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Objectives: The aim of this study was to investigate the prognostic effect of amplified in
AIBI1 and EIF5A2 expression on postoperative intravesical recurrence for upper urinary tract
urothelial carcinoma (UTUC) and improve postoperative risk stratification and prediction of
intravesical chemotherapy benefit.

Materials and methods: We evaluated immunohistochemical expression of AIB1 and EIF5A2
in 109 UTUC patients to determine the predictive significance in intravesical recurrence. A
prognostic model was developed based on univariate and multivariate analyses.

Results: Intravesical recurrence occurred in 18 out of the 109 (16.5%) patients during the
follow-up period. Significant associations of high expression of AIB1 and EIF5A2 with shortened
bladder recurrence interval (median: 24 months vs 46 months, P=0.021; 28 months vs 39 months,
P=0.002) were demonstrated. In different subsets of UTUC patients, high expression of AIB1
was a prognostic indicator in high grade (P=0.006) and pT2—4 (P=0.007), and high expression
of EIFSA2 for high grade (P=0.014), pT2—4 (P=0.002) and pNO (P=0.009). Moreover, in mul-
tivariate analysis, AIB1 and EIFSA2 expression (P=0.034 and 0.022, respectively) together with
pN stage (P=0.009) provided significant independent predictors for intravesical recurrence after
surgery for UTUC. Surgical approach with radical nephroureterectomy (RNU) was an informa-
tive factor toward good oncologic outcomes for intravesical recurrence (P=0.056). Based on a
prognostic model with these factors, patients with UTUC were classified into the low-risk group
and the high-risk group. In a subset analysis, the patients in the high-risk group were found
to have a favorable response to intravesical chemotherapy (P=0.047). A nomogram based on
the multivariate analysis was developed to predict intravesical recurrence accurately and guide
postoperative intravesical instillations. The concordance index (c-index) of this model was 0.806.
Conclusion: High expression of AIB1 and EIF5A2 were independent predictors for intravesical
recurrence after RNU and might be able to predict which patients benefit from postoperative
intravesical chemotherapy.

Keywords: AIB1, EIFSA2, intravesical recurrence, prognosis, nomogram, upper tract urothelial

carcinoma

Introduction

Urothelial carcinoma (UC) refers to tumors derived from epithelial cells lining the
urinary tract, and it can be divided into upper tract urothelial carcinoma (UTUC)
and bladder urothelial carcinoma (BUC).! Although UTUC accounts for 8% of the
renal tumors and 2%—5% of the UCs,? up to 23%—47.2% of the patients may suffer
bladder recurrence after surgery for UTUC.> At present, the main variables defining
prognosis are histopathological stage and grade, but patients with the same pTNM
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stage of UTUC often demonstrate considerable variability in
bladder recurrence.® Thus, many research studies on UTUC
try to establish the role of molecular elements in predicting
the postoperative outcome in the case of this neoplasm.” To
date, an ideal biomarker for the prediction of disease recur-
rence is still lacking.

The amplified in breast cancer 1 (4/B1) gene, also named
as SRC3, p/CIP, RAC3, ACTR and TRAMI, is located on
chromosome 20q12."° AIB1, as a human oncogene, has been
found to be involved in a number of biological processes,
such as cell proliferation, cell migration and cell differen-
tiation.!%!! AIB1 was reported to promote proliferation in
hormone-dependent cancers,'®!'>!3 and AIB1 upregulation
was associated with tumor aggressiveness and/or poor
patient prognosis in several human hormone-independent
cancers.'*!” Previously, we demonstrated that AIBI is an
independent molecular marker for poor prognosis of BUC
patients. '8

The eukaryotic initiation factor SA2 (EIF5A2) gene was
first discovered in the primary ovarian cancer cell line in
2001. It was located on chromosome 3q26 and also classified
as an oncogene.'” Overexpression of EIF5A2 was reported
to predict poor prognosis in gastric adenocarcinomas,*
colorectal cancer,? hepatocellular carcinomas,? ovarian
cancer®® and non-small-cell lung cancer.?* Our previous
study showed that EIF5A2 was an independent molecular
marker for shortened survival time of BUC patients treated
with radical cystectomy.?

