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Phosphorylated retinoblastoma is a biomarker of overall disease
control and better progression-free survival of recurrent epithelial
ovarian cancer patients treated with second-line topoisomerase
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Background: To determine the association of phosphorylated retinoblastoma (p-RB) with the clinical
outcome of recurrent epithelial ovarian cancer (EOC) patients after CPT-11 chemotherapy.

Methods: We enrolled 27 recurrent EOC patients who had failed first-line chemotherapy and underwent
second-line and above CPT-11 chemotherapy from January 2002 to September 2016 in our hospital. The
complete medical records of the patients were retrospectively reviewed. The phosphorylation of RB at
Ser780 (p-RB) in surgical tumors and 27 normal ovarian tissues was assessed by immunohistochemistry.
Results: The positive rate of p-RB expression in EOC tissues was significantly higher than that in normal
ovarian tissues (62.96% vs. 22.22%, P<0.05). p-RB expression had no obvious relationship with the patient’s
lymph node metastasis, platinum sensitivity, Federation of Gynecology and Obstetrics (FIGO) stage,
histological grade, initial symptoms of ascites, pathological type, age, neoadjuvant chemotherapy, or type of
first-line chemotherapy (all P>0.05). In addition, p-RB expression was significantly associated with disease
control rates of CPT-11 chemotherapy (P<0.001). Univariate analysis showed that p-RB expression, FIGO
stage, lymph node metastasis, and initial symptoms of ascites were factors affecting progression-free survival
(PES) after CPT-11 chemotherapy in recurrent EOC patients (all P<0.05). Multivariate analysis showed that
p-RB expression was an independent prognostic factor for PES in the recurrent EOC patients who accepted
CPT-11 chemotherapy (P<0.05).

Conclusions: The positive rate of p-RB expression in EOC tissues was significantly higher than that in
normal ovarian tissues, and p-RB expression was significantly correlated with disease control rates and PFS
of recurrent EOC patients after CPT-11 chemotherapy. Our findings suggest that p-RB is a prognostic
biomarker for recurrent EOC patients who accept CPT-11 therapy after first-line chemotherapy failure.
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Introduction

It has been estimated that approximately 22,240 new cases
of ovarian cancer will be diagnosed and 14,070 women
will die of ovarian cancer in the United States in 2018 (1).
Due to the special anatomy of the ovary and the lack of
appropriate early screening, more than 80% of patients are
diagnosed with advanced ovarian cancer, which also has a
high risk of recurrence (2). Chemotherapy is currently one
of the major treatments for ovarian cancer (3). However,
more than 80% of patients require second-line treatment
due to the emergence of drug-resistance, and there is
a significant reduction in second-line chemosensitivity
compared with first-line chemotherapy (4). The current
second-line and above chemotherapeutic drugs include
doxorubicin liposomes, gemcitabine, topotecan, etoposide,
ifosfamide, docetaxel, and oxaliplatin. It has been reported
that the topoisomerase inhibitor CPT-11 has a similar
chemotherapeutic drug efficacy to the above-mentioned
drugs but displays no cross-resistance (5). Therefore, in
clinical practice, CPT-11 is often chosen as the second-
line or third-line chemotherapeutic drug for epithelial
ovarian cancer (EOC) because of the high price and
unavailability of other second-line drugs such as topotecan.
The median overall survival after second-line chemotherapy
for recurrent EOC is about 1 year, and the drug-related
progression-free survival (PFS) is associated with the overall
survival (6). Therefore, in order to improve survival and to
achieve individualized treatment, it is particularly important
to identify effective biomarkers of CPT-11 efficacy for the
improvement of second-line treatment of ovarian cancer.
CPT-11 is a cell-cycle-specific chemotherapeutic drug
that disrupts chromatin metabolism in S-phase cells to
induce cell death (7). It is well known that one of the key
points in regulating cell cycle progression is the G1/S
transition (8). The phosphorylation status of retinoblastoma
(RB) protein is an important step in controlling this
checkpoint (9). In malignant tumor cells, uncontrolled RB
phosphorylation results in the constitutive inactivation of
RB protein, leading to loss of the G1-phase checkpoint and
premature S-phase entry. Thus, the level of phosphorylated
RB (p-RB) may affect the efficacy of CPT-11 in treating
solid tumors (7-9). It has been shown that the proliferation
rate of colorectal cancer cells and the RB protein
phosphorylation at Ser780 are associated with poor clinical
outcomes of colorectal cancer patients (10); however,
whether RB protein phosphorylation at Ser780 can be
used as a biomarker for evaluating the effect and prognosis
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of CPT-11 chemotherapy as a second-line treatment for
recurrent ovarian cancer remains to be determined.

