
Abstract. Background/Aim: The aim of the study was to
compare platinum resistance and treatment-free interval (TFI)
following treatment with neoadjuvant chemotherapy (NACT)
and interval debulking surgery (IDS) or primary debulking
surgery (PDS) in women with advanced epithelial ovarian
cancer (EOC). Patients and Methods: The study included
patients diagnosed with primary EOC, stage IIIC or IV,
between 2005 and 2013. Patients were grouped according to
first-line treatment (PDS vs. NACT-IDS). Date of second-line
treatment initiation was used to evaluate platinum sensitivity.
Results: The study population included 521 patients, of which
371 (71%) and 150 (29%) underwent PDS and NACT-IDS,
respectively. We found no difference in platinum resistance
between groups. Platinum-sensitive patients treated with
NACT-IDS had a shorter median TFI (372 vs. 497 days,
p=0.042). Similarly, patients with no residual tumor after IDS
had a shorter median TFI (280 vs. 302 days, p=0.005).
Conclusion: NACT-IDS may shorten the TFI after first-line
platinum-based chemotherapy. 

Epithelial ovarian cancer (EOC) is the leading cause of death
among gynecological malignancies (1, 2). Most women are
diagnosed in advanced stages (The International Federation of
Gynecology and Obstetrics (FIGO) stage III-IV), for which the

prognosis is poor (3). The traditional treatment for EOC is
primary debulking surgery (PDS) followed by adjuvant
platinum-based chemotherapy (4). However, in the last decade,
the use of neoadjuvant chemotherapy (NACT) followed by
interval debulking surgery (IDS) has increased (5, 6).

For PDS, complete tumor resection has a profoundly
positive impact on survival (7, 8). However, while
randomized controlled trials comparing PDS to NACT-IDS
demonstrated superior surgical outcomes for NACT-IDS,
this finding did not translate into better survival (9, 10).
Another important factor regarding survival is platinum
sensitivity to first-line chemotherapy since platinum-
resistant disease is associated with poor prognosis (4, 11-
13). The potential risk of developing platinum resistance
rises with increasing tumor burden (14). Accordingly,
patients treated with chemotherapy before debulking
surgery may be more susceptible to developing resistance
to chemotherapy.

Hypothetically, the reason why the superior surgical
outcomes of NACT-IDS do not translate into better survival
could in part be explained by a greater likelihood of
developing platinum resistance when treated with NACT-
IDS than when treated with PDS. Thus, the present study
compared platinum resistance and treatment-free interval
(TFI) after first-line treatment with PDS or NACT-IDS. 

Patients and Methods

Study population. This study included patients treated at Copenhagen
University Hospitals, Rigshospitalet or Herlev Hospital, and identified
in the Danish Gynecological Cancer Database (DGCD) (15) between
January 2005 and May 2013 with primary epithelial stage IIIC or IV
cancer in the ovaries, fallopian tubes, or peritoneum. We selected two
university hospitals from the greater Copenhagen region, as they have
the same medical record system, allowing us to validate data through
review of medical records.

2765

This article is freely accessible online.

Correspondence to: Anne Weng Ekmann-Gade, Department of
Gynecology, The Juliane Marie Center, Rigshospitalet, Copenhagen
University Hospital, Blegdamsvej 9, 2100 Copenhagen, Denmark.
Tel: +45 30346768, e-mail: anne.weng.ekmann-gade@regionh.dk

Key Words: Ovarian cancer, neoadjuvant chemotherapy, treatment-
free interval, platinum resistance.

ANTICANCER RESEARCH 40: 2765-2770 (2020)
doi:10.21873/anticanres.14248

Neoadjuvant Chemotherapy Reduces the
Treatment-free Interval After First-line Treatment

in Patients With Advanced Ovarian Cancer
ANNE WENG EKMANN-GADE1, CLAUS KIM HOGDALL1, 

SVEND AAGE ENGELHOLM2 and CARSTEN LINDBERG FAGO-OLSEN1

1Department of Gynecology, The Juliane Marie Center, Rigshospitalet, 
Copenhagen University Hospital, Copenhagen, Denmark; 

2Department of Oncology, The Finsen Center, Rigshospitalet, 
Copenhagen University Hospital, Copenhagen, Denmark



Definitions of treatment groups and treatments. The patients were
categorized into two groups according to their primary treatment.
The first group included patients treated with PDS, as an initial
surgical attempt to remove the tumor, before receiving at least one
cycle of platinum-based chemotherapy. The second group included
patients treated with NACT-IDS who received one to four cycles of
platinum-based chemotherapy before IDS and at least one cycle of
platinum-based chemotherapy after the surgery according to
national and international treatment regimens (4, 16, 17).
Chemotherapy response was defined as sensitive if the patient
started second-line treatment more than 6 months after the last first-
line treatment. Chemotherapy response was defined as resistant if
the patient started second-line treatment during or within 6 months
after the last first-line treatment. TFI was defined as the time from
the last first-line chemotherapy treatment to the first second-line
chemotherapy treatment. For patients without second-line treatment,
the last day of follow-up was June 1, 2015. All chemotherapy
treatment dates were obtained from the DGCD and validated by
medical record review.

