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Abstract: Ovarian cancer (OC) represents the most common and lethal gynecologic malignancy, due
to its increased incidence and mortality rate. It is usually diagnosed in advanced stages and, even
though surgery and platinum-based treatment are initially efficient, recurrences emerge in over 70%
of cases. Although there are multiple options of chemotherapy drugs from which to choose, little is
known regarding the best strategy for prolonged survival. Thus, the aim of this study was to assess
the effect that most frequently used chemotherapeutic regimens have upon time-to-treatment-fail-
ure (TTF) from the first line and beyond, considering clinical and biological factors which influence
the treatment outcome of platinum-resistant recurrent OC. We retrospectively analyzed data from
78 patients diagnosed with platinum-resistant OC, who underwent chemotherapy-based treatment
with or without anti-angiogenic therapy at OncoHelp Oncology Center, Romania (January 2016 -
February 2021). Our study identified positive predictive factors for TTF related to anthropometry
(age over 60 for patients treated with topotecan with or without bevacizumab), renal function (cre-
atinine levels between 0.65 and 1 mg/dl for patients treated with regimens containing bevacizumab
and pegylated liposomal doxorubicin) and treatment choice (bevacizumab in combination with
pegylated liposomal doxorubicin or topotecan used from the first line and beyond).
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1. Introduction

Ovarian cancer (OC) remains one of the most common and deadly gynecological ma-
lignancies, with epidemiological discrepancies around the world. According to Globocan,
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in 2020, a number of 313,959 new cases of ovarian cancer were reported worldwide, with
207,252 deaths, thus showing an estimated mortality-incidence rate of 2/3 [1]. OC presents
3 main histological types, with epithelial being the most frequent. This type, in turn, di-
vides into 4 subtypes: serous (with its 2 forms: high-grade and low-grade), endometrioid,
mucinous and clear-cell [2]. Not only that most ovarian cancer patients are diagnosed at
an advanced stage [Féderation Internationale de Gynécologie et d’Obstétrique (FIGO) III-
IV], which leads to such a poor outcome, but over 70% present with a recurrence of the
disease, despite response at initial treatment with surgery and platinum-based chemo-
therapy [3, 4]. Novel targeted therapies, like anti-angiogenic drugs and Poly (ADP-ribose)
polymerase (PARP) inhibitors were approved in the past decade, showing promising re-
sults regarding survival, when used as continuation maintenance (bevacizumab) or as
switch maintenance (PARP inhibitors) [5, 6]. However, relapses do occur and, the more
often they manifest during a patient’s lifetime, the shorter the progression-free survival
(PES) intervals between treatment regimens become [7].

Several subsequent chemotherapeutic regimens, although they are less standardized,
are used to treat recurrent ovarian cancer (ROC), considering platinum-based treatment
response. As such, patients with platinum-sensitive disease, who relapse after at least 6
months treatment-free interval, can still have a highly effective response to platinum-con-
taining rechallenge (up to 60%), showing a prolonged PFS and overall survival (OS) [8-
11]. Moreover, associating targeted therapy as a maintenance treatment further prolongs
PES in the second-line setting [12]. Regarding the platinum-resistant subgroup, where re-
lapse occurs in the first 6 months, response and survival rates are lower than the opposite
when non-platinum therapies are used, a slightly better outcome being observed with the
addition of targeted therapies than without them - PFS of 6.7 months for the addition of
bevacizumab versus 3.4 months with chemotherapy alone [13]. Multiple chemotherapeu-
tic drugs can be selected at physicians’ choice in case of recurrences [e.g.: pegylated lipo-
somal doxorubicin (PLD), topotecan, gemcitabine, paclitaxel], without significant discrep-
ancies between them in terms of survival, but with different toxicity profiles [14, 15] and
little information is known regarding the best selection of therapy and treatment algo-
rithm to be used in the subsequent lines (> 2nd line), for a prolonged survival and a better
quality of life to be obtained [7, 16].

2. Materials and Methods
Study design

We developed a single institution-based observational retrospective cohort study on
patients diagnosed with OC, treated at the OncoHelp Oncology Center, Timisoara, Roma-
nia, from January 2016 to February 2021. The aim of the present study was to assess the
effect that most frequently used chemotherapeutic regimens have upon time-to-treat-
ment-failure (TTF) from the first line and beyond, considering clinical and biological fac-
tors which influence the outcome of platinum-resistant ROC treatments in our center.

