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Abstract

In epithelial ovarian cancer, first-line adjuvant chemotherapy is necessary, and patients sometimes require protraction; howeb
there are only a few recent studies to show its influence. In this study, we investigated whether the protraction of the total period
of first-line chemotherapy has a negative influence on the survival outcomes.

Of the 101 patients we recruited from February 2011 to February 2021, 70 (69.3%) and 31 (30.7%) were classified into the
not protracted and protracted groups, respectively. They underwent surgery and adjuvant chemotherapy for epithelial ovarian
cancer. Protraction was defined as the overall duration of the first-line chemotherapy being more than 20 days longer than
intended. Number of patients who underwent additional treatments such as bevacizumab or poly(adenosine diphosphate ribose)
polymerase inhibitors or pembrolizumab was compared between both groups. Kaplan—Meier survival analysis and Cox regression
analysis were used for survival outcomes.

There was no significant difference for additional treatments. The progression-free survival (PFS) in the total follow-up period
in the protracted group was significantly shorter than that in the not protracted group (P = .037); however, the difference in the
overall survival between the 2 groups was not significant (P = .223). For the PFS, the hazard ratio of protraction was 1.646 in the
univariate analysis (95% confidence interval, 1.020-2.658; P = .041).

Excessive protraction of chemotherapy over 20 days or more can result in significantly shorter PFS within 5 years. A better
therapeutic strategy is required for patients requiring protracted first-line chemotherapy in advanced epithelial ovarian cancer.

Abbreviations: HR = hazard ratio, HIPEC = hyperthermic intraperitoneal chemotherapy, OS = overall survival, PARP =

poly(adenosine diphosphate ribose) polymerase, PFS = progression-free survival.
Keywords: adjuvant chemotherapy, ovarian cancer, protracted chemotherapy, survival outcomes

1. Introduction

Epithelial ovarian cancer is a very refractory disease due to
its high risk for recurrence or progression. According to the
American Cancer Society, there were approximately 21,000
new cases and 14,000 deaths due to this condition in 2021 as
compared to the 282,000 new cases and 44,000 deaths due
to breast cancer. For the advanced disease, the S-year survival
rate of ovarian cancer was 39% and 17% in stage III and stage
IV, respectively, as compared to 86% and 28%, respectively, in
breast cancer.!!! Epithelial cancer accounts for more than 90%
of all cases of ovarian cancer.”?!

For the treatment of epithelial ovarian cancer, surgery to
reduce tumor burden as much as possible and adjuvant chemo-
therapy is necessary;?! even in the very early stage, chemother-
apy is beneficial for prognosis.!

On chemotherapy, many gynecologic oncologists set 3 weeks
between 2 administrations to manage the various toxicities;
however, they also try not to delay too long. It is often necessary
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to postpone chemotherapy for patients’ poor general conditions
or other medical interventions; thus, protraction occurs at a
rate of approximately 23% to 58%.57 Previous studies have
demonstrated the adverse effect on survival outcomes; however,
the definition of protraction is still uncertain.

First-line adjuvant chemotherapy is vital in advanced epithe-
lial ovarian cancer, and patients sometimes require protraction;
however, there are only a few recent studies to show its influ-
ence. In this study, we investigated whether the protraction of
the total period of first-line adjuvant chemotherapy has a nega-
tive influence on the survival outcomes.

2. Methods

From February 2011 to February 2021, 257 patients were
retrospectively reviewed. They underwent surgery with or
without first-line chemotherapy for ovarian tumor at the
Kyungpook National University Chilgok Hospital. Forty-
three patients were excluded due to the primary diagnosis on
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permanent biopsy, such as endometrial cancer and borderline
tumor. Three participants whose histologic subtypes were not
epithelial types were excluded as well. We excluded 13 patients
who refused first-line adjuvant chemotherapy and 15 who did
not complete at least 4 cycles of it.[¥! Fifty of the patients with
early-stage (including stage I and stage II) ovarian cancer and
32 who were treated with neoadjuvant chemotherapy were
excluded. Totally, 101 patients who were treated with the stan-
dard treatment were included in this study (Fig. 1). We eval-
uated the stage of each patient according to the International
Federation of Gynecology and Obstetrics criteria.l”! The insti-
tutional review board of our hospital approved this study
(KNUCH 2021-12-031).

