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Abstract

Background: Ureteral reconstruction is required after surgical resection of the tumor invading the urinary tract in
ovarian cancer with low incidence. There are no currently reported surgical outcomes of ureteral reconstruction dur-
ing cytoreductive surgery. The aim of the study is to investigate the clinical features and surgical outcomes of ureteral
reconstruction during primary, interval and secondary cytoreductive surgery for ovarian cancer.

Methods: A total of 3226 patients who underwent primary, interval or secondary cytoreductive surgery for ovarian
cancer between January 2000 and May 2021 were reviewed. Fifty-six patients who underwent ureteral reconstruction
during cytoreductive surgery were included in the analysis.

Results: Ureteral reconstruction was required in 1.7% (56/3226) of ovarian cancer patients. Of the 56 patients who
underwent ureteral reconstruction during cytoreductive surgery, 35 (62.5%) had primary ovarian cancer, and 21
(37.5%) had recurrent ovarian cancer. The median tumor size invading the lower urinary tract was 2.0 cm (range,
0.4-9.5 cm). Ureteroneocystostomy with direct implantation (51.8%) and psoas hitch (8.9%), transureteroureterostomy
(7.1%), and ureteroureterostomy (32.1%) were required as part of cytoreductive surgery. Complete cytoreduction

with ureteral reconstruction was achieved in 83.9% (47/56) and the rest of the patient population (16.1%) achieved a
gross residual tumor size of less than 1 ¢cm. All complications, including hydronephrosis (33.9%), were managed, none
resulting in long-term sequelae. In primary ovarian cancer, the 5-year disease-free survival and overall survival were
50.0% and 89.5%, respectively. In patients with recurrent ovarian cancer, the 5-year disease-free survival and overall
survival were 23.6% and 64.0%, respectively.

Conclusions: Ureteral reconstruction as a part of cytoreductive surgery for ovarian cancer could be performed with
acceptable morbidities. Complete cytoreduction by a multidisciplinary surgical team, including urologic oncologists,
should be pursued for the surgical management of ovarian cancer.

Trial registration: Retrospectively registered.
Keywords: Ovarian cancer, Cytoreductive surgery, Ureteral reconstruction

Introduction

Ovarian cancer is one of the most lethal gynecologic
malignancies, and approximately 75% of all newly diag-
nosed patients are diagnosed in the advanced stage [1, 2].
According to worldwide cancer statistics, the incidence
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and mortality of ovarian cancer were estimated to be
313,959 and 207,252, respectively, in 2020 [1].

Although there has been significant progress in the
treatment of ovarian cancer over recent decades, com-
plete cytoreductive surgery remains one of the most
important factors for improving survival outcomes in
primary advanced ovarian cancer [3, 4]. Additionally, we
recently reported that secondary cytoreductive surgery
with complete gross resection resulted in survival ben-
efits in platinum-sensitive recurrent ovarian cancer from
a meta-analysis that included three randomized trials [5].

Ureteral reconstruction is required after surgical resec-
tion of the tumor invading the urinary tract in ovarian
cancer with low incidence [6-8]. If the ovarian tumor
grows massively as in cases of advanced disease, there is a
high risk of ureteric invasion or damage when attempting
en bloc resection of the tumor because of the proximity
between the ovaries and urological organs [9]. Even with
early-stage ovarian cancer, urinary tract surgery might
be required due to several factors, including adhesion or
anatomical variations. For instance, deep ureteral infiltra-
tion of endometriosis is one contributing factor toward
considering ureteral reconstruction [10].

Existing data concerning the surgical outcomes of
ureteral reconstruction during cytoreductive surgery
for ovarian cancer and its complications are limited by
small sample-size cases. Berek et al. reported that 24
(2.8%) of 848 patients underwent lower urinary tract
resection during primary or secondary cytoreduction
[7]. The median overall survival (OS) was 12 months,
and 16 (66.7%) patients had residual tumors less than 2
cm in size. Further, six major complications, including
urinary stricture and kidney atrophy, which necessitate
re-anastomosis, have also been reported [7]. Addition-
ally, Malviya et al. reported survival outcomes of twenty-
two patients who underwent urinary tract resection. The
mean OS was 15.2 months, and nine major complica-
tions, including early postoperative death, were observed
[11]. There is currently no report related to surgical man-
agement of urinary tract as part of cytoreduction for
ovarian cancer.

The study aimed to evaluate the postoperative out-
comes of ureteral reconstruction during cytoreductive
surgery for ovarian cancer.

