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Abstract

Purpose Hydronephrosis is a frequently observed but
understudied complication in patients with cervical cancer.
To better characterize hydronephrosis in cervical cancer pa-
tients, the current study sought (1) to describe hydronephrosis-
associated morbidity and (2) to analyze the prognostic effect
of hydronephrosis in patients with a broad range of cancer
stages over time.

Methods The Mayo Clinic Tumor Registry was interrogated
for all invasive cervical cancer patients seen at the Mayo
Clinic from 2008 through 2013 in Rochester, Minnesota;
these patients’ medical records were then reviewed in detail.
Results Two hundred seventy-nine cervical cancer patients
with a median age of 49 years and a range of cancer stages
were included. Sixty-five patients (23 %) were diagnosed with
hydronephrosis at some point during their disease course. In
univariate analyses, hydronephrosis was associated with
advanced cancer stage (p<0.0001), squamous histology
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(»=0.0079), and nonsurgical cancer treatment (p=0.0039). In
multivariate analyses, stage and tumor histology were associ-
ated with hydronephrosis. All but one patient underwent stent
placement or urinary diversion; hydronephrosis-related mor-
bidity included pain, urinary tract infections, nausea and
vomiting, renal failure, and urinary tract bleeding. In landmark
univariate survival analyses, hydronephrosis was associated
with worse survival at all time points. In landmark multivar-
iate analyses (adjusted for patient age, stage, cancer treatment,
and tumor histology), hydronephrosis was associated with a
trend toward worse survival over time (hazard ratios ranged
from 1.47 to 4.69).

Conclusion Hydronephrosis in cervical cancer patients is as-
sociated with notable morbidity. It is also associated with
trends toward worse survival—even if it occurs after the
original cancer diagnosis.

Keywords Hydronephrosis - Morbidity - Cervical cancer

Hydronephrosis develops when a blockage in the renal
collecting system leads to distention of the renal calyces. Wom-
en with cervical cancer often develop this complication as a
result of tumor or lymph node encroachment, inflammation, or
scarring at the pelvic rim. In an effort to relieve obstructive
symptoms, patients can undergo stent placement or urinary
diversion procedures [ 1-8]. In addition, cervical cancer is often
treated with nephrotoxic drugs, which are sometimes dose-
modified or omitted when hydronephrosis is associated with
renal insufficiency [8]. Such dose changes can compromise
cancer treatment and potentially lead to compromised clinical
outcomes, thus emphasizing the importance of studying
hydronephrosis in patients with cervical cancer. Furthermore,
this complication has been associated with pain related to
inflammation of the kidney and surrounding structures.
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At least two topics related to hydronephrosis continue to
generate controversy. First, a dearth of studies has examined
morbidity in cervical cancer patients who have been diag-
nosed with this complication. Lapitan and Buckley undertook
a prospective quality of life assessment of cervical cancer
patients with hydronephrosis and reported that quality of life
did not change over 1 year [9]. However, this study did not
specifically describe hydronephrosis-related morbidity, and it
relied on a quality of life tool that was not highly germane to
the issues patients with hydronephrosis encounter. The fact
that a limited number of studies catalog hydronephrosis-
related morbidity denotes one gap in the published literature.
Second, previous studies report that hydronephrosis predicts
compromised survival. Pradhan and others described that
among 197 cervical cancer patients, hydronephrosis was as-
sociated with a statistically significant doubling of the risk for
death [3]. Other investigators have reported similar prognostic
outcomes in both univariate and multivariate analyses, al-
though not consistently so [1, 2]. However, these studies are
older, recounting a patient experience that might no longer be
contemporaneous and relevant. These studies also focused
exclusively on patients with stage III cancer, an approach
which can be justified based on the fact that the FIGO staging
of cervical cancer ascribes stage III disease to patients with
tumor-related hydronephrosis [1-3]. Clearly, however, pa-
tients with cervical cancer can develop hydronephrosis later
in their disease course, and those who develop hydronephrosis
as a postcancer diagnosis complication also merit inclusion in
prognostic studies. An updated clinical experience that in-
cludes an assessment of morbidity and that includes patients
with various stages of cancer with hydronephrosis that oc-
curred at various time points after cancer diagnosis would
address both these salient gaps in the published literature.

In this context, the current study sought to capture the
morbidity associated with hydronephrosis and to understand
the prognostic implications of this cancer- and cancer
treatment-related complication in patients of with a broad
range of cancer stages and with hydronephrosis that occurred
at various time points with respect to their cancer diagnosis. A
more thorough understanding of both the morbidity and prog-
nostic implications of hydronephrosis might lead to improve-
ment in the palliative management of cervical cancer patients
and to the identification of areas in need of further research.