All surgical operations were performed by 4 experienced
gynecologic oncologists at the hospital. The optimal debulking
surgical operation included total hysterectomy, bilateral salp-
ingo-oophorectomy, lymphadenectomy from both sides of the
pelvis to the infrarenal level, omentectomy, and the resection of
other metastatic lesions. We defined a suboptimal surgical oper-
ation as one in which the residual tumor was >1cm.!

For the first-line adjuvant chemotherapy, a combination of tax-
ane and carboplatin was used for all participants except only 1,
a combination of taxane and cisplatin. One hundred one patients
were divided into a protracted group and a nonprotracted group.
Protraction was defined as the overall duration of first-line che-
motherapy being >20 days longer than intended; for example,
if 105 days is the intended period for 6 cycles of chemotherapy,
patients who finished after 135 days were classified as the pro-
tracted group. The response to chemotherapy was confirmed by
either computed tomography (CT), magnetic resonance imagin-
ing, or positron emission tomography/CT;!'!l such as complete or
partial resolution, stable disease, progression, or recurrence.

Surgery for suspicious ovarian cancer
fromFeb 2011 to Feb 2021
(n=257)

Not ovarian cancer
» on permanent biopsy*!
(n=43)

Not epithelial subtype*?
(n=3)

_| Refused adjuvant chemotherapy
(n=13)

Not completed chemotherapy
> after surgery at least 4 cycles
(n=15)

Stage I, IT as early stage
(n=50)

Neoadjuvant chemotherapy
(n=32)

r

| n=101 I

Figure 1. Flow diagram for patient selection. "Including benign, borderline
malignancy, and other primary malignancies such as endometrial cancer or
colon cancer. 2Including sex-cord tumors and germ cell tumors).
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Some patients underwent additional medical treatments
according to their medical conditions. Those included hyper-
thermic intraperitoneal chemotherapy (HIPEC), bevacizumab,
poly(adenosine diphosphate ribose) polymerase (PARP) inhibi-
tors, and pembrolizumab. The HIPEC was performed during the
primary debulking surgery. The bevacizumab group included
patients who used it either together with first-line chemotherapy
or as maintenance regimen after the chemotherapy. For PARP
inhibitor or pembrolizumab, patient who used it at least once
was included in each group (Table 1).

Student ¢ test and the chi-square test were used to compare
both groups. The Kaplan—Meier survival analysis and Cox
regression analysis were used for survival outcomes such as the
overall survival (OS) and progression-free survival (PFS) and its
hazard ratio (HR). All these statistical analyses were performed
with SPSS (version 26; IBM Corp., Armonk, NY) and MedCalc
(version 20.026; MedCalc Software Ltd, Belgium).

In accordance with the journal’s guidelines, we will provide
our data for the reproducibility of this study in other centers if
such is requested.

3. Results

Out of 101 patients, 70 (69.3%) and 31 (30.7%) were classified
into the nonprotracted and protracted groups, respectively. No
significant differences in age, stage, histology, residual tumor,
and the preoperative serum level of cancer antigen 125 were
found between both groups. For first-line chemotherapy, there
were no significant differences in the regimen, interval to the
first administration, and the total dose of the chemotherapy
agent; however, there were significant differences in the number
of cycles, the length of period, the mean ratio of dose reduc-
tion, and the number of protracted days. For additional medical
treatments, no significant difference was found in the number
of patients who underwent HIPEC or used bevacizumab, PARP
inhibitor, or pembrolizumab (Table 1).

The clinical outcomes were compared between both groups.
The numbers of death for the follow-up period in the nonpro-
tracted group and the protracted group were 7 (10.0%) and 11
(35.5%), respectively, whereas the numbers of survivals were 51
(72.9%) and 15 (48.4%), respectively. The death rate was sig-
nificantly higher in the protracted group (P = .007). In 5 years,
the OS rates in the nonprotracted group and the protracted
group were 79.5% and 62.8%, respectively (P = .104), whereas
the PFS rates were 32.9% and 8.8%, respectively (P = .003); in
3 years, the OS rates were 88.4% and 60.4% (P = .856) and
the PFS rates were 41.4% and 29.0% (P = .219) in the nonpro-
tracted group and the protracted group, respectively (Table 2).
To evaluate the significances of the OS and PFS within the fol-
low-up period, the Kaplan—-Meier survival curve was analyzed;
the number at risk was also shown (Fig. 2). The PFS of the pro-
tracted group was significantly shorter than that in the nonpro-
tracted group (P = .037); however, the difference in OS was not
statistically significant (P = .223). The HR for death and pro-
gression compared with protraction under 20 days were eval-
uated with multivariate and univariate Cox regression. For the
OS, the HR of the protraction was 1.969 in multivariate anal-
ysis (95% confidence interval [CI], 0.450-8.618; P = .368) and
1.527 in univariate analysis (95% CI, 0.768-3.038; P = .227).
For the PFS, the HR was 1.636 in multivariate analysis (95 % CI,
0.621-4.309; P = .319) and 1.646 in univariate analysis (95 %
CI, 1.020-2.658; P = .041).