Materials and methods

Between January 2000 and May 2021, patients who
underwent ureteral reconstruction, including ureterone-
ocystostomy, end to end ureteroureterostomy, and tran-
sureteroureterostomy during cytoreductive surgery were
eligible for inclusion. Patients’ data, including epidemio-
logic characteristics, tumor stage at diagnosis, surgical
records, residual tumor after cytoreductive surgery, and
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records of adjuvant chemotherapy, were extracted from
electronic medical records, and retrospectively reviewed.
Of 3226 patients who underwent primary, interval or sec-
ondary cytoreductive surgery, 56 patients were included
in the study. The study was approved by institutional
review board of our organization.

Ureteral reconstruction was performed by four urolo-
gists. There could be additional procedures, including
psoas hitch or Boari flap, and after anastomosis of uri-
nary tract is completed, a ureteral stent was inserted to
secure patency of the anastomosis.

The extent of tumor metastasis, accompanying proce-
dures, and type of ureteral reconstruction were assessed
from the medical records. Additionally, operating time
with perioperative blood loss, duration of hospital stays,
antibiotic use, and time interval from surgery to ini-
tiation of chemotherapy were estimated. After ureteral
reconstruction, insertion of a ureteral stent is usually
mandatory, when applicable. The interval from surgery
to removal of the ureteral stent was also assessed. Post-
operative adverse events were assessed until 30 days
after cytoreduction, and grade classification followed the
Common Terminology Criteria for Adverse Events ver-
sion 5.0.

Patients’ characteristics and surgical features were
presented as categorical variables using frequencies and
proportions, and continuous variables were presented
as medians and ranges. disease-free survival (DFS) was
measured as the interval from the date of cytoreductive
surgery to the date of cancer recurrence, death, or last
contact. OS was defined as the duration from cytoreduc-
tive surgery until death. Kaplan—Meier curves were gen-
erated for DFS and OS.

Statistical significance was assumed for P<0.05. All
statistical analyses were conducted using SAS software,
version 9.4 (SAS Institute Inc, Cary, NC, USA.) and R
software, version 4.1.2 (R Foundation for Statistical Com-
puting, Vienna, Austria.).

Results

Ureteral reconstruction was required in 1.7% (56/3226)
of ovarian cancer patients. Of the 56 patients who under-
went ureteral reconstruction during cytoreductive sur-
gery, 35 (62.5%) had primary ovarian cancer and 21
(37.5%) had recurrent ovarian cancer. In patients with
primary ovarian cancer, eight (14.3%) patients underwent
interval cytoreductive surgery. The baseline characteris-
tics of the patients are described in Table 1. The median
age at diagnosis was 54 years (range, 18—73 years), and
most patients had Eastern Cooperative Oncology Group
performance status 0—1 (96.4%). The distribution of sur-
gical stage was as follows: 7 (12.5%) for stage I, 7 (12.5%)
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Table 1 Patient characteristics for primary or recurrent ovarian cancer who underwent ureteral reconstruction
Characteristics Total Primary Recurrent
N=56 (%) N=35(62.5%) N=21(37.5%)

Median Age at diagnosis, years (range) 54 (18-73) 52 (39-73) 51(18-73)
BMI, kg/m2 (range) 223(16.2-31.7) 20.1 (16.4-31.7) 21.8(16.2-29.7)
ECOG performance status

0-1 54 (96.4) 34(97.1) 20(95.2)

2 2(3.6) 1(29) 1(4.8)
Stage (FIGO 2014)°

I 7(125) 6(17.1) 1(4.8)

Il 7(12.5) 4(11.4) 3(14.3)

Il 33(589) 20(57.1) 13(61.9)

v 9(16.1) 5(14.3) 4(19.0)
Histology

High grade serous 27 (48.2) 18 (51.4) 9(42.9)

Endometrioid 7(12.5) 6(17.1) 2(95)

Clear cell 7(12.5) 4(114) 3(14.3)

Mucinous 2(3.6) 1(29) 2(9.5)

Neuroendocrine carcinoma 1(1.8) 129 0(0)

Granulosa cell tumor 3(54) 19 2 (9.5)

Carcinosarcoma 3(54) 129 2(9.5)

Others 5(8.9) 3(8.6) 2(9.5)
Neoadjuvant chemotherapy

No 48(85.7) 27 (77.1) 21 (100)

Yes 8(14.3) 8(229) 0(0)
Previous radiotherapy

No 55(98.2) 35(100) 20(95.2)

Yes 1(1.8) 0(0) 1(4.8)
Previous chemotherapy

No 34 (60.7) 32(914) 2(9.5)

Yes 22(39.3) 3(86) 9(90.5)

2 Initial FIGO stage was considered at the time of primary ovarian cancer

for stage II, 33 (58.9%) for stage III, and 9 (16.1%) for
stage IV.