The inclusion criteria for the current study were: patients older than 18 years old,
diagnosed with platinum-resistant OC (defined by recurrent disease within 6 months),
confirmed by histopathological analysis, who underwent chemotherapy-based treatment
with or without anti-angiogenic therapy. Patients with platinum-sensitive disease (de-
fined by recurrent disease after more than 6 months following primary platinum-based
treatment) at the beginning of the data collection were excluded.

Data collection

Clinical assessment, anthropometric and demographic data were collected from
medical records, including age, performance status assessment by using Eastern Cooper-
ative Oncology Group score (ECOG PS) and body-mass index (BMI). Hemogram (hemo-
globin, neutrophil and lymphocyte count), biochemical parameters (creatinine), patholog-
ical diagnosis and initial tumor stage were also evaluated.
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We measured TTF in days, as the interval from initiation of chemotherapy to its
premature discontinuation for any reason, including a decrease in ECOG PS, disease pro-
gression, treatment-related adverse events, end of documentation period, patient choice
or death.

Data analysis

For the assessment of the data collected, we used Epi Info™ (version 7.2.2.6; trade-
mark of the Centers for Disease Control and Prevention, Division of Health Informatics &
Surveillance, Center for Surveillance, Epidemiology & Laboratory Services, Atlanta, GA)
and MySQL Database Service™ (version 8.0; trademark of the Oracle Corporation). We
used descriptive measures, such as percentages and corresponding 95% confidence inter-
vals (CIs). We calculated the measures of central location (means) and dispersion [stand-
ard deviation (SD)] for the continuous numeric variables. The statistical analysis for the
association of TTF with the demographic, anthropometric, clinical, hematological, bio-
chemical and therapeutic variables was performed using the Cox Proportional Hazards
Survival Regression (CPHSR), test available at https://statpages.info/prophaz.html. We
computed the risk ratio (RR) and considered a P-value of 0.05 as the threshold for statisti-
cal significance.

3. Results

We identified 327 female patients treated at the OncoHelp Oncology Center for ovar-
ian cancer, from January 2016 to February 2021, on which we applied the inclusion and
exclusion criteria (Figure 1). A remaining total of 78 (23.85%) patients were included in
the current study, aged between 43 and 79, with a median age of 62 years old (SD = 8.6).

327 patientsidentified through institution’s databasesearching
for the diagnosis of ovarian cancer
(3085 records of admission for the treatment in the hospital)

Application of the inclusion and exclusion criteria J

Inclusion criteria:
spatients over 18 yearsold
shistopathological diagnosis of epithelial ovarian cancer
sresistance to platinum-based chemotherapy
*subsequent chemotherapy-based treatment with or
without anti-angiogenictherapy 249 patients excluded
(platinum-sensitivedisease)

v

78 patients included inthe study
(172 records of admission forthe treatment in the hospital)

Figure 1. Study design flowchart and application of inclusion/exclusion criteria

The background and medical characteristics of the patients included in the study are
summarized in Table 1. The most prevalent age group was between 60 and 69 (43.59%;
95%Cl: 32.39%-55.30%), while most of the patients (52, 66.67%; 95%CI: 55.08%-76.94%)
had an ECOG PS equal to 1 at the beginning of the treatment. The distribution according
to BMI was similar for normal-weight (25, 32.05%; 95%CI: 21.93%-43.58%), overweight
(26, 33.33%; 95%CI: 23.06%-44.92%) and obese patients (24, 30.77%; 95%CI: 20.81%-
42.24%).


https://doi.org/10.20944/preprints202105.0391.v1

Preprints (www.preprints.org) | NOT PE

ER-REVIEWED | Posted: 17 May 2021 doi:10.20944/preprints202105.0391.v1

4 of 11

Table 1. Background and medical characteristics of the patients undergoing first line of treatment:
age, ECOG PS, BMI, subtype of EOC and initial disease FIGO stage

Background characteristic n % (out of N) [95% CI]
Age (N =178)

40 -49 9 11.54% [5.41%-20.78%]
50-59 22 28.21% [18.59%-39.53%]
60 - 69 34 43.59% [32.39%-55.30%]
Over 70 13 16.67% [9.18%-26.81%]
ECOG PS (N =78)

