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Role of Chemoablation Using UGN-101 in Upper Tract
Urothelial Carcinoma: A Systematic Review and Meta-
Analysis of Available Evidence

ABSTRACT

Objective: To examine the safety and efficacy of chemoablation using UGN-101 in
patients with upper tract urothelial cancer (UTUC).

Methods: We conducted a systematic search through 7 databases/registries to identify
key observational and experimental studies reporting either the efficacy or safety of
UGN-101 in UTUC patients regardless of the risk or grade of the disease. The outcomes
included efficacy (complete/partial/no response, survival, death, recurrence, or pro-
gression) and safety endpoints. All meta-analyses were conducted through STATA. The
prevalence rate and its 95% Cl were pooled across studies. A subgroup meta-analysis
was conducted on follow-up. The quality was assessed using the Newcastle Ottawa
Scale. Twenty studies (1051 patients) were analyzed.

Results: Complete response was reported in 49% (39%-60%) of cases, and 5% (0%-
15%) had disease progression. Treatment cessation was reported in 13% (3%-27%) of
patients. Four percent of cases needed radical nephroureterectomy. Recurrence and
death occurred in 14% (7%-23%) and 6% (2%-10%) of patients. Complications occurred
in 63% (39%-85%), the majority of which were of grades |, I, and Ill. Ureteral stenosis
was the most common complication accounting for 35% of cases. Chemoablation-
related complications occurred more than procedure-related ones. Based on available
evidence, the intracavitary instillation of UGN-101 gel provides an alternative thera-
peutic option for upper tract urothelial cancer.

Conclusion: Chemoablation provides good clinical outcomes in terms of complete
response, disease progression and recurrence, and the need to undergo nephroureter-
ectomy. Complications were encountered in more than half the population; however,
most of them were of low grades.
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Introduction

Upper tract urothelial cancer (UTUC), a distinct subset of urothelial cancer, is characterized
by unique epidemiological, pathological, and clinical features that differentiate it from its
more common counterpart, bladder cancer. Although uncommon compared to bladder
cancer, it has an incidence rate that ranges 0.7%-1.7% after a prior diagnosis with bladder
cancer.'? In a recent systematic review, its incidence has been reported to range from 0.75%
to as high as 6.4% following cystectomy.>* The management of UTUC is predominantly sur-
gical, either via kidney-sparing methods such as laser ablation for low-risk cancer, or radi-
cal nephroureterectomy for high-risk cases.>® Surgical intervention, even if endoscopic, is
not without risk, especially in this patient cohort which is frequently co-morbid. Due to the
relatively low number of patients, there are limited studies in this field, and as a result, there
are no clear guidelines to guide treatment decisions and to identify which treatment option
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provides better outcomes in terms of safety and efficacy.” Available
therapeutic options, through the intracavitary approach, are limited
for UTUC patients. These options include BCG or MMC as the most
common ones.® However, the use of BCG has been associated with
higher-grade disease, further warranting the need for nephroureter-
ectomy in these patients.’

The use of MMC for the topical instillation following resection of
superficial bladder cancer and nephroureterectomy has shown effi-
cacy in reducing the recurrence of low-grade diseases,® albeit with
limited evidence for its effectiveness in the ureter or renal pelvis.
Recent studies have explored the potential of intracavitary therapy
with MMC for low-grade UTUC, proposing that it may decrease dis-
ease recurrence and/or progression through various administration
approaches,' including retrograde, antegrade, or reflux methods,
although the latter is considered suboptimal since the drug does
not often reach the renal pelvis.” Despite limited evidence support-
ing the primary use of topical MMC in the upper tracts,' the devel-
opment and testing of an MMC gel formulation, UGN-101,"*'* have
led to promising clinical outcomes, earning it Fast Track and Orphan
Designation status from the FDA.” The OLYMPUS trial, a phase llI
clinical trial of UGN-101, reported a 59% complete response rate
4 weeks post treatment, indicating MMC's potential as a kidney-
sparing alternative for UTUC patients with low-grade disease,'
although disease recurrence was observed in 8 out of 41 patients
at 12 months."”

Given the paucity of data, we are conducting this early-stage sys-
tematic review and meta-analysis to study the efficacy and safety
of chemoablation in UTUC with an emphasis on its role in different
demographic and tumor characteristics. The findings driven from
this meta-analysis will be hypothesis-generating rather than provid-
ing conclusive evidence.

Material and Methods

Study Design and Protocol Registration

This research was conducted per the guidelines provided for system-
atic reviews and meta-analysis in the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) checklist. The study
protocol was previously registered on PROSPERO database on April
3,2023.The protocol registration number is CRD42023410456.

The design of this review followed the PICOS framework.'”® The
population included patients with UTUC only; the intervention
included chemoablation (UGN-101 neoadjuvant instillation); a
comparison group was not included; the outcomes included both
efficacy and safety endpoints; the study design included both
experimental (i.e., single-armed clinical trials) and observational
(i.e., prospective and retrospective cohort, case—control, and cross-
sectional) studies.

MAIN POINTS

« Chemoablation with UGN-101 is associated with good patho-
logical response and lower potentiality for disease progression.