High-grade serous ovarian cancer (48.2%) was the
most common histology, followed by endometrioid
(12.5%) and clear cell carcinoma (12.5%). Nineteen
(90.5%) patients with recurrent ovarian cancer had pre-
vious chemotherapy, and one with granulosa cell tumor
underwent radiotherapy but later experienced recurrence
(Table 1).

Surgical indication for ureteral surgery was as fol-
lows: Ureterovesical invasion by the tumor in 52 (92.9%)
patients. Intraoperative injury was the additional indica-
tion for ureteral reconstruction in four (7.1%) patients
(Table 2). The median tumor size invading the lower
urinary tract was 2.0 cm (range, 0.4-9.5 cm). The size
of the tumor was more than 1 cm in diameter in 43
(76.8%) patients. Complete cytoreductive surgery with

microscopic residual tumor was achieved in 47 (83.9%)
patients and the rest of the patient population (16.1%)
achieved a gross residual tumor size of less than 1 cm.
The residual tumors were located at the small bowel mes-
entery and were 1-3 mm in diameter.

When the pathologic outcome of the resected ureter-
ovesical tumor was reported, endometriosis was found in
eleven (19.6%) patients. Of the eleven patients, endome-
triosis without cancer was found in five (8.9%), and the
combined involvement of endometriosis and cancer was
found in six patients (10.7%) (Fig. 1).

Procedures accompanied with ureteral surgery are
listed in Table 2. The majority of patients with primary
ovarian cancer underwent a hysterectomy (82.9%),
bilateral salpingo-oophorectomy (85.7%), omentectomy
(82.9%), and pelvic (94.3%) and para-aortic lymphad-
enectomy (94.3%). Furthermore, five (14.3%) patients
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Table 2 Perioperative and pathological features in primary or recurrent ovarian cancer patients with ureteral reconstruction
Variables Total Primary Recurrent
N=56 (%) N=35(62.5%) N=21(37.5%)
Indications for Ureteral surgery
Ureterovesical invasion by tumor 52(92.9) 32(914) 20(95.2)
Intraoperative injury 4(7.0) 3(8.6) 1(4.8)
Size of tumor at the ureterovesical area
<lcm 13(23.2) 7 (20.0) 6 (28.6)
>1cm 43 (76.8) 28 (80.0) 15(71.4)
Residual tumor
Microscopic 47 (83.9) 29 (82.9) 18 (85.7)
<lcm 9(16.1) 6(17.1) 3(14.3)
>1cm 0(0) 0(0) 0(0)
Presence of endometriosis
No 45 (80.4) 26 (74.3) 8(38.1)
Yes 11 (19.6) 9(25.8) 2(9.5)
Accompanied surgical procedures
Hysterectomy 30(53.6) (82.9) 1(4.8)
Bilateral salpingo-oophorectomy 32 (57.1) 0(85.7) 2 (9.5)
Pelvic Lymphadenectomy 40 (71.4) 33 (94 3) 7(333)
Para-aortic Lymphadenectomy 40 (71.4) 33(94.3) 7(33.3)
Omentectomy 40 (71.4) 29(82.9) 1(52.4)
Splenectomy 10 (28.6) 5(14.3) 5(23.8)
Rectosigmoid resection 40(71.4) 28 (80.0) 12 (57.1)
lleostomy 5(8.9) 4(11.4) 1(4.8)
Small bowel resection 13(23.2) 6(17 7(33.3)
HIPEC 5(8.9) 5(14 ) 0(0)
Types of Ureteral surgery
Ureteroneocystostomy—Direct reimplantation 29 (51.8) 19 (54.3) 10 (47.6)
Ureteroneocystostomy—~Psoas hitch 5(8.9) 2(5.7) 3(143)
Transureteroureterostomy 4(7.0) 2(5.7) 2 (9.5)
Ureteroureterostomy 18 (32.1) 12(343) 6 (28.6)
GFR outcome, mL/min/1.73m?; mean
Pre-Op GFR (MDRD) 77.9 80.7 734
Post-Op GFR (MDRD) 89.1 88.9 89.5
9% Changes 14.3 10.2 219
Operation time, hours; median (min—max) 7(3-12) 6(3-12) 5(4-10)
Blood loss, mL; median (min—max) 800 (200-5700) 500 (300-5700) 500 (200-1600)
Interval from operation to adjuvant chemotherapy (days); median 24 (10-62) 24 (11-40) 27 (10-62)
(min—-max) (missing=4)
Day of stent removal; median (min-max) 40 (13-322) 43 (13-241) 29 (21-322)
Hospital stays, days; median (min-max) 22 (5-63) 24 (9-63) 19 (10-63)
Perioperative RBC transfusion, unit; median (min-max) 1(0-9) 2(0-9) 0.5 (0-5)
Antibiotics use, days; median (min-max) 6 (2-59) 10 (2-59) 3(2-25)