Although UTUC usually shares histologic appearance
with BUC, recent studies have reported that the biology
of these 2 entities differs, and these differences may affect
different genetic presentations.?*?’” Up to the present, the
molecular state of AIB1 and EIF5A42 gene in UTUC and the
prognostic significance of this state have not been examined.
In this study, immunohistochemistry (IHC) was used to
examine protein expression of AIB1 and EIF5A2 in a group
of human UTUCs. The primary purpose was to determine
whether or not AIB1 and EIF5SA2 activity has prognostic
value for bladder tumor recurrence in UTUC patients. In
addition, a tool for guidance of a risk-stratified approach to
postoperative surveillance could be developed if possible.

Materials and methods

Study design and participants

We reviewed the records of 133 patients with primary UTUC
from September 2000 to March 2016 in the First Affiliated
Hospital of Sun Yat-sen University. The patients did not receive
any chemotherapy or radiation therapy before surgery. The

patients with distant metastasis at diagnosis and incomplete
clinical data were excluded from this study. In 24 tissues from
UTUC patients the detection of AIBI or EIF5A2 was not
completed, and so the remaining 109 patients were included
in this study. Radical nephroureterectomy (RNU) with the
removal of the bladder cuff was the most common procedure
(n=95). Segmental ureterectomy (SU) was performed in 12
patients, and kidney-sparing surgery (KSS) was performed in 2
patients. Regional lymphadenectomy was generally performed
in patients with suspicious lymph nodes on preoperative imag-
ing or intraoperative examination. Extended lymphadenectomy
was not routinely performed. Eighty-seven patients received
intravesical instillation after surgery, and the intravesical agents
were epirubicin (30-50 mg each time, 55 cases), pirarubicin
(30-50 mg each time, 19 cases) or mitomycin C (MMC)
(2040 mg each time, 13 cases). At least 6 doses of intravesi-
cal chemotherapy weekly were recommended after surgery.
Cystoscopy was suggested every 3 months for 2 years and
every 6 months for the next 2 years and annually thereafter.
Other follow-ups consisted of physical examination, urine
cytology, chest X-ray and computed tomography. The study
methodologies conformed to the standards set by the Declara-
tion of Helsinki. Approval of the study was obtained from the
institutional review board of the First Affiliated Hospital, Sun
Yat-sen University, and written informed consent was waived
as there were no conflicts of interest or damage to patients,
and patient data confidentiality was guaranteed according to
the requirement of the institutional review board. The tissue
samples were also de-identified due to the subsequent copy,
cryopreservation and storage time in this retrospective study.

IHC

Formalin-fixed paraffin-embedded tissue samples were used
for ITHC studies. Serial 4 um sections were prepared for
immunohistochemical staining. The IHC method was similar
to that used in our previous study.' Briefly, after paraffin
sections were deparaffinized in xylene and rehydrated in a
series of graded alcohols, 0.3% hydrogen peroxide was used
to block endogenous peroxidase activity for 20 minutes, and
then tissue sections were microwave-treated and boiled in a
10 mmol/L citrate buffer (pH 6.0) for 8 minutes for antigen
retrieval. Non-specific binding was blocked with 10% nor-
mal rabbit serum for 20 minutes. The slides were incubated
with the anti-AIB1 antibody (BD Transduction Laboratories;
Lexington, KY, USA; diluted 1:100 in PBS) or anti-EIF5A2
antibody (Abnova, Jhongli, Taiwan; diluted 1:100 in PBS)
in a moist chamber. Subsequently, the slides were incubated
with biotinylated rabbit anti-mouse immunoglobulin at a con-
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centration of 1:100 for 30 minutes at 37°C and then reacted
with a streptavidin—peroxidase conjugate for 30 minutes at
37°C and 3',3'-diaminobenzidine as a chromogen substrate.
The nucleus was counterstained using Meyer’s hematoxylin.
A negative control was obtained by replacing the primary
antibody with normal murine IgG. Known immunostaining-
positive ovarian cancer slides were used as positive controls.
Positive expression of AIB1 in UTUC cells was primarily
a nuclear pattern, and positive expression of EIFSA2 was a
cytoplasmic pattern. Semiquantitative assessment of positivity
was performed using the following formula: staining intensity
x positive cell rate. Cancer cells with positive staining were
counted in at least 10 representative fields, and at least 150
cancer cells were examined for each field. Staining intensity
was stratified from 0 to 3 (0, no staining; 1, slight staining; 2,
medium staining; and 3, strong staining). The scale of posi-
tive cell rate was identified as follows: 0, number of stained
cells <10%; 1, 10< number of stained cells <25%; 2, 25%<
number of stained cells <50%; 3, 50%< number of stained
cells <80%; and 4, number of stained cells > 80%.7* We
selected the medians as the cutoff value (score range 0-12),
respectively. An AIBI1 expression score greater than 4 was
considered high AIB1 expression, and an EIF5A2 expression
score greater than 6 was defined high EIF5A2 expression.