« The need for radical nephroureterectomy post-mitomycin C
administration is rare.

+ More than 1 in every 2 patients experience complications.
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Database Search

On February 10, 2023, a systematic search was conducted across
6 main medical databases: PubMed, Scopus, Web of Science,
EBSCOhost — Academic Search Complete, Cochrane Central Register
of Controlled Trials (CENTRAL), and clinicatrials.gov. We also searched
the first 200 studies from Google Scholar to include the Grey
Literature as well. The selected number was chosen following the
recent guidelines.” A manual search process was also conducted to
ensure the inclusion of any potentially missing articles. This step was
done at 3 levels: the first included the reading of the reference list of
each of the finally included articles, the second included searching
for “similar articles” on PubMed, and the final one included conduct-
ing a random search on Google platform using our keywords.

The following keywords and search terms were used to retrieve rel-
evant articles to our PICOS framework: (Chemoablation OR UGN-101
OR “mitomycin gel” OR “mitomycin-containing”) AND (“upper tract”
OR “upper urinary tract”) AND (“urothelial cancer” OR “urothelial car-
cinoma*” OR “urothelial neoplasm” OR “transitional cell carcinoma”).
A search query was developed and modified as per each database
(Supplementary Table 1).

Eligibility Criteria and Outcome Measures

The inclusion criteria include the following: (1) original articles,
(2) including patients with UTUC who received chemoablation or
UGN-101 MMC-containing gel, and (3) reporting either efficacy or
safety endpoints. Noteworthy, studies were selected irrespective
of the language of the original publication. The efficacy endpoints
included: clinical response to chemoablation in the form of complete
response (CR), partial response (PR), or no response (NR) and other
clinical outcomes such as survival, mortality/death, and disease
recurrence or progression to a higher grade. The safety endpoints
included any complications or adverse events associated with either
MMC instillation or the overall procedure.

The exclusion criteria included any of the following: (1) case reports
and case series (<5 cases), (2) non-original research (i.e., reviews,
commentaries, guidelines, editorials, correspondence, letters to edi-
tors, etc.), (3) duplicated records or records with overlapping datas-
ets, and (4) studies with irrelevant ‘or unextractable’ data.

Study Selection

After the database search, all of the retrieved citations were imported
into EndNote for reference organization, identification, and duplicate
removal. Citations were exported to an Excel sheet for study selec-
tion. The screening sheet included the following points: authors’
names, year of publication, the DOI, the title, and the abstract of each
study. Two authors carried out the screening process in 2 stages: title/
abstract and full-text screening. If both authors encountered some
differences, the senior author was consulted to reach an agreement.

Data Extraction and Risk of Bias Assessment

The senior author designed the data extraction sheet using Microsoft
Excel. The sheet consisted of 3 different domains. The first one
included the following items regarding both the study and included
patients: the last name of the first author, the year of publication,
the country where the study was conducted, the design of included
study, the age and gender, and the characteristics of UTUC (i.e., his-
tory, location, and size) and MMCiinstillation (i.e., approach and main-
tenance). The second one included the main outcomes (efficacy and
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safety endpoints), as stated above. The third one included the qual-
ity domains that were assessed in each study using the Newcastle
Ottawa Scale (NOS). Each study is therefore assessed at 3 levels:
selection (4 points), comparability (2 points), and outcome (3 points).
Both data extraction and quality assessment were performed by 2
authors, and the senior author was consulted whenever needed to
solve any differences amongst authors.

Data Synthesis

STATA Software version 17.0 (StataCorp.; USA) was used to conduct
all statistical analyses. Since all of the meta-analyses were conducted
on single-armed studies, the metaprop command was used to pool
the effect size (ES) across all studies along with its 95% confidence
interval (Cl). Due to encountered statistical heterogeneity (I statistic
>50% and P value < .05), the random-effects model was used. A sub-
group meta-analysis was performed to determine the effect-modi-
fying role of the follow-up time on each of the assessed outcomes.
Publication bias could not be assessed due to the low number of
studies in each of the conducted analyses (<10 studies).

Results

Study Selection Results

The details of the study selection process are illustrated in Figure 1.
A total of 719 studies were identified through the database search,
all of which were imported into EndNote for duplicate identification
and removal. Afterward, 638 studies were included in the initial title
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and abstract screening phase. Fifty three studies were eligible for full-
text screening. The full text of all eligible articles was found. Thirty-
five articles were ruled out during the full-text screening phase for
the following reasons: review article (n= 1), duplicated article (n=3),
study protocol (n=1), article with unextractable data (n=2), and
articles reported bladder cancer instead of UTUC (n=28). Finally,
2 articles were identified through the manual search, resulting in an
overall number of included studies of 20.'>7:20-36

Characteristics of Included Studies

The baseline characteristics of included studies and patients are
summarized in Table 1. A total of 1051 UTUC patients were ana-
lyzed. The sample size among included studies ranged from as
low as 8 patients to as high as 132 patients. The age and gender
of included patients varied among included studies. The major-
ity of included studies reporting the efficacy of chemoablation in
UTUC were conducted in the United States (n = 15) followed by the
United Kingdom (n=3), Spain (n=1), and Palestine (n=1), respec-
tively. In terms of study design, 12 of the included articles were
retrospective cohort studies and the remaining 8 articles were
phase Il clinical trials, the majority of which (1 original trial and 4
secondary analytical studies) refer to the OLYMPUS trial but each
at a different follow-up timepoint. The characteristics of UTUC
and MMC instillation implemented in each study is provided in
Table 2. Importantly, the definition criteria reported by included
studies regarding complete and partial response are summarized
in Table 1.