HIPEC Hyperthermic intraperitoneal chemotherapy, GFR glomerular filtration rate, MDRD Modification of Diet in Renal Disease Study, RBC Red blood cells

underwent splenectomy, and 28 (80.0%) underwent
rectosigmoid resection concomitantly with ureteral
reconstruction for primary ovarian cancer. Regard-
ing recurrent ovarian cancer, twelve (57.1%) patients

underwent rectosigmoid resection, with small bowel
resection in seven (33.3%).

Four types of ureteral reconstruction were performed
during primary or secondary cytoreductive surgery;



Kim et al. BMC Cancer ~ (2022) 22:1163

Page 5 of 9

(A) Cancer
80.4%

(B) Cancer + Endometriosis
10.7%

Fig. 1 Proportion of the presence of endometriosis. The pathologic outcome of ureterovesical tumor was as follows: cancer without endometriosis
in 45 (80.4%) patients, combined involvement of endometriosis and cancer in 6 (10.7%), and endometriosis without cancer in 5 (8.9%)

(C) Endometriosis
8.9%

direct reimplantation of ureteroneocystostomy (51.8%),
psoas hitch procedure with ureteroneocystostomy
(8.9%), transureteroureterostomy (7.1%) and uretero-
ureterostomy (32.1%) (Fig. 2). Psoas hitch technique was
additionally performed in patients when the length of the
resected ureter was ranged from 4.0 cm to 6.3 cm.

The mean pre- and postoperative glomerular fil-
tration rate using Modification of Diet in Renal Dis-
ease (MDRD) formula were 77.9 ml/min/1.73m? and
89.1 ml/min/1.73m?, respectively. Renal function was
not worsened after ureteral reconstruction in entire
cohort. The median operative time was 7 h, and the
median estimated blood loss was 800 ml. In addition,
the median interval time from cytoreductive surgery to

adjuvant chemotherapy was 24 days, and median inter-
val from surgery to stent removal was 40 days.

The postoperative adverse events are summarized in
Table 3. In our study, twenty-eight patients developed
at least one postoperative complication. Grade 2 ure-
teral anastomotic leak occurred in two (3.6%) patient,
grade 2 ureteral stricture in two (3.6%), and grade 3 fis-
tula in two (3.6%). Anastomotic leakage and urinary fis-
tula were treated with percutaneous nephrostomy and
intravenous antibiotic use, and ureteral stricture was
managed by retaining the ureteral stent for 35-60 days.

Postoperative hydronephrosis was observed in 19
(33.9%) patients; however, after three cycles of chem-
otherapy, all cases of hydronephrosis resolved. Grade

(A)

Ureteroneocystostomy Ureteroneocystostomy
Direct Implantation Psoas Hitch
Primary/Interval 54.3% 5.7%
Secondary 47.6% 14.3%

