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ABSTRACT

Upper-tract urothelial carcinoma (UTUC) is a rare disease, posing many challenges for the treating physi-
cian due to the lack of strong evidence-based recommendations. However, novel molecular discoveries and
a better understanding of the clinical behavior of the disease lead to a continuous evolution of therapeutic
landscape in UTUC. The aim of the review is to provide a comprehensive update of the current diagnostic
modalities and treatment strategies in UTUC with a special focus on recent developments and challenges.
A comprehensive literature search including relevant articles up to August 2020 was performed using the
MEDLINE/PubMed database. Despite several technological improvements, accurate staging and outcome
prediction remain major challenges and hamper appropriate risk stratification. Kidney-sparing surgery can
be offered in low risk UTUC; however, physician and patient must be aware of the high rate of recurrence
and risk of progression due to tumor biology and understaging. The value and efficacy of intracavitary
therapy in patients with UTUC remains unclear due to the lack of high-quality data. In high-risk diseases,
radical nephroureterectomy with bladder cuff excision and template lymph node dissection is the standard
of care. Perioperative systemic chemotherapy is today accepted as a novel standard for advanced cancers.
In metastatic or unresectable disease, the therapeutic landscape is rapidly changing due to several novel
agents, such as checkpoint inhibitors. While several diagnostic and treatment challenges remain, progress
in endoscopic technology and molecular knowledge have ushered a new age in personalized management of
UTUC. Novel accurate molecular and imaging biomarkers are, however, still needed to guide decision mak-
ing as tissue acquisition remains suboptimal. Next generation sequencing and novel agents are promising to
rapidly improve patient outcomes.

Keywords: Diagnostics; review; treatment; upper tract urothelial carcinoma; UTUC.

Introduction

Upper-tract urothelial carcinoma (UTUC) is
a rare disease that accounts for only 5-10% of
all cases of urothelial carcinoma (UC).!"? Im-
proved understanding of the genetic/epigenetic
background has helped to distinguish UTUC
from bladder cancer (BCa) on a molecular lev-
el, especially with respect to high prevalence of
fibroblast growth factor receptor (FGFR)3 and
HRAS alterations as well as APOBEC-induced
mutagenesis.*® UTUC and BCa are indeed
two different disease entities with differences
in diagnostic and therapeutic challenges and
opportunities.” Nevertheless, due to limited
data, many UTUC treatment strategies are still
extrapolated from BCa.

With progress in molecular medicine such as
next generation sequencing (NGS) and with
the increasing diagnostic and treatment tools
in our armamentarium, we are steadily moving
towards the possibility of tailored treatments
for UTUC based precision medicine concepts.
B The aim of this review is to provide a com-
prehensive update of the current diagnostic
modalities and treatment strategies in UTUC
with a special focus on recent developments
and challenges.

Material and methods
A comprehensive literature search including

relevant articles up to August 2020 was per-
formed using the MEDLINE/PubMed data-
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e The optimal risk stratifica-
tion in UTUC is obtained
through the combination
of biopsy tissue grade, im-
aging, and urine cytology.

e Standard treatment for
non-metastatic high risk
UTUC is radical nephro-
ureterectomy with bladder
cuff excision and template
lymph node dissection.

e Kidney-sparing  surgery
can be performed in pa-
tients with a low-risk dis-
ease without compromising
oncologic outcomes; how-
ever, physician and patient
must be aware of the risk
of understaging and strict
adherence to follow-up
schedule is required.

e In the future, identifica-
tion of molecular drivers
and novel agents, such as
enfortumab, vedotin, and
FGEFR inhibitors, can en-
able targeted therapies
while the development of
novel molecular biomark-
ers can improve risk as-
sessment and guide clini-
cal decision making.

base. Original articles, review articles, and edi-
torials were included. Searches were limited to
English language as well as studies in humans
and in adults. To identify appropriate publica-
tions with respect to diagnostic challenges and
treatment strategies in UTUC, the search terms
urothelial carcinoma, upper tract urothelial car-
cinoma, transitional cell carcinoma, nephroure-
terectomy, ureterenoscopy, renal pelvis, ureter,
chemotherapy, immunotherapy, intracavitary
therapy, FGFR3, imaging, and urine cytology
were combined using a Boolean operator. Ad-
ditionally, references of all included articles
were reviewed to expand search results. Fur-
thermore, the U.S. National Institutes of Health
Ongoing Trials Register (www.clinicaltrials.
gov) was searched for ongoing clinical trials
associated with UTUC. The article selection
process was performed by two reviewers. Dis-
agreements were resolved by a third reviewer.