)
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Figure 1. A PRISMA diagram showing the study selection process in this systematic review.
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Table 1. The Baseline Characteristics of Studies Reporting the Use of Chemoablation in UTUC Patients

Sample Age Gender
Author (YOP) Country Design Size Mean SD Male Female CR Definition PR Definition
Kleinmann USA and Phase Il trial 71 NR NR NR NR  NR -
(2020)* Israel
Agarwal (2020)' USA Phase Il trial 71 NR NR NR NR NR -
Andrada (2017)*' Spain Retrospective 65 67.11 9.4 57 8 - -
cohort
Matin (2022)"7 USA Phase Il trial 41 70.95 10 27 14 Negative ureteroscopic -
(OLYMPUS) evaluation, negative
cytology, and negative
for-cause biopsy
Gulamhusein UK Retrospective 69 70 12.11 40 29 - -
(2020)% cohort
Kleinmann USA Phase Il trial 68 NR NR NR NR  Negative ureteroscopic -
(2019)» (OLYMPUS) evaluation and negative
cytology
Kleinmann USA Phase Il trial 71 704 10 48 23 Negative 3-month -
(2020)¥ (OLYMPUS) ureteroscopic evaluation,
negative cytology, and
negative for-cause biopsy
Kleinmann USA Phase Il trial 28 NR NR NR NR  Negative ureteroscopic -
(2018)'® (OLYMPUS) evaluation and negative
wash cytology
Kleinmann USA Retrospective 71 NR NR NR NR - -
(2021)% cohort
Kleinmann USA Retrospective 16 74.86 9.16 NR NR  Tumor necrosis or no Decrease in tumor
(2019)" cohort evidence of neoplasm on  size with evidence of
cytology or biopsy persistent cancer by
cytology or biopsy
after completion of
treatment
Matin (2021)%° USA Phase Il trial 23 70 103 0 23 Evaluation was done -
(OLYMPUS) based on ureteroscopic
and local pathology
assessment and durability
of CR at 12 months
Metcalfe (2017)*' USA Retrospective 27 72.21 11.74 16 12 - -
cohort
Rose (2022) USA Retrospective 32 74.43 8.69 22 10 - -
cohort
Rose (2022)33 USA Retrospective 26 NR NR NR NR NR NR
cohort
Rosen (2022)* USA Retrospective 8 68 6.97 4 4 No radiological or Decrease in tumor
cohort ureteroscopic evidence of  size by 50% or more.
disease with negative
cytology
Woldu (2022)*¢  USA Retrospective 132 74.46 9.29 93 39 NR NR
cohort
O'Brien (2011)3 UK Phase lll tial 120 70.38 9.79 NR NR - -
Aboumarzouk Palestine Retrospective 20 72 7.04 15 4 - -
(2013)% cohort
Keeley (1997)**  USA Retrospective 19 NR NR 15 4 No visible tumor, no A reduction in tumor
cohort positive cytology size of more than
50%
Cutress (2012)22 UK Retrospective 73 NR NR NR NR - -
cohort

u_n

indicates that the outcomes were not measured in these studies.

CR, complete response; NR, not reported; PR, partial response; UTUC, upper tract urothelial cancer; YOP, Year of Publication (although it was a measured outcome).
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Table 2. The Characteristics of UTUC and MMC Instillation Among Patients Receiving Chemoablation

Tumor Characteristics

MMC Instillation

History UTUC
Author (YOP) of UTUC UTUC Location Size*  Approach Maintenance
Kleinmann (2020)% NR NR NR Retrograde catheter [N=71] No
Agarwal (2020)*' NR NR NR Retrograde instillation [N=71] Yes
Andrada (2017)* NR Renal calyces [N=3]; renal pelvis 11.12  Nephrostomy tube [N = 18]; Ureteral catheter No
[N=22]; ureter N=29]; others [N=22]  (534) [N=2]
Matin (2022)"7 20 NR 13.93  Retrograde instillation [N=41] Yes
(9.58)
Gulamhusein NR NR NR Through the indwelling catheter [N=69] No
(2020)%
Kleinmann (2019)% NR NR NR Retrograde catheter [N=68] No
Kleinmann (2020)% 37 NR 14.8 (8.7) Ureteral catheter [N=71] No
Kleinmann (2018)'¢ NR NR NR Retrograde catheter [N=28] No
Kleinmann (2021)® NR NR NR NR No
Kleinmann (2019)"* NR NR NR Percutaneous nephrostomy tube [N=16] Yes
Matin (2021)%° 10 NR NR NR Yes
Metcalfe (2017)* NR NR NR Nephrostomy [N =9]; Ureteral catheter [N=19] No
Rose (2022)* NR Upper pole [N=38]; interpolar [N=1]; 2(1.55) Antegrade endoscopic approach [N =4]; No
lower pole [N=6]; renal pelvis [N=2]; Retrograde endoscopic approach [N =28]
ureter [N=1]; multifocal [N=14]
Rose (2022)* NR NR NR Percutaneous nephrostomy tube [N =26] Yes
Rosen (2022)* NR NR NR Antegrade endoscopic approach [N=38] No
Woldu (2022)3% NR NR NR Antegrade instillation via a percutaneous No
nephrostomy (PCN) tube [N =56]; Retrograde
instillation in the clinic [N =48]; Retrograde
instillation under anesthesia [N = 28]
O'Brien (2011)% NR NR NR NR
Aboumarzouk NR Renal pelvis [N=9]; lower ureter NR 5F open-ended ureteric catheter [N =20] No
(2013)%° [N=10]; mid ureter [N=1]
Keeley (1997)* NR NR NR 6F open-ended ureteral catheter [N=19] No
Cutress (2012)%2 NR NR NR Nephrostomy tube [N=73] No