According to national guidelines from the Danish Gynecological
Cancer Group, patients are referred to NACT-IDS if preoperative
evaluation suggests that complete tumor debulking is unachievable;
that is, for patients with a spread of disease that is estimated to be
unresectable or patients with severe co-morbidity and/or age above
75-80 years (16). Patients who had two debulking surgeries during
their first-line chemotherapy were excluded.

The chemotherapeutic treatment followed Danish national
guidelines, in line with international regimens and consisted of
intravenous carboplatin and taxane or carboplatin monotherapy.
Apart from the timing, there was no difference between adjuvant
and neoadjuvant chemotherapy regimens. Clinical oncologists,
subspecialized in gynecological malignancies, prescribed the
chemotherapy treatments.

For both PDS and IDS, specialists in gynecological cancer
surgery performed the operations. The standard debulking
procedures included total hysterectomy, bilateral salpingo-
oophorectomy, omentectomy, appendectomy, and lymphadenectomy.

Explorative laparotomy with biopsy only or palliative omentectomy
was not considered debulking surgery.

The operating gynecologist estimated the presence of residual
tumor after surgery and gynecological pathologists evaluated the
surgical specimens. Performance status was evaluated using the
Eastern Cooperative Oncology Group (ECOG) criteria. Comorbidity
was defined as any concurrent disease at the time of registration in
the DGCD.

Data sources. This population-based cohort study analyzed data
from the DGCD, a nationwide multidisciplinary database that
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Table I. Baseline characteristics of the study population.

                                                                                                PDS                                   NACT-IDS                                Total                             p-Value
                                                                                                n=371                                    n=150                                    n=521                                  
                                                                                                (71%)                                     (29%)

Age, median (IQR)                                                             64 (55-72)                              65 (57-72)                             64 (56-72)                           0.23
Stage IV disease, % (n)                                                        19 (69)                                    53 (80)                                 29 (149)                             0.00
BMI, median (IQR)                                                          24*a (22-27)                          24*b (22-29)                         24*c (22-27)                         0.44
No co-morbidity, % (n)                                                      64*d (234)                               61*e (89)                             63*f (323)                           0.54
ASA score >2                                                                                                                                                                                                                   

Proportion of >2, % (n)                                                    14*g (52)                               16*h (23)                              15*i (75)                            0.49
ECOG performance status                                                                                                                                                                                               

Proportion of >2, % (n)                                                      1*j (3)                                    2*k (3)                                  1*l (6)                              0.35
Histology                                                                                                                                                                                                                         

Serous histology, % (n)                                                     81 (302)                                 92 (138)                                85 (440)                             0.02
No residual tumor after surgery, % (n)                               39 (144)                                   58 (87)                                 44 (231)                             0.00

PDS: Primary debulking surgery; NACT: neoadjuvant chemotherapy; IDS: interval debulking surgery; IQR: interquartile range; ASA: American
Society of Anesthesiologists; ECOG: The Eastern Cooperative Oncology Group. *a-g: Missing data on: *a=5, *b=4, *c=9, *d=7, *e=4, *f=10, *g=1,
*h=10, *i=11, *j=1, *k=10, *l=11.

Table II. Platinum resistance and sensitivity for the entire study
population and in patients with no residual tumor after surgery.

                                                          Entire study population
                                                                       (n=521)            

                                                    PDS         NACT-IDS    Total    p-Value

Platinum resistance, % (n)      33 (122)         35 (53)         175            
Platinum sensitivity, % (n)      67 (249)         65 (97)         346        0.61
Total                                             371                150            521            

                                                         Patients with no residual 
                                                        tumor after surgery (n=231)        

                                                    PDS         NACT-IDS    Total    p-Value

Platinum resistance, % (n)       19 (27)          18 (16)          43             
Platinum sensitivity, % (n)      81 (117)         82 (71)         188        0.95
Total                                             144                 87             231            

PDS: Primary debulking surgery; NACT: neoadjuvant chemotherapy; IDS:
interval debulking surgery; Platinum resistance=treatment free interval <6
months; Platinum sensitivity=treatment free interval >6 months.



contains detailed information about all types of gynecological
cancer. All gynecological, pathological, and oncological departments
in Denmark that take part in the diagnosis and treatment of
gynecological malignancies are obligated to report to the DGCD.
The medical records were examined for all patients for validation
of chemotherapy-specific data.