R0

Transureteroureterostomy Ureteroureterostomy
5.7% 34.3%
9.5% 28.6%

Fig. 2 Surgical type of ureteral reconstruction (a) Ureteroneocystostomy with direct reimplantation (b) Ureteroneocystostomy with psoas hitch
procedure: indicated when the distal ureter was resected and the remaining portion of ureter did not reach the bladder. The bladder was pulled up
and fixed to the psoas muscle by two or three hitches of suture to achieve a tension-free re-implantation of the ureter. (c) Transureteroureterostomy:
Resected ureter is joined to another ureter (d) Ureteroureterostomy
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Table 3 Postoperative adverse events in primary or recurrent ovarian cancer patients with ureteral reconstruction
Adverse event Total (N=56) Primary (N=35) Recurrent (N=21)
Grade 1-4 Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4
Ureterorenal
Ureteral anastomotic leak 3(54) 1(1.8) 0(0) 1(1.8) 1(1.8)
Ureteral stricture 2(3.6) 1(1.8) 0(0) 1(1.8) 0(0)
Urinary fistula 3(54) 2(3.6) 1(1.8) 0(0) 0(0)
Hydronephrosis 19 (33.9) 8(14.3) 7 (12.5) 3(5.4) 1(1.8)
Acute renal failure 4(7.1) 0(0) 1(1.8) 2(3.6) 1(1.8)
Infection
Urinary tract infection 20(35.7) 12 (214) (54) 1(1.8) 4(7.1)
Wound infection 9(16.1) 4(7.0) 6) (3.6) 1(1.8)
Sepsis 2(3.6) 0(0) 1018 0(0) 1(1.8)
Respiratory
Pleural effusion 8(14.3) 5(8.9) (0) (5.4) 0)
Pneumonia 0(0.0) 0(0.0) 0.0) 0(0.0)
Cardiovascular
Thromboembolic event 2(3.6) 2(3.6) 0(0) (0) 0(0)
Lymphocele 17 (30.4) 9(16.0) 3(54) 3(54) 2(3.6)

2 and 3 acute renal failure occurred in two (3.6%)
patients, respectively. In addition, urinary tract infec-
tion was observed in twenty (35.7%) patients, thirteen
of which were grade 2, and six were grade 3, while
grade 4 sepsis occurred in one (1.8%) patient. The
patient who had urosepsis simultaneously developed
anastomotic leakage and was treated with antibiotic
use and percutaneous nephrostomy. Lymphocele was
found in 17 (30.4%) patients, and grade 3 lymphocele
in five (8.9%) patients was treated with percutaneous
drainage insertion and antibiotic use (Table 3).

The median duration of follow-up for all patients was
46.6 months. Regarding patients with primary ovarian
cancer, the 2-year DFS was 69.4%, and the 5-year DFS
was estimated to be 50.0% (Fig. 3a). In patients with
recurrent ovarian cancer, the 2-year DFS was 48.5%,
and the 5-year DFS was estimated to be 23.6% (Fig. 3a).
In patients with primary ovarian cancer, the 2-year OS
was 94.0% and the 5-year OS was 89.5% (Fig. 3b), while
in patients with recurrent ovarian cancer, the 2-year
OS was 83.6 and the 5-year OS was 64.0% (Fig. 3b).
There was no statistically significant difference in DFS
(»p=0.53) and OS (0.91) between the patients with or
without postoperative urologic complications, includ-
ing ureteric fistula, stricture, or acute renal failure
(Fig. 3¢, 3d).

Discussion

In the current study, 56 patients underwent ureteral
reconstruction as part of cytoreductive surgery with
acceptable and manageable complications. Compared

with two previous studies presenting surgical outcomes
of ureteral surgery in ovarian cancer, major complica-
tions were significantly minimized and successfully man-
aged [7, 11]. There was no perioperative mortality in this
study, and there was one grade 4 adverse event of sepsis.

Several studies have analyzed the surgical outcomes
of ureteral surgery in other cohorts, including colorec-
tal cancer, as described in Table S1. In a colorectal can-
cer study by Heijkant et al., urinary leakage after ureteral
reconstruction was identified in 16 (22.9%) patients com-
pared with one (3.4%) in our study [12]. As mentioned in
the same study, higher rates of urinary leakage in colo-
rectal cancer might be associated with previous radio-
therapy [12, 13]. Forty (57.1%) patients in the colorectal
cancer study underwent preoperative radiotherapy, com-
pared with three (5.4%) in our study. In the other cohort
with gynecologic malignancy, urinary leakage was identi-
fied at a similar rate of 8.6% [14].

In our study, we presented the indications of ureteral
reconstruction that were not mentioned in the two pre-
vious studies on urinary tract surgery in ovarian cancer.
Ureteral reconstruction was primarily required because
of ureterovesical tumor invasion (92.9%). In addition,
another indication of ureteral reconstruction in four
(7.1%) patients was the intraoperative injuries during
cytoreductive surgery. Two of patients had endometriosis
with severe adhesion in the pelvic cavity, other patients
had pelvic adhesion related to prior abdominal surgeries
or inflammation.