Statistical analyses

Analysis was carried out with SPSS version 20.0 (IBM Cor-
poration, Armonk, NY, USA) and GraphPad Prism 5 (Graph-
Pad Software, Inc., La Jolla, CA, USA). The association
between AIB1 and EIF5A2 and clinicopathological features
was assessed by the chi-squared test. Clinical outcome event
was intravesical recurrence-free survival (IVRFS) obtained
by Kaplan—Meier actuarial analysis. IVRFS was defined as
the time from surgery to intravesical recurrence. The associa-
tion between each prognostic factor and IVRFS was assessed
by univariate analysis. A stepwise selection procedure was
applied to obtain a multivariate model with maximum preci-
sion for the significant variables. To predict recurrence-free
survival probability, multivariable Cox regression coefficients
were then used to generate a nomogram and calibration curves
with R for Windows, version 3.3.1 (R Foundation for Statisti-
cal Computing, Vienna, Austria). For validation of the nomo-
gram, we assessed the discrimination ability using Harrell’s
concordance index (c-index). All P-values were 2-sided, and
P-values <0.05 were considered to be significant.

Results
A total of 109 patients with primary UTUC were included
in this cohort. The median age was 66 years (range

21-86). The main clinical data are detailed in Table 1. The
male/female ratio was 1.48:1. The follow-up time was
44.8135.2 months, and the median was 34 months (range
1-180). Intravesical recurrence of bladder cancer occurred
in 18 out of 109 (16.5%) patients, and the follow-up time
was 38.2+£50.3 months, and the median was 16 months
(range 1-180). Relapse was observed in 9 (50.0%) patients
with renal pelvis location and in 6 (33.3%) patients with
ureteral location.

All the specimens were fixed in 10% formalin and embed-
ded in paraffin. To elucidate the biological significance of

Table | Clinicopathological features of patients with UTUC

Clinicopathological features N=109
Median age, years (range) 66 (21-86)
Sex, n (%)

Male 65 (59.6)

Female 44 (40.4)
Tumor side, n (%)

Left 54 (49.5)

Right 55 (50.5)
Tumor location, n (%)

Calix or pelvis 60 (55.0)

Ureter 38 (34.9)

>| site I (1o.1)
Hydronephrosis, n (%)

No 34 (31.2)

Yes 75 (68.8)
Type of surgery, n (%)

Open 55 (50.5)

Laparoscopic 54 (49.5)
RNU, n (%)

No 14 (12.8)

Yes 95 (87.2)
Pathological T stage, n (%)

Ta-TI 37 (33.9)

T2-T4 72 (66.1)
Pathological N stage, n (%)

pNx or pNO 93 (85.3)

pNI,2 16 (14.7)
Tumor grade, n (%)

Low 38 (34.9)

High 71 (65.1)
Intravesical chemotherapy, n (%)

No 22 (20.2)

Yes 87 (79.8)
Adjuvant chemotherapy, n (%)

No 83 (76.1)

Yes 26 (23.9)
AIBI, n (%)

Low expression 58 (53.2)

High expression 51 (46.8)
EIF5A2, n (%)

Low expression 61 (56.0)

High expression 48 (44.0)

Abbreviations: RNU, radical nephroureterectomy; UTUC, upper tract urothelial
carcinoma.
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AIBI1 and EIF5A2 in UTUC, IHC was performed on all
slides using anti-AIB1 and anti-EIF5A2. We set the cutoff
points at 4 and 6 based on the median score of AIB1 and
EIF5A2 scores, respectively, and patients were divided into
low AIB1 (n=58) and high AIB1 expression groups (n=51)
and low EIF5A2 (n=61) and high EIF5A2 expression groups
(n=48) in order to analyze their oncologic outcomes (Figure
1). The association of AIB1 and EIF5A2 expression with
clinicopathological features in UTUCs is summarized in
Table 2. Among the features, there was a significant asso-
ciation between AIB1 expression and intravesical therapy
(P=0.006), and EIF5A2 expression was significantly higher
in UTUC with positive lymph node (P=0.007).