Evidence synthesis

Imaging

Multidetector computed tomography urogra-
phy (MDCTU) has the highest diagnostic accu-
racy for UTUC (pooled sensitivity of 92% and
pooled specificity of 95%)"!and is, therefore,
recommended as first choice imaging tech-
nique. MRI urography (MRU) can be used if
CT urography is contraindicated."” However,
the inaccuracy of MDCTU and MRU to identify
patients with lymph node metastases remains a
challenge. Recently, 18 F-fluorodeoxyglucose
positron emission tomography with computed
tomography (FDG-PET/CT) was reported to
have a 82% sensitivity and 84% specificity for
the detection of lymph node metastases in pa-
tients with UTUC, offering a potential novel
diagnostic strategy for patient selection toward
perioperative systemic treatment.!'

Biopsy sampling and endoscopic imaging

Ureteroscopy can give detailed information on
tumor localization!>'¥!, architecture!'¥, focal-
ity!™, and tumor size and is an essential step
to establish the diagnosis of UTUC. However,
tumor staging represents a diagnostic chal-
lenge, as pathological assessment of the depth
of tumor infiltration remains inadequate due
to the suboptimal tissue acquisition.!') In con-
trast, ureteroscopic biopsies are mostly useful

to determine tumor grade.'"' They have been
found to accurately predict final histologic
grade even in low-volume specimens (grade
concordance: 92.6% [95%CI: 82.4-98.0%]).1"
Percutaneous biopsies, however, are deemed
to bear a potential risk of tumor seeding. Nev-
ertheless, a recent study reported that for pel-
vicalyceal tumors, percutaneous core-needle
biopsy offered a 90% concordance with final
pathology without any case of tumor seeding.
(200 Currently, more studies are needed to an-
swer this question with accuracy.

Another challenging step in the diagnosis of
UTUC is the visualization and interpretation
of tumors during ureteroscopy. In the last de-
cade, technical improvements, such as narrow-
band imaging (NBI), photodynamic diagnosis
(PDD), multimodal optical analysis or confo-
cal laser endomicroscopy, have shown to im-
prove visualization, especially with respect to
carcinoma in situ (CIS).'821231 NBI increased
tumor detection rates by 22.7% in comparison
with white light ureteroscopy.”! Kata et al.!”!
reported an increase of sensitivity from 54% to
96% and specificity from 95% to 97% between
white light and PDD ureteroscopy; however,
this technology has currently not been explored
for digital ureteroscopy, making the white light
ureteroscopy control arm, in this study, subop-
timal. Multimodal optical analysis and confo-
cal endomicroscopy are also promising tools,
especially with respect to staging, but are still
under evaluation.

Cytology

Urine cytology has been found to perform
poorly in prediction of muscle-invasive or
high-grade disease in UTUC (sensitivity 56%
for high-grade tumors, sensitivity of 62%
muscle-invasive UTUC)."926271 However, ade-
quately collected selective barbotage-cytology
may improve its accuracy (up to 91% detec-
tion rate).”® The sensitivity of molecular mark-
ers, such as fluorescence in situ hybridization
(FISH), NMPP-22, or ImmunoCyt, of voided
urine ranges from 44% to 75%.*-3* Consider-
ing the selection bias of published studies and
the high costs compared with urine cytology
1331 these tests are not recommended in clini-
cal routine. The value of novel molecular test
developed for urinary bladder cancer for the
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diagnosis and surveillance of UTUC needs to be tested in future
trials.*¥