In this study, in order to provide the basis for
optimizing individualized treatment strategies after the
failure of first-line treatment of patients with EOC, we
determined the expression of p-RB protein in EOC by
immunohistochemistry and analyzed its association with
the clinicopathological features and the efficacy of CPT-11
chemotherapy.

Methods
Ethics statement

This study was reviewed and approved by the Ethics
Committee of The Second Affiliated Hospital of Dalian
Medical University (No. 2018064). Informed consent was
obtained from each patient.

Patient selection and clinical data

From January 2002 to September 2016, 27 patients
with recurrent ovarian cancer who underwent CPT-11
chemotherapy after first-line treatment failure at The
Second Affiliated Hospital of Dalian Medical University
were enrolled in this study. All patients were histologically
confirmed as having EOC. These patients previously
received ovarian cancer staging or cytoreductive surgery and
completed adjuvant and/or neoadjuvant chemotherapy with
cisplatin or carboplatin for 3-6 cycles. The patients were
41-74 years old, with a median age of 56 years old. Among
them, 16 cases were poorly differentiated carcinoma, 7 cases
were moderate—poorly differentiated carcinoma, and 4 cases
were moderately differentiated carcinoma. According to the
2009 Ovarian Cancer Staging Criteria of the Federation of
Gynecology and Obstetrics (FIGO), there were 4, 3, 18, and
2 patients with cancer stages L, II, III, and IV, respectively.

Case entry criteria

Inclusion criteria for this study were as follows: patient
medical history information (including preoperative
examination data, surgical pathology data, and follow-up
information) was detailed and complete; the patients had
pathologically confirmed EOC after staging determination
or cytoreductive surgery; the patients received platinum-
containing regimens of 3-6 cycles; tumor recurrence
was confirmed by computed tomography or magnetic
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resonance imaging; the patients received CPT-11-based
regimen chemotherapy for no less than 2 cycles after first-
line treatment failure; the patients had measurable tumor
lesions according to RECST1.1 standard; and the Eastern
Cooperative Oncology Group score was no less than 1
point. The exclusion criteria were as follows: the patients
had ovarian lymphoma, metastatic ovarian cancer, ovarian
germ cell tumors, or ovarian cord interstitial tumors; the
patients had a history of other malignant tumors; the
patients were lost during follow-up; the patients had no
ovarian cancer staging or ovarian cancer cytoreductive
surgery; the patients had second-line CPT-11-based
chemotherapy for less than 2 cycles or did not receive the
efficacy evaluation; and the patients had brain or epidural
metastases.

Patient follow-up and clinical characterization data

The follow-up period was from the date of the first use
of chemotherapy with CPT-11 until disease progression,
death, or the follow-up deadline. The deadline for the
follow-up was January 31, 2017. The follow-up contained
patient treatment as well as survival and disease progression
assessment, including but not limited to imaging
examination, biochemical indicators, blood CA125 value,
PFS, time of death, and the cause of death. If a patient was
lost, the missing person was censored as of the date of loss.
The time of death was the last follow-up time.

PFS was the time from the first day a patient used
chemotherapy with the CPT-11 regimen until the tumor
progressed or the patient died. The survival time after
CPT-11 treatment was the time from the first day that the
CPT-11-containing regimen was used until the day of death
or the last follow-up date. The PFS time was calculated
in days, and the CPT-11 survival time was calculated in
months.

Platinum sensitivity was defined as patients receiving
platinum-based adjuvant chemotherapy after the first
operation until tumor recurrence or progression for an
interval greater than 6 months; recurrence of less than
6 months was defined as platinum resistance.