Median IVRFSs in the low and high AIB1 expression
groups were observed to be 46 months (range 6—140) and
24 months (range 1-180), respectively. Statistically signifi-
cant differences were observed between the low and high
AIB1 expression groups in the 5-year IVRFS rate (90.5% vs
76.5%, P=0.021). The survival intervals in the low and high
EIF5A2 expression groups were 39 months (range 2—131)
and 28 months (range 1-180), respectively. The 5-year IVRFS
rates of the low and high EIF5A2 expression groups were
94.2% and 72.6% (P=0.002), as shown in Figure 2.

Additionally, survival analysis was performed with regard
to AIB1 and EIF5A2 expression in subsets of patients with
different tumor histopathological grades, pT stages and pN
stages. The results demonstrated that high expression of AIB1
and EIF5A2 were poor prognostic factors in UTUC patients
having high tumor grade (P-value: 0.006 and 0.014, respec-
tively) and pT2—4 (P-value: 0.007 and 0.002, respectively).
In addition, EIFSA2 expression showed a statistical signifi-
cance with regard to the prognosis of pNO patients (P=0.009).
However, either AIB1 or EIF5A2 expression could not dif-
ferentiate the outcome of pN1-2 patients (P-value: 0.056 and
0.787; Figures 3 and 4).

To investigate the effect of intravesical chemotherapy, sur-
vival analysis was also performed in subsets of patients with
different AIB1 and EIF5SA2 expression. The results showed
that intravesical chemotherapy was a good prognostic factor
for IVRFS of UTUC patients with high AIB1 and EIF5A2
expression (P=0.002; Figure 5). In addition, patients with
pT2—4 (16/20, 80%), pN+ (7/20, 35%) or high grade (13/20,
65%) were included in this subset.

Univariate and multivariate analyses of conventional clin-
icopathological factors and molecular markers were carried
out to analyze the risk factors affecting intravesical recurrence

Figure | Immunohistochemical expression of AIBI and EIF5A2 in upper tract urothelial carcinoma tissue (x200).
Notes: (A) AIBI score 0 points (negative staining), (B) low expression of AIBI (score 3 points), (C) high expression of AIBI (score 9 points), (D) EIF5A2 score 0 points
(negative staining), (E) low expression of EIF5A2 (score 4 points) and (F) high expression of EIF5A2 (score 12 points).
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Table 2 Association of AIBI and EIF5A2 expression with clinicopathological parameters in 109 patients with UTUC

Variables AIBI P-value EIF5A2 P-value
Low High Low High
expression expression expression expression

Age, years
<66 30 26 0.938 27 29 0.094
>66 28 25 34 19

Sex
Male 38 27 0.182 39 26 0.302
Female 20 24 22 22

Tumor side
Left 29 25 0.919 26 28 0.103
Right 29 26 35 20

Tumor location
Calix or pelvis 32 28 0.885 32 28 0.669
Ureter 20 19 24 I5
>| site 6 4 5 5

Hydronephrosis
No 21 13 0.228 15 19 0.093
Yes 37 38 46 29

Type of surgery
Open 25 30 0.101 27 28 0.145
Laparoscopic 33 21 34 20

RNU
No 6 8 0.406 8 6 0.924
Yes 52 43 53 42

Pathological T stage
Ta-TI 21 16 0.595 22 15 0.598
T2-T4 37 35 39 33

Pathological N stage
pNx or pNO 53 40 0.057 57 36 0.007*
pNI,2 5 I 4 12

Tumor grade
Low 20 18 0.929 23 15 0.483
High 38 33 38 33

Intravesical chemotherapy
No 6 16 0.006* I I 0.528
Yes 52 35 50 37

Adjuvant chemotherapy
No 49 34 0.029%* 45 38 0.512
Yes 9 17 16 10

AIBI
Low expression - - - 30 28 0.342
High expression - - 31 20

Note: *Statistically significant.

Abbreviations: RNU, radical nephroureterectomy; UTUC, upper tract urothelial carcinoma.