In this study, the proportion of high-grade serous ovar-
ian cancer and advanced stage ovarian cancer was not as
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(A) Kaplan Meier curve of progression-free survival (B) Kaplan Meier curve of overall survival
in primary and recurrent ovarian cancer in primary and recurrent ovarian cancer
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(C) Kaplan Meier curve of progression-free survival
according to urologic complications
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Fig. 3 Kaplan—-Meier curve for progression-free survival (DFS) and overall survival (OS) (a) Kaplan—Meier curve for DFS in primary and recurrent
ovarian cancer (b) Kaplan—-Meier curve for OS in primary and recurrent ovarian cancer (c) Kaplan-Meier estimates for DFS according to urologic
complications (d) Kaplan-Meier estimates for OS according to urologic complications

high as expected in women who required ureteral recon-
struction. Fourteen (25.0%) patients had a histologic type
of either endometrioid or clear cell carcinoma, and these
subtypes of ovarian cancer are well-known endometrio-
sis-associated ovarian cancer [15]. The infiltrative char-
acteristic of endometriosis increases the risk of ureteral
reconstruction during cytoreductive surgery [16]. In
addition, endometriosis was pathologically identified in
eleven (19.6%) patients, five of whom had only endome-
triosis lesion in the invaded tumor, and their stage was L.
A previous study demonstrated that endometriosis was
frequently identified in the early cancer stage compared
with the late stage in clear cell carcinoma [17]. Therefore,
surgical management of urinary tract was required in the
case of endometriosis-related ovarian cancer.

Ureteral reconstruction with direct anastomosis could
be successfully accomplished if the ureteral length is suf-
ficient to create a tension-free anastomosis [18]. If the
remnant ureteral length is insufficient to anastomosis
without tension, the psoas hitch technique or transuret-
eroureterostomy is needed for a tension-free anastomosis
[19]. In our study, most patients (83.9%) favorably under-
went direct reanastomosis without additional flap or
transureteroureterostomy.

The use of ureteral stents could reduce urologic com-
plications, including postoperative stenosis and leak-
age at the anastomotic site, as demonstrated by several
case—control studies and randomized controlled tri-
als [20—22]. However, prolonged stent retention might
predispose to urinary tract infections, encrustations
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and blockade of stents [23, 24]. In our study, the median
interval from ureteral surgery to stent removal was
40 days. The ureteral stent is generally removed after
28 to 42 days after ureteral surgery, [25] and long-term
indwelling stents more than 6 weeks was associated with
higher ureteral complications [24]. Therefore, proper sur-
veillance for the stent management is needed, and timing
of stent removal should be counseled with urologists,
considering complications and ureteral resticture risk.

The time interval between cytoreductive surgery and
initiation of adjuvant chemotherapy is associated with
survival outcomes [26, 27]. In an ancillary study of the
Gynecologic Oncologic Group randomized controlled trial
by Tewari et al., delaying the initiation of chemotherapy for
more than 25 days adversely affected OS in patients with
advanced ovarian cancer [27]. In the current study, the
median interval from ureteral reconstruction to adjuvant
chemotherapy was 24 days. Postoperative adverse events
related to ureteral surgery, such as anastomotic leakage
or urinary fistula, might be considered to negatively affect
the recovery time, resulting in the delay of chemotherapy.
However, in this study, the addition of ureteral reconstruc-
tion as part of cytoreductive surgery did not significantly
delay the initiation of adjuvant chemotherapy.

Our study has several limitations. First, the data were
retrospectively analyzed; therefore, selection bias or
recall bias was inevitable. Second, treatment outcomes,
including survival outcomes, from the small number of
the participants should be confirmed in larger prospec-
tive cohorts. Third, four urologists participated in this
surgical series with different levels of surgical experi-
ence. However, this study included the largest number
of patients with ovarian cancer who underwent ure-
teral reconstruction, suggesting surgical feasibility with
acceptable morbidities.

Conclusions

In conclusion, our study supports the feasibility of ure-
teral reconstruction as part of cytoreductive surgery
for complete resection of ovarian tumors with no vis-
ible residual tumor, with multidisciplinary team. Ure-
teral reconstruction with urinary tract resection can be
safely utilized with acceptable survival outcomes.

Abbreviations
DFS: Disease-free survival; OS: Overall survival.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-022-10288-x.

Additional file 1: Table S1. Review of surgical outcomes of urinary tract
resection.

Page 8 of 9

Acknowledgements

We thank all participating patients, their families, their caregivers, and the
urologic department team of the National Cancer Center. The medical illustra-
tions were provided by Su Hyun Chae of the National Cancer Center Korea.

Disclosures and funding sources
No conflicts of interest relevant to this article, exist.