The curative effect was defined according to the
RECST1.1 solid tumor efficacy evaluation criteria and the
International Society of Gynecologic Oncology ovarian
cancer efficacy evaluation criteria. Complete remission (CR)
was defined as all tumor lesions disappeared and/or the
blood CA125 level decreased to normal (<35 U/mL) for at
least 4 weeks. Partial remission (PR) was when the sum of
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the maximal diameters of the baseline lesions decreased by
at least 30% and/or the blood CA125 decreased by 50% of
the baseline value for at least 4 weeks. Stable disease (SD)
meant that the sum of the maximal diameters of the baseline
lesions decreased but did not reach PR or increased but
did not reach progressive disease (PD). PD was classified
as the sum of the maximal diameters of the baseline lesions
increasing by at least 20% or new lesions appearing, or
when the patient’s blood CA125 rose by more than 2 times
of the baseline value during the follow-up period. The
disease control rate was the sum of CR, PR, and SD.

Immunobistochemistry

After removal from the human body, all surgical specimens
were fixed with 10% neutral-buffered formaldehyde
solution in phosphate-buffered saline (PBS) for 24 h,
dehydrated in ethanol, embedded in paraffin, and stored at
the Pathology Center of The Second Affiliated Hospital of
Dalian Medical University. A total of 27 control cases were
randomly selected during the same period from ovarian cyst
excisions of normal ovarian tissue. Immunohistochemical
analysis was performed on 4-pm-thick sections. Paraffin-
fixed tissue sections were deparatfinized twice with xylol for
15 min and rehydrated with graded alcohol. After blocking
endogenous peroxidase with 3% hydrogen peroxide for
10 min, the slides were subjected to antigen retrieval for
5 min in a pressure cooker using sodium citrate buffer
(pH 6.0), containing 0.1 M citric acid and 0.1 M sodium
citrate in distilled water. After cooling to room temperature,
sections were washed twice in PBS. Nonspecific binding
was blocked by incubating the sections with normal goat
serum, and the slides were incubated with the rabbit anti-
human p-RB-Ser780 antibody (ab173289, Abcam, USA)
at a 1:50 dilution in PBS at 4 °C overnight. The next day,
after washing 3 times with PBS, the sections were incubated
with secondary antibody and hydrogen peroxide for 30 min.
Following repeated washing with PBS, the sections were
visualized using the 3,3'-diaminobenzidine substrate
buffer for 3-5 min. Tissue sections were counterstained
with hematoxylin and dehydrated in an ascending series
of ethanol solutions (85-100%). After xylol treatment, the
sections were mounted. As a control, duplicate sections
were stained without primary antibodies. Positive staining
of p-RB in the nucleus was indicated by clear brownish-
yellow immunoreactive particles observed under a light
microscope. Five high-power fields (400x magnification)
were randomly selected for each section. Semi-quantitative
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Figure 1 Representative p-RB staining images showing negative p-RB expression in normal tissues (A) and EOC tissues (B) along with

weakly positive expression (C), positive expression (D), and strongly positive expression (E) of p-RB staining in EOC tissues. Magnification,

400x. p-RB, phosphorylated retinoblastoma; EOC, epithelial ovarian cancer.

evaluation results were obtained by combining the number
of positive cells in the tissue sections with the percentage
of the same type of cells observed and the staining intensity
of the positive cells. According to the total number of
counted cells and the percentage of positive cells, they
were divided into 5 grades according to the percentage
of positive cells: positive percentage of 0-5%, 0 points;
6-25%, 1 point; 26-50%, 2 points; 51-75%, 3 points; and
76-100%, 4 points. Positive intensity was divided into 4
levels: no staining, 0 points; light brown-yellow staining,
1 point; brown-yellow staining, 2 points; and dark brown-
yellow staining, 3 points. The final score was the product of
the positive cell percentage and the staining intensity grade
(0-12 points). According to the score, it was divided into
the following groups: 0-1 point, negative (-); 2-4 points,
weakly positive (+); 5-8 points, moderately positive (++);
and 9-12 points, strongly positive (+++). All stained sections
were independently analyzed by two pathologists, and the
final immunohistochemical score was averaged.

Statistical analysis

SPSS17.0 software was used to analyze the data. The
protein expression difference between groups was analyzed
using the Chi-squared test or Fisher’s exact test. The Cox
proportional hazards regression model was performed for
univariate and multivariate survival analyses. Multivariate
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analysis was evaluated by a Cox proportional hazards model.
Overall survival was estimated by the Kaplan-Meier method
and compared using the log-rank test. P<0.05 for the
difference was considered statistically significant.