NR, not reported; UTUC, upper tract urothelial cancer; YOP, year of publication; MMC, mitomycin C.

*Data are presented in the form of mean (SD).

Risk of Bias Assessment Results

The results of the quality assessment of each study in each of the
assessed domains are provided in Table 3. Eighteen studies had
fair overall quality and the 2 remaining studies had poor quality.
Importantly, none of the included studies had good overall qual-
ity. The “outcome” domain was the main part in which quality was
affected.

Clinical Response to Chemoablation in UTUC

The rate of complete response (CR) of chemoablation was reported in
a total of 13 studies. The meta-analysis revealed an overall prevalence
rate of CR of 49% (95% Cl: 39%-60%) (Figure 2). The duration of follow-
up was a significant effect-modifier, changing the prevalence of CRin
different time points (Figure 3). The rate of CR was highest during the
earliest follow-up time points such as 3 months (ES=59%; 95% Cl:
52%-66%) and 6 months (ES =67%; 95% Cl: 43%-87%). However, at 12
months of follow-up, the rate of CR drastically declined to 39% (95%
Cl: 28%-51%). During long-term follow-up, the rate of CR increased
again; however, these data are based on a limited sample size.

In terms of partial response (PR) following chemoablation, 6 studies
were analyzed (Supplementary Figure 1). The meta-analysis revealed

an overall prevalence rate of 29% (15%-44%). The rate of PR differed
substantially in different follow-up timepoints; however, due to the
limited number of studies in each timepoint, the findings that can be
drawn from this analysis are limited.

Three studies reported the rate of no response (NR) after chemoabla-
tion (Supplementary Figure 2). The meta-analysis showed a rate of
NR of 25% (95% Cl: 7%-49%). Meanwhile, the data that can be drawn
from the subgroup analysis based on the follow-up timepoint are
limited.

Clinical Outcomes of Chemoablation in UTUC

Treatment Stoppage/Cessation: Three studies reported the rate of
chemoablation therapy cessation among UTUC patients
(Supplementary Figure 3). The meta-analysis revealed an overall
prevalence of treatment cessation of 13% (95% Cl: 3%-27%). Due to
limited data, a subgroup meta-analysis based on the duration of
follow-up was not feasible.

Progression to Invasive Disease (i.e., High or Intermediate Grade)

Three studies reported the progression of UTUC following chemoab-
lation therapy (Figure 4). The overall prevalence of disease progres-
sion was 5% (95% Cl: 0%-15%). A noticeable difference in the rate
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Table 3. The Risk of Bias of Each of each of the included studies using
the Newcastle Ottawa Scale

Overall

Author (YOP) Selection Comparability Exposure Quality
Kleinmann (2020)%¢ 3 2 2 Fair
Agarwal (2020)* 3 2 2 Fair
Andrada (2017)% 3 2 2 Fair
Matin (2022)" 3 2 2 Fair
Gulamhusein 3 2 2 Fair
(2020)%

Kleinmann (2019)% 3 2 2 Fair
Kleinmann (2020)% 3 2 2 Fair
Kleinmann (2018)'° 3 2 2 Fair
Kleinmann (2021)%® 3 2 2 Fair
Kleinmann (2019)" 3 2 2 Fair
Matin (2021)% 3 2 2 Fair
Metcalfe (2017)* 2 2 2 Poor
Rose (2022)* 3 2 2 Fair
Rose (2022)* 3 2 2 Fair
Rosen (2022)%* 3 2 2 Fair
Woldu (2022)3¢ 3 2 2 Fair
O’Brien (2011)32 3 2 2 Fair
Aboumarzouk 3 2 2 Fair
(2013)%

Keeley (1997)* 3 Fair
Cutress (2012)% 2 2 2 Poor

YOP, year of publication.

of disease progression was noted based on the duration of follow-
up time. For instance, at 6 months, the rate of disease progression
was 10% (95% Cl: 6%-16%) while it was 0% (95% Cl: 0%-17%) at 30
months.