Authors’ contributions

All authors helped to perform the research; Kim JH was involved with manu-
script writing, drafting conception and design, acquisition of data, performing
procedures and data analysis; Lee DE contributed to writing the manuscript,
and performing data analysis; Ha HI, Jung JY, Kim SH, Lee HH, and Seo HK con-
tributed to writing the manuscript and interpretation of data; Seo SS and SB
Kang have contributed to acquision of data and interpretation of data, revis-
ing the manuscript; Park SY have made contributions to interpretation of data
and writing the manuscript; Lim MC contributed to writing the manuscript,
drafting conception and design, performing procedures and data analysis. All
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used in the current study are available from the corresponding
author on request.

Declarations

Ethics approval and consent to participate

This retrospective study was conducted in accordance with the principles

of the Declaration of Helsinki after approval from the institutional review
board of National Cancer Center, Korea. (NCC2021-0212). The requirement for
informed consent was waived by the Ethics Committee of National Cancer
Center, Korea, because of the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details

'Center for Gynecologic Cancer, National Cancer Center, 323, llsan-Ro,
llsandong-Gu, Gyeonggi-Do, Goyang-Si 10408, Republic of Korea. *Biostatis-
tics Collaboration Team, National Cancer Center, Goyang, Republic of Korea.
*Department of Obstetrics and Gynecology, Pusan National University Yangsan
Hospital, Pusan National University School of Medicine, Yangsan, Republic
of Korea. “Department of Urology, National Cancer Center, Goyang, Republic
of Korea. >Center for Clinical Trials, National Cancer Center, Goyang, Republic
of Korea. ®Department of Tumor Immunology, Research Institute and Hospital,
National Cancer Center, Goyang, Republic of Korea. ”Rare and Pediatric Cancer
Branch and Immuno-Oncology Branch, Division of Rare and Refractory Cancer,
Research Institute, National Cancer Center, Goyang, Republic of Korea.

Received: 29 July 2022 Accepted: 20 September 2022
Published online: 11 November 2022

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Wright JD, Chen L, Tergas Al, Patankar S, Burke WM, Hou JY, Neugut Al,
Ananth CV, Hershman DL. Trends in relative survival for ovarian cancer
from 1975 to 2011. Obstet Gynecol. 2015;125(6):1345-52.

3. Bristow RE, Tomacruz RS, Armstrong DK, Trimble EL, Montz FJ. Sur-
vival effect of maximal cytoreductive surgery for advanced ovarian


https://doi.org/10.1186/s12885-022-10288-x
https://doi.org/10.1186/s12885-022-10288-x

Kim et al. BMC Cancer ~ (2022) 22:1163

20.

21

22.

23.

carcinoma during the platinum era: a meta-analysis. J Clin Oncol.
2002;20(5):1248-59.

von Georgi R, Franke FE, Minstedt K. Influence of surgery and post-
operative therapy and tumor characteristics on patient prognosis

in advanced ovarian carcinomas. Eur J Obstet Gynecol Reprod Biol.
2003;111(2):189-96.

Baek M-H, Park EY, Ha HI, Park S-Y, Lim MC, Fotopoulou C, Bristow RE.
Secondary Cytoreductive Surgery in Platinum-Sensitive Recurrent Ovarian
Cancer: A Meta-Analysis. J Clin Oncol. 2022;40(15):1659-70 JCO.21.02085.
Straubhar AM, Filippova OT, Cowan RA, LakhmanY, Sarasohn DM,
Nikolovski I, Torrisi JM, Ma W, Abu-Rustum NR, Gardner GJ, et al. A multi-
modality triage algorithm to improve cytoreductive outcomes in patients
undergoing primary debulking surgery for advanced ovarian cancer: A
Memorial Sloan Kettering Cancer Center team ovary initiative. Gynecol
Oncol. 2020;158(3):608-13.

Berek JS, Hacker NF, Lagasse LD, Leuchter RS. Lower urinary tract resection
as part of cytoreductive surgery for ovarian cancer. Gynecol Oncol.
1982;13(1):87-92.

Ureteral Injury in Gynecologic Surgery: A 5-Year Review in A Community
Hospital

Bridges JE, Leung Y, Hammond IG, McCartney AJ. En bloc resection of
epithelial ovarian tumors with concomitant rectosigmoid colectomy: the
KEMH experience. Int J Gynecol Cancer. 1993;3(4):199-202.

Hackethal A, Brennan DJ, Land R, Nascimento M, Nicklin J, Obermair A.
Feasibility and outcomes of ureteroureterostomy and extravesical uret-
eroneocystostomy as part of radical surgery for infiltrating gynecologic
disease. Int J Gynecol Cancer. 2013;23(6):1139-45.

