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Abstract

Purpose of Review We review the epidemiology, risk factors, diagnosis, and treatment of upper tract urothelial carcinoma
(UTUC), with a distinction between the different risk groups.

Recent Findings Endoscopic treatment with laser ablation of tumors has an evolving role in treating low-grade UTUC includ-
ing select large and multifocal tumors, along with complementary topical chemotherapeutic treatment that can reach difficult
intrarenal locations. Template lymphadenectomy is recommended in patients undergoing nephroureterectomy. A recent
randomized control trial showed benefit of adjuvant chemotherapy after radical nephroureterectomy for locally advanced
disease. Advances in immunologic therapy have shown promise in treating metastatic UTUC, and immunologic-based
therapies have been incorporated into treatment regimens.

Summary Notable progress has been made in both the surgical and medical treatment arms for UTUC, thus extending the
reach of nephron-sparing therapy for those with localized disease and increasing overall survival for those with locally
advanced disease.

Keywords Upper tract urothelial carcinoma - Ureteroscopy - Nephron-sparing surgery - Laser ablation -
Nephroureterectomy - Topical chemotherapy - Systemic chemotherapy

Introduction occurrence is 2:100,000 in the western world and has dem-
onstrated an upward trend due to advancement in imaging
Epidemiology and endoscopic technology, as well as longer survival of

patients with bladder cancer, from which UTUC often subse-
Upper tract urothelial carcinoma (UTUC) designates lesions  quently develops [2]. The mean age at diagnosis is between
originating from the luminal space of the ureter and/or intra- 68 and 73 years [3]. In the west, disease occurrence is higher
renal collecting system including the renal pelvis, infun-  in men compared to women at a ratio of 2:1, respectively,
dibula, and calyces. It is a relatively rare disease, which ~ with similar treatment outcomes for both genders [4, 5]. In
constitutes 5—-10% of all urothelial carcinomas [1]. Disease two-thirds of cases, the disease originates from the intra-
renal collecting system (in the rest, it originates from the
ureter), and in 1 in 4 cases, the disease is multifocal [6].
In 70% of cases, the pathological grade of the disease is
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the higher prevalence of more advanced and more aggressive
disease in UTUC compared to bladder cancer [8]. Although
UTUC and bladder cancer share many clinical and patho-
logical features, UTUC represents a unique disease entity
with its own management recommendations.

Lynch syndrome (also known as HNPCC—hereditary
non-polyposis colorectal cancer) is an autosomal dominant
hereditary syndrome characterized by genetic mutations that
impair DNA mismatch repair (MMR). The 5 main genes
involved in Lynch syndrome are MSH-2, MLH-1, MSH-6,
PMS-2, and EPCAM. Patients that have this syndrome are
at an increased risk to develop multiple malignancies such
as colorectal cancer, endometrial cancer, and UTUC, among
others [9]. The risk to develop UTUC is the highest among
patients with MSH-2 mutations [10]. Compared to sporadic
UTUC cases, patients with UTUC and Lynch syndrome pre-
sent on average, 8 years younger, more often have tumors
in the ureter [11] and may be more susceptible to bilateral
upper tract UTUC development, which is often metachro-
nous [12]. A high index of suspicion for Lynch syndrome
should exist in UTUC patients that are relatively young or
have a personal or familial history of these syndrome-related
malignancies, thus prompting consultation with a genetics
counselor [9].

Risk Factors

The most significant risk factor for the development of UTUC
in developed countries is smoking history, which increases
the risk by 2—-7.5-fold. People who smoke more than 2 packs
a day have a 4.8-fold risk for the disease, while people who
smoke less than half a pack per day have a 2.4-fold risk,
which points towards an association between the disease and
the amount of packs per-day [13]. A history of smoking is
found in 53% of patients with UTUC [5]. The second most
significant risk factor in developed countries is occupational
exposure to aromatic amines, which is used in the paint, rub-
ber, and textile industries. These substances are excreted in
the urine and can cause chronic tubulointerstitial inflamma-
tion and expose the urothelium to carcinogens. Exposure for
7 years or more can cause an increased risk by 8.3-fold for
UTUC, usually 20 years or more after exposure. The occu-
pational exposure to these substances in developed countries
has been dramatically reduced due to decreased use and
implementation of strict safety guidelines [14].