(Table 3). In univariate analysis, lymph node metastasis and
high-level AIB1 and EIF5A2 expression were significantly
associated with intravesical recurrence (P<0.05). Multivariate
Cox proportional hazards regression analysis revealed that
lymph node metastasis (P=0.009), high-level AIB1 expres-
sion (P=0.034) and high-level EIF5A2 expression (P=0.022)
were significant risk factors for IVRFS. Surgical approach
with RNU (P=0.056) was an informative protective factor,
but not an independent factor.

We constructed a prognostic model combining 4 inde-
pendent prognostic factors (EIF5A2, AIBI, lymph node
status and RNU) by Cox proportional hazards regression.
The model for IVRFS =EIF5A2 score x 1.529 + AIB1 score
% 1.179 + pN status x 1.538-RNU x 1.151. According to
the median of the model to construct the risk stratification,
we defined 2 risk groups, the low-risk group and the high-
risk group. Results showed that patients in the low-risk
group had a much better 5S-year IVRFS rate than that in the

Cancer Management and Research 2018:10

submit your manuscript

7001

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Huang et al

Dove

A
1.0 1

s Low AIB1 expression

©

> J ;

2 0.8

2

o High AIB1 expression

& 0.6 1

[0]

o

=

[

3 0.4+

o

©

2

£ 0.2

>

o

= Log-rank test, P=0.021
0.0 1

0 24 48 72 96 120 144 168 192
Time (months)

w

Low EIF5A2 expression

0.84

06 High EIF5A2 expression

0.4-

0.2+

Intravesical recurrence-free survival (%)

Log-rank test, P=0.002

0.01

0 24 48 72 96 120 144 168 192
Time (months)

Figure 2 Kaplan—Meier plots show intravesical recurrence-free survival curves according to AIBI expression status (A), low AIBI expression (blue line), n=58; high AIBI
expression (green line), n=51. EIF5A2 expression status (B), low EIF5A2 expression (blue line), n=61; high EIF5A2 expression (green line), n=48.

high-risk group (94.1% vs 60.6%; Figure S1). We noted
that intravesical chemotherapy could enhance survival in
all 109 patients (P=0.047). Results from a subset analysis
using the prognostic model showed that patients in the
high-risk group had a favorable response to intravesical che-
motherapy (P=0.047; Figure 6). This result indicated that
this prognostic model could successfully identify patients
with UTUC who were suitable candidates for intravesical
chemotherapy.

Receiver operating characteristic (ROC) curve analysis
was performed to determine the predictive value of the prog-
nostic model including AIB1 and EIFSA2. The result showed
that the prognostic model had significantly higher prognostic
accuracy than that of a single clinicopathological risk factor
(Figure 7). The ROC curves yielded the following area under
curve (AUC): AIB1, 0.652,95% CI (0.517-0.788); EIF5A2,
0.735, 95% CI (0.617-0.854); pN status, 0.612, 95% CI
(0.457-0.767); surgical approach (RNU or not), 0.411,95%
CI (0.256-0.565) and the prognostic model, 0.824, 95% CI
(0.714-0.934).

A competing-risk nomogram was developed for the
prediction of the probability of postoperative recurrence
in bladder at 2 years and 5 years. This model was based
on AIB1, EIF5A2, pathologic N status and the surgical
approach (RNU or not). By calculating the total number
of risk points on the nomogram, one is able to calculate
the 2-year and 5-year probabilities of intravesical recur-
rence after surgery. The calibration plots were separately
demonstrated for a 2-year IVRFS probability and 5-year

IVRES probability (Figure 8), and the c-index of this model
was 0.806.

Discussion
The key findings in this study are that high expressions
of AIBI1 and EIF5A2 are strongly linked with intravesical
recurrence after operation in patients with UTUC, especially
in the subsets of high grade and high pathological stage.
Furthermore, both of them are independent predictors of
bladder recurrence as evidenced by Kaplan—Meier curves
and multivariate COX proportional hazards regression
analysis. Although the mechanisms of carcinogenesis are
thought to be similar to bladder cancer, recent studies suggest
otherwise. UTUCSs seem to present worse clinical outcomes
than bladder cancers at the same stage.?’ Despite UTUC
accounts for 5%-10% of UC, the incidence of UTUC has
increased during the last 30 years, and so it is meaningful to
focus on small samples of UTUCs to explore the difference
with bladder tumors.3*3! Our previous studies have already
shown that overexpression of AIB1 and EIF5A2 contributes
to shortened survival time of patients with bladder cancers. In
another study, it has been demonstrated that AIB1 promotes
bladder cancer cell proliferation through the AKT pathway
and E2F1.*? From this study, we hypothesize that AIB1 and
EIF5A2 play an important role in UTUC. Until now, no
study has been found to investigate the predictive value of
the combination of both markers.