Methods

Overview The Mayo Clinic Institutional Review Board ap-
proved this study, and thereafter, the Mayo Clinic Tumor
Registry provided a list of all patients with cervical cancer
seen at the Mayo Clinic from 2008 through 2013 in Rochester,
Minnesota. These dates were chosen in order to provide a

@ Springer

contemporary experience with minimal overlap with previ-
ously published studies.

Information abstracted from the medical record Each pa-
tient’s medical record was reviewed in detail. Abstracted
information included patient date of birth; date of cancer
diagnosis; cancer stage; cancer histology; cancer treatment
modalities, such as surgery, chemotherapy, and radiation;
and vital status. Vital status was acquired from the medical
record and, via the Mayo Clinic Tumor Registry, from the
Social Security Death Index. Additionally, date of diagnosis of
hydronephrosis, method of diagnosis, whether bilateral or
unilateral, management, and complications related to manage-
ment were also abstracted from the medical record. Of note,
this study did not attempt to determine the etiology of
hydronephrosis, in view of the complexity and potential inac-
curacies of such attribution attempts and in view of the height-
ened challenges of a retrospective study design. If an exact
date was not available in the medical record, a midmonth or
midyear date was imputed.

Data analyses Data are presented descriptively with percent-
ages, medians, and ranges as appropriate. The Wilcoxon rank-
sum test was used to compare continuous variables between
two-level categorical variables of interest. Chi-square tests
were used to assess relationships between categorical vari-
ables, and univariate and multivariate logistic regression
models were used to assess relationships between clinical
variables and hydronephrosis. Cox proportional hazards
models were used to assess relationships between clinical
variables (including hydronephrosis) and overall survival.
Overall survival was defined as the time from cancer diagno-
sis to death from any cause; patients still alive were censored
at the date of last follow-up. Because hydronephrosis occurred
at varying times during patients’ course of disease, a landmark
analysis was performed at various times to assess the prog-
nostic impact of hydronephrosis in univariate and multivariate
Cox proportional hazards models. The inclusion of variables
in both the logistic regression models and the Cox proportion-
al hazards models was based on precedent in the published
literature [1-3]. Because of the variability in approaches to
cancer surveillance, cancer status was not used in the multi-
variate Cox proportional hazards models, although cancer
stage was. A two-sided p value of <0.05 was considered
statistically significant. Data were analyzed with JMP®, Cary,
North Carolina, USA.

Results

Demographics Two hundred seventy-nine cervical cancer pa-
tients were included in this study. Their median age at cancer
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diagnosis was 49 years (range 21-92). Sixty-five patients
(23 %) were diagnosed with hydronephrosis at some point
during their disease course. Compared to patients with no
hydronephrosis, patients with this complication tended to be
older at cancer diagnosis (median age 54 vs 47 years; p=
0.0295) with a higher rate of squamous histology (72 vs 58 %;
p=0.0373) and more advanced cancer stage at diagnosis
(p<0.0001) (Table 1).

Hydronephrosis rates The rate of hydronephrosis is noted
above. In 51 patients, the diagnosis of hydronephrosis oc-
curred after the original diagnosis of cancer, and the median
interval from cancer diagnosis to the diagnosis of
hydronephrosis was 11 weeks. In the 30 hydronephrosis pa-
tients who underwent surgery, the hydronephrosis followed
surgery in 22 patients, and the median time from surgery to
diagnosis of hydronephrosis was 32 weeks (range 2 weeks—
21 years). Hydronephrosis was diagnosed by computerized
tomography (CT) scan alone in 48 patients, by ultrasound
alone in 9, by CT scan and ultrasound in 4, by ultrasound
and other imaging in 2, with unknown information avail-
able in the others. Hydronephrosis was bilateral in 22
patients (34 %).

Among the patients diagnosed with hydronephrosis, 35
were eventually diagnosed with cancer recurrence; the
hydronephrosis followed the cancer recurrence in 16 patients

Table 1 Demographics (n=279)

(46 %), occurred at the same time in 6 (17 %), and preceded it
in the remaining patients.

Hydronephrosis risk factors, management, and
morbidity Univariate logistic regression analyses showed that
the development of hydronephrosis at any time point was
directly associated with more advanced cancer stage
(»<0.0001), squamous histology (p=0.0079), and nonsurgi-
cal treatment modalities (p=0.0039) (Table 2). Multivariate
analyses showed similar findings except treatment modality
lost its statistical significance (Table 2).