Next generation sequencing

In the last couple of years, next-generation sequencing (NGS)
has led to a better understanding of UTUC biology and promises
to significantly change our clinical routine. For example, NGS
can help identify UTUC patients who are at differentially higher
risk of BCa recurrence, as these patients were found to frequent-
ly carry distinct molecular alterations (e.g., FGFR3, KDMO6A,
and CCND1).353¢ NGS could also be used to identify patients
with TP53 mutations who are more likely to benefit from peri-
operative chemotherapy and/or immunotherapy.**” For the
Lynch syndrome screening, NGS identified a higher frequency
of alterations in top mutated genes (i.e., KMT2D, CREBBP,
ARIDIA, and SMARCA4) as well as some mutations that are
nearly exclusively present in this population (i.e., CIC, FOXP1,
NOTCHI1, NOTCH3, and RB1).741 NGS can also determine
the rate of microsatellite instability, which has been suggested
to be a marker for responsiveness to immune checkpoint inhibi-
tors. ¢!

In the future, identification of molecular drivers could enable the
discovery of accurate novel biomarkers, improving risk stratifi-
cation and guiding clinical decision making. However, further
research and data are required to implement targeted NGS in
clinical decision making, thereby improving current under- and
overtreatment based on adequate reflection of each individual
tumor’s biologic and clinical behavior.

Risk stratification in UTUC

Appropriate risk stratification is of utmost importance to al-
low an adequate patient selection with respect to different
therapeutic options. However, patients are currently solely
risk stratified based on clinico-pathological features into low
vs high-risk groups. EAU guidelines define low grade disease
as tumor size <2 cm, low grade cytology + biopsy, unifocal
disease, and non-invasive aspect on CT urography.!'0-1415.19
Nevertheless, several other clinico-pathologic features as well
as serum and tissue biomarkers have been associated with on-
cologic outcomes in UTUC (Table 1).1'*1541-51 Based on some
of these variables, several different prognostic models have
been created (Table 2).[194455611 Most of these models focus on
prediction of cancer-specific survival (CSS), recurrence-free
survival (RFS), or non-organ confined disease; they demon-
strated a relatively good predictive accuracy.””! Notably, the
Yates nomogram underwent an external validation during
which a similar accuracy was reproduced (71.8% for predic-
tion of CSS).1? These models can guide identification of pa-
tients that would benefit from intensified postoperative sur-
veillance or adjuvant systemic therapy. However, there are no
validated predictive models for risk stratification that offer a

satisfactory degree accuracy with respect to the use of an in-
tensified neoadjuvant treatment.®% Prospective studies and
novel biomarkers are needed to reliably identify the patients
who are likely to benefit from kidney sparing surgery (KSS),
perioperative systemic therapy, and/or extended lymph node
dissection.

Kidney Sparing Surgery

Traditionally, KSS was performed only in patients with an im-
perative indication. However, it has been shown that KSS can
be performed in patients with low-risk disease without signifi-
cantly compromising their oncologic outcomes."**8! Endoscopic
tumor ablation is the preferred method for low risk tumors. The
evidence regarding safety and tumor seeding using a percutane-
ous approach is still low. Therefore, this approach should only
be used in highly selected cases (i.e., larger low-risk tumor in
the pelvic system).”! During clinical decision making regarding
KSS, physician and patient must be aware of the risk of under-
staging, which could result in a higher risk of recurrence and
progression, as well as the lack of strong evidence especially
with respect to long term follow-up. Therefore, strict adherence
to follow-up schedule is of paramount importance.” " Further
studies that focus on improved patient selection and the com-
bination with other treatment strategies, such as endocavitary
therapy, are needed in order to improve the efficacy and safety
of KSS.