Statistical analysis. Age and body mass index (BMI) were
considered continuous variables and comparisons between groups
were performed using Mann–Whitney U-tests. Treatment groups
(PDS or NACT-IDS), stage of disease (IIIC or IV), presence of
comorbidity (yes or no), American Society of Anesthesiologists
(ASA) score (≤2 or >2), ECOG performance status (≤2 or >2),
histology (serous or others), presence of residual tumor after surgery
(yes or no), and platinum sensitivity vs. platinum resistance were
considered categorical data and comparisons between groups were
performed using chi-square tests. Multivariate logistic regression
was conducted using platinum resistance as a dependent variable.
Significant differences in the univariate statistical tests were
included as independent variables. TFIs were compared between
groups by the Kaplan–Meier method and log-rank analyses. Since
we suspected that patients treated with NACT were only referred to
IDS if they were good responders, differences in treatment groups
were likely to exist. Thus, the TFIs were compared for both patients
with platinum-sensitive disease and those with no residual tumor
after surgery.

Statistical analyses were performed using Statistical Package for
the Social Sciences (SPSS) for Windows, version 22.0. Two-sided
p-values of <0.05 were considered statistically significant.

Results
The study population included 521 patients with stages IIIC
and IV EOC. Among these, 371 (71%) patients underwent
PDS and 150 (29%) underwent NACT-IDS. Table I presents
the baseline characteristics of the study population. Patients
treated with NACT-IDS, more often presented with stage IV
disease, serous histology, and no residual tumor after surgery. 

At 6 months from the completion of the initial platinum-
based chemotherapy, 121 (33%) of the patients in the PDS
group had started second-line chemotherapy and were
considered to have platinum-resistant disease in comparison
to 53 (35%) patients in the NACT-IDS group (p=0.61)
(Table II). Two hundred-and-thirty-one patients (44%) had
no residual tumor after surgery. Of these, 27 patients (19%)

in the PDS group had platinum-resistant disease, which did
not differ significantly from the 16 patients (18%) in the
NACT-IDS group with platinum-resistant disease (p=0.95)
(Table II).

A multivariate logistic regression analysis (Table III)
confirmed that the timing of primary chemotherapy was not
associated with an increased risk of platinum resistance.
However, histology other than serous histology (odds ratio
2.63, 95% confidence interval=1.55-4.47) and residual tumor
after surgery (odds ratio 4.32, 95% confidence interval=2.81-
6.64) were risk factors for the recurrence of platinum-
resistant disease.

Patients with platinum-sensitive disease treated with
NACT-IDS had a significantly shorter median TFI than
patients treated with PDS (372 vs. 497 days; p=0.042). The
median TFI was significantly shorter for patients with no
residual tumor after IDS than that for patients with no
residual tumor after PDS, (280 vs. 302 days, p=0.005).

Discussion

Although studies have shown a better surgical outcome of
IDS than that for PDS regarding residual tumor, this does not
seem to translate into better survival in patients treated with
NACT-IDS; thus, it remains controversial whether NACT-
IDS compromises survival compared to PDS. However, the
results might be confounded by the administration of NACT-
IDS to very frail patients or patients with more advanced
disease, which leads to shorter survival. 

In the present study, NACT-IDS was not associated with
an increased risk of platinum resistance in both univariate and
multivariate regression analyses. Few other, considerably
smaller, retrospective trials have studied platinum resistance
following PDS and NACT-IDS (18-21). Similar to our
results, da Costa et al. found no difference in platinum-
resistant disease (19). In contrast, Rauh-Hain et al. reported
a higher rate of platinum-resistant disease among patients
treated with NACT-IDS. However, after adjusting for other
prognostic factors, the difference was not statistically
significant (18). Correspondingly, Petrillo et al. (20) observed
a higher rate of platinum-resistant disease after NACT-IDS

Ekmann-Gade et al: Platinum Resistance and TFI Following Primary Treatment of Ovarian Cancer

2767

Table III. Multivariate logistic regression analyses for platinum resistance.

                                                                                                                             OR                                        95%CI                                  p-Value

NACT-IDS vs. PDS                                                                                            1.48                                      0.93-2.37                                   0.10
Stage IV vs. IIIC                                                                                                 1.44                                      0.92-2.24                                   0.11
Other histology vs. serous histology                                                                 2.63                                      1.55-4.47                                   0.00
Residual tumor vs. no residual tumor after surgery                                         4.32                                      2.81-6.64                                   0.00

OR: Odds ratio; CI: confidence interval; PDS: primary debulking surgery; NACT: neoadjuvant chemotherapy; IDS: interval debulking surgery;
platinum resistance=treatment-free interval < six months; vs.: versus.



than after PDS, but only in univariate analysis. Lastly, Luo et
al. (21) found that patients treated with NACT-IDS had a
higher incidence of platinum-resistant disease than patients
treated with PDS, which was also confirmed in a multivariate
regression analysis. However, the NACT-IDS group in the
study by Luo et al. was relatively small. 