Results

Positive rate of p-RB expression in EOC tissues was
significantly bigher than that in normal ovarian tissues

Among the 27 normal ovarian tissues, immunohistochemical
analysis determined that 6 tissues were positive and 21
tissues were negative for p-RB expression (Figure 14), with
a positive rate of 22.22%. Among the 27 cases of EOC, 17
cases were positive and 10 cases were negative for p-RB
expression (Figure 1B), with a positive rate of 62.96%.
Representative pictures of negative p-RB expression in
normal tissues and EOC tissues are shown in Figure 14,B,
respectively. Among the cases with p-RB-positive
expression, weakly positive expression (Figure 1C) was found
in 4 cases (14.8%), positive expression (Figure 1D) was
found in 7 cases (25.9%), and strongly positive expression
(Figure 1E) was found in 6 cases (22.2%). The positive
rate of p-RB expression in the ovarian cancer patients was
significantly higher than that in the normal ovarian tissues
(=9.164, P=0.002). The negative expression of p-RB was
classified as the p-RB negative expression group (21 cases in
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Table 1 Phosphorylated retinoblastoma (p-RB) expression in normal ovarian and epithelial ovarian cancer tissues

p-RB expression

Group Number of cases Positive rate (%) b P

- + ++ +++
Normal ovarian tissues 27 21 4 2 0 22.22 9.164 0.002
Epithelial ovarian cancer tissues 27 10 4 7 6 62.96

-, 0-1 point, negative; +, 2-4 points, weakly positive; ++, 5-8 points, moderately positive; +++, 9-12 points, strongly positive.

the normal group and 10 cases in the ovarian cancer group).
The positive expression of p-RB was classified as the p-RB-
positive expression group (6 cases in the normal group and
17 cases in the ovarian cancer group) (Table 1).

Relationship between p-RB expression and the
clinicopathological features of EOC patients

Next, we analyzed the association of p-RB expression with
the clinicopathological features of the EOC patients. There
was no significant correlation between p-RB expression
with the patient’s age, FIGO stage, tumor differentiation,
initial symptoms of ascites, tumor pathological type,
platinum-sensitivity, lymph node metastasis, neoadjuvant
chemotherapy, or the type of first-line chemotherapy (all
P>0.05, Table 2).

p-RB in epithelial ovarian tumors was significantly
associated with disease control rates after CPT-11-based
chemotherapy

We evaluated the efficacy of chemotherapy in the 27
EOC patients according to the RECIST1.1 standard and
the International Gynecologic Oncology Association
evaluation criteria of ovarian cancer. Two cases (7.4%)
had the best response with CR and PR, 14 cases (51.9%)
were SD, and 11 cases (40.7%) were PD. Therefore, the
total disease control rate (CR + PR + SD) was 59.3%.
The statistical results showed that p-RB expression was
significantly correlated with the control rate of CPT-11-
based chemotherapy in the EOC patients (Fisher’s exact
test, P<0.0001, Table 3).

Univariate analysis showed that the median PFS of the
recurrent patients with positive p-RB expression after CP'T-
11 chemotherapy was significantly higher than that of the
patients with negative expression of p-RB (139 vs. 54 days,
P=0.000). The median PFES after CPT-11 chemotherapy in
patients with FIGO stage I-1I disease was 215 days, which
was significantly longer than that in patients with stage III-
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IV disease (83 days, P=0.025). There was also a significant
difference in the median PFS after CPT-11 chemotherapy
in patients with initial symptoms of ascites (75 vs. 230 days,
P=0.043). The median PFS was significantly shorter in
patients with primary lymph node metastasis after CPT-11
chemotherapy than in those without lymph node metastasis
(83 ws. 119 days, P=0.039). There was no significant
difference in the median PFS after chemotherapy with
CPT-11 among the recurrent EOC patients in terms of age,
tumor tissue differentiation, platinum-sensitivity, first-line
chemotherapy, the line of neoadjuvant chemotherapy, or
different pathological types (all P>0.05, Figure 2 and Table 4).

Pp-RB expression is an independent prognostic factor for
PFS in the recurrent EOC patients who received CPT-11-
based chemotherapy

Cox regression model analysis demonstrated that p-RB
expression, FIGO stage, ascites, and lymph node metastasis
were significantly associated with the median PFS after
CPT-11-based chemotherapy in patients with recurrent
EOC. However, only p-RB expression was an independent
prognostic factor of PES after application of CPT-11 in
patients with ovarian cancer (P=0.026, Table 5).