Segmental ureterectomy

Segmental excision of the ureter has shown similar oncologic
outcomes compared with RNU in low-grade disease and in se-
lected patients with high-grade disease.[¢872731 [n comparison
with an endoscopic approach, it offers the advantage of provid-
ing a definitive pathological stage with a concurrent lymphad-
enectomy while still being less invasive and preserving kidney
function. Simonato et al."! reported 5-year RFS, OS and CSS
rates of 82.2, 85.3 and 94.1%, respectively, for patients with
pTa-T3 distal UTUC. Similar to radical nephroureterectomy
(RNU), the entire bladder-cuff has to be removed in this set-
ting. Ureteroureterostomy has been suggested for patients with
non-invasive low-grade tumors of the proximal and/or middle
ureter which cannot be treated via an endoscopic approach as
well as for patients with high-grade disease for who a kidney
preserving approach is imperative.”™ A recent meta-analyses
comprising 18 studies found no statistically significant dif-
ference was found between the segmental ureterectomy and
radical nephroureterectomy (RNU) with respect to recurrence,
bladder metastasis or CSS."® However, the quality of the cur-
rently available evidence is poor as most studies are retrospec-
tive with small sample sizes and heterogeneous cohorts of pa-
tients. In summary, segmental ureterectomy may be performed
in select patients, however, appropriate risk stratification and
strict follow up are paramount.”
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Table 1. Prognostic features of clinical variables, serum biomarkers, and tissues biomarkers in upper-tract urothelial

carcinoma

Clinical variables

Lymphovascular
invasion 43!

Tumor
multifocality !

Tumor
necrosis 44

Variant histology 4

Smoking !

Extra nodal
extension 140

Tumor
architecture !4

Hazard ratio
(95% CI) on
univariable
analyses)

RFS: 3.8 (2.8-5.1)
CSS: 4.6 (3.3-6.3)

RFS: 143 (1.06-1.92,
multivariable analyses,
organ-confined patients)
CSS: 1.46 (1.04-2.04,
multivariable analyses,
organ-confined patients)

RFS: 1.27 (1.02-1.6)
CSS: 1.29 (1.004-1.65)

Micropapillary variant -
RFS: 2.27 (1.25-4.79)
Sarcomatoid variant -
CSS: 16.8 (6.86-41.17)

RFS:1.66 (1.18-2.34)
multivariable analyses,
current smokers

CSS: 1.54 (1.00-2.07)
analyses, current smokers

RFS: 2.0 (1.44-2.78)
CSS: 1.97 (1.38-2.8)

RFS: 3.65(95CI: NA)
CSS: 3.92 (95CL: NA)

Serum
biomarkers

Preoperative
anemia [47]

Preoperative
Thrombocytosis [48]

Neutrophil-to-
lymphocytes
ratio [49]

Hazard ratio
(95% CI) on
univariable
analyses)

RFS 1.89 (1.26-2.86,
multivariable analyses)
CSS:2.04 (1.21-3.45,
multivariable analyses)

RFS: 1.32 1.05-1.65)
OS: 1.4 (1.16-1.69)

RFS: 1.60 (1.16-2.19

pooled HR)

CSS: 1.73 (1.23-2.44,
pooled HR)

OS; 1.64 (1.23-2.17,
pooled HR)

Tissue
biomarkers

Caveolin-1 [50]

HER2 over-
expression [51]

N-cadherin [52]

Androgen
receptor
expression [53]

Urokinase-type
plasminogen
activator [54]

Modified

Glasgow
prognostic score
(combination of
decreased plasma
albumin and
elevated CRP) [55]

Hazard ratio
95% CI) on
univariable
analyses)

RFS: 1.7 (12-2.6)
CSM: 1.8 (1.2-2.7)

RFS: 1.66 (1.24-2.24
CSM: 1.81 (1.33-2.48
OS: 1.55 (1.21-1.99)

RFS: 1.44 (1.07-1.95)

Cumulative RFS, CSS
and OS did not differ
by AR status,
however, AR was
detected nearly twice
as often in tumors of
the ureter than of the
pelvicalyceal system
(p=0.005)

RFS: 2.04 (1.21-3.43)
CSS: 2.55 (1.44-4.52)
OS: 1.59 (1.08-2.24)
(in patients with
organ-confined
disease

RFS: mGPS1: HR 1.6
(1.34-1.91)
mGPS2: HR 3.23
(2.04-5.12)

