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Abstract: Introduction: To explore the efficacy of urine cytology, ureteroscopic biopsy, and a combination of both in
detecting HG UTUC. Methods: We searched our institutional pathology database for cases (2008-2018) with urine
cytology and subsequent histologic follow-up based on ureteroscopic biopsy and extirpative resection performed
within 6 months of the urine cytology. Sensitivity, specificity, positive predictive value and negative predictive value
were calculated for the specific diagnostic categories. Results: A cohort of 226 cases with both urine cytology
and histologic follow-up based on ureteroscopic biopsies and/or surgical resection were included in the study.
144/226 cases (64%) had both urine cytology and extirpative resection, among which 57 (25%) cases also have
ureteroscopic biopsy preoperatively. The sensitivities for urine cytology or ureteroscopic biopsy alone for a surgically
confirmed HG UTUC were 64.7% and 59.2% respectively. Among 49 cases diagnosed as HG-UTUC by extirpative resection, 42 cases were diagnosed as HG-UTUC by either urine or biopsy diagnosis. The sensitivity of combining urine
cytology and ureteroscopic biopsy was 85.7%, which was significantly higher than either method alone (P < 0.05).
Conclusion: Our findings show urine cytology and ureteroscopic biopsy have comparable sensitivity in diagnosing HG
UTUC. However, by combining urine cytology with ureteroscopic biopsy, there is a significant increase in the sensitivity for detecting HG UTUC and should therefore be incorporated into routine clinical practice.
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Introduction
Urothelial carcinomas of the upper tract (UTUC),
which includes ureter and/or renal pelvis, are
relatively uncommon and account for only 5%
of urothelial carcinomas (UC) and 10% of renal
tumors in the United States [1]. The gold standard treatment for HG UTUC is radical nephroureterectomy with excision of the bladder cuff
regardless of tumor location in the upper urinary tract [1, 2]. Nephron sparing treatments,
such as ureteroscopic ablation and segmental
ureteral resection, are generally utilized in
patients with low grade UTUC (LG UTUC) or with
compulsory indications [3]. In addition, patients
with HG UTUC are often offered neoadjuvant
chemotherapy given the risk of invasive, and/or
advanced disease at the time of diagnosis and
the risk of chronic kidney disease following
nephroureterectomy [4, 5]. Therefore, accurate

preoperative diagnosis of UTUC including grade
assignment is essential for appropriate patient
management. Nevertheless, high level evidence recommendations and guidelines for the
diagnosis, treatment and follow-up of patients
with UTUC, especially HG UTUC, are lacking [1].
Urine cytology has been used in the diagnosis
and surveillance of urothelial carcinoma of
bladder and UTUC as an inexpensive and noninvasive tool for detecting HG UTUCs [6, 7].
Recently ureteroscopically obtained biopsies of
the upper tract have played an important role in
the detection of HG and LG UTUC. Ureteroscopic
biopsies are considered to be the highest yield
diagnostic procedures available and are recommended in guidelines published by various
international urology societies [1, 8]. However,
ureteroscopic biopsy specimens are often limited in diagnostic value [9-11]. Processing diffi-
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Figure 1. Flowchart of selecting
cohorts for the study.

culties and the presence of procedure induced
cautery artifact make it challenging for pathologists to establish an accurate diagnosis and
moreover assign tumor grade. Technical challenges for the urologist due to limited access to
more proximal portions of the ureter and renal
pelvis may impede ureteroscopic biopsy sampling in a subset of cases. Due to the limitations of both urine cytopathology and ureteroscopic biopsies, we chose to evaluate the diagnostic value of both methods for the detection
of HG UTUC. Our study aimed to evaluate the
accuracy of urine cytology alone, biopsy alone,
and in combination for detecting HG UTUC.
Materials and methods
This retrospective study was approved by New
York University Langone Health Institutional
Review Board and ethics committee (i1801599). A search was performed of the electronic pathology data system over a 10 year
period (2008-2018). Cases were identified with
both urine cytology specimen (voided and
upper tract urine) and a subsequent histologic
follow-up as represented by ureteroscopic biopsies and/or extirpative surgical specimens
(segmental ureterectomy or nephroureterectomy specimens). Cases with histologic follow-up
within 6 months of collected urine cytology
were included in the study. The highest degree
of abnormality was selected in cases where
multiple specimens were available. Excluded
from the study were cases diagnosed as nonurothelial origin malignancy by histologic followup or cases with previous or concomitant diagnosis of bladder urothelial carcinoma.