Diagnosis

The diagnosis of UTUC is often made following abdominal-
pelvic cross-sectional imaging for symptoms such as gross
hematuria or flank pain but is also made in otherwise asymp-
tomatic patients with microhematuria, those with history
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of bladder cancer, or less often as an incidental finding
(Fig. 1A). In one study, among 168 patients with UTUC, the
most common presenting symptom was hematuria in 73%
of cases, followed by flank pain in 32% of cases [15]. For
workup of hematuria, we perform a urine cytology test to
check for the presence of malignant cells and cystoscopy to
check for a urethral or bladder source of bleeding and visual-
ize the ureteral orifice for bloody efflux. We also perform an
upper urinary tract imaging test with a CTU (computerized
tomography urography) that has a sensitivity and specificity
for UTUC of 92% and 95%, respectively [16], or an MRU
(magnetic resonance urography). MRU has a lower sensitiv-
ity (75% in tumors smaller than 2 cm) but is used in cases
with a contraindication for IV contrast or a desire to avoid
ionizing radiation [16]. These cross-sectional modalities
help rule out overtly metastatic or locally advanced disease
and are essential for at least preliminary clinical staging.

When there is a suspicion for a lesion in the upper uri-
nary tract, ureterorenoscopy is performed to visualize the
entire collecting system, collect ipsilateral urine cytology,
identify any lesions, and perform biopsies (Fig. 1B—D). The
accuracy of biopsies taken during ureterorenoscopy is noto-
riously low in determining disease stage (level of penetrance
to the urinary tract wall) and was reported to be as low as
58.6% [17]. Nonetheless, in determining the grade of the
disease, the endoscopic biopsy was reported to be as high
as 94%. Of note, the technique in which the biopsy is taken
can determine its accuracy and reliability, and the use of a
flat-wire basket is the most accurate, compared to cup biopsy
devices [18]. High-grade disease was found to correlate to
invasion to the muscular wall with a positive predictive value
of 60%. In cases of a sub-epithelial invasion of the tumor, the
positive predictive value for muscular invasion is 86% [19].
It is essential for a pathological report on an UTUC biopsy
to contain the grade of the tumor.

In addition to gathering the above information during
ureteroscopy, the surgeon can appreciate the feasibility of
endoscopic treatment on a case-by-case basis, which is an
essential first step in determining if a patient is a candidate
for nephron-sparing treatment. There is evidence that in
cases of a clear lesion on a CTU/MRU test with a urine
cytology test positive for malignancy, a radical surgery may
be performed, and the ureterorenoscopy can be omitted
[17]. Concerns have been raised about the possible disad-
vantages of ureteroscopic evaluation of UTUC including the
promotion of metastatic disease by pyelovenous backflow of
tumor cells, delay to NU, and promotion of eventual bladder
tumor development [20]. Multiple groups have shown that
metastatic disease is not promoted in those UTUC patients
undergoing diagnostic URS prior to NU versus patients who
were treated with immediate NU, even when controlled for
tumor grade, after being followed with cross-sectional imag-
ing for a mean of 34-50 months [21, 22]. No differences
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Fig.1 A Cross-sectional CT urogram demonstrates 2.5 cm intra-
renal tumor originating from the anterior surface of the renal pelvis
(black arrow). B Retrograde pyelogram demonstrating same tumor as
filling defect (white arrow). C Retrograde pyelogram showing com-
plete clearance of tumor in one setting. D Digital ureteroscopic view

were seen in rate of eventual metastatic disease or overall
survival. Intravesical tumor development has been inconsist-
ently reported as higher in those undergoing URS prior to
NU versus those that do not [23—25]. What is consistent in
all studies, however, is that there is no difference in cancer-
specific survival for up to 41-64 months follow-up. There-
fore, the benefit of ureteroscopy in terms of providing more
accurate staging information and offering a nephron-sparing
approach needs to be weighed against the possible increased
rate of eventual bladder tumor development, which will not
impact cancer-specific survival. In a recent review of 2,380
patients treated for UTUC, diagnostic ureterorenoscopy was
a part of the diagnostic process in 49.7% of patients, demon-
strating the lack of uniformity in approach [5].