0 19 24.36% [15.35%-35.40%]
1 52 66.67% [55.08%-76.94%]
2 7 8.97% [3.68%-17.62%]
BMI (N = 78)

Below 18.5 (Underweight) 3 3.85% [0.80%-10.83%]

18.5 - 24.9 (Normal weight)
25.0 - 29.9 (Overweight)
Above 30.0 (Obesity)

25 32.05%
26 33.33%
24 30.77%

21.93%-43.58%]
23.06%-44.92%]
20.81%-42.24%]

—_— — /=

Subtype of EOC (N = 62)

Clear cell carcinoma
Endometrioid carcinoma
Serous carcinoma

Not specified

3.85% [0.80%-10.83%]

2.56% [0.31%-8.96%]
57 73.08% [61.84%-82.50%]
16 20.51% [12.20%-31.16%]

Initial disease stage (N =7

8)

FIGO stage IA
FIGO stage IC
FIGO stage IIA
FIGO stage IIB
FIGO stage IITA
FIGO stage I1IB
FIGO stage IIIC
FIGO stage IV

EGOG PS = Eastern Cooperative
cancer; FIGO = Féderation Intern.

1 1.28% [0.03%-6.94%]
3 3.85% [0.80%-10.83%]
2 2.56% [0.31%-8.96%]
1 1.28% [0.03%-6.94%]
8 10.26% [4.53%-19.21%]
6 7.96% [2.88%-15.99%]
34 43.59% [32.39%-55.30%]
23 29.49% [19.70%-40.89%]

Oncology Group score for Performance Status; BMI = body-mass index; EOC = epithelial ovarian
ationale de Gynécologie et d’Obstétrique

All patients from the study had a histopathological diagnosis of epithelial ovarian
cancer (EOC), serous carcinoma being the most frequent subtype identified (57, 73.08%;
95%CI: 61.84%-82.50%). Clear cell carcinoma and endometrioid carcinoma were present
in low percentages (3.85%; 95%CI: 0.80%-10.83%, respectively 2.56%; 95%CI: 0.31%-
8.96%), while for 16 patients (20.51%) the subtype of EOC was not specified.

FIGO stage was assessed at the beginning of the treatment, when most of the patients
were classified as FIGO stage IIIC (34, 43.59%; 95%CI: 32.39%-55.30%), followed by FIGO
stage IV (23, 29.49%; 95%CI: 19.70%-40.89%).
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After the conversion to platinum-resistant disease, the patients underwent up to 9
treatment lines, in decreasing proportions: all of them received the first line of treatment,
51 (65.38%) the second line, 25 (32.05%) the third line, 11 (14.10%) the fourth line, 3 (3.84%)
the fifth line and 1 (1.28%) patient received also from sixth to the ninth line (Figure 2).

Patients undergoing each treatmentline
0% 10% 20% 30% 40% S50% 60% 70% 80% 90% 100%

1stline

65.38%

2nd line
3rd line
4th line
Sth line
6th line
7th line
8th line
9th line

Figure 2. Percentages of patients undergoing each treatment line, after the conversion to platinum-
resistant disease

Treatment regimens included PLD, bevacizumab, carboplatin, etoposide, gemcita-
bine, paclitaxel, ifosfamide and topotecan, alone or in different combinations, as outlined
in Table II and illustrated in Figure 3 (for lines 1-5). The only patient with 9 lines of treat-
ment received carboplatin + paclitaxel in the 6th line, etoposide in the 7th, PLD in the 8th
and ifosfamide in the 9th.
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Figure 3. Percentage of patients for each treatment regimen (PLD, Bevacizumab, Carboplatin,
Etoposide, Gemcitabine, Paclitaxel, Ifosfamide and Topotecan, alone or in different combinations)
in lines 1 to 5
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Table 2. Number and percentage of patients for each treatment regimen (PLD, Bevacizumab, Car-
boplatin, Etoposide, Gemcitabine, Paclitaxel, Ifosfamide and Topotecan, alone or in different com-
binations) in lines 1 to 5