CSS: mGPS1: 1.65
(1.37-1.99)
mGPS2: 3.74
(2.33-6.01)

0S

mGPS1: 1.33
(1.14-1.55)
mGPS2: 2.68
(1.71-4.18)

RFS: Recurrence-free survival; CSS: cancer-specific survival, 95%CI: 95% Confidence interval
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Table 2. Predictive models for risk stratification in upper-tract urothelial carcinoma

Author Purpose

Zamboni et al.l*¥l Prediction of non-organ confined disease

Prediction of muscle-invasive and
non-organ confined disease

Favaretto et al.'”!

Petros et al.>®! Prediction of high-risk non-organ-confined

upper-tract urothelial carcinoma

Prediction of CSS after radical
nephroureterectomy

Rouprét et al.>"!

Cha et al.®® Prediction of RFS and CSS after radical

nephroureterectomy

Prediction of CSS after radical
nephroureterectomy

Prediction of CSS after radical
nephroureterectomy in patients with localized
and/or locally advanced disease

Yates et al.>”!

Seisen et al [

Krabbe et al .o RFS in patients with High grade disease

Variables included Accuracy

Tumor grade, tumor architecture + NOC-UTUC: 76.6%

tumor location

Local invasion on imaging +
ureteroscopy high grade

>pT?2 disease: 71%
NOC-UTUC: 70%

Tumor grade, tumor architecture, NOC-UTUC: 82%

clinical stage +hemoglobin

Age, tumor stage, lymph node CSS: 80%
involvement, tumor architecture +

lymphovascular invasion

RFS: 76.8%
CSS: 81.5%

Prediction of RFS: Tumor stage, lymph
node involvement, tumor architecture,
lymphovascular invasion +
concomitant CIS

Prediction of CSS: Tumor stage, lymph
node involvement, tumor architecture +
lymphovascular invasion

Tumor stage, lymph node involvement ~ CSS: 78%

tumor grade, age + tumor location

Age, tumor stage, tumor grade, tumor CSS: 81%
location, tumor architecture +

lymphovascular invasion

RFS: 77% (external
validation cohort)

Age, tumor stage, lymph node
involvement + tumor architecture

RFS: Recurrence-free survival; CSS: cancer-specific survival; NOC-UTUC: non-organ confined upper tract urothelial carcinoma

Endocavitary therapy

Current evidence on the benefit of adjuvant endocavitary thera-
py following KSS is mainly based on small retrospective series.
A recently published meta-analysis of 27 articles included 438
patients. Foerster et al.’® found that the overall pooled estimates
for recurrence in Ta-T1 disease was 40%, which is comparable to
that of untreated patients. However, due heterogeneity between
studies and strong selection, the results of this meta-analysis
should be interpreted with caution. In the attempt to improve the
drug delivery in endocavitary treatment, a mitomycin-contain-
ing reverse thermal gel was developed. In the OLYMPUS trial,
an open-label, single-arm, phase 3 trial which included patients
with low-grade UTUC, this drug showed a complete response
rate of 59% (95%CI: 47-71%). While this high rate is really
promising, the study also reports a high rate of ureteric stenosis
(44%), which is a major concern in the treatment of low-grade
tumors. Furthermore, the median follow-up was only eleven
months.”™! Also, the high cost of the treatment has to be taken
into consideration ($21,376/dose i.e. a total amount of $128,256
for only the 6 firsts instillations without maintenance treatment),
as well as the fact that there is no data comparing the mitomycin
gel with laser ablation alone. Therefore, it is unlikely that this
treatment will find routine application in clinical practice yet. In
summary, the value and efficacy of intracavitary therapy in pa-

tients with UTUC remains suboptimal, and more data is needed
for it to be recommended by current international guidelines.