Risk Stratification

The approach to the management of non-metastatic UTUC
patients begins with determining the risk group of the
patient—either a low-risk or a high-risk group [26, 27], a
stratification that was adopted in 2013 by the EAU. The

of upper tract tumor prior to endoscopic treatment. E Same tumor
with application of neodymium:YAG laser shows coagulation effect.
F Ureteroscopic view of collecting system showing tumor clearance
after laser resection

stratification is made according to disease grade on cytol-
ogy and biopsy, disease stage according to CT/MRI (less
than T2 versus T2 and above), unifocal or multifocal distri-
bution, tumor size (less than 2 cm versus 2 cm and larger),
or signs of advanced disease such as hydronephrosis or
history of radical cystectomy (Fig. 2) [28ee]. According
to contemporary guidelines, to risk-stratify disease as low
risk, it is mandatory to perform a diagnostic ureteroscopy
with urine cytology and a tissue biopsy. However, to risk-
stratify the disease as high risk, it is enough to have a
high-grade voided urine cytology or have a history of a
radical cystectomy for high-grade disease. The spectrum
of management includes (1) radical surgery with resection
of the ipsilateral kidney and the ureter (radical nephroure-
terectomy); (2) resection of an involved segment of the
ureter; and (3) local endoscopic treatments mainly with
laser ablation of the tumor. In the last several years, fol-
lowing the advancement in endoscopic surgery and laser
technologies, and the gained experience with endoscopic
treatments, the definition of the risk groups has changed,
mostly in tumor size [28ee]. Several recent publications
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Fig. 2 Risk stratification of non-metastatic UTUC. [28®®] Adapted from the EAU guidelines on upper tract urothelial carcinoma 2020

have demonstrated good outcomes with endoscopic treat-
ment even for large and multi-focal tumors as long as
the disease is low-grade [29-31]. In the past, renal pre-
serving treatments were offered only to patients with a sin-
gle-functioning kidney, chronic renal failure, or bilateral
disease, to avoid the risk for dialysis after nephrectomy.
According to the European Association of Urology (EAU)
guidelines published in 2020, renal preserving treatments
should be offered to patients in the low-risk group, regard-
less of the status of the contralateral kidney [28ee]. In
a review paper published by the EAU in 2016, including
6,190 patients with low-grade non-invasive disease, out-
comes after radical nephroureterectomy were similar to
endoscopic treatment and segmental ureterectomy [32].
In addition, a large portion of patients with UTUC has
other medical conditions such as hypertension (61%),
hyperlipidemia (36%), type 2 diabetes (21%), ischemic
heart disease (33%), and pulmonary disease (21%). These
patients are at a higher risk for complications after radical
major surgery. In a multi-center study of 731 patients who
had undergone radical nephroureterectomy, there was a
38% complication rate after surgery, with 8% complication
grade 3 and above according to the Clavien-Dindo clas-
sification [33]. This high complication rate has increased
the motivation for renal preserving treatments in this dis-
ease. Nonetheless, following renal preservation treat-
ments, there is a high local recurrence rate, which dictates
a strict endoscopic follow-up of the upper urinary tract. For
these local recurrences, endoscopic treatment is usually
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feasible and does not result in an increased oncologic risk
[29-31].

Treatment of Low-Risk Group

The spectrum of treatments for the low-risk group includes
the nephron-sparing treatments: segmental ureterectomy,
retrograde or antegrade ureterorenoscopy with laser treat-
ment, and topical ablative treatment.

Segmental Ureterectomy

This involves resection of the involved segment of the ureter
with a wide margin and local lymphadenectomy. In cases
where the involved segment is the distal ureter, along with
resection, a ureteroneocystostomy is performed. The onco-
logic outcome is better for resection of the distal ureter than
for the mid and proximal ureter [32]. After surgery, there
is a need to follow-up on the ipsilateral ureter and kidney
in the form of cross-sectional imaging with ureteroscopic
evaluation for any suspicious findings.

