of
repeated publications, only the largest publication was included.

Data Extraction and Quality Assessment
Two researchers (GXS and WW) independently extracted data
from the included articles. Any disagreements were resolved by
consulting a third researcher (DXP). The following variables
were extracted: first author, publication time, study period,
patient number, patient age and sex ratio, follow-up time,
number of diabetes cases, recurrence, mortality, cancer-specific
mortality, adjuvant chemotherapy, and HR and 95% intervals of
CSS, RFS, IVR and OS. The Newcastle Ottawa Scale (NOS) was
used to evaluate the quality of the selected studies (13).

Statistical Analysis

For CSS, RFS, IVR and OS, we pooled the HRs with 95% Cls to
evaluate the effect of diabetes on UTUC. Q test and I? test were
used to evaluated the heterogeneity among studies. The random
effects model was performed for high heterogeneity among the
outcomes by P<0.05 or I> >50%. Otherwise, the fixed effects
model was used. We evaluated publication bias by funnel plots.
Sensitivity analysis was evaluated by removing a single study to
assess the stability of the meta-analysis. All statistical analyses
were performed using Review Manager software version 5.3.

RESULTS

Literature Screening and

Quality Assessment

We initially identified 672 studies from the three databases
mentioned above. Ten studies were ultimately included in this
meta-analysis based on our inclusion and exclusion criteria (14—
23). A total of 12,865 patients had UTUC, and 2045 (15.9%) had
diabetes. The literature screening process is shown in Figure 1.
The clinical characteristics of the included studies are listed in
Table 1. The median age of patients in all included studies was
over 60 years old. All included studies were retrospective
controlled trials, with NOS scores ranging from 7 to 8. The
details scores are listed in Table 1.

Survival Outcomes

Six eligible studies evaluated the impact of diabetes on CSS in
UTUC (14, 16, 17, 19, 21, 23). As the heterogeneity among studies
was high, a random effects model was used (P = 0.0004, I =78%).
Pooled results showed that there was no relationship between
diabetes and CSS (HR: 1.33, 95% CI: 0.89-1.98; P = 0.16; Figure 2).
Four eligible studies (14, 15, 19, 23) evaluated the impact of
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Studies identified through PubMed,
Web of science, Cochrane library
searching (n=672)

Studies duplicates removed

A

Studies after duplicates removed
(n=304)

v

(n=368)

Irrelevant articles excluded based on

A

Full-text articles assessed for
eligibility (n=58)

> titles,abstracts (n=246)

Full-articles excluded: not for

» UTUC, no survival data and

Studies included in meta-analysis
(n=10)

FIGURE 1 | The flowchart showing study search and selection process.

republished studies (n=48)

diabetes on RFS, and the meta-analysis revealed that diabetes did
not affect RFS (HR: 1.37, 95% CI: 0.91-2.05; P = 0.13; Figure 3).
Six studies provided data regarding the OS between the two
groups (14, 15, 17, 19, 21, 23). As high heterogeneity existed
among the studies (P = 0.0003, P = 79%), we used the random
effect model, which showed that the OS was similar between the
two groups (HR: 1.18, 95% CI: 0.77-1.80; P = 0.45; Figure 4).

Intravesical Recurrence

Four studies provided IVR data (16, 18, 20, 22). The heterogeneity
was low (P =0.22, I = 32%), and a fixed-effects model showed that
diabetes significantly increased the risk of IVR in UTUC
(HR: 1.26, 95% CI: 1.11-1.43; P = 0.0004; Figure 5).

Sensitivity Analysis and Publication Bias

A funnel plot was used to evaluate publication bias, and no
evidence for publication bias was found (Supplementary
Figure 1). Sensitivity analysis was performed by removing a
single study to assess the stability of the meta-analysis. After
removing a single study, the pooled HR and heterogeneity did
not change significantly, and no source of heterogeneity
was found.

DISCUSSION

Approximately one-third of UTUC patients will experience early
recurrence after RNU, and nearly 80% of these patients will
eventually die due to cancer (24). The current prognostic models
are helpful to the selection of surgical methods and the
prediction of survival outcomes of UTUC patients, but the
accuracy is insufficient (8). Several studies have reported that

diabetes may be one of the potential predictors of postoperative
survival outcomes in UTUC patients (14, 16, 17, 19, 21, 23).
Therefore, we firstly performed a meta-analysis to evaluate the
impact of diabetes on the prognosis outcomes in UTUC patients
after RNU. We found that diabetes did not affect any
postoperative survival outcomes in UTUC patients. However,
it increased the risk of IVR in UTUC. This result implies the
importance of paying extra attention to IVR of UTUC patients
after RNU and the necessity of appropriate intravesical adjuvant
treatment when needed. Moreover, it is recommended that
diabetic patients should well-controlled glycemia of UTUC
after RNU.