Radical nephroureterectomy

The standard treatment for non-metastatic high grade UTUC
is radical nephroureterectomy (RNU) with bladder cuff exci-
sion and template lymph node dissection (LND).5180 Dye to
the aggressiveness of the disease, definitive therapy should not
be delayed® and chronological age should not preclude RNU
with curative intent.®#28% A recent meta-analysis comprising
9,221 patients found no significant differences between open or
minimal-invasive RNU with respect to total complication rates
(Odds ratio 1.22 [95% CI: 0.91-1.65] p=0.19), 5-year RFS (risk
ratio 1.01 [95% CI: 0.92-1.10] p=0.90), 5-year CSS (risk ratio
1.04 [95% CI: 0.99-1.10] p=0.12), and 5-year overall survival
(OS, risk ratio 1.08 [95% CI: 0.98-1.18] p=0.11).24 However,
one randomized prospective trial reported significantly favor-
able CSS and metastasis-free survival in patients with advanced
UTUC treated with open RNU compared to laparoscopic RNU
(log rank test, p=0.039 and p=0.004, respectively). Several ap-
proaches for bladder cuff excision have been proposed. A large
meta-analysis comprising 2,681 patients found no differences
with respect to RFS, CSS, and OS; however, endoscopic dissec-
tion of the bladder-cuff seem to increase intravesical recurrence
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(34.1%) in comparison with transvesical (21.4%) or extravesi-
cal bladder cuff excision (20.3%, p=0.02).1! In summary, mini-
mal invasive RNU, therefore, appears to be a feasible option in
patients with organ-confined disease!®, but patient selection is
of the utmost importance especially for advanced UTUC where
open surgery remains recommended. Complete excision of the
entire ipsilateral ureter is important, and an endoscopic approach
is inferior to a trans- or extravesical removal.[%

Lymph node dissection

As the incidence of lymph node metastases in patients with
=pT2cNO UTUC ranges from 14.3% to 40%, lymph node dis-
section (LND) should be performed in all patients with high risk
disease.1**8781 A gystematic review identified multiple studies
that report a positive association between survival outcomes and
LND for patients with UTUC of the renal pelvis.®”) A recent me-
ta-analysis comprising 7,516 patients demonstrated improved
staging and prediction of survival through LND, however, re-
sults concerning a survival benefit where inconclusive due to
an unbalanced patient distribution.”” The value of LND in pa-
tients with UTUC of the ureter remains unclear, as a prospec-
tive study showed no significant difference in terms of survival
between LND and no LND in 48 patients with ureteral cancer
=pT2cNOMO.”"! As the appropriate extend of LND remains un-
clear, further prospective studies evaluating the impact of LND
in different settings of UTUC are needed (e.g., NCT 02607709).

Intravesical recurrence

Up to 47% of the patients will eventually develop an intravesi-
cal recurrence after RNU.*¥ Two randomized controlled tri-
als showed an absolute risk reduction (11% and 16.9%) and
a relative risk reduction of (40% and 42.2%) without serious
adverse events for the intravesical administration Mitomycin-
C or Pirarubicin.”>*¥ These findings were confirmed by a large
meta-analysis comprising 979 patients, which found a 41%
relative risk reduction of bladder recurrence following a single
dose postoperative intravesical chemotherapy.¥ Based on this
evidence, current guidelines recommend a single postoperative
instillation of intravesical chemotherapy.'® However, optimal
timing of administration remains unclear.”™ The ongoing GEM-
INI Trial, which investigates the use of a single intraoperative
intravesical instillation of gemcitabine at time of RNU (NCT
04398368) will hopefully add some information on this topic.

Perioperative chemotherapy

Retrospective series have shown conflicting results regarding
oncologic outcomes in patients treated with adjuvant chemo-
therapy for locally advanced or lymph node positive UTUC.*"!
Recently, a randomized trial comparing adjuvant chemotherapy
(AC) vs observation in patients with locally advanced disease
(POUT trial), reported that the addition of platinum-based adju-
vant chemotherapy after RNU significantly improved RFS (haz-

ard ratio 0.45 [95%CI 0.30-0.68] p<0.001).1%" However, one
must be aware of the limitation of the study, such as the short
follow-up, the skewness in patient distribution despite random-
ization and the compound endpoint. Data on overall survival are
still awaited.