Univariate analysis showed that the survival time of
patients with recurrent EOC after CPT-11 chemotherapy
was not significantly associated with p-RB expression,
age, FIGO stage, tumor tissue differentiation, initial
symptoms of ascites, lymph node metastasis at the first
operation, platinum sensitivity, neoadjuvant chemotherapy,
pathological type, or the type of first-line chemotherapy
regimen (all P>0.05, Table 6).

Discussion

In the present study, we found that the positive rate of
p-RB expression in EOC tissue was significantly higher
than that in normal ovarian tissue, suggesting that it may
be involved in the occurrence of EOC. In addition, for
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Table 2 Association of phosphorylated retinoblastoma (p-RB) expression with the clinicopathological features of epithelial ovarian cancer patients

p-RB expression

Variable n Fisher’s test P
- + ++ +++

Age (years) 1.000
<50 11 4 3 2 2
>50 16 6 1 5 4

FIGO stage 0.678
=l 7 2 2 3 0
-1V 20 8 2 4 6

Differentiation 1.000
Middle 11 4 2 4 1
Low 16 6 2 3 5

Ascites 0.621
With 22 9 2 6 5
Without 5 1 2 1 1

Pathological type 1.000
SOC 19 7 1 6 5
Others 8 3 3 1 1

Platinum sensitivity 0.695
No 14 6 4 3 1
Yes 13 4 0 4 5

LNM 1.000
Yes 15 6 2 3 4
No 12 4 2 4 2

ADC 0.678
Yes 7 2 0 3 2
No 20 8 4 4 4

FLC 0.678
CP 7 2 0 3 2
TP 20 8 4 4 4

—, 0-1 point, negative; +, 2-4 points, weakly positive; ++, 5-8 points, moderately positive; +++, 9-12 points, strongly positive. FIGO,
Federation of Gynecology and Obstetrics; SOC, serous ovarian cancer; LNM, lymph node metastasis; ADC, neoadjuvant chemotherapy;

FLC, first-line chemotherapy.

patients with recurrent EOC, the expression level of p-RB
was significantly related to the disease control rate and PFS
following second-line CPT-11 treatment. Our findings
suggest that p-RB is a prognostic biomarker for recurrent
EOC patients who accept CPT-11 therapy after first-line

chemotherapy failure.

Opvarian cancer ranks first in female genital system cancer
mortality. Due to the special anatomy of the ovary and the
lack of specific methods for early detection, more than 80%
of ovarian cancer patients are diagnosed at late stages (stage
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Table 3 Relationship between phosphorylated retinoblastoma IIT or IV) (2). Chemotherapy is currently one of the main
(p-RB) expression and CPT-11-based chemotherapeutic efficacy in

RB) X treatments for ovarian cancer. However, in more than 70%
epithelial ovarian cancer

of patients, there is recurrence due to platinum-based drug

p-RB Therapeutic efficacy (number of cases, %) Fisher’s resistance. At the same time, the effective rate of second-
i test P . . .
expression CR/PR/SD PD °s line chemotherapy is only 9-40%, and the 5-year survival
- 1(10.0) 9 (90.0) <0.0001 rate is less than 10% (11). Therefore, in order to improve
/A 15 (88.2) 2(11.8) the chemotherapeutic efficacy and overall survival after
-, 0-1 point, negative; +, 2-4 points, weakly positive; ++, 5-8 first-line chemotherapy failure, it is particularly important
points, moderately positive; +++, 9-12 points, strongly positive. to discover predictors of second-line chemotherapeutic
C.R, complete rem|s§|oni PR, partial remission; SD, stable efﬁcacy.
disease; PD, progressive disease.
A B
1.04 1.04
—I1 p-RB negative 1 FIGO stage I-lI
__ 1 p-RB positive _ 1 FIGO stage llI-IV
0.8 0.8 1
P<0.0001 P=0.025
g 0.6 4 g 0.6
S <
o} >
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Figure 2 Multivariate analysis of PFS with phosphorylated retinoblastoma (p-RB) expression, Federation of Gynecology and Obstetrics

(FIGO) stage, ascites, and lymph node metastasis of patients with recurrent EOC after CPT-11 chemotherapy. PFS, progression-free
survival.