The biological mechanism of IVR in RNU patients is not well
understood. At present, there are two widely accepted theories of
bladder tumor recurrence: panurothelial field defects and a single
transformed cell after descendant intraluminal seeding (25).
European Association of Urology guidelines suggest that early
intravesical instillation of pirarubicin or mitomycin C after RNU
for UTUC could reduce the risk of IVR (26). Therefore, it is
particularly important to identify the risk factors for IVR and to
intervene in UTUC patients. High-quality research shows that
tumor-specific indicators such as multifocality, necrosis, ureteral
location, positive preoperative urinary cytology, invasive pT stage
and patient-specific predictors such as previous bladder cancer,
male sex, and preoperative chronic kidney disease increase the risk
of IVR in UTUC patients (25). A recent multicenter study showed
that risk factors such as transurethral resection of the bladder cuff,
ureteroscopic biopsy, and positive surgical margins increase IVR for
UTUC after RNU (27). We found that diabetes increased the risk of
IVR, which is a good supplement to the risk factors for IVR in
UTUC patients.

Four studies in our systematic review compared the effect of
diabetes on IVR in UTUC patients after RNU (16, 18, 20, 22).
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TABLE 1 | Basic characteristics and data of included articles.

Diabetes

NOS score

Mortality CSM AC  Study type

Recurrence

Follow-up
(median month)

Tumor location

Median age, years Female n (%)

Period Sample size

Region

Author and year

Ureter Multifocal

Renal pelvic

42
146
223
101
863

53

68
135
365

49

P~ 1~ 00 CO M~ N~ I~ 00 I~ I~

CCT
CCT

270 CCT
CCT
CCT
CCT
CCT

42
N
N
N

84

169 CCT
95

205 CCT
247 CCT

N
165
185
187

N
106

N

N
545

N

N
234
233
210
1796
147
40
44
884
N

N
N
269
206
1837
166
52
53
663
N

Mean=36.9
61

39

64

22.4

38.5

21

33.8

36

33

26
N
115
N
N
80
N
N
590
N

82
N
191
271
N
137
171
308
879
73

66
N
338
341
N
208
175
258
1613
74

)
)
)

53 (30.1%)
412 (54.6%
277 (43.0%
272 (44.4%

2779 (54.1%)
146 (34
140 (40
165 (29
811 (32
106 (72

66.1
67.3
66.6

Mean
69.0
67.5
68.0
Mean
67.0
Mean
70.0
69.2
70.0

176
754
644
612
5141
425
346
566
2492
147

2016
2015
2016
2011
2007
2013
2016
2014
2007
2012

2003
1999
2003
1999
2002
2003
2012
2004
1987
2004

multination

Korea
China
China
China
Taiwan
China
China
Korea
Korea

Jeon and Tae (18)

Bao et al. (14)
Xu et al. (23)
Fang et al. (16)
Lin et al. (20)
Huang et al. (17)
Qin et al. (21)
Kang et al. (19)
Rieken et al. (22)
Cho et al. (15)

NOS, Newcastle-Ottawa Scale; CCT, retrospective case control study; CSM, Cancer-specific mortality; AC, Adjuvant chemotherapy; N, not available.

Jeon et al. (18) and Lin et al. (20) found that diabetes increases
IVR in UTUC patients. Our meta-analysis supports the
conclusions of Jeon et al. (18) and Lin et al. (20) showing that
diabetes significantly increases IVR in UTUC patients. However,
Fang et al. (16) and Rieken et al. (22) showed that the effect of
diabetes on IVR is unclear. Diabetes medication may be one of
the reasons for this difference. Diabetes that is not treated with
metformin results in an increase in disease recurrence in UTUC
patients after RNU (HR, 1.43; P=0.01), and this effect disappears
after taking metformin (HR, 0.90; P=0.49) (22). In addition, the
difference in tumor indicators between studies is an important
factor that cannot be ignored regarding IVR in UTUC patients.

The mechanisms underlying the association of diabetes with
IVR in UTUC patients are unclear. Hyperglycemia not only
provides more nutrients for tumor cells but also activates insulin
or insulin-like growth factor 1 (28). Insulin-like growth factor 1
promotes tumor cell proliferation and inhibits apoptosis (29). In
addition, hyperglycemia affects many biological functions of
cancer cells, such as proliferation, invasion, migration, and
recurrence (30). The effect of hyperglycemia on urothelial cell
tumors has also been extensively studied. Overexpression of
insulin-like growth factor 1 in bladder urothelial cancer cells
can promote proliferation and inhibit apoptosis (31). In addition,
the immunity of diabetic patients is relatively low, and urinary
tract inflammation will also affect the prognosis of UTUC.