. Malviya VK, Malone JM, Deppe G. Advanced ovarian cancer: urinary

tract resection as a part of cytoreductive surgery. Eur J Gynaecol Oncol.
1989;10(2):69-72.

van den Heijkant F, Vermeer TA, Vrijhof EJEJ, Nieuwenhuijzen GAP, Kold-
ewijn EL, Rutten HJT. Psoas hitch ureteral reimplantation after surgery for
locally advanced and locally recurrent colorectal cancer: Complications
and oncological outcome. Eur J Surg Oncol. 2017;43(10):1869-75.
Stotland PK, Moozar K, Cardella JA, Fleshner NE, Sharir S, Smith AJ,
Swallow CJ. Urologic complications of composite resection following
combined modality treatment of colorectal cancer. Ann Surg Oncol.
2009;16(10):2759-64.

Federico A, Gallotta V, Foschi N, Costantini B, Conte C, Pinto F, Ercoli A,
Ferrandina G, Dal Moro F, Bassi P, et al. Surgical outcomes of segmental
ureteral resection with ureteroneocystostomy after major gynecologic
surgery. Eur J Surg Oncol. 2020;46(7):1366-72.

Murakami K, Kotani Y, Nakai H, Matsumura N. Endometriosis-Associated
Ovarian Cancer: The Origin and Targeted Therapy. Cancers (Basel).
2020;12(6):1676.

Tarumi'Y, Mori T, Kusuki |, Ito F, Kitawaki J. Endometrioid adenocarcinoma
arising from deep infiltrating endometriosis involving the bladder: A case
report and review of the literature. Gynecol Oncol Rep. 2015;13:68-70.
Park JY, Kim DY, Suh DS, Kim JH, Kim YM, Kim YT, Nam JH. Significance of
Ovarian Endometriosis on the Prognosis of Ovarian Clear Cell Carcinoma.
Int J Gynecol Cancer. 2018;28(1):11-8.

Engel O, Rink M, Fisch M. Management of iatrogenic ureteral injury and
techniques for ureteral reconstruction. Curr Opin Urol. 2015;25(4):331-5.
Shokeir AA. A novel technique of ureteroneocystostomy (extravesi-

cal seromuscular tunnel): a preliminary clinical study. Urology.
2001;57(6):1055-8.

Ooms LSS, Minnee RC, Dor FJMF, Kimenai DJAN, Tran KCK, Hartog H,

van de Wetering J, Willemsen SP. lJzermans JNM, Terkivatan T: Stenting
the ureteroneocystostomy reduces urological complications in kidney
transplantation: a noninferiority randomized controlled trial. SPLINT trial
Transpl Int. 2020;33(10):1190-8.

Mangus RS, Haag BW. Stented versus nonstented extravesical uretero-
neocystostomy in renal transplantation: a metaanalysis. Am J Transplant.
2004;4(11):1889-96.

Dominguez J, Clase CM, Mahalati K, MacDonald AS, McAlister VC, Belitsky
P, Kiberd B, Lawen JG. Is routine ureteric stenting needed in kidney trans-
plantation? A randomized trial Transplantation. 2000;70(4):597-601.
Thompson ER, Hosgood SA, Nicholson ML, Wilson CH. Early versus late
ureteric stent removal after kidney transplantation. Cochrane Database
Syst Rev. 2018;1:.CD011455.

Page 9 of 9

24. Visser IJ, van der Staaij JPT, Muthusamy A, Willicombe M, Lafranca JA, Dor
FJIMF. Timing of Ureteric Stent Removal and Occurrence of Urological
Complications after Kidney Transplantation: A Systematic Review and
Meta-Analysis. J Clin Med. 2019;8(5):689.

25. Michael S, Baggish MD F. Atlas of Pelvic Anatomy and Gynecologic
Surgery. 5th ed. 2021.

26. Timmermans M, van der Aa MA, Lalisang RI, Witteveen PO, Van de Vijver
KK, Kruitwagen RF, Sonke GS. Interval between debulking surgery and
adjuvant chemotherapy is associated with overall survival in patients
with advanced ovarian cancer. Gynecol Oncol. 2018;150(3):446-50.

27. Tewari KS, Java JJ, Eskander RN, Monk BJ, Burger RA. Early initiation of
chemotherapy following complete resection of advanced ovarian cancer
associated with improved survival: NRG Oncology/Gynecologic Oncology
Group study. Ann Oncol. 2016;27(1):114-21.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Surgical outcomes of ureteral reconstruction during cytoreductive surgery for ovarian cancer: a retrospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