Urine cytology results were based on the original cytopathologic reports and classified as: (1)
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Positive for malignancy, high
grade urothelial carcinoma
(HG UC); (2) Atypical urothelial cells, suspicious for high
grade urothelial carcinoma
(AUC-H); (3) Positive for malignancy, low grade urothelial
carcinoma (LG UC); (4) Atypical
urothelial cells, suspicious or
favor low grade urothelial carcinoma (AUC-L); (5) Atypical
urothelial cells (AUC); (6)
Negative for high grade urothelial carcinoma or negative
for malignancy. For this study,
we simplified the categories
into four groups based on the Paris system
[12]: (1) HG UTUC (combining categories of HG
UC and AUC-H); (2) LG UTUC (combining LG UC
and AUC-L); (3) AUC; (4) Negative (for HG UTUC).
UC was diagnosed and graded on surgical
specimens according to the 2004 World Health
Organization (WHO)/1998 International Society
of Urologic Pathology consensus classification,
which is equivalent in the 2016 WHO classification [13].
Sensitivity, specificity, positive predictive value
and negative predictive value were calculated
for the specific diagnostic categories. Comparisons were performed by Fisher exact test,
based on 2 × 2 contingency tables (2 sided
test with null hypothesis). For all comparisons
p-value < 0.05 indicated statistical significance. Calculations were conducted by GraphPad Prism 7 software (GraphPad Software,
San Diego, CA, USA).
Results
A total of 226 cases with both urine cytology
and histologic follow-up by ureteroscopic biopsy and/or extirpative surgical resection (segmental ureterectomy or nephroureterectomy
specimens) were included in the study (Figure
1). 144/226 (64%) cases had histologic followup via surgical resection, among which 57
(25%) cases also have ureteroscopic biopsy
preoperatively. Figure 2 shows urine cytology,
ureteroscopic biopsy and nephroureterectomy
from a representative case of HG UTUC in the
renal pelvis.
First, we calculated the accuracy of urine cytology using surgical resection as confirmatory
diagnosis in the 144 cases (Table 1). There
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were 64.7%, 64.3%, 93.8%
and 18% respectively if AUC
category is considered as
“negative”. The overall accuracy is 64.6%. Sensitivity,
specificity, PPV, NPV and accuracy were 92.2%, 50%, 93.9%,
43.8% and 87.7% if AUC is
counted as “positive”, and
were 89.2%, 58.3%, 93.8%,
43.8% and 85.4% if AUC is
excluded from this calculation. For the 11 cases diagnosed as LG UTUC upon surgical pathology evaluation, only
one (9%) case was correctly
diagnosed as such preoperatively by cytology, whereas 5
(45%) cases were diagnosed
as negative, 4 (36%) cases as
AUC and one case (9%) was
over-diagnosed as HG UTUC
by urine cytology.
In this cohort, a total of 82
cases had both urine cytology and ureteroscopic biopsy
but did not undergo surgical
resection at our institution
(Table 2). Fifty-two cases
Figure 2. Urine cytology, ureteroscopic biopsy and nephroureterectomy
(63.4%) showed complete
from a representative case of HG UTUC in the renal pelvis. A. Urine cytology
concordance by urine cytology
specimen shows tumor cells with enlarged nuclei, nuclear hyperchromasia,
and ureteroscopic biopsy diairregular nuclear membrane and increased nuclear-to-cytoplasmic ratio (>
gnosis. These diagnoses in0.7). B. Ureteroscopic biopsy shows papillary architecture with loss of celcluded negative for malignanlular polarity, enlarged nuclei with nuclear hyperchromasia, and increased
mitotic activity and apoptotic bodies. C. Section of tumor from a nephrourecy (n = 21); AUC/atypia (n = 1);
terectomy specimen shows invasive tumor nests with disorganized tumor
LG UTUC (n = 6) and HG UTUC
cell arrangement with enlarged nuclei, prominent nucleoli, and increased
(n = 24). When we divided
mitotic activity.
these cases into two major
clinical categories: HG UTUC
were 81 (56%) cases classified as HG UTUC by
and non-HG UTUC (including negative, AUC/
cytology, 75 were confirmed by surgery as such.