4. Discussion

The PFS was significantly shorter when the total period of
first-line chemotherapy was protracted for over 20 days more
than intended, whereas the shorter OS in the protracted group
was not significant. The nonprotracted group had significantly
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Comparison of patients’ characteristics and clinical factors according to the protraction* of the first-line chemotherapy.

Nonprotracted Protracted Pvalue
Number of patients (n) 70 (69.3%) 31(30.7%)
Age (y) 54.99 +10.03 55.03 +11.95 .984
FIGO stage (n) .056
i 67 (95.7%) 26 (83.9%)
% 3 (4.3%) 5(16.1%)
Histology (n) .644
Serous 51 (72.9%) 24 (77.4%)
Endometrioid 7 (10.0%) 2 (6.5%)
Clear cell 3 (4.3%) 0(0.0%)
Mucinous 1(1.4%) 0(0.0%)
Mixed epithelial, other 8 (11.4%) 5(16.1%)
Residual tumor (n) 1.000
Optimal surgery 51 (72.9%) 22 (71.0%)
Suboptimal surgery 19 (27.1%) 9 (29.0%)
Additional medical treatments (n)
HIPEC 20 (28.6%) 11 (35.5%) 0.641
Bevacizumab 32 (45.7%) 14 (45.2%) 1.000
PARP1 inhibitor 6 (8.6%) 3(9.7%) 1.000
Pembrolizumab 3 (4.3%) 1(3.2%) 1.000
For the first-line chemotherapy
Interval to the first administration (d) 2523 +8.76 2229 £12.45 0177
Regimen 1.000
Taxane and carboplatin (n) 69 (98.6%) 31 (100.0%)
Others (n) 1(1.4%)% 0(0.0%)
Number of cycles (n) 6.71 £1.52 7.52 £1.50 0.016
Length of period (d) 125.17 + 33.59 182.13 £ 39.37 0.000
Protracted days (d)§ 517 £ 6.00 45.29 + 23.64 0.000
Mean protracted days (d)|| 0.76 £ 0.92 6.35 + 3.82 .000
Mean ratio of dose reduction (%)]| 474 +6.98 8.52 + 8.51 .021
Total dose of administration (%) 637.79 = 142.52 686.29 = 142.52 118
Serum level of CA-125 (U/mL)
Preoperative 1326.711 + 1879.80 1834.25 + 2240.76 241

Data were shown by mean + SD or number.

FIGO = International Federation of Gynecology and Obstetrics, HIPEC = hyperthermic intraperitoneal chemotherapy, PARP = poly(adenosine diphosphate ribose) polymerase, SD = standard deviation.

*0f total period over 20 d than intention.

tPoly(adenosine diphosphate ribose) polymerase.

FA combination of taxane and cisplatin.

§Total period of chemotherapy — (total number of cycles x 21 d).
||Per each cycle.

{ITotal dose of 6 cycles was defined as 600%.

FA combination of taxane and cisplatin.

Comparison of clinical outcomes according to the protraction*
of adjuvant chemotherapy.

Nonprotracted Protracted P
(n=70) (n=31) value
In follow-up period, n (%) .007
Death 7 (10.0%) 11 (35.5%)
Survival 51 (72.9%) 15 (48.4%)
In 3yr (%)
QOverall survival rate 88.4 87.1 .856
Progression-free survival rate 414 29.0 219
In5yr (%)
QOverall survival rate 79.5 62.8 104
Progression-free survival rate 32.9 8.8 .003

Data were shown by mean =+ SD or number.
SD = standard deviation.
*Protracted for over 20 d beyond the original intention.

shorter protraction and a lower ratio of dose reduction while
on chemotherapy. It means that either their general conditions
were better or their disease burden was lower than those in the
protracted group; additionally, the proportion of stage IV dis-
ease was lower in the nonprotracted group. According to these,
the improved performance status or less tumor burden could be

related. Despite there was no significant difference in the total
dose of chemotherapy agents and the additional medical treat-
ments, the protracted group showed a shorter PFS. The prolifer-
ation of the residual cancer cells may not have been effectively
suppressed due to the prolonged vacancy of chemotherapy
agents; the mean lengths of protraction per cycle are presented
in Table 1. Thus, a better therapeutic strategy is required for
patients requiring protracted chemotherapy.