A recently published meta-analysis comprising 15,378 pa-
tients found an improved survival in patients with locally
advanced UTUC following both neoadjuvant chemotherapy
(NAC) or AC.*I NAC was associated with high rates of path-
ological downstaging and complete response.l® As there is
no comparative data on NAC vs AC available, the dilemma
of choosing the superior treatment modality remains unre-
solved. NAC offers an early treatment of micrometastases,
pathological downstaging, and potentially higher pre-ne-
phrectomy GFR for administration of cisplatin-based chemo-
therapy, while AC offers a lower risk of overtreatment and
a therefore lower unnecessary toxicity.!'”) There are several
ongoing prospective studies that investigate the use of NAC
vs. surgery alone (e.g., NCT 02412670, NCT 01663285 or
NCT 02876861). Likewise, the URANUS trial is currently
investigating the feasibility of NAC vs. AC (NCT 02969083).
As of now, there is no data on the use of immunotherapy in a
neoadjuvant or adjuvant setting in UTUC, but this therapeu-
tic option is being investigated by the PURE-02 trial (neo-
adjuvant pembrolizumab preceding RNU for patients with
localized high-risk UTUC, NCT02736266).

Systemic Chemotherapy — First-line treatment

Currently, systemic therapy regimens extrapolated from the BCa
literature are based MVAC!21%3] (Methotrexate, Vinblastine,
Doxorubicin, Cisplatin) Gemcitabine with Cisplatin''® or Pa-
clitaxel, Gemcitabine plus Cisplatin (PGC)!"*! as first line treat-
ment in cisplatin-eligible patients. There are no prospective or
comparative trials that have investigated the differential effect
of these regimens in UTUC.

Immunotherapy based on pembrolizumab or atezolizumab is
also approved as first-line treatment in cisplatin-unfit PD-L1
patients with unresectable or metastatic UTUC which are plat-
inum-ineligible. In the KEYNOTE-052 trial, pembrolizumab
achieved an overall objective response rate of 24% (38% for
patients with a PD-L1-expression cutoff over 10%) and a six-
month OS of 67% (95% CI 62-73). 16% of all patients includ-
ed had treatment-related adverse events of grade 3 or worse.
11961 Trrespective of the PD-L1 status, atezolizumab showed a
23% objective response (9% complete response rate) and a
median OS of 15.9 months (95% CI 10.4-not estimable).['""!
In cisplatin ineligible patients with a negative PD-L1 status,
carboplatin + gemcitabine is the current standard of care, how-
ever, efficacy is not comparable to cisplatin based combina-
tions.[l()&l()()]
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Systemic Chemotherapy — Second-line treatment
Immunotherapies have become a standard of care for treatment
of patients with disease progression following platinum-based
combination chemotherapy for metastatic UTUC. However,
all relevant studies focused on patients with advanced UC and
only included a subset of patients with UTUC. In a phase III
trial that compared the effect of pembrolizumab vs. the investi-
gator’s choice of paclitaxel, docetaxel, or vinflunine in patients
with advanced UC that recurred or progressed after platinum-
based chemotherapy, pembrolizumab significantly prolonged OS
compared with the various chemotherapeutic agents (10.3 vs 7.4
months, p=0.002). Furthermore, the rate of grade =3 adverse ef-
fects was reduced (15% vs 49%)."% Contrary, in a randomized
phase III trial that included 931 patients, atezolizumab showed
no significant difference in OS (11.1 vs 10.6 months, p=0.41) in
comparison with various chemotherapeutic agents. Atezolizum-
ab was better tolerated than chemotherapy of choice, as it showed
less grade =3 adverse effects (20% vs 43%)."""l In addition to
pembrolizumab and atezolizumab, nivolumab has also been FDA
and EMA approved after showing a 19.6% objective response
rate and OS of 8.7 months in a phase II single-arm study with 270
patients. These findings were irrespective of the PD-L1 expres-
sion status and nivolumab had also a favorable safety profile.!''?
In the Check Mate-032 trial (phase I/ trial testing different com-
binations of nivolumab alone/plus ipilimumab), the combination
of nivolumab and ipilimumab showed an objective response of
38.0% and a median overall survival of 15.3 months (95%CI
10.1-27.6 months). Grade 3 or 4 treatment-related adverse events
occurred with this combination in 39.1% of all patients."'*! This
trial suggests a potential benefit of immunotherapy combinations
in this disease. Preliminary phase III data presented at the ASCO
2020 (JAVELIN Bladder 100 trial), showed that maintenance
avelumab was able to improve OS compared to best supportive
care (median OS 21.4 vs 14.3 months, p<0.001) in the setting
of unresectable and metastatic UC after platinum-based first-line
chemotherapy. With this plethora of new agents, further studies
are now needed to identify the optimal immunotherapeutic and
combination regimen in the UTUC population.