Line of treatment

Treatment regimen 1stline 2nd Jine 3t ]ine 4 line 5t line
(N=78) (N=51) (N=25) (N=11) (N=3)
PLD 30.77% (24) 19.61% (10) 8.00% (2) 0.00% (0) 0.00% (0)
PLD + Bevacizumab 14.10% (11) 5.88% (3) 0.00% (0) 0.00% (0) 0.00% (0)
PLD + Carboplatin 1.28% (1) 0.00% (0) 0.00% (0) 0.00% (0) 0.00% (0)
Carboplatin 1.28% (1) 3.92% (2) 0.00% (0) 0.00% (0) 0.00% (0)
Carboplatin +
. 0.00% (0) 1.96% (1) 4.00% (1) 0.00% (0) 0.00% (0)
Etoposide
Carboplatin +
oo 0.00% (0) 0.00% (0) 8.00% (2) 0.00% (0) 0.00% (0)
Gemcitabine
Carboplatin +
) 0.00% (0) 5.88% (3) 16.00% (4) 18.18% (2) 33.33% (1)
Paclitaxel
Carboplatin +
Paclitaxel + 2.56% (2) 1.96% (1) 0.00% (0) 0.00% (0) 0.00% (0)
Bevacizumab
Etoposide 0.00% (0) 0.00% (0) 0.00% (0) 18.18% (2) 0.00% (0)
Gemcitabine 11.54% (9) 25.49% (13) 28.00% (7) 54.55% (6) 0.00% (0)
Ifosfamide + Paclitaxel 0.00% (0) 3.92% (2) 0.00% (0) 0.00% (0) 33.33% (1)
Paclitaxel 0.00% (0) 0.00% (0) 0.00% (0) 0.00% (0) 33.33% (1)
Topotecan 30.77% (24) 23.53% (12) 32.00% (8) 9.09% (1) 0.00% (0)
Topotecan +
7.69% (6) 7.84% (4) 4.00% (1) 0.00% (0) 0.00% (0)

Bevacizumab

PLD = pegylated liposomal doxorubicin

Mean TTF was higher for obese patients (173.45 days) compared to overweight
(mean TTF = 149.00 days), normal weight (mean TTF = 146.48 days) and underweight ones
(mean TTF = 102.00 days). Regarding the age group, the longest mean TTF (167.34 days)
was observed for the patients between 60 and 69 years old, while the shortest mean TTF
(121.12 days) for the group over 70.

Table III shows the mean TTF for each treatment regimen and each line of treatment.
Adding bevacizumab to the chemotherapy regimen (PLD, carboplatin + paclitaxel or topo-
tecan) resulted in an increased mean TTF for all the lines in which it was administered
(Table III).
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Table 3. Mean TTF (days) for each treatment regimen and each line of treatment

Line of treatment
Ist line 2ndline 3line 4tline 5%line 6tline 7thline 8% line 9t line
PLD 140.83 101.30  117.00 - - - - 91.00 -
PLD + Bevacizumab 195.54 393.66 - - - - - - -
PLD + Carboplatin 474.00 - - - - - - - -
Carboplatin 148.00 254.50 - - - - - - -
Carboplatin +

Treatment regimen

- 21.00 98.00 - - - - - -
Etoposide

Carboplatin +
- - 204.50 - - - - - -
Gemcitabine

Carboplatin +
- 206.33 139.75 22250  359.00 116.00 - - -
Paclitaxel

Carboplatin +

Paclitaxel + 202.50  303.00 - - - - - - -
Bevacizumab

Etoposide - - - 144.50 - - 91.00 - -
Gemcitabine 12433  111.00 105.85 136.83 - - - -
Ifosfamide - - - - - - - - 143.00

Ifosfamide +
- 103.50 - - 260.00

Paclitaxel
Paclitaxel - - - - 173.00
Topotecan 121.29 117.08 133.62 52.00 - - - - -

Topotecan +

236.16 409.50 150.00 - - - - - _
Bevacizumab

TTF = time-to-treatment- failure; PLD = pegylated liposomal doxorubicin

Serous ovarian carcinomas were significantly associated with a prolonged TTF than
other histopathological diagnostics, when all treatment lines were taken into considera-
tion (RR= 0.7083, P= 0.0479).

Age and type of chemotherapy also seem to contribute to the total duration of treat-
ment. Women under treatment with topotecan, older than 60 years of age, presented a
prolonged TTF than the opposite age category (RR=0.5546, P= 0.0466), but not the same
result was seen at women older than 60 years treated with gemcitabine, where age was
associated with a higher risk of treatment failure than the younger category, although not
statistically significant (RR=1.5735, P= 0.2154), while those under treatment with PLD did
not show any significant difference (RR=1.0882, P=0.77).