Some studies had observed that in certain human solid
tumors, such as ovarian and colorectal cancers, high levels
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Figure 3 Kaplan—Meier survival analysis of AIBI expression in subsets of different grades, pT and pN patients with UTUC (log-rank test).

Notes: (A) Low-grade, probability of IVRFS of low-grade patients with UTUC: low expression (blue line), n=20; high expression (green line), n=18. (B) High-grade,
probability of IVRFS of high-grade patients with UTUC: low expression (blue line), n=38; high expression (green line), n=33. (C) pTa-|, probability of IVRFS of pTa-| patients
with UTUC: low expression (blue line), n=21; high expression (green line), n=16. (D) pT2—4, probability of IVRFS of pT2—4 patients with UTUC: low expression (blue line),
n=37; high expression (green line), n=35. (E) pNO, probability of IVRFS of pNO patients with UTUC: low expression (blue line), n=53; high expression (green line), n=40. (F)

pNI-2, probability of IVRFS of pN1-2 patients with UTUC: low expression (blue line), n=5; high expression (green line), n=11.

Abbreviations: IVRFS, intravesical recurrence-free survival; UTUC, upper tract urothelial carcinoma.
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Figure 4 Kaplan—Meier survival analysis of EIF5A2 expression in subsets of different grades, pT and pN patients with UTUC (log-rank test).

Notes: (A) Low-grade, probability of IVRFS of low-grade patients with UTUC: low expression (blue line), n=23; high expression (green line), n=15. (B) High-grade,
probability of IVRFS of high-grade patients with UTUC: low expression (blue line), n=38; high expression (green line), n=33. (C) pTa-1, probability of IVRFS of pTa-| patients
with UTUC: low expression (blue line), n=22; high expression (green line), n=15. (D) pT2—4, probability of IVRFS of pT2—4 patients with UTUC: low expression (blue line),
n=39; high expression (green line), n=33. (E) pNO, probability of IVRFS of pNO patients with UTUC: low expression (blue line), n=57; high expression (green line), n=36. (F)

pNI1-2, probability of IVRFS of pN1-2 patients with UTUC: low expression (blue line), n=4; high expression (green line), n=12.

Abbreviations: IVRFS, intravesical recurrence-free survival; UTUC, upper tract urothelial carcinoma.
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Figure 5 Kaplan—Meier survival analysis of postoperative intravesical chemotherapy in subsets of different expression of AIBI and EIF5A2 (log-rank test).

Notes: AIBI (-): low AIBI expression, AIBI(+): high AIBI expression, EIF5A2 (-): low EIF5A2 expression, and EIF5A2 (+): high EIF5A2 expression. (A) AIBI(-) EIF5A2(-),
probability of IVRFS of intravesical chemotherapy for patients with UTUC: no instillation (blue line), n=1I; instillation (green line), n=29. (B) AIBI (-) EIF5A2 (+), probability
of IVRFS of intravesical chemotherapy for patients with UTUC: no instillation (blue line), n=5; instillation (green line), n=23. (C) AIBI(+)EIF5A2(-), probability of IVRFS of
intravesical chemotherapy for patients with UTUC: no instillation (blue line), n=10; instillation (green line), n=21. (D) AIBI(+)EIF5A2(+), probability of IVRFS of intravesical
chemotherapy for patients with UTUC: no instillation (blue line), n=6; instillation (green line), n=14.