atypia and LG UTUC), we demonstrate an even
Twenty-one (15%) cases were classified as neggreater concordance rate, with 68 (83%) cases
ative for HG UTUC on cytology (7 cases were
in matching categories by urine cytology and
confirmed to be negative; 5 cases were LG
ureteroscopic biopsy. Discrepancies in major
UTUC and 9 cases were HG UTUC upon surclinical category assignment between urine
gery). Of the 39 (27%) cases with AUC, 32 cases
cytology and ureteroscopic biopsy were
were upgraded to HG UTUC by surgery. Four
observed in 14 (17%) cases. The majority
cases were categorized as LG UTUC on cytology
involved grading, with 8 (57%) HG urine cytoloand three cases were subsequently upgraded
gy cases showing LG by corresponding biopto HG UTUC following surgery. The overall sensisies. Overall, ureteroscopic biopsy identified
tivity, specificity, positive predictive value (PPV)
similar number of cases of HG UTUC as comand negative predictive value (NPV) for diagpared to cytology evaluation (29 vs 33), but
nosing HG UTUC by urine cytology in this group
diagnosed a much higher number of LG UTUC

223

Am J Clin Exp Urol 2021;9(3):221-228

Combined urine cytology and biopsies improves detection of HG UTUC
sies, as well as surgical
resection serving as a “gold
standard” (Table 3), by which
Surgery diagnoses
we calculated the sensitivity
Urine diagnosis categories
Malignant
Negative/
Total
of each methods alone and
Non-neoplastic LG UTUC HG UTUC
in combination. Among the
Negative
7
5
9
21
49 cases with surgically
AUC
2
4
32
38
diagnosed HG UTUC, urine
LG UTUC
0
1
3
4
cytology correctly assigned
HG UTUC
5
1
75
81
31 cases and ureteroscopic
Total
14
11
119
144
biopsies diagnosed 29 as
HG. 5/57 cases were noted
to be negative for malignanTable 2. Urine cytology and ureteroscopic biopsy correlation in 82
cy or to have no residual carcases
cinoma upon surgical resection, while 2 and 4 of these
UT biopsy diagnosis
cases were preoperatively
Urine diagnosis categories
Malignant
Negative Atypical
Total
diagnosed as HG UTUC by
LG UTUC HG UTUC
urine cytology and ureteroNegative
21
2
1
1
25
scopic biopsy respectively.
AUC
3
1
8
4
16
The overall sensitivity and
LG UTUC
0
2
6
0
8
PPV for diagnosing HG UTUC
HG UTUC
1
0
8
24
33
by urine cytology were 63.3%
Total
25
5
23
29
82
and 93.9%; and by ureteroscopic biopsies were 59.2%
and 87.9% respectively. ThTable 3. Urine cytology, ureteroscopic biopsy and final histology corere was no statistical differrelation in 57 cases with extirpative surgery
ence in detection of HG
Surgery Diagnoses
UTUC by urine cytology or by
ureteroscopic biopsy alone
Negative/Dysplasia
LG UTUC
HG UTUC
(P > 0.99). Of the 3 LG UTUC
Urine Diagnosis
cases diagnosed by surgical
Negative
2
1
2
resection, ureteroscopic bioAUC
1
1
15
psy correctly diagnosed all 3
LG UTUC
0
1
1
cases, but only one of them
HG UTUC
2
0
31
were identified by urine cytolBiopsy Diagnosis
ogy. For the 49 HG UTUC
Negative
1
0
5
patients confirmed by extirAUC
0
0
11
pative surgery, we comparLG UTUC
0
3
4
ed their preoperative urine
cytology and ureteroscopic
HG UTUC
4
0
29
biopsy diagnoses. Although
22/49 cases (45%) showed
cases (23 vs 6). The combination of both methdiagnostic concordance between cytology and
biopsy diagnoses (18 HG UTUC, 2 LG UTUC and
ods enabled the identification of 38 cases of
2 AUC/atypia), 11 (22%) cases with HG UTUC
HG UTUC, which was much higher than each
biopsy showed discordant urine cytology,
method alone. Although we do not have surgiincluding AUC (n = 10) and negative (n = 1).
cal resection confirmation for these cases, the
13/49 cases (27%) with HG urine cytology diagdata suggest utilization of both methods in
noses were classified as negative (n = 4), atypicombination may help to identify a larger numcal (n = 8) or LG (n = 1) on ureteroscopic biopsy.
ber of HG UTUC cases.