Analyzing several factors in relation to the total TTF in our cohort revealed that some
of them could positively influence the outcome, but without statistical significance: BMI
(RR=0.0792, P=0.0792), creatinine level (RR=0.2451, P=0.0553) and neutrophil count (RR=
0.7913, P=0.0515) (Table 4). On the other hand, a biological factor that may raise concern
in TTF was represented by baseline neutrophil values that exceed 6 x 1079/l, when taking
into consideration all treatment regimens (RR=2.2148, P= 0.0645). In all treatment admin-
istrations that included bevacizumab, creatinine levels between 0.65 and 1 mg/dl further
correlate with improved TTF (RR=0.1182, P=0.0098). Better outcomes were also observed
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in PLD-based regimens used in patients who present with the same range for creatinine
levels (RR=0.2930, P=0.0170).

Table 4. Association of TTF with the demographic (age), anthropometric (BMI), clinical (ECOG PS),
hematological (Hb, ANC, ALC), biochemical (Cr) and therapeutic variables (adding of anti-
angiogenic therapy - Bevacizumab), performed using the Cox Proportional Hazards Survival

Regression
RR (95% CI) P-Value
Age (years) (average 62.0178) 1.0363 (0.9926-1.0819) 0.1047
BMI (kg/m?) (average 28.5132) 0.9349 (0.8673-1.0079) 0.0792
ECOG PS (from 0 to 2) 2.0042 (0.5301-7.5765) 0.3055
Hb (g/dl) (average 11.225) 0.7913 (0.6252-1.0015) 0.0515
ANC (x 10"9/1) (average 4.4875) 1.0847 (0.9364-1.2565) 0.2785
ALC (x 10"9/1) (average 1.5771) 0.8908 (0.4425-1.7934) 0.7461
Cr (mg/dl) (average 0.9023) 0.2451 (0.0582-1.0327) 0.0553
ChT + Bevacizumab (17/56) 0.5782 (0.2703-1.2365) 0.1578

BMI = body-mass index; EGOG PS = Eastern Cooperative Oncology Group score for Performance Status; Hb = hemoglobin level;
ANC = absolute neutrophil count; ALC = absolute lymphocyte count; Cr = creatinine level; ChT = chemotherapy

In cases where treatment regimens with topotecan and PLD included bevacizumab
from the first line and beyond, statistically significant results were seen, as expected (RR=
0.3332, P=0.0087 and RR=0.4187, P=0.0228, respectively). When comparing chemotherapy
sequence between PLD in the first line, followed by topotecan and vice-versa, it seems like
the tendency is to use PLD at the beginning (RR= 0.7768, P= 0.7096). Also, when bevaci-
zumab is added in the regimens mentioned previously, the same tendency is observed
(RR=0.1277, P=0.0703). Moreover, age over 60 years old may be considered as a positive
factor for TTF when treatment with PLD is used in the first line and beyond. Unfortu-
nately, these results did not prove to be statistically significant.

4. Discussion

EOC represents approximately 90% of these malignant tumors and according to their
morphology, there are several subtypes, such as: serous subtype, being the most frequent,
(68%-71%) followed by clear cell (12%-13%), endometrioid (9%-11%), mucinous (3%),
malignant Brenner (1%) and mixed histology (6%) subtypes [20, 21]. In a more recent clas-
sification, EOCs have been classified into five major subgroups based on histology, in-
cluding high-grade serous carcinoma (HGSC; 70%), low-grade serous carcinoma (LGSC;
<5%), clear cell carcinoma (CCC; 10%—-15%), endometrioid carcinoma (EC; 10%), mucin-
ous carcinoma (MC; 3%), that differ in tumor biology, pathogenesis, molecular alterations,
risk factors, and prognosis [17, 22-24]. In our study, the incidence of serous subtype was
the most frequent and significantly associated with a prolonged TTF compared with other
histopathological diagnostics, when all treatment lines were taken into consideration (RR=
0.7083, P=0.0479).