Abbreviations: IVRFS, intravesical recurrence-free survival; UTUC, upper tract urothelial carcinoma.

of AIB1 and EIF5A2n were positively correlated with an
ascending clinical stage of the tumor.!*!73334 In the strati-
fied survival analyses of UTUC, the expressions of AIB1
and EIFSA2 were considered to correlate with IVRFS
of different subsets of UTUC patients and found high
expression simultaneously in patients with pT2—4 (16/20,
80%) or high grade (13/20, 65%). Thus, it is indicated that

AIB1 and EIF5A2 expressions have the potential to predict
postoperative bladder recurrence of certain UTUC patients.
Furthermore, intravesical chemotherapy was a positive
predictor of IVRFS as evidence by Kaplan—Meier curves
in the subset of both high-level AIB1 and EIF5A2 expres-
sion. The examination of AIB1 and EIF5A2 expression
by IHC, therefore, could be used as a meaningful tool in
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Table 3 Univariate and multivariate Cox regression models predicting bladder recurrence

Variables Univariate Multivariate
HR 95% CI P-value HR 95% CI P-value
Age (<66/>66 years) 1.136 0.438-2.948 0.793
Sex (male/female) 0.951 0.361-2.505 0919
Tumor site (left/right) 0.440 0.153-1.267 0.128
Tumor location 0.994
Calix or pelvis 1.000
Ureter 0.944 0.330-2.699 0915
>| site 0.958 0.188—4.872 0.959
Hydronephrosis (no/yes) 3.187 0.724-14.025 0.125
Type of surgery (open/laparoscopy) 0.473 0.164-1.363 0.166
RNU (nofyes) 0.369 0.126-1.084 0.070 0.316 0.097-1.031 0.056
pT stage (pTa—T1/pT2-T4) 3.001 0.860-10.475 0.085
Pathological N stage (pNx or pNO/pN1,2) 6.021 2.118-17.116 0.001* 4.654 1.459-14.850 0.009*
Tumor grade (low/high) 1.356 0.470-3.911 0.573
Intravesical chemotherapy (no/yes) 0.353 0.120-1.037 0.058
Adjuvant chemotherapy (nol/yes) 2.644 0.948-7.372 0.063
AIBI expression (low/high) 3.256 1.127-9.406 0.029* 3.252 1.090-9.705 0.034*
EIF5A2 expression (low/high) 5.646 1.601-19.914 0.007* 4613 1.249-17.038 0.022*
Notes: *Statistically significant. No RNU, segmental ureterectomy and kidney-sparing surgery.
Abbreviation: RNU, radical nephroureterectomy.
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Figure 6 Kaplan—-Meier survival analysis of postoperative intravesical chemotherapy in subsets of different risk groups of the prognostic model including EIF5A2, AIBI, lymph

node status and RNU (log-rank test).

Note: Probability of IVRFS of all cases: no instillation (blue line), n=22; instillation (green line), n=87 (A); low-risk, probability of IVRFS of the low-risk group: no instillation
(blue line), n=9; instillation (green line), n=46 (B); high-risk, probability of IVRFS of high-risk group: no instillation (blue line), n=13; instillation (green line), n=41 (C).
Abbreviations: IVRFS, intravesical recurrence-free survival; RNU, radical nephroureterectomy.
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model, the pN model, and RNU alone model for intravesical recurrence-free survival.

Abbreviations: RNU, radical nephroureterectomy; ROC, receiver operating characteristic.

identifying those patients at the risk of bladder recurrence;
AIB1 and EIF5A2 expression analysis may also be use-
ful in optimizing postoperative individual UTUC therapy
management. In other words, AIB1 and EIF5A may be
considered as underlying biological biomarkers to predict
the development of UTUC, and the combination of both
markers shows more powerful predictive value of bladder
recurrence in UTUC.

We noticed an informative correlation between intravesi-
cal recurrence of UTUC and surgery approach (RNU or not).
Seisen et al** demonstrated that survival was similar after
KSS vs RNU only for low-grade and non-invasive UTUC,
but in high-grade and invasive UTUC, RNU should be a
standard treatment except some imperative cases, such as
renal insufficiency or solitary functional kidney. In another
study, Fang et al*® showed that no significant difference was
found in terms of IVRFS (HR 1.35, P=0.39) between SU
and (RNU in UTUC with favorable pathological features.
However, these studies were subject to a selection bias favor-
ing KSS inevitably. RNU with bladder cuff excision is still
considered the standard treatment for UTUC and provides
durable local control and favorable outcome in patients with
localized UTUC.* This opinion joins our study. Although
the P-value only demonstrated a strong trend in univariate
and multivariate analyses, we insisted that RNU should be
a protective factor for intravesical recurrence.