Endoscopic Treatment

This includes retrograde and/or antegrade ureterorenoscopy
with biopsy and treatment of any visible tumors with laser
energy or electrocautery [29, 30] (Fig. 1E-F). The risk for
local recurrence can approach 70-80% and not surprisingly
increases with longer follow-up. The risk for pathological
progression in terms of grade is relatively low between 2
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and 15% [29, 31, 34] but has been reported as high as 31%
in a series with mean tumor size of 3.0 cm [30]. There-
fore, patients with relatively larger sized lesions, even if low
grade, need to be counseled on the higher rate of grade pro-
gression. Younger, healthier patients with normal contralat-
eral kidneys will be better served with NU, while those with
solitary kidneys, renal insufficiency or prohibitive comorbid-
ities for NU, can still benefit from a nephron-sparing option.

Due to the relatively high risk of local recurrence, it is
common practice to perform strict ureteroscopic surveillance
on the affected upper urinary tract. The surveillance protocol
usually includes a ureterorenoscopy every 3 months in the
first year after the diagnosis, bi-annually in the 2nd year,
and annually thereafter. Every local recurrence usually resets
the protocol. In every surveillance procedure, one must sur-
vey the urinary bladder, ureter, renal pelvis, and calyces,
along with urine samples for cytology, a biopsy of any sus-
picious lesions, and laser treatment of all visible lesions.
This endoscopic surveillance needs to continue indefinitely
unless there is evidence of a local invasion, pathologic pro-
gression (to high-grade disease), local recurrence in high
volume (which represents a more aggressive disease), or
inability to continue endoscopic treatments due to ana-
tomic considerations such as prohibitive ureteral strictures
or difficult to reach locations such as an inaccessible calyx
with tumor due to infundibular stenosis. In these cases, the
patient is referred for a radical nephroureterectomy. In the
past several years, the spectrum of disease that can be treated
endoscopically has widened. Nonetheless, endoscopic man-
agement of UTUC is an ensemble of an accurate diagnosis,
surgical experience with proper endourological equipment,
and a clear knowledge of the limitations of this treatment
approach. In addition to periodical ureteroscopy, a CTU/
MRU is performed annually to evaluate the contralateral side
for any suspicious lesions and to rule out local or metastatic
progression, which may alter the treatment and consider
radical surgery or systemic treatment [28ee].

Efforts have been made to lower the relatively high local
recurrence rate after endoscopic treatment. The use of differ-
ent topical agents to reduce local recurrences has been stud-
ied, mostly based on the experience established in bladder
instillations such as Mitomycin C, BCG, and Gemcitabine.
These treatments are delivered to the upper urinary tract
using a percutaneous nephrostomy tube directly into the kid-
ney, or through a retrograde ureteral catheter, and are given
after complete laser eradication of all visible tumors. When
using these instillations as an adjuvant treatment for endo-
scopic laser treatment, there was a somewhat lower local
recurrence rate, but the rate remains high (around 50%) and
does not seem to change the surveillance protocols. This, in
addition to the technical challenge of repeatedly delivering
the agents to the upper urinary tract, has caused the use of
these instillations to be relatively limited [35, 36].

Topical Ablative Treatment

Recently, a thermo-reversible hydrogel containing Mitomy-
cin C was developed and showed a 59% complete response
rate in treating low-grade tumors up to 15 mm in size. This
agent takes a liquid form at room temperature and is deliv-
ered through an open-ended ureteral catheter to the renal pel-
vis. Shortly after injection into the kidney, the agent receives
heat from its surroundings, which causes its consistency to
change into a gel. The gel slowly elutes in the upper urinary
tract for about 6 h, during which the mucosa is adequately
exposed to Mitomycin C [37ee]. This hydrogel is an impor-
tant tool in the armamentarium in treating UTUC, especially
valuable in cases with a high recurrence rate or for tumors
difficult to reach and treat ureteroscopically. Importantly,
the ureteral stricture rate observed with this gel is not negli-
gible [37e¢], cost is significant, and durability of treatment
response is still being elucidated at the time of this report.
Although it should not be considered a substitute for com-
plete or near complete endoscopic resection, in accord with
NCCN guidelines [38], this hydrogel may serve to further
expand the reach of renal preserving treatment options for
UTUC.

