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Early tumor regrowth is a contributor to impaired survival in patients
with completely resected advanced ovarian cancer. An exploratory
analysis of the Intergroup trial AGO-OVAR 12
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• In a considerably high frequency of patients with complete resection, tumorous lesions are found in pre-chemotherapy CT scans.
• Survival is significantly impaired in patients with tumorous lesions compared to patients without tumorous lesions.
• There is evidence that tumor at pre-chemotherapy CT has predictive impact on targeted therapies
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Objective. Surgical assessment of residual tumor provides the strongest prognostic information in advanced
ovarian cancer (AOC), with the best outcome observed after complete resection. Postoperative radiological as-
sessment before initiation of chemotherapy can supplement the information obtained by surgical assessment;
however, it may also reveal conflicting findings.
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 Methods. Patients with AOC enrolled in the AGO-OVAR 12 trial underwent baseline imaging before the first
chemotherapy cycle. The findings from surgical and radiologic assessment for disease extend were compared.
Additionally, an integrated approach was assessed.

Results. Complete data from all 3 assessment methods were available for 1345 patients. Of 689 patients with
complete resection, tumorwas observed in 28% and 22% of patients undergoing radiologic and integrated assess-
ment, respectively. Patients with surgical- radiological and surgical-integrated concordant findings showed a 5-
year overall survival (5Y-OS) of 72% and 71%, whereas patients with surgical-radiological and surgical-integrated
discordant results showed inferior 5Y-OS of 47% and 49%, respectively. Patients with surgically assessed residual
disease had a 5-YOS of 37%. The interval between surgery and baseline assessmentwas independently associated
with discordance between assessment methods, which might reflect early tumor regrowth.

Conclusions. Baseline tumor assessment before chemotherapy provides information that stratifies patients
with complete resection into different prognostic groups. Integrating the data from different assessment
methods might lead to improved definitions of prognostic groups. Further investigation to determine if earlier
initiation of chemotherapy after debulking surgery could increase survival of patients with early tumor regrowth
is warranted.

© 2018 Published by Elsevier Inc.
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1. Introduction

The treatment of advanced epithelial ovarian cancer (AOC) consists
of debulking surgery and chemotherapy. The effects of tumor debulking
in patients with AOChave evolved over the decades since the 1960's [1].
Decreasing amounts of residual disease (RD) have shown increasing
median survival rates [2]. “Optimal” debulking was considered for a
long time to be resection of tumor to ≤1 cm of residual intra-
abdominal lesions [3].With the introduction of extensive upper abdom-
inal surgery, the rates of optimal debulking [4,5] and complete resection
[6] have increased. Complete resection is the universal goal of surgery
for most patients with AOC, since it is associated with the longest sur-
vival [7,8] and the assessment of RD is performed at the end of the
debulking procedure by the operating surgeon, which however might
be associated with bias [9]. The standard chemotherapy regimen after
surgery comprises carboplatin and paclitaxel [10], with the optional ad-
dition of bevacizumab [11]. Pre-chemotherapy imaging might improve
tumor assessment by detecting surgically not registered residual tumor;
however, imaging might be prone to false-positive findings related to
tissue repair or scarring, or finally detect new lesions of rapid postoper-
ative tumor regrowth [12,13]. The aim of this study was to determine
the frequency and the prognostic impact of tumor lesions visualized
on prechemotherapy imaging in patients who had obtained complete
resection based on surgical assessment in a large phase III trial.

2. Patients and methods

2.1. Clinical trial

Patients included in the current analysis underwent treatment in the
Arbeitsgemeinschaft Gynäkologische Onkologie (AGO)-studygroup led
OVAR 12 trial (NCT01015118). This was, a randomized placebo-
controlled double-blind Gynecologic Cancer InterGroup (GCIG)/
European Network of Gynaecological Oncological Trial Groups
(ENGOT) phase III trial of standard frontline chemotherapy with
carboplatin + paclitaxel ± nintedanib for AOC. Detailed trial informa-
tion and results have been reported elsewhere [14]. In brief, 1366 pa-
tients with histologically proven epithelial ovarian cancer or fallopian
tube or primary peritoneal cancer with advanced-stage disease (Inter-
national Federation of Gynecology and Obstetrics [FIGO] stage IIB–IV)
who had upfront surgery were included. Treatment consisted of
200 mg nintedanib BID or placebo (PO) combined with paclitaxel
175 mg/m2 + carboplatin AUC-based dose of 5 or 6 every 21 days for
6 courses. After the completion of chemotherapy, maintenance mono-
therapy with nintedanib or placebo was administered for up to
120 weeks.