The Need for Nephroureterectomy: Four studies reported the
rate of patients who required nephroureterectomy following
chemoablation therapy for UTUC (Figure 5). The meta-analysis
showed an overall rate of 4% (95% Cl: 1%-7%). A subgroup meta-
analysis based on the follow-up duration was not feasible due to the
lack of enough number of studies in each subgroup. All of these
patients underwent nephroureterectomy due to disease progression
(high-grade disease).*

Death/Mortality

Four studies reported the rate of mortality following chemoablation
in UTUC (Figure 6). The meta-analysis revealed an overall prevalence
rate of mortality of 6% [95% Cl: 2%-10%]. The mortality rate differed
to a little extent according to the duration of follow-up. For instance,
patients had the lowest rate at the earliest timepoint of 6 months
(ES=5%; 95% Cl: 2%-9%), and this rate increased progressively at
12 months (ES =8%; 95% Cl: 3%-17%) and 30 months (ES=11%; 95%
Cl: 3%-31%) respectively.

Recurrence

Ten studies reported the recurrence rate of UTUC among patients
treated with chemoablation therapy (Figure 7). The overall preva-
lence of disease recurrence was 14% (95% Cl: 7%-23%). This rate was
lowest during the early follow-up period and increased drastically on
the long term. For example, the rate of recurrence at 3 months of

Study ES (95% Cl)
Kleinmann (2020) —— 0.59 (0.48, 0.70)
Agarwal (2020) — 0.45 (0.31, 0.60)
Martin (2022) -— 0.15 (0.07, 0.28)
Kleinmann (2019a) —— 0.60 (0.48, 0.71)
Kleinmann (2018) —— 0.57 (0.39, 0.73)
Kleinmann (2021) — 0.32 (0.23, 0.44)
Kleinmann (2019b) _ 0.50 (0.28, 0.72)
Matin (2021) —— 0.43 (0.26, 0.63)
Rose (2022b) | —— 0.88(0.71,0.96)
Rosen (2022) — 4+ 050(0.22,0.78)
Woldu (2022) —-— 0.37 (0.29, 0.47)
Aboumarzouk (2013) —i—-— 0.65 (0.43, 0.82)
Keeley (1997) —_ 0.47 (0.27, 0.68)
Overall <> 0.49 (0.39, 0.60)

T T :I T T

234567

Figure 2. A forest plot showing the pooled prevalence of complete
response following UGN-101 therapy in UTUC patients.

follow-up was 8% (95% Cl: 3%-14%) and it reached as high as 39%
(95% Cl: 24%-58%) during 19 months of follow-up.

Complications of Chemoablation in UTUC

A summary of all chemoablation-associated complications is pro-
vided in Table 4. Overall, 9 studies reported complications following
the use of chemoablation among UTUC patients. The meta-analysis
revealed an overall rate of 63% ranging from 39% to 85%.

Based on Follow-up Duration

The rate of complications increased progressively as the duration of
the follow-up period increases. At 6 months of follow-up, the rate of
complications was 63% (95% Cl: 31%-89%), while at 12 months of
follow-up the rate was 66% (95% Cl: 22%-98%).

Based on Complication Type

Ten different complications were reported in UTUC patients receiv-
ing chemoablation, including ureteral stenosis, urinary tract infection
(UTI), hematuria, flank pain, nausea, ileus, delirium, wound infection,
fatigue, and sepsis. The meta-analysis showed that ureteral steno-
sis was the most commonly reported complication, accounting for
30% (95% Cl: 2%-58%) of cases, followed by fatigue (ES=27%; 95%
Cl: 10%-44%), flank pain (ES =26%; 95% Cl: 16%-36%), UTI (ES =26%;
95% Cl: 12%-39%), and nausea (ES =24%; 95% Cl: 14%-34%) respec-
tively. On the other hand, delirium (ES=1%; 95% Cl: 0%-8%) and
wound infection (ES=19%; 95% Cl: 0%-4%) accounted for the least
encountered complications.

Based on Grade and Severity

The majority of reported complications following chemoablation
in UTUC patients fell into grades I-Il (ES=59%; 95% Cl: 37%-80%)
and Il (ES=22%; 95% Cl: 10%-36%). Meanwhile, only a minority of
patients had grade IV (ES = 1%; 95% Cl: 0%-4%) or grade V (ES=2%;
95% Cl: 0%-6%) complications. In the 4 studies reporting seri-
ous complications, the meta-analysis revealed a high prevalence
of 46% (95% Cl: 29%-64%). On the other hand, the occurrence of
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Study

12 months
Kleinmann (2020)
Agarwal (2020)
Martin (2022)
Kleinmann (2021)
Matin (2021)
Rosen (2022)
Woldu (2022)
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Kleinmann (2020)
Matin (2021)
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Figure 3. A forest plot showing the pooled prevalence of complete response following UGN-101 therapy in UTUC patients based on

follow-up.
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Figure 4. A forest plot showing the pooled prevalence of disease
progression following UGN-101 therapy in UTUC patients.

complications leading to death was rarely encountered, reported in
only 1% (95% Cl: 0%-7%) of cases.