There is limited data on the efficacy of a second chemothera-
peutic agent in the second-line treatment. Vinflunine showed
in a randomized phase III trial only a modest survival benefit
in comparison to best supportive care (median OS 6.9 vs 4.3
months, p=0.04).'" Vinflunine should therefore only be used
as a second-line treatment, if immunotherapy or combination
chemotherapy is not feasible. However, it still might be offered
as third-line treatment for eligible patient with a desire for treat-
ment.['”

Novel agents
FGFR3 has been found to be the most commonly mutated gene
in both low grade (92%) and high-grade UTUC (60%).”! In

2018, the FDA approved erdafitinib, the first pan-FGFR inhibi-
tor, for patients with locally advanced or metastatic UC that
have progressed during or after platinum-based chemotherapy
and whose tumors have susceptible mutations. In a phase II trial
of 99 patients, erdafitinib showed an objective response rate of
40% and a complete response in 3%.!"">) However, tolerability
seems inferior to immune check point inhibitors, as there was
a high rate of grade =3 adverse events (46%) and 13% of the
patients discontinued treatment.

In February 2020, the FDA also approved enfortumab vedotin
plus pembrolizumab for cisplatin-ineligible patient as a first-line
treatment for unresectable locally advanced or metastatic UC.
Enfortumab vedotin is an antibody-drug conjugate that targets
Nectin-4, a cell adhesion protein highly expressed in UC. In an
as yet unpublished phase Ib/II clinical trial (NCT 03288545),
the investigators report an impressive objective response rate
of 73.3% (95%CI 58.1-85.4%) and a complete response rate of
15.6% (preliminary data presented at ASCO 2020). Currently,
there is also an ongoing phase III that will compare the survival
benefit of enfortumab vedotin in comparison to chemotherapy
(EV-301 trial, status: accrual completed, results pending).

While all of these novel agents and the previously mentioned
immunotherapies achieved promising results in the field of
advanced or metastatic UC, their specific value in the UTUC
patient population needs to be verified. Various further novel
agents that might also improve patient outcome are currently
being investigated, such as sitravatinib (tyrosine kinase in-
hibitor, NCT 03606174), eribulin mesylate (mitotic inhibitor,
NCT 00365157), regorafenib (multi-kinase inhibitor, NCT
02459119), berzosertib (ATR kinase inhibitor, NCT 02567409)
or infigratinib, and PRN1371 (further FGFR inhibitors, NCT
04197986 and NCT 02608125). With this increasing number
of agents in our armamentarium, identifying reliable biomark-
ers that can guide clinical decision making will become a major
challenge in the future. However, only this will allow physicians
to offer tailored treatment in the era of precision medicine.

Conclusions

Despite several technological improvements, diagnosis and
treatment of UTUC remains a challenge for the treating phy-
sician. Accurate staging and outcome prediction remain major
challenges and hamper appropriate risk stratification. Similarly,
the appropriate extent of lymph node dissection and surgical
approach as well as the benefit of intracavitary remain unan-
swered clinical question. Novel biomarkers are needed to guide
treatment decision and help physicians give the right treatment
to the right patient at the right time. In the future, next genera-
tion sequencing and novel agents will improve patient outcomes
through precision medicine/tailored medicine.
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