Management consisted of stent placement in 48 patients
(74 %), nephrostomy tube in 15 (23 %), ureterostomy tube in
one (2 %), and no treatment in the remaining patient.

Seventeen patients suffered notable morbidity, which in-
cluded pain, urinary tract infections, nausea and vomiting,
renal failure, and urinary tract bleeding (Table 3). Seven
patients experienced more than one type of morbidity.

Of note, 76 patients within this entire group of cervical
cancer patients developed recurrent cancer, and 36 of these
patients with recurrent cancer also developed hydronephrosis
at some time point. Cumulative cancer therapy in patients who
developed both recurrent cancer and hydronephrosis included
chemotherapy alone (11), chemotherapy/radiation (9), sur-
gery/radiation/chemotherapy (5), radiation alone (4), surgery
alone (3), surgery/radiation (2), and no cancer treatment (2).

Characteristic Patients with Patients without p Value® All patients
hydronephrosis n=65" hydronephrosis n=214 n=279
Age, median, in years (range)* 54 (25, 82) 47 (21, 92) 0.0295 49 (21, 92)
Cancer histology
Squamous 47 (72) 122 (58) 0.0373 169 (61)°
Adenocarcinoma 10 (15) 67 (32) 77 (28)
Other 8 (12) 23 (11) 31(11)
Cancer stage
1A1, IA2, IB1, IB2 21(32) 132 (63) <0.0001 153 (55)
IIA1, ITA2, IIB 9(14) 37 (18) 46 (17)
IIIA, IIIB 18 (28) 21 (10) 39 (14)
IVA, IVB 17 (26) 21 (10) 38 (14)
Cancer treatment at diagnosis
Surgery 30 (46) 139 (65) not applicable® 169 (61)
Radiation (includes brachytherapy) 48 (74) 3(1) 51(18)
Chemotherapy 45 (69) 94 (44) 139 (50)

*Numbers in parentheses refer to percentages of the group referred to in that column, unless otherwise specified

® Chi-square p value for categorical variables and Wilcoxon rank-sum p value for age. These p values compare the patient characteristics between patients

with and without hydronephrosis
¢ Age refers to age at cancer diagnosis

9 Percentages do not always sum to 100 % because a specific characteristic pertained to more than one patient, missing data, or rounding. In addition,
numbers in parentheses refer to percentages of the entire cohort unless otherwise specified

¢ Comparative analyses not performed, as many patients received more than one treatment type
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Table 2 Logistic regression model to predict hydronephrosis

Univariate analyses

Multivariate analyses (N=261)

Odds ratio(95 % CI) p Value* Odds ratio(95 % CI) p Value*

Patient age

10-year increase 1.19 (0.99, 1.44) 0.0638 0.98 (0.79, 1.22) 0.8632
Cancer stage

M-IV versus I-11 4.69 (2.60, 8.56) <0.0001 4.11 (2.02, 8.57) <0.0001
Nonsurgical treatment of cancer

Yes versus No 2.35(1.32,4.22) 0.0039 1.20 (0.59, 2.39) 0.6054
Tumor histology 0.0278** 0.0590%*
squamous versus adenocarcinoma 2.58 (1.27 0.0079%** 248 (1.17 0.0176%***
other versus adenocarcinoma 2.33 (0.80 0.1174%%* 1.77 (0.55 0.3262%**

CI confidence interval

*Likelihood ratio p value, unless otherwise noted
**Qverall p value for the entire variable
***Wald p value

Prognosis and hydronephrosis In the 278 patients with sur-
vival data, 221 were still alive at the time of this report with a
median follow-up of 1.5 years (range 0.02—5.4 years). Among
these 278 patients, 57 had died at the time of this report.

In univariate survival analyses, as assessed from the date of
cancer diagnosis, patients who developed hydronephrosis at
any point during their cancer course manifested a worse
survival compared to those who did not develop this compli-
cation. Three-year survival rates were 37 % (95 % confidence
interval (CI) 14-68 %) and 74 % (95 % CI 66-80 %),

Table 3 Hydronephrosis-associated morbidity

respectively, for those with and without hydronephrosis (haz-
ard ratio (HR)=4.00 (95 % CI 1.75, 8.01); p=0.0021) (Ta-
ble 4). However, this prognostic effect was no longer observed
when patient age at cancer diagnosis, tumor stage, nonsurgical
cancer treatment, and tumor histology were included in the
multivariate model (»p=0.2097) (Table 4). In this multivariate
model, cancer stage was the only statistically significant prog-
nostic factor (p=0.0036).