Treatment of the High-Risk Group

The treatment of choice for the high-risk group is radi-
cal nephroureterectomy of the ipsilateral side, including a
bladder cuff excision. The reason for resecting the entire
ipsilateral urinary tract is the risk of eventual development
of luminal tumors in the remnant ureteral stump, which
was observed in 42% of UTUC patients undergoing only
a nephrectomy in a report from 1976 [39]. Nephroure-
terectomy can be performed in an open, laparoscopic, or
robotic approach [40]. Studies on the surgical treatment
of advanced disease (T3/T4, and N +) have shown better
oncologic outcomes for the open approach [41]. For patients
with high-risk disease who are not fit for radical surgery due
to comorbidities or unwilling to undergo a radical surgery,
endoscopic laser treatment may be offered on a palliative
basis for local control and to treat hematuria or upper tract
obstruction. In a retrospective study of 160 patients with
UTUC treated endoscopically, 16 patients had high-grade
disease and were treated palliatively. In 15 out of the 16,
metastatic progressions occurred, with median overall sur-
vival of 29.2 months (range 6.5-52.6) [34].

Lymphadenectomy
The role of lymphadenectomy during radical nephroureter-
ectomy has recently evolved from controversial to recom-

mended according to contemporary guidelines from the
European Association of Urology [28ee] and the National
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Comprehensive Cancer Network [38]. Involvement of lymph
nodes with UTUC was reported in 20-30% of cases with a
primary tumor in the renal pelvis or the upper ureter and
10% involvement in cases with a primary tumor in the distal
ureter [42]. The anatomical location of the involved lymph
nodes depends on the location of the tumor along the urinary
tract, which determines the lymphadenectomy template [42,
43]. Current NCCN guidelines recommend the following
regional lymphadenectomy templates for high-grade tumors:
for left-sided renal pelvic and upper ureteral tumors, par-
aaortic lymph nodes; for right-sided renal pelvic and upper
ureteral tumors, paracaval lymph nodes; and for most mid-
ureteral tumors and distal ureteral tumors, common iliac,
external iliac, obturator, and hypogastric lymph nodes [38].
Template-based lymph node dissection during NU has been
reported to improve cancer-specific survival and reduce
local recurrence rates in patients with higher stage disease
[44]. Given the inaccuracies of preoperative staging for
UTUC [45], lymph node dissections are recommended for
all patients undergoing NU, whenever technically feasible.

Post-operative Bladder Instillation

Intravesical occurrence of bladder cancer after nephro-
ureterectomy was reported to be 15-50% for patients with
no history of bladder cancer, which sets the need for peri-
odic cystoscopic evaluation after surgery [46]. In an effort
to reduce these occurrences, a single early post-operative
intravesical instillation of chemotherapy has been studied.
In a large multicenter prospective randomized trial among
284 patients, a single dose of Mitomycin C before urethral
catheter removal after surgery was tested against the stand-
ard treatment and showed 11% absolute risk reduction for
bladder recurrence in the 12 months following nephroure-
terectomy [47]. It is important to note that extravasation of
chemotherapeutic agents can cause severe complications
such as peritonitis [48, 49]. Therefore, bladder instillations
should be given only in cases where extravasation is not
suspected; otherwise, a cystogram should be performed to
rule it out.

Neoadjuvant Therapy

Unlike the situation regarding locally advanced bladder
cancer, neoadjuvant chemotherapy for high-risk UTUC has
never yet been proven beneficial with a prospective rand-
omized controlled trial. Nevertheless, several retrospec-
tive studies have been published showing that neoadjuvant
chemotherapy leads to pathological downstaging, occasional
pathological complete responses [50], and increased sur-
vival compared to well-matched historical controls which
were treated with immediate NU [51]. The chemotherapeutic
treatment can be given before nephroureterectomy, while the
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patient still has both the kidneys and usually better kidney
function. In a review of 16 retrospective or single-arm stud-
ies, complete pathologic response was observed in 11% of
cases and a partial response in 43% of cases. The hazard
ratio for disease-specific survival was 0.38, which repre-
sented a 62% benefit for those who received neoadjuvant
chemotherapy compared to nephroureterectomy alone [52].
Although chemotherapy regimens were not completely uni-
form, the vast majority were platinum-based regimens, either
MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) or
GC (gemcitabine, cisplatin). Several prospective trials on
neoadjuvant therapies are ongoing, including immunologic-
based therapies.