Even though TTF is an endpoint influenced by factors unrelated to efficacy, it reflects
well the clinical applicability of targeted therapies in excessively pretreated patients, but
is rarely used for regulatory drug approval [25, 26, 27].

Despite important progress that has been made in the treatment of OC, most patients
with recurrent ovarian cancer will eventually develop platinum-resistant disease and re-
ceive second-line and sometimes several lines of treatment [28]. In general, platinum-re-
sistant patients will be treated with sequential single agents rather than combination ther-
apy, but the benefit of combined therapy and the incorporation of molecularly targeted
therapies have significantly prolonged the median survival of patients [29]. However,
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combination chemotherapy may cause significant toxicity with a negative impact on pa-
tients' quality of life [30]. Moreover, the effect of combination chemotherapy on the quality
of life of patients with recurrent ovarian cancer has not been sufficiently investigated in
clinical trials [31]. It is well known that the benefit of any chemotherapy reduces with each
successive line of treatment, as many patients are receiving more than one line of therapy
for recurrent disease, usually platinum-based until platinum resistance emerges [28]. In
our study, in cases where bevacizumab was added to PLD or topotecan regimens, signif-
icantly established bevacizumab as being positively associated with a good total TTF. This
fact does not come as a surprise, since it is well known that in the AURELIA trial, consist-
ently improved overall response rate and median PFS when used with topotecan (5.8
months vs 2.1 months, HR 0.32 95% CI 0.21-0.49) and PLD (5.4 months vs 3.5 months, HR
0.57, 95% CI 0.93-0.83) [32]. In addition, an interesting fact is that using PLD before topo-
tecan could have been a better choice than vice-versa, including the cases where bevaci-
zumab is added, although statistical significance is missing (RR= 0.1277, P= 0.0703). Re-
garding the influence of age on time to TTF when topotecan-based chemotherapy was
used, good results were seen in elderly patients, confirming what Sorio et al described in
the literature [33].

A study performed in 2020 on 283 patients with EOC who were divided into two
groups: <65 years (74.6%) group 1 and 265 years, group 2 (25.4%), showed that bevaci-
zumab is not associated with an increase in G3/ G4 toxicity among the elderly, suggesting
that age is not a predictive factor of adverse events for those receiving bevacizumab [34].
In our study, all treatment administrations that included bevacizumab, creatinine levels
between 0.65 and 1 mg/dl further correlate with improved TTF (RR=0.1182, P=0.0098).

The influence of body mass index on the risk and prognosis of ovarian cancer is sub-
ject to a lot of debate, as underweight or obese patients are considered to be a group of
risk. In this group finding the right treatment seems to be more challenging, as chemo-
therapy-associated toxicity is one of the limiting factors regarding treatment response, pa-
tient outcome and quality of life [35-37]. In order to support this, a study published in
2018 aimed to evaluate the impact of BMI on the toxicity in patients undergoing chemo-
therapy. Their results showed BMI-associated differences in the number of administered
cycles. The most important aspect was related to the fact that patients with lower BMI
received fewer chemotherapy cycles in comparison to those with higher BMI [38]. Another
study published in 2014 found that a lower BMI in patients with advanced-stage ovarian
cancer is considered to be an early marker for poor prognosis and treatment discontinua-
tion, as well accompanied by decreased immunity and advanced tumor inflammation
[39]. A study published in 2015 suggested that body size should not be a major factor
influencing dose reduction decisions in women with ovarian cancer [40]. Despite contro-
versies regarding the influence of BMI on the risk and prognosis of high-grade serous
ovarian cancer, there are very limited data available on BMI-related toxicities regarding
systemic therapy [41-42]. In our study, although in the descriptive analysis we observed
increased mean values of TTF being associated with increased BMI, statistical significance
didn’t prove in this situation.

Nevertheless, our study has its limitations: the number of patients included was rel-
atively small, with disproportions due to the nature of a typical non-randomized study.
Also, complete blood count and renal function test results were not available before De-
cember 2018, so analyses that included these assessments used fewer patients.

In conclusion, a few positive predictive factors were identified in our study: age over
60 years old for patients treated with topotecan with and without bevacizumab, creatinine
levels between 0.65 and 1 mg/dl (for patients treated with PLD and regimens that contain
bevacizumab) and the inclusion of bevacizumab in combination with PLD or topotecan
as the physician’s choice of treatment from the first line and beyond.
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