However, in landmark univariate survival analyses,
hydronephrosis remained a statistically significant prognostic

Patient Hydronephrosis intervention Morbidity

1 left percutaneous nephrostomy tube-+right ureteral stent pain, urinary tract infections, nausea and vomiting, renal
failure (creatinine 3.2 mg/dL)

2 ureteral stent pain

3 ureteral stent pain, urinary tract infection, renal failure (creatinine 4.3 mg/dL)

4 bilateral ureteral stents urinary tract infections, renal failure (creatinine 5.6 mg/dL)

5 bilateral ureteral stent; then percutaneous nephrostomy tube pain, urinary tract infection, blood in nephrostomy tube

6 bilateral ureteral stents pain, renal failure (creatinine 2.9 mg/dL)

7 ureteral stent pain

8 ureteral stent urinary tract infections

9 ureteral stent pain

10 ureteral stent pain

11 bilateral ureteral stents urinary, renal failure (creatinine 1.7 mg/dL), bleeding

12 percutaneous ureterostomy tube renal failure (creatinine 2.4), leaking of urine from around tube

13 bilateral ureteral stents urinary tract infections; renal failure (creatinine 2.1 mg/dL)

14 bilateral ureteral stents urinary tract infections

15 bilateral ureteral stents urinary tract infections

16 bilateral ureteral stents pain

17 percutaneous nephrostomy tube bleeding from tube
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Table 4 Univariate and multivariate survival analyses from cancer diagnosis (N=278)

Variable N 3-Year survival%® Cox Univariate Hazard Cox inivariate ~ Cox multivariate Cox multivariate
(95 % CI) Ratio (95 % CI) likelihood ratio  hazard ratio (95 % CI)®  likelihood ratio p value®
p value
Hydronephrosis
Yes 14 37(14-68) 4.00 (1.75, 8.01) 0.0021 1.81 (0.70, 4.20) 0.2097
No 264 74 (66-80) -
Age (10-year increase) 278  not applicable 1.19 (0.99, 1.43) 0.0588 1.04 (0.84, 1.28) 0.7120
Cancer stage
-0 199 83 (75-89) - <0.0001 - 0.0036
-1V 77 47 (33-61) 3.47 (2.04,5.91) 2.73 (1.39, 5.30)
Nonsurgical treatment
Yes 94 58(44-71) 1.74 (1.01, 2.96) 0.0446 1.11 (0.60, 2.06) 0.7358
No 169 79 (71-86) - -
Tumor histology
Adenocarcinoma 77 76 (62-86) - 0.9779 - 0.7373
Squamous 168 71 (61-79) 1.02 (0.57, 1.90) 0.81 (0.44, 1.54)
Other 31 70 (46-86) 0.93 (0.33,2.27) 0.72 (0.23, 1.86)

CI confidence interval

*When applicable

® The multivariate model included 261 patients with 54 deaths. The median follow-up among the 221 nondeceased patients was approximately 1.5 years
(range 0.02-5.4 years) with 57 total in the follow-up period. Similar models that did not adjust for tumor histology and/or nonsurvival treatment yielded
similar conclusions; cancer stage is the only strong prognostic variable derived from all multivariate analyses

factor associated with worse survival at all time points (Ta-
ble 5). In landmark multivariate analyses, after adjusting for
patient age at cancer diagnosis, tumor stage, nonsurgical can-
cer treatment, and tumor histology, hydronephrosis was asso-
ciated with worse survival from 9 to 18-month postcancer
diagnosis (Table 5).

Discussion

This study undertook the twofold task of cataloging morbidity
in cervical cancer patients who developed hydronephrosis and
of better understanding the prognostic implications of this
cancer- and cancer treatment-related complication. In terms
of morbidity, 65 patients (23 %) developed hydronephrosis
during their disease course, and 17 of these patients developed
notable morbidity, which included pain, urinary tract infec-
tions, nausea and vomiting, renal failure, and urinary tract
bleeding. In view of the fact that nearly all these patients
underwent a stent or diversion procedure, it is challenging to
distinguish between morbidity from the hydronephrosis and
procedure-related morbidity. Nonetheless, the realization that
a quarter of patients with hydronephrosis appear to suffer
notable morbidity—which likely goes underreported to some
extent in a retrospective study such as this one—speaks to the
need to further study patient-reported outcomes in cervical
cancer patients who develop this complication.