Our meta-analysis included 10 retrospective studies comparing
the effect of diabetes on the survival outcomes of UTUC. The
results are different in these studies. Kang et al. (19) and Huang
et al. (17) found that diabetes is associated with worse CSS, RFS
and OS. However, Cho et al. (15), Xu et al. (23), Bao et al. (14), Qin
et al. (21) and Fang et al. (16) demonstrated that there was no
statistically significant difference in the effect of diabetes on UTUC
survival outcomes. Our pooled results also showed that diabetes
was not associated with worse survival outcomes. The different
results among studies can be explained by the following factors.

Recent evidence reveals that many patients and tumor-related
factors affect the prognosis of UTUC after RNU. Suzuki et al.
(32) and Xu et al. (33) revealed that higher controlling
nutritional status (CONUT) score, greater age, lower BMI,
higher CRP, higher pT stage, higher tumor grade, higher
tumor size, concomitant variant histology (CVH), no curative
treatment and no usage of pembrolizumab after the diagnosis of
UTUC are independent and significant adverse prognostic
factors. Besides, Xu et al. (33) demonstrated that CONUT
score was an independent predictor for CSS, RES and OS.
Moreover, Marcq et al. (34) performed an international
collaborative study to evaluate the predictive value of a new
classification of UTUC for kidney-sparing surgery. They found
that the higher age, biopsy, high-grade cytology, sessile tumor,
hydronephrosis and non-organ-confined disease on
preoperative imaging were independently associated with
muscle invasion at RNU (34).

Glycemic control for diabetes patients may affect the survival
indicators of UTUC. Kang et al. (19) found that poorly controlled
diabetes (no DM vs HbAlc > 7) was associated with worse CSS
(HR, 2.96; P=0.001), RFS (HR, 2.26; P=0.003) and OS (HR, 2.13;
P=0.001). However, there was no significant difference in the effect
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Hazard Ratio
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FIGURE 2 | Forest plot of the impact of diabetes on cancer-specific survival.
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FIGURE 3 | Forest plot of the impact of diabetes on recurrence-free survival.
Hazard Ratio Hazard Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Cho,2014 -0.6162 0.4137 12.4% 0.54[0.24,1.21] 2014 =
Kang,2016 0.7561 0.2141 18.7% 2.13[1.40,3.24] 2016 ==
Qin,2017 -0.045 0.4484 11.5% 0.96 [0.40,2.30] 2017 B
Huang,2017 0.7839 0.2283 18.2% 2.19[1.40,3.43] 2017 —
Xu,2019 -0.0834 0.1394 20.9% 0.92[0.70,1.21] 2019 i
Bao,2020 -0.1198 0.2265 18.3% 0.89[0.57,1.38] 2020 —
Total (95% CI) 100.0%  1.18[0.77,1.80] ?
Heterogeneity: Tau®= 0.20; Chi*= 23.51, df= 5 (P = 0.0003); F= 79% 0 i 0+1 ; 1+0 p 03
Test for overall effect: Z= 0.75 (P = 0.45) Disfavors OS Favours OS
FIGURE 4 | Forest plot of the impact of diabetes on overall survival.
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FIGURE 5 | Forest plot of the impact of diabetes on intravesical recurrence.
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of diabetes on UTUC survival indicators in patients with well-
controlled glycemia (no DM vs HbAlc < 7). Rieken et al. (22) also
found that diabetic patients who did not treated with metformin
were at significantly higher risk of disease recurrence and cancer-
specific death compared to nondiabetic patients and diabetic
patients who used metformin. Moreover, previous meta-analysis
indicated that metformin intake was associated with an improved
RFS (HR=0.55; P=0.01), increased progression-free survival
(HR=0.70; P=0.03), and prolonged CSS (HR=0.57; P=0.002)
(35). In fact, smoking can also interfere with the prognosis of
UTUC (36). A meta-analysis shows that smoking increases
recurrence and death of UTUC after RNU. Besides, Tellini et al.
(37) found that smoking increased risk for major postoperative
complications, infections, and mortality of patients treated with
radical cystectomy for urothelial bladder cancer.

Our meta-analysis inevitably has some limitations. First, the
10 studies we included were all retrospective studies, and there
may be some selection bias. Second, there were insufficient data
to pool for medication use in diabetic patients (such as drug
types and blood glucose levels after taking the drug). Third, the
follow-up time of most studies is not long enough, which may be
the reason why many differences in survival outcomes are not
reflected, so it also suggests the need for longer follow-up studies.
Fourth, limitations of the data in the included studies prevented
analysis of interference from some factors that may affect the
prognosis of UTUC, such as patient age, sex, smoking status, and
drinking habits. Nevertheless, we found that diabetes can
increase IVR of UTUC patients after RNU. We hope that the
emergence of large-scale prospective studies in the future can
further support our conclusions.

CONCLUSIONS

Although diabetes has no significant impact on the survival
outcome of UTUC after RNU, it increases the risk of IVR.
Therefore, special attention should be paid to monitoring the
IVR for UTUC patients with diabetes and the necessity of
appropriate intravesical adjuvant treatment when needed.
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