Adjuvant Therapy

One of the most significant limitations for this type of treat-
ment is the fact that after nephroureterectomy, only 20% of
patients have kidney function sufficient enough for cisplatin-
based chemotherapy. Cisplatin is the agent on which most
of the chemotherapeutic regimens for urothelial carcinoma
are based (when using a GFR cut-off of 60 ml/min) [38].
Nonetheless, there is mounting evidence showing the benefit
of adjuvant chemotherapy and recently, immunotherapy as
well. In a review of 18 studies, including 5,659 patients,
there was a hazard ratio of 0.79 in favor of cancer-specific
survival after adjuvant chemotherapy and radical nephroure-
terectomy, compared to radical nephroureterectomy alone
[52]. A phase III open-label randomized controlled trial
(POUT trial) evaluated the benefit of adjuvant chemotherapy
after radical nephroureterectomy (initiated within 90 days
of surgery) compared to radical nephroureterectomy alone
[53ee]. The study included 261 patients from 57 hospitals
in the UK (132 patients in the chemotherapy arm and 129
patients in the surveillance arm), staged as pT2-T4/pN0O-N3/
MO or any pathologic stage with /N1-3/M0. The chemo-
therapy regimen included four 21-day cycles of gemcitabine
on days 1 and 8 and cisplatin on day 1 (or carboplatin when
eGFR <50 ml/min). The study found a significant improve-
ment in disease-free survival and metastasis-free survival
after a median follow-up of 30.3 months (hazard ratios of
0.45 and 0.48, respectively). Three-year event-free estimates
were 71% and 46%, and grade 3 or worse acute treatment-
related adverse events occurred in 44% and 4% of patients in
the chemotherapy and surveillance arms, respectively.

In a recently published phase 3, multicenter, rand-
omized controlled trial, the benefit of adjuvant nivolumab
was compared to the one of placebo [54ee]. The study
included 353 patients who received nivolumab and 356
who received placebo. Median disease-free survival was
20.8 and 10.8 months in the nivolumab and placebo groups,
respectively. Treatment-related adverse events of grade 3 or
worse were observed in 17.9% and 7.2% of patients in the
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nivolumab and placebo groups, respectively. Two treatment-
related deaths occurred (one case of pneumonitis and one
of bowel perforation). Several other prospective trials for
adjuvant therapy are currently ongoing, including immuno-
logic therapies.

Treatment of Metastatic Disease

As mentioned earlier, 7% of cases are metastatic at diagno-
sis and are referred to medical oncology for systemic treat-
ments. In addition, some patients develop metastatic pro-
gression from initially localized disease [7]. The evidence
for the efficacy of systemic treatments for UTUC is based
mostly on experience observed from treatments of bladder
cancer patients [55]. The first-line therapy is cisplatin-based
chemotherapy [56]. In the past several years, there has been
major progress in understanding immunologic mechanisms
involved in bladder cancer and UTUC, and several agents
have been developed. In particular, drugs based on PD-1
(programmed death-1) and PD-L1 (programmed death-
ligand 1) have shown efficacy in treating urothelial carci-
nomas. The role of these agents in the oncologic treatment
regimens is increasing in all lines of therapy. Currently, in
cisplatin-ineligible patients with metastatic UTUC, pem-
brolizumab or atezolizumab may be offered even as first-
line therapy [57, 58].

Conclusions

Although UTUC is a relatively rare malignancy, its treat-
ment has shown significant recent advancements. Experi-
ence in endoscopic treatments continues to grow, along
with improvements in laser and endoscopic technology and
a novel topical chemotherapeutic agent, all of which are con-
tinuously changing the treatment guidelines for low-grade
non-metastatic disease. Nephroureterectomy is still con-
sidered the gold standard for high-risk disease and should
be accompanied by template lymphadenectomy whenever
possible. Recent guidelines for metastatic disease have
immunologic therapy incorporated into all lines of therapy.
The role of new immunologic-based therapies is increasing,
and several trials are ongoing regarding its role in different
points of therapy.
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