Overall 42 cases were diagnosed as HG by
either urine cytology or biopsy diagnosis. The
Next we studied the 57 patients in the cohort
sensitivity by combining urine cytology and urethat had urine cytology and ureteroscopic biopTable 1. Urine cytology and histology correlation in 144 cases with
extirpative surgery

224

Am J Clin Exp Urol 2021;9(3):221-228

Combined urine cytology and biopsies improves detection of HG UTUC
teroscopic biopsy diagnoses was 85.7%, which
was significantly better than by either method
alone (P < 0.05).
Discussion
Urine cytology is widely used for detecting HG
UTUC preoperatively. Our study demonstrated
an overall sensitivity for detecting HG UTUC by
urine cytology is 64.7%. The specificity and PPV
were 64.3% and 93.8% respectively when AUC
is considered as “negative”. Our results are
comparable to previous studies reporting sensitivities for detecting HG UTUC by urine cytology ranging from 43% to 89% [10, 14, 15].
Several reasons may account for the variations
in sensitivities including methods of sampling
urine, and the lack of uniform criteria for identification and categorization of AUC, especially
before the era of the Paris system. We included
both voided and upper tract urine cytology
specimens in this study. Prior studies have
shown that selective upper tract urines yield
higher accuracy than voided urine in detecting
HG UTUC [14, 16], suggesting that the sensitivity and specificity may increase by evaluating
upper tract cytology samples. For patients
underwent ureteroscopy procedure for biopsy,
a selective upper tract urine can be easily collected, which may help to improve the test
accuracy.
The clinical management of patient with AUC
category remains controversial [17]. At most
institutions, management of patients with an
AUC diagnosis will include routine follow-up,
akin to the “negative” category [18]. However,
in our study, 32 cases with AUC noted on cytology were upgraded to HG UTUC upon surgical
resection, suggesting that AUC may have a
stronger correlation with HG UTUC. Previous
studies [19, 20] have also noted that the diagnosis of AUC is associated with a higher rate of
malignancy and should therefore be investigated more aggressively. Inclusion of AUC with
positive cytology improves the sensitivity for
high-grade and muscle invasive UTUC [14, 21].
We compared the accuracy of urine cytology for
detection of HG UTUC using the AUC category
as a variable. When AUC was considered “positive”, urine cytology exhibited much higher sensitivity (from 64.7% to 92.2%), but relatively
lower specificity (from 64.3% to 50%). The goal
of increasing sensitivity to not miss HG lesions
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comes at the expense of some specificity. It is
worthwhile to note that the low NPV in our
cohort was partially due to patients with negative cytology that were subsequently managed
with a surgical procedure, had other clinical
indications for malignancy, for example, hydronephrosis or filling defect on imaging. The NPV
is therefore likely under-estimated. Nevertheless, our results support the notion that the
AUC category is associated with a higher rate of
HG UTUC and should prompt further evaluation. The workup for AUC should be individualized based on the risk assessment of the
patients. With the introduction of the Paris system in 2016, the diagnosis of AUC requires one
major and one minor criterion [12]. The major
criterion is the presence of nonsuperficial
and nondegenerated urothelial cells with an
increased nuclear cytoplasmic ratio (N:C > 0.5).
The minor criteria include: (1) mild nuclear
hyperchromasia, (2) irregular nuclear membranes, and (3) irregular, coarse, clumped chromatin. Studies also showed the AUC category
under the Paris system is associated with higher rate of HG UC [22].
Ureteroscopic evaluation and histologic examination of suspected upper tract lesions play an
important role in the diagnosis and management of UTUC. Previous studies have noted
upper tract biopsy accuracy rates range from
43% to 92% for HG UTUC [10, 23, 24]. Our study
revealed a sensitivity of 59.2%, which falls within the above range. An upgrade in diagnosis
from the biopsy to the resection specimen was
observed in 20 of 49 biopsies (40.8%), including 4 cases upgraded from LG to HG UTUC and
11 cases from atypia to HG UTUC. Secondary
review of these cases revealed possible explanations based on either limited size of biopsy
material, lack of proper tissue orientation,
absence of papillary fronds, crush artifact and/
or distorted architecture. Tumor heterogeneity
presents another challenge for grading in preoperative ureteroscopic biopsies as demonstrated by studies showing that up to 32% of
pTa papillary urothelial carcinoma and 43% of
muscle-invasive urothelial carcinoma present
different tumor grades within the same tumor
[25, 26]. The limited sampling provided by ureteroscopic biopsies may not represent the
grade representative of the entire tumor.