Intravesical chemotherapy has been proven to reduce the
risk of intravesical recurrence after surgery for UTUC in
some large studies. We also demonstrated a promising asso-
ciation between this treatment and intravesical recurrence.
However, about one-half of the patients with UTUC do not
have intravesical recurrence in the subsequent years,*> so
it indicates that the therapy strategy may be an excessive
treatment for low-risk patients, and it is necessary to take
individualized treatment according to a patient’s clinical
and pathological characteristics. Although an increasing
number of studies have focused on risk factors for intravesi-
cal recurrence after RNU and investigated the association
between the expression of some biomarkers, such as endo-
glin or Ki-67, the search for specific molecular markers
for UTUC, which have clinical/prognostic significance for
intravesical recurrence, remains substantially limited.**
In this study, we found a significant association between
intravesical chemotherapy and the combination of AIB1
and EIF5A2. To date, the field cancerization hypothesis**4!
and intraluminal seeding**** have been the 2 main concepts
to explain the mechanism of intravesical recurrence after
surgery. In diverse human malignancies, AIB1 and EIF5A2
have been proven as putative oncogenes in tumorigenic
processes, and so we surmise that they might involve the
progression of UTUC. The subset group of UTUC patients
with high level of AIB1 and EIF5SA2 might be inclined to
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predictions for 2-year and 5-year IVRFS (B).

Abbreviations: IVRFS, intravesical recurrence-free survival; RNU, radical nephroureterectomy.

implant dispersed intraluminal viable cancer cells or estab-
lish a significant new tumor, and intravesical chemotherapy
should be more meaningful for this subset group of UTUC
patients after surgery.

Recently, several studies have identified some potential
outcome predictors for UTUC following surgery.*#¢ Xyli-
nas et al*’ developed nomograms for predicting intravesical
recurrence with some clinicopathological factors, which

is useful to make informed medical decisions regarding
management of their disease. Hashimoto et al considered
gross hematuria and preoperative serum creatinine levels
as independent predictors for intravesical recurrence after
RNU and developed a nomogram based on these factors to
guide patient selection for postoperative therapeutic inter-
ventions.* Incorporating biologically significant biomarkers
into the prediction model may allow us to select patients for
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administration of intravesical chemotherapy more accurately.
In this study, the presence of AIB1, EIF5A2 and pN+ was
found to be associated with an elevated risk for intravesical
recurrence, and surgical approach with RNU was considered
as a protective factor for intravesical recurrence. Further use
of'this prediction model developed with these 4 factors might
allow for better identification of patients who classified as
high risk of intravesical recurrence and who are most likely
to benefit from intravesical chemotherapy. Meanwhile, we
developed a nomogram for the prediction of intravesical
recurrence after surgery. We found that our nomogram was
well calibrated, as the slopes of the calibration curves were
close to 1. The use of our accurate, well-calibrated predic-
tive model should improve clinicians’ abilities to classify
patients for postoperative therapeutic strategies, including
prophylactic intravesical instillation.

This study has several limitations. First and foremost
are the limitations inherent in the retrospective single-
center study design. External validation of the current
prognostic model is required before widespread applica-
tion. In addition, the procedure of intravesical chemo-
therapy was done by several different surgeons, which
accounts for some variability, especially in the selection
of chemotherapeutics, thereby abrogating the effects seen
in this study.***° Finally, the proportion of patients with
postoperative intravesical instillation in the AIB1 high
expression group was small, because of the uncontrollable
retrospective data.

Conclusion

We describe, for the first time, that AIB1 and EIF5A2
expressions are associated with shorter IVRFS time in
UTUC. We developed a prognostic model based on some
clinicopathological factors, including AIB1 and EIF5A2,
which predict intravesical recurrence after surgery with
reasonable accuracy. The nomogram that was developed
from the prognostic model may improve the clinical deci-
sion-making process regarding postoperative intravesical
chemotherapy.
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Figure S| Kaplan—Meier plot shows intravesical recurrence-free survival curves stratified by 4 independent prognostic factors (EIF5A2, AIBI, lymph node status and RNU).
Note: Low-risk group (blue line), n=75; high-risk group (green line), n=34.
Abbreviation: RNU, radical nephroureterectomy.
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