Based on the Source of Complication

Three studies reported the source of chemoablation-associated com-
plications. The majority of reported complications were drug-related
(ES=43%; 95% Cl: 0%-99%), while only a minority were procedure-
related (ES = 14%; 95% Cl: 8%-21%).

Discussion

Therapeuticinterventions for UTUC are mainly limited to intracavitary
treatments, such as BCG or MMC, often used alongside endoscopic
or surgical procedures.® Notably, UGN-101, a novel formulation that
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Figure 6. A forest plot showing the pooled prevalence of mortality

following UGN-101 therapy in UTUC patients.

combines MMC with RTGel—a temperature-sensitive hydrogel—
has gained FDA approval as a primary treatment for patients with
low-risk UTUC.3® This water-soluble gel, which transitions from lig-
uid at room temperature to gel at body temperature,'®*’ allows for
a tailored application within the patient’s ureteric and pelvicalyceal
system.

The topical instillation of MMC is routinely performed following
resection of superficial bladder cancer as well as following nephro-
ureterectomy.’ Its use has been demonstrated to reduce the recur-
rence of low-grade disease; however, there is limited evidence
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Figure 5. A forest plot showing the pooled prevalence of patients undergoing radical nephroureterectomy following UGN-101 therapy in
UTUC patients.
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Figure 7. A forest plot showing the pooled prevalence of recurrence following UGN-101 therapy in UTUC patients.

Study

3 months
Martin (2022)
Kleinmann (2020)

Subtotal

6 months
Martin (2022)
Rose (2022b)

Subtotal

9 months

Kleinmann (2019a)

19 months

Metcalfe (2017)

12 months
Rosen (2022)
O'Brien (2011)

Subtotal

24 months

Aboumarzouk (2013)

30 months

Keeley (1997)

Overall

Q1

J[_____Q_f__f.---

t

OF

ES (95% Cl)

0.07 (0.03, 0.19)
0.08 (0.04, 0.17)
0.08 (0.03, 0.14)

0.12 (0.05, 0.26)
0.00 (0.00, 0.13)
0.06 (0.01, 0.13)

0.04 (0.01, 0.12)

0.39 (0.24, 0.58)

0.25 (0.07, 0.59)
0.17 (0.12, 0.25)
0.16 (0.10, 0.24)

0.35 (0.18, 0.57)

0.32 (0.15, 0.54)

0.14 (0.07, 0.23)

[
3 4 5 6 .

Proportion

[
7 8 9

|
1




Deb et al. MMC in UTUC

Urology Research and Practice 2024;50(2):72-84

Table 4. A Summary of Reported Complications Based on the Grade, Follow-up Time, and Source Among UTUC Patients Receiving Chemoablation

Outcome Subgroup Studies (N) Patients (N) Effect Estimate 95% Cl
Complications based on follow-up
6 months 3 166 63% 31%-89%
12 months 4 204 66% 22%-98%
15 months 1 32 94% 80%-98%
24 months 1 20 15% 5%-36%
Overall 9 422 63% 39%-85%
Complications’ type
Ureteral stenosis 3 168 30% 2%-58%
UTI 3 168 26% 12%-39%
Hematuria 2 97 19% 4%-42%
Flank pain 2 97 26% 16%-36%
Nausea 1 71 24% 14%-34%
lleus 1 69 7% 1%-13%
Delirium 1 69 1% 0%-8%
Wound infection 1 69 1% 0%-4%
Fatigue 1 26 27% 10%-44%
Sepsis 1 26 8% 0%-18%
Complications’ grade/stage
Grades |-l 3 111 59% 37%-80%
Grade lll 4 131 22% 10%-36%
Grade IV 2 103 1% 0%-4%
Grade V 2 103 2% 0%-6%
Serious 4 151 46% 29%-64%
Leading to death 3 144 1% 0%-7%
Source of complications
Drug-related 3 126 43% 0%-99%
Procedure-related 2 110 14% 8%-21%

Cl, confidence interval; N, number; UTI, urinary tract infection; UTUC, upper tract urothelial cancer.

for its application in the ureter or renal pelvis. To this end, recent
research has investigated the role of intracavitary therapy for low-
grade UTUC. This treatment approach of topical instillation has
been hypothesized to reduce the incidence of disease recurrence
and/or progression.' This outcome may be achieved either through
a retrograde approach (i.e., ureteric catheterization), antegrade
approach (i.e., percutaneous nephrostomy), or reflux approach (via
double-J stent). Although the role of adjuvant intracavitary therapy
using chemotherapy has been explored, there is limited evidence
that the role of topical MMC in the upper tracts as a primary treat-
ment is low."?

A mitomycin C (MMC) gel formulation, UGN-101, has been devel-
oped and tested.*' Given the promising effects of this new formula-
tion the Food and Drug Administration (FDA) issued it a Fast Tract
and Orphan Designation status.” As a result, a formal phase Il clini-
cal trial, the OLYMPUS trial, was conducted, and the interim results
revealed promising clinical outcomes. Four weeks after a 6-week
instillation treatment of MMC, 59% of patients showed a complete
response regardless of patients’ baseline clinical characteristics.'®
Based on their findings, it was suggested that MMC could act as a
kidney-sparing alternative to UTUC patients with low-grade disease.
In their final report, the OLYMPUS trial highlighted that disease recur-
rence at 12 months occurred in 8 out of 41 UTUC patients; 3 recur-
rences were documents at 3 months and the remaining 5 occurred
at a later stage."”