Multiple studies have shown similar rates of
upgrading from biopsy to surgery [11]. The
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coexistence of a positive urine cytology diagnosis is also associated with an increased risk of
upgrading. On the other hand, mimickers for
urothelial carcinoma, including strips of urothelium without well-developed fibrovascular
cores, polypoid ureteritis/pyelitis, and reactive
urothelium, can lead to a false positive diagnosis [9].
We evaluated whether there is an improvement
in the sensitivity for the detecting HG UTUC by
combining the results from urine cytology and
ureteroscopic biopsy. Previous studies have
demonstrated that selective upper tract urine
cytology has a comparable sensitivity for the
detection of HG UTUC to that of ureteroscopic
biopsy [10, 19, 27]. Similarly, our study revealed
no statistically significant difference in sensitivity between urine cytology and biopsy in detecting HG UTUC. However, each method identified
HG UTUC cases that were missed or undercalled by the other. Cases with negative biopsy
and a concurrent positive urine sample do not
necessarily indicate a “false-negative” biopsy
diagnosis, as urine cytology is based on analysis of more widely sampled specimen derived
from the entire urinary tract including the bladder. Cases with negative urine cytology but a
positive biopsy sample may relate to sampling
error explained by variable tumor shedding into
the urine, lysis of tumor cells during urine processing, dilution of sample and obscuring of
tumor cells by non-neoplastic exfoliated cells or
inflammatory cells. Cases with more subtle
cytologic changes, such as in LG UTUC, focal
HG in the background of LG UTUC or features
intermediate between LG and HG UTUC can
also be missed by urine cytology. This illustrates the necessity for close follow up in
patients with equivocal findings by either
modality, and for utilizing both methods rather
than one alone in the diagnosis of HG UTUC.
Combining two methods may significantly
increase the sensitivity for detecting HG UTUC,
as proved by this study as well as previous ones
[28]. Of note, all surgically proven HG UTUC
cases in this cohort were called atypical/AUC or
higher by both urine cytology and ureteroscopic
biopsy. Therefore, we propose that both a negative urine cytology and biopsy predicts a low
probability for diagnosing HG UTUC.
We acknowledge several limitations in this
study. This is a retrospective study and our find-
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ings should be confirmed by prospective evaluation. Our study focused on the detection of HG
UTUC by urine cytology and ureteroscopic biopsy. Other diagnostic modalities that have the
potential to collectively increase the sensitivity
for the detection of UTUC were not assessed in
this study, and should be considered in future
studies. It has been suggested that preoperative imaging, biopsy grading and urine cytology
can be combined to identify advanced UTUC
[23, 29, 30]. UroVysion/fluorescent in-situ
hybridization (FISH) has been widely used in
urothelial carcinoma surveillance. Studies have
shown that a combination of FISH and cytology
can offer a higher detection of bladder urothelial carcinoma but has limited value in UTUC
surveillance [31-33]. A variety of molecular and
proteomic markers have been investigated as
putative biomarkers for the diagnosis of UTUC,
such as TP53 and MDM2 gene alterations for
high-grade and advanced disease, and FGFR3
mutations for low grade cancer [34]. A large
scale, prospective clinical trial which includes
imaging, urine cytology, ureteroscopic biopsy
and molecular markers may be warranted to
assess the roles of contemporary methods for
diagnosis and risk stratification in UTUC.
Conclusion
This study demonstrates that urine cytology
and ureteroscopic biopsy have comparable
sensitivity in diagnosing HG UTUC, but each
has limitations when utilized alone. The sensitivity for the detection of HG UTUC may be significantly improved when these two diagnostic
modalities are combined. The combined data
can aid urologists in making important management decisions in patient care, and therefore should be routinely utilized in patients with
suspected UTUC.
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