Few studies have investigated platinum resistance at the
second recurrence (18, 19). Although no significant
difference in platinum-resistant disease was observed at the
first recurrence in the studies by Rauh-Hain and da Costa,
the risk of platinum resistance at the second recurrence was
significantly higher in patients treated with NACT-IDS in
both studies. Therefore, patients initially treated with NACT-
IDS might have an increased risk of platinum-resistant
disease later in their disease course. Thus, the timeline could
explain why the present study did not observe a significant
difference in platinum resistance between the two treatments.

The statistical likelihood of a secondary response to
primary platinum-based chemotherapy increases with
increasing TFI (22). Our results showed a significantly
shorter median TFI in patients with platinum-sensitive
disease and those with no residual tumor after surgery who
were treated with NACT-IDS than that in patients who
received PDS. Therefore, even with the best possible surgical
outcome of IDS, the effect of NACT may still be impaired
compared to that of PDS. This may be explained by the fact
that the larger the volume of cancer present when
chemotherapy is initiated, the higher the likelihood of the
development of mutations and resistance to chemotherapy
(14). Consequently, patients receiving NACT might show a
poorer response to platinum-based chemotherapy due to the
exposure of a larger tumor burden to chemotherapy before
IDS. In this context, NACT may induce chemotherapy
resistance in colonies of cancer stem cells that are difficult
to detect after chemotherapy and, therefore, difficult to
remove at IDS (23). Hynninen et al. (24) demonstrated that
visual examination of the abdominal cavity is more difficult
in patients treated with NACT than in patients never exposed
to chemotherapy. Thus, NACT may increase the risk of
leaving small tumor colonies and the rate of complete
debulking may be overestimated. This hypothesis is
supported by the results of a recent study by Himoto et al.,
which revealed that patients treated with NACT-IDS were
more likely to experience recurrence in the same sites as the
original disease, whereas patients who underwent PDS had
higher number of recurrences in new locations; away from
the surgically cleared sites (25). In line with this, two other
studies have shown that large tumor burdens impair
chemotherapy response (26, 27). 

The number of patients with no comorbidity is slightly
lower in the NACT-IDS group compared to the PDS group
(Table I). Since the presence of significant co-morbidity is
an indication for referral to NACT, we expected the opposite.

This may be due to the study design since the patients with
co-morbidities and in poor medical conditions, treated with
NACT are not referred to IDS, expectantly. The results from
the group of NACT-IDS patients in the present study are thus
likely to be biased toward greater probability of platinum
sensitivity and longer TFIs.

The differences in the proportion of serous histology
between PDS and NACT-IDS groups are 81% and 92%,
respectively. However, patients are not selected for either
PDS or NACT-IDS based on histology but rather based on
national guidelines. Thus, the difference in histology
between the two treatment groups did not influence the
choice of first line treatment. Yet, the response to treatment
may have been affected by the histology.

TFI is the most widely used and accepted clinical
surrogate for predicting chemotherapy response and
prognosis (28). In case of recurrence, the response to
platinum-based chemotherapy is directly associated with the
TFI duration. Thus, our finding is important as it indicates
that NACT compromises good responders to first-line
chemotherapy. This may be an important factor for clinicians
to consider when choosing the treatment pathway for their
patients.

To our knowledge, the present study is the largest in size
on this topic. The data were prospectively registered in the
DGCD and validated by a medical record review. Moreover,
the patients were categorized to match international
treatment regimens. However, some limitations to the study
design should be mentioned. The main limitation of this
study was its nonrandomized design. Selection bias for IDS
and PDS existed. Differences may have occurred during
treatment, as patients treated with NACT may only have
been referred to IDS if they responded to chemotherapy.
Also, we excluded patients who did not undergo surgery.
Consequently, the NACT-IDS group may have consisted of
a selected group of patients, which could cause bias resulting
in longer TFIs and a higher likelihood of platinum
sensitivity. To minimize this inherited selection bias that
mirrors current clinical practice, we focused on patients with
no residual tumor after surgery and patients with platinum-
sensitive disease only. However, this issue can only be
addressed by a prospective randomized study design.
Another limitation was our use of the date of the first
treatment of the second-line chemotherapy as a surrogate
marker for recurrence. Thus, TFI was calculated instead of
progression-free interval.

In conclusion, the results of this population-based cohort
study showed that NACT-IDS treatment may impair TFI in
EOC patients with no residual tumor after surgery and in
patients with platinum-sensitive disease. No difference in
platinum resistance was observed between patients treated
with PDS or NACT-IDS. Still, selection bias for IDS and
PDS exists; accordingly, the results of the present study
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should not be considered definitive conclusions but rather
hypothesis-generating findings. A prospective study is
needed to better derive the effect of NACT-IDS on TFI and
the development of platinum resistance.
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