© Translational Cancer Research. All rights reserved. tcr.amegroups.com Transl Cancer Res 2018;7(6):1682-1693



Translational Cancer Research, Vol 7, No 6 December 2018

Table 4 Univariate analysis of the median PFS after CPT-11
chemotherapy in patients with recurrent epithelial ovarian cancer

Variable Median PFS (days) ¥ P

p-RB expression 0.000
Negative 54.0 15.315
Positive 139.0

Age (years) 0.858
<50 75.0 0.032
>50 113.0

FIGO stage 0.025
I-1I 215.0 5.058
1I-1v 83.0

Differentiation 0.863
Middle 113.0 0.030
Low 83.0

Ascites 0.043
With 75.0 4.099
Without 230.0

Lymph node metastasis 0.039
Yes 83.0 4.240
No 119.0

Platinum sensitive 0.459
Yes 113.0 0.548
No 75.0

Neoadjuvant chemotherapy 0.599
Yes 139.0 0.276
No 75.0

Pathological type 0.786
SOC 114.0 0.074
Other 61.0

First-line chemotherapy 0.850
CP 63.0 0.036
TP 114.0

PFS, progression-free survival; FIGO, Federation of Gynecology
and Obstetrics; SOC, serous ovarian cancer; CP,
cyclophosphamide combined with cis-platinum; TP, taxol

combined with cis-platinum.
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Topotecan is a recommended drug by the National
Comprehensive Cancer Network guidelines for ovarian
cancers that have failed first-line treatment, but its effect is
often limited due to adverse effects such as intolerability,
high cost, or lack of drug access. The efficacy of its analog,
irinotecan hydrochloride (CPT-11), as a treatment for
advanced ovarian cancer has been demonstrated both in
basic and clinical trials (12) and is widely used. Currently,
clinical treatment with CPT-11 as a second-line drug is
usually based on the ovarian cancer pathological type or the
uridine diphosphate glucuronyl transferase 1A1 (UGT1AI)
gene polymorphism (13,14). However, the UGTIAI gene
polymorphism has not been able to predict the efficacy of
the index to develop chemotherapy regimens to achieve
individualized treatment. Therefore, the identification of
biomarkers for the curative effect of CPT-11 is of great
significance to improve the curative effect of second-line
and multi-line chemotherapeutics for ovarian cancer.

RB is a tumor suppressor and plays an important role
in cell cycle progression (15). The phosphorylation status
of RB changes dynamically with cell cycle progression
(16-18). p-RB is elevated in colorectal cancer, breast cancer,
and other solid tumors, suggesting a correlation of p-RB
with the development and progression of tumors. Zhang
et al. (19) have found that 50.8% of breast cancer tissues
had p-RB-positive expression. In addition, Liu er al. (20)
have demonstrated that in normal breast epithelial cell
lines, RB exists as a more active low-phosphorylated form.
Meanwhile, in non-small cell lung cancer, osteosarcoma,
human pharyngeal squamous carcinoma, and other tumor
cell lines, RB protein was observed as the phosphorylated
form (21). However, little is known about RB or p-RB in
ovarian cancer. Seviour ef 4/. (22) have analyzed the Cancer
Genome Atlas (TCGA) database and found that ovarian
cancer patients have a high p-RB signal. In our study, we
detected p-RB by immunohistochemistry in EOC patients
and found that the positive rate of p-RB protein in EOC
(62.96%) was significantly higher than that in normal
ovarian tissue (22.22%), suggesting that p-RB plays an
important role in the occurrence of EOC.

The relationship between p-RB and clinicopathological
features has been reported in different types of tumors. For
example, p-RB in breast cancer patients was significantly
and positively correlated with the tumor size, clinical stage,
and lymph node metastasis (19). Moreover, Xiao e al. (23)
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Table 5 Multivariate analysis of median PFS after chemotherapy with CPT-11 in patients with recurrent epithelial ovarian cancer

OR 95% confidence interval

Variable PRCO SD b HR P value OR value

Lower limit Upper limit
p-RB expression 1.139 0.513 4.931 1 0.026 3.122 1.143 8.530
FIGO stage -0.720 0.577 1.556 1 0.212 0.487 0.157 1.509
Ascites 0.755 0.595 1.608 1 0.205 2.127 0.663 6.829
LNM 0.880 0.500 3.105 1 0.078 2.412 0.906 6.420

FIGO, Federation of Gynecology and Obstetrics; PRCO, partial regression coefficient; SD, standard deviation; HR, hazards ratio; OR, odds

ratio; LNM, lymph node metastasis.