The number of investigations on the role of MMC or UGN-101 gel in
UTUC is scarce. This is secondary to the rarity of this type of cancer
along with the technical limitations associated with the accessibility
of the upper urinary tract for proper instillation of the drug. Most of
available data are based on retrospective series; therefore, we con-
ducted this early systematic review to pool all of available evidence
on the safety and efficacy of UGN-101 in UTUC patients. We found
that UGN-101 was effective in nearly half of the studied population,
resulting in a complete response rate of 49%. This rate was highest
during the first few months of MMC instillation; however, it started
to decline as time passed by. For instance, at 6 months, complete
response was at its highest (69%); however, after 12 months of MMC
instillation, the rate dropped to 39%. Unfortunately, it was not fea-
sible to examine a time-dependent response to UGN-101 among
UTUC patients due to the lack of enough and relevant information.
Our results indicate that one fourth of patients had no response;
however, this finding should be carefully interpreted given the wide
confidence interval of 7 to 49%.

Numerous approaches of MMC instillation into the upper tract of
the urinary system have been studied, including the antegrade, ret-
rograde, and reflux approaches. Some of the main barriers associ-
ated with the instillation of MMC lie in achieving proper dwell time
while ensuring effective drug distribution through the whole urinary
collecting system.*® The reverse thermal gel containing MMC was
designed to provide greater concentration and extended dwell time
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through which MMC can be in contact with the epithelium of the
upper urinary tract in an attempt to reduce MMC absorption through
the systemic channels.* In our review, 8 studies reported the ante-
grade approach using nephrostomy tube, 7 studies reported using
the retrograde approach, and only 1 study reported the use of a
reflux approach via an indwelling catheter. The remaining studies
provided no data as to which method was undertaken. Although a
previous report suggested that the use of a double-J stent through
the reflux approach provided the least favorable outcomes in terms
of efficacy,” the lack of direct head-to-head comparison studies
make it difficult to determine which approach is optimal. For this
reason, we were unable to conduct a subgroup meta-analysis based
on the technique implemented in MMC instillation in UTUC patients.
More importantly, we cannot ensure whether the reported outcomes
(either positive or negative) were reflective of a true treatment effect
or of a poor instillation technique.

It important to highlight that our analysis revealed 13% of patients
stopped the treatment. Due to improper reporting, the reasons
behind treatment cessation could not be examined. This point needs
to be clearly studied in future research. Prior research suggested that
MMC instillation was associated with a reduction in the incidence
of cancer recurrence and/or progression.'" Our study confirms this
observation as cancer progression into an advanced stage, in our
review, did not surpass the rare event assumption of 5%. This con-
fronts the rate of patients who needed radical nephroureterectomy
which accounted for 4% of studies UTUC cases. On the other hand,
recurrence was reported in 14% of analyzed cases and this rate
increased drastically with time.

The safety of UGN-101 formulation remains one of the most impor-
tant aspects of chemoablation therapy discussed in the literature. In
our study, we noted that 63% of patients had complications, either
minor or major. This rate ranged from 39% to 85%, and given this
wide interval, more research with larger sample size is still needed
to confirm this observation. The duration of follow-up was not a sig-
nificant effect modifier given the minimal differences in the rates
of complications at different time intervals. It should be noted that
given the retrospective nature of the majority of included studies,
the reported complication rate is liable to assessment and/or report-
ing bias.

The meta-analysis revealed that ureteral stenosis was the most
commonly encountered complication following MMC instilla-
tion. This finding denotes that, although MMC is ought to reserve
the upper urinary tract, it is associated with high risk of ureteral
stenosis (approximately 1 in every 3 patients), reflecting the high
toxicity associated with its application. However, this finding is not
conclusive and potential to bias given the small patient population
analyzed (2 studies, 97 patients) and the lack of accuracy (wide con-
fidence interval ranging from 2% to 58%). This observation should
be carefully checked and confirmed in well-designed, larger sample
size studies.

Other less frequent complications were fatigue, flank pain, UTI, and
nausea in a descending order. The analysis revealed that a 46% of
patients had serious complications. This finding should be interpreted
with caution. First, analyzed studies did not give any indication as to
what ‘serious’ complication referred to. Second, the reported range
of serious complications was 29 to 64%, indicating that the true value
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could lie at any point between both ends of the spectrum (too low or
too high rate). Most complications were of grade | to lll, while compli-
cations grade IV and V occurred only in 1% and 2% of UTUC patients,
respectively. The subgroup meta-analysis based on the source of
complications highlighted that the procedure itself accounted for a
small proportion of reported cases (14%) while MMC administration
accounted for 43% of cases. The latter rate should be cautiously inter-
preted as the confidence interval ranged from 0% to 59%, and this
range highlights the imprecision of this finding. This could be related
to a number of factors including, but not limited to, the retrospective
nature of analyzed studies and the limited number of analyzed stud-
ies and the small sample size in each of them.