We conducted subgroup analyses to evaluate the influence of
protraction in detail. The Kaplan-Meier survival curves for the
OS and PFS according to 1, 5, 10, 15 days (P = .508, P = .788,
P=.291,P=.96[OS]; P =.148, P = .179, P = .784, P = .463
[PFS], respectively). We could not find statistical significance in
these subgroup analyses.

We could search 2 recent studies showing the influence of che-
motherapy protraction. In a Cochrane study, the authors classi-
fied patients who underwent dose reduction as well as protraction
as the dose modification group; protraction was defined when the
8 cycles of chemotherapy were prolonged beyond 24 weeks.!'!
They showed significantly worse OS and PFS compared with
the dose-unmodified group (HR = 1.26 [95% CI, 1.04-1.54],
P=.021;HR =1.43[95% CI, 1.19-1.72], P < .001, respectively);
however, the number of protractions was unclear in the total dose
modification group (n =229 [31%]). Another study demonstrated
the negative effects of delayed completion of chemotherapy
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Figure 2. Comparison of survival curve and the number at risk for the overall

survival and progression-free survival between the nonprotracted group and pro-

tracted”* group in advanced epithelial ovarian cancer. *The overall duration of first-line chemotherapy was >20 d longer than intended.

on survival. The authors evaluated the OS according to the num-
ber of cycles and the periods of adjuvant chemotherapy in the
subgroup analysis.["3! They found significantly shorter OS com-
pared with the on-time complete subgroup in an advanced stage
and protraction that lasted for over 4 weeks; however, there was
no significant difference in the subgroup that had 1 to 4 weeks of
protraction. Unlike them, we did not find a statistically significant
difference in OS in subgroup analyses.

Another subgroup analysis was performed to evaluate the
relationship between the interval from primary debulking sur-
gery to the first administration of chemotherapy agents and
the OS and PFS (Fig. 3); the Kaplan—Meier survival curve was
applied. When we classified 57 patients as the protraction over
21 days, both OS and PFS did not differ significantly (P = .243,
P = .286) and also did not differ significantly over 28 days
(N =27; P=.476, P = .752, respectively).
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Figure 3. Kaplan—-Meier curves for the OS and PFS according to the interval from primary debulking surgery to the first administration of chemo agents. OS =

overall survival, PFS = progression-free survival.

We found a recent meta-analysis for the prolonged initia-
tion of first-line chemotherapy. According to the authors, it was
associated with a significant 22% risk decrease in the OS of
ovarian cancer.'"¥ In another observational study, the signifi-
cantly shorter PFS was shown in the group that was protracted
over 6 weeks; whereas the OS did not differ significantly.® The
results of our subgroup analyses were not comparable with
those of previous studies; comparisons with our results from
subgroup analyses were not appropriate because the meta-anal-
ysis included early-stage disease, and there were only 4 cases
protracted over 6 weeks in our data.

Our study had 4 main limitations. First, it was a retro-
spective study in which data were collected at a single center.
Second, we could compare between only 2 groups accord-
ing to the protraction of 20 days due to limited sample size.
Third, we did not evaluate the influence of the general per-
formance status or tumor burden; thus, we could not demon-
strate our inference for the PFS in survival curve analyses.
Fourth, the effects of additional medical treatments such as
bevacizumab, PARP inhibitor, pembrolizumab, and HIPEC
on survival outcomes could not be evaluated appropriately.
The bevacizumab could not be quantified because we used
it with conventional chemotherapy together or as mainte-
nance. The number of patients who used PARP inhibitor or
pembrolizumab was too small to analyze. For the HIPEC, we
only compared the number of patients between both groups
and did not evaluate other factors in detail because of its
controversial benefit on survival in advanced epithelial ovar-
ian cancer.l’

5. Conclusions

Excessive protraction of chemotherapy over 20 days or more
can result in significantly shorter PFS within S5 years. A better
therapeutic strategy is required for patients requiring protracted
first-line chemotherapy in advanced epithelial ovarian cancer.
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