detected p-RB in 82 cases of thyroid papillary carcinoma by
immunohistochemistry and observed a significant difference
between p-RB expression and the thyroid tumor size as well
as lymph node metastasis. The results of this study showed
that p-RB was not statistically significantly associated with
tumor differentiation, FIGO stage, lymph node metastasis,
or other clinicopathological features. However, we found
that p-RB protein expression was significantly associated
with the efficacy of CPT-11-based chemotherapy in the
treatment of recurrent EOC. Our results were consistent
with the observation that the response to topoisomerase 1
(TOP1) inhibitors correlates with tumor cell growth (24)
and that p-RB is correlated with a better CPT-11 response
in colorectal cancer patients (10).

Progestin X receptor (25-28), multidrug resistance
transporter ABCB1 (29), and ABCG2 (30) have been
reported as predictive biomarkers related to the efficacy
of CPT-11. Moreover, previous studies have shown that
high levels of TOP1 expression are related to the efficacy
of irinotecan (31), supporting the critical role for TOP1
in DNA replication (32). Furthermore, a large prospective
study (UK MRC FOCUS trial) has shown that moderate-
to-high TOP1 expression is associated with a longer
survival in patients with advanced colorectal cancer
treated with irinotecan plus 5-fluorouracil (33). However,
inconsistent results were obtained from the CAIRO study,
showing that there was no correlation between TOP1
expression and the efficacy of irinotecan (34). In addition,
another study has noted that cells acquiring resistance to
SN-38 (the active metabolite of CPT-11) still maintained
high levels of TOP1 expression (35). Therefore, the TOP1
expression level cannot be used to predict the clinical
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efficacy of CPT-11. In this study, the RB phosphorylation
status not only predicted the rate of disease control
in patients with recurrent ovarian cancer, but it also
positively correlated with the PFS in patients receiving
CPT-11. Our findings indicate that p-RB expression is an
independent prognostic factor affecting PFS after CPT-11
administration to patients with recurrent EOC.

Several studies have reported a relationship between
p-RB expression and the survival of tumor patients.
TCGA database analysis has found that a higher signal
of p-RB correlates with a poor survival in patients with
ovarian cancer (18). Another study has demonstrated
that p-RB correlates with the survival of breast cancer
patients (22). Recently, however, Ikai et /. (10) have
discovered inconsistencies in colon cancer tissues. In our
study, although a high expression of p-RB protein was
associated with a prolonged PFS in patients after CPT-11
chemotherapy, we did not find any improvement in survival
after CPT-11 chemotherapy. Factors such as retrospective
study design, follow-up treatment, sample size limitations,
and inadequate follow-up may affect the end result.
Therefore, additional studies with a large cohort of patient
samples are needed to discover more specific proteins for
predicting the therapeutic effect of CPT-11.

In conclusion, through this retrospective study,
we found that the level of p-RB protein might be a
promising biomarker to predict the efficacy of CPT-11
chemotherapy in patients with recurrent ovarian cancer.
Our findings will help to determine individualized and
accurate treatments for EOC as well as stratification of
EOC patients for CPT-11 chemotherapy after failure of
first-line drug treatment.
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Table 6 Univariate analysis of survival time after CPT-11
chemotherapy in patients with recurrent epithelial ovarian cancer

Variable '\fif:;a(:;ft‘ﬂ‘é‘;" 2 P

p-RB expression 0.251
Positive 18.7 1.316
Negative 58.6

Age (years) 0.331
<50 78.5 0.946
>50 22.0

FIGO stage 0.798
I-1I 33.5 0.066
-1v 14.7

Differentiation 0.621
Middle 58.6 0.245
Low 33.5

Ascites 0.932
With 58.6 0.007
Without 19.2

Lymph node metastasis 0.402
Yes 22.2 0.701
No 58.6

Platinum sensitive 0.206
Yes 58.6 1.597
No 19.2

Neoadjuvant chemotherapy 1.000
Yes 33.5 0.000
No 22.2

Pathological type 0.625
SOC 33.5 0.238
Others 21.7

First-line chemotherapy 0.352
CP 35.7 0.865
TP 33.5

FIGO, Federation of Gynecology and Obstetrics; SOC,
serous ovarian cancer; CP, cyclophosphamide combined with
cis-platinum; TP, taxol combined with cis-platinum.
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