Second, from a prognostic standpoint, this study demon-
strates that cervical cancer patients who develop
hydronephrosis at any point during their cancer trajectory
manifest a trend toward poor survival from the time they
develop hydronephrosis. To our knowledge, this observation
has not been previously investigated and reported in patients
with various stages of cervical cancer and suggests a height-
ened concern for the implications of hydronephrosis. To ana-
lyze the impact of hydronephrosis on survival, with the use of
more traditional survival analysis methods, longer survival
itself will positively impact the possibility that patients will
eventually develop hydronephrosis and thereby potentially
lead to biased survival in favor of hydronephrosis patients.
For this reason, we opted to conduct landmark analyses. These
analyses included patients who were alive at well-demarcated
time points; at the time of these well-demarcated time points,
we compared outcomes among patients who had and had not
developed hydronephrosis. The resulting trend is that
hydronephrosis that occurs after a diagnosis of cervical cancer
is associated with compromised survival. This observation
raises the question of whether the hydronephrosis resulted in
compromised cancer treatment perhaps because of the limited
potential of prescribing nephrotoxic drugs or whether this
complication is a manifestation of progressive, more aggres-
sive cancer. Although it is difficult to make such distinctions,
the prognostic effect of this cancer complication suggests that
future clinical trials conducted in patients with metastatic
cervical cancer should consider including hydronephrosis as
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Multivariate p value®

hazard ratio® (95 % CI)

Cox multivariate

Univariate likelihood

ratio p value

hazard ratio (95 % CI)

Cox univariate

3-Year subsequent
survival % (95 % CI)

N

Hydronephrosis?

Total N
(deaths)

Table 5 Landmark survival analyses

Landmark time point®
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0.3004

1.47 (0.70, 2.93)

0.0157

2.30 (1.18, 4.17)

51(30-71)
73 (65-80)

29

yes

231 (54)

3 months

no
yes

postcancer diagnosis

0.1158

1.76 (0.87, 3.45)

0.0037

2.60 (1.39, 4.63)

48 (28-68)

213 (54)

6 months

73 (64-80)
51.(30-71)
73 (62-81)

81

1

no

postcancer diagnosis

0.0466

225 (1.01, 4.85)

0.0029

2.96 (1.48, 5.58)

30

yes
no
yes

190 (42)

9 months

160

postcancer diagnosis

12 months

0.0005

4.26 (1.90, 9.41)

<0.0001

434 (2.20, 8.34)

47 (28-67)

175 (37)

77 (66-85)

142

no

postcancer diagnosis

18 months

0.0021

4.69 (1.78, 12.04)

0.0004

455 (2.03,9.87)

43 (19-71)

yes
no

136 (26)

77 (63-87)

113

postcancer diagnosis

24 months

0.0523

3.98 (0.99, 14.66)

0.0392

3.44 (1.07, 9.73)

30 (5-78)

yes

111 (15)

81 (66-90)

95

no

postcancer diagnosis

CI confidence interval

“ Patients who were not followed up the landmark time point with no hydronephrosis were excluded as were patients who did not survive to the landmark time point

® Likelihood ratio p value adjusted for age, stage, surgery, and histology

a stratification factor to gain a more accurate understanding of
survival-related endpoints. This observation also suggests that
health care providers should consider counseling cervical
cancer patients about the seriousness of this complication.

Admittedly, a growing literature shows that
hydronephrosis can occur in patients after surgery for
cervical cancer even under circumstances where no spe-
cific trauma to ureters was noted during the operation
[10]. Under such circumstances, hydronephrosis is per-
sistent at 3 months in only 15 % of patients, who
initially sustained this complication, an observation that
raises the question of whether this complication has any
clinical implications in the majority of postoperative
patients [10]. Simultaneously, a growing literature also
suggests that stent placement reverses the negative prog-
nostic effect of hydronephrosis [1]. Tension appears to
exist as to whether to place a stent or not early on, but
the morbidity observed in this study perhaps tips the
scales toward not stenting as readily, particularly in a
postoperative setting. This question of when to stent,
how to stent, and when to observe, particularly in
patients who may be candidates for impending cancer
treatment with nephrotoxic drugs, is another area that
perhaps merits further research.

In summary, this study adds to an extant published litera-
ture on hydronephrosis in patients with cervical cancer. It
demonstrates that this cancer-related complication or cancer
treatment-related complication is associated with notable mor-
bidity and shortened survival. It also suggests that this com-
plication merits further study with the goal of reducing this
morbidity, understanding its prognostic effect, and ultimately
improving survival in patients with cervical cancer.

Funding This work was funded by 5SK24CA131099.
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