Based on available evidence, the intracavitary instillation of MMC
formulation gel provides an alternative therapeutic option for upper
tract urothelial cancer. UGN-101 provides good clinical outcomes in
terms of complete response, disease progression and recurrence,
and the need to undergo nephroureterectomy. Both serious and
non-serious complications were commonly reported; however, they
were based on small sample size with lacking accuracy. More well-
designed studies with larger sample sizes are still needed to compare
the benefits over the risks of MMC use in UTUC.

Limitations and Future Directions

Although our study provides the biggest evidence on the role of
UGN-101 administration as a therapeutic option in UTUC, we came
across several limitations during both the qualitative and quantita-
tive synthesis of studied evidence; and thus, our results should not
be used for guiding treatment decisions. Rather, our findings are
hypothesis-generating and should be used to guide future research
in this matter. These limitations include the mixed design (observa-
tional and experimental) of included studies along with the small
number of patients reported in each study. Although the follow-up
duration in some studies reached up to 30 months, the lack of long-
term studies highlights the need for future research to examine the
long-term efficacy and safety of UGN-101 formulation as a thera-
peutic option for UTUC. Additionally, future studies should study
dose-dependent and approach-dependent comparisons. Finally,
given the rarity of UTUC and the subsequent difficulty of conducting
randomized clinical trials in this patient cohort, prospective studies
are recommended to also investigate the survival outcomes of UTUC
patients undergoing MMC instillation.
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Supplementary Table 1. The Detailed Search Criteria Used in Each of the Searched Databases

Database No Search Query Results
PubMed
#1 Chemoablation OR UGN-101 OR “mitomycin gel” OR “mitomycin-containing” 99
#2 “upper tract” OR “upper urinary tract” 10713
#3 “urothelial cancer” OR “urothelial carcinoma*” OR “urothelial neoplasm” OR “transitional cell carcinoma” 31778
#4 #2 AND #3 3923
#5 Nephroureterectomy OR “Nephroureterectomy”[Mesh] OR “Ureteral Neoplasms”[Mesh] 7472
#6 #4 OR #5 8982
#7 #6 AND #1 14
Scopus
#1 ALL(Chemoablation) OR ALL(UGN-101) OR ALL(“mitomycin gel”) OR ALL(“mitomycin-containing”) 506
#2 ALL(“upper tract”) OR ALL(“upper urinary tract”) 36275
#3 ALL("urothelial cancer”) OR ALL(“urothelial carcinoma”) OR ALL(“urothelial neoplasm”) OR 108139
ALL(“transitional cell carcinoma”)
#4 #2 AND #3 13784
#5 ALL(Nephroureterectomy) 9081
#6 #4 OR #5 18024
#7 #6 AND #1 84
Web of Science
#1 ALL=Chemoablation OR ALL=UGN-101 OR ALL="mitomycin gel” OR ALL="mitomycin-containing” 115
#2 ALL="upper tract” OR ALL="upper urinary tract” 10926
#3 ALL="urothelial cancer” OR ALL="urothelial carcinoma*” OR ALL="urothelial neoplasm” OR 33711
ALL="transitional cell carcinoma”
#4 #2 AND #3 5144
#5 ALL=Nephroureterectomy 3979
#6 #4 OR #5 6735
#7 #6 AND #1 20
CENTRAL
#1 Chemoablation OR UGN-101 OR “mitomycin gel” OR “mitomycin-containing” 33
#2 “upper tract” OR “upper urinary tract” 589
#3 “urothelial cancer” OR “urothelial carcinoma*” OR “urothelial neoplasm” OR “transitional cell carcinoma” 1682
#4 #2 AND #3 199
#5 Nephroureterectomy 131
#6 #4 OR #5 225
#7 #6 AND #1 3
EBSCOhost - Academic Search Complete
#1 TX Chemoablation ORTX UGN-101 OR TX mitomycin 18362
#2 TX “upper tract” ORTX “upper urinary tract” 8747
#3 TX “urothelial cancer” OR TX “urothelial carcinoma” OR TX “urothelial neoplasm” OR TX “transitional cell 20525
carcinoma”
#4 #2 AND #3 3299
#5 TX Nephroureterectomy 2112
#6 #4 OR #5 3299
#7 #6 AND #1 394
Clinicaltrials.gov
#1 Urothelial carcinoma 76
#2 UGN-101 OR chemoablation OR mitomycin 37
#3 #1 AND #2 [complete + with results] 5
Google Scholar
With all of the words  urothelial upper tract
With the exact phrase
With at least one of  UGN-101 chemoablation
the words
Total Only the first 200 were retrieved and screened 200

No: Number; TX: full text
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Supplementary Figure 1. A forest plot showing the pooled
prevalence of partial response following UGN-101 therapy in UTUC
patients.
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Supplementary Figure 2. A forest plot showing the pooled

prevalence of no response following UGN-101 therapy in UTUC
patients.
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Supplementary Figure 3. A forest plot showing the pooled

prevalence of treatment cessation following UGN-101 therapy in
UTUC patients.