Patients who had received neoadjuvant therapy and planned inter-
val debulking surgery were not included. All patients were required to
undergo baseline imaging computer tomography (CT) or magnet reso-
nance imaging (MRI) of the abdomen and pelvis, chest X-ray or chest
CT before chemotherapy. First dose of treatment within trial had to be
started ≤70 days after surgery. Baseline imaging had to be performed
in all patients after surgery within 4 weeks prior to starting systemic
therapy. CA125 baseline values were extracted from the database to
correlate with baseline imaging. The dates between imaging and
CA125 assessment should not exceed 2 weeks and CA125 should be
available before starting chemotherapy.

2.2. Study-specific definitions

Analyses were performed according to an independent central re-
view process. At study entry, specific surgical information for each
study patient was required for entry into the database. The required
data included the following: details of the surgical procedures; and
the presence, localization, and size of postoperative residual tumors. In
addition, data from radiological imaging at each investigator site, per-
formed before the onset of chemotherapy with a detailed description
of target and nontarget lesions, were documented, if applicable. All
data were monitored.

Residual disease assessments were used in 3 consecutive levels for
this study (Fig. 1): Level 1: surgical assessment performed by the local
surgeon. For patients with known data in level 1 individual data of
level 2 which was the central radiological assessment were allocated.
Patients with complete resection as determined by surgical assessment,
but with findings in level 2, were assigned to an integrated assessment
in level 3. Patients were further divided into the following 3 groups for
prognostic analyses: patients with surgically assessed residual postop-
erative tumor (regardless of radiological visualization) (“surgically
macroscopic residual disease”); patients without any macroscopic
tumor as declared by both surgeon and radiologists (“surgical-radio-
logic concordance”); and patients with complete resection as defined
by the surgeon but discrepancies with respect to tumor found during
baseline radiological imaging (“surgical-radiologic discordance”). Only
patients with “surgical-radiologic discordance” were allocated to inte-
grated assessment, and queries to the study center were generated in
order to re-evaluate all discrepancies with respect to postoperative re-
sidual tumors and prechemotherapy tumor lesions, as assessed by im-
aging. The local investigator was asked to discuss discrepancies with
the surgeon and local radiologist, to perform a repeat review of the CT
scans, and to classify the discrepant findings as either of the following:

• No postoperative tumor and probably no prechemotherapy tumor, CT
findings probably due to postoperative scarring (“concordance in in-
tegrated assessment”) or

• Surgical assessment probably overlooked tumor in an area where no
surgical exploration had been performed, but postoperative CT



Fig. 1. Definition of groups based on assessment methods: Level 1: surgical assessment (SA), Level 2: radiologic assessment (RA), Level 3: integrated assessment (IA). Definitions for
prognostic evaluation: Integrated assessment macroscopic tumor (red scattered); Integrated assessment no tumor (yellow scattered); all % frequencies are referred to the complete
study population (N = 1345).

Table 1
Patients' characteristics; ECOG: Eastern Cooperative Oncology Group; FIGO: Federation of
Gynecologists and Obstetricians.

237F. Heitz et al. / Gynecologic Oncology 152 (2019) 235–242
revealed highly suspicious lesions (“discordance in integrated assess-
ment”). For cases in which the discrepancies could not be resolved,
the study chair and his deputy (AdB and PH) each performed an inte-
grated baseline assessment that used all available data including sur-
gical reports and images, imaging including further imaging beyond
the basic CT, serologic markers, and pathology results to classify
each case into one of the respective categories. The “surgical-radio-
logic concordance” and “surgical-radiologic discordance” groups
were compared to determine the prognostic impact of radiologic as-
sessment. The “surgical-radiologic concordance” and “concordance
in integrated assessment” groups were compared to the “surgically
macroscopic residual disease” and “discordance in integrated assess-
ment” to determine the prognostic impact of integrated assessment.
Parameter All (N = 1345)
N (%)

Age (years); median (range) 58 (21–84)
ECOG performance status

0 888 (66.0)
N0 457 (34.0)

FIGO stage
II 137 (10.2)
III 884 (65.7)
IV 323 (24.0)

Time to imaging (days), median (IQR) 28 (21–36)
Tumor histology

High-grade serous 848 (63.0)
Low-grad eserous 71 (5.3)
Serous, grade unknown 116 (8.6)
High-grade endometrioid 102 (7.6)
Low-grade endometrioid 19 (1.4)
Clear cell 33 (2.5)
Mucinous 37 (2.8)
Mixed/others/unspec. 119 (8.8)

Surgical evaluation
Vertical incision 1192 (88.6)
Pfannenstiel 51 (3.8)
Laparoscopy 58 (4.3)
Missing 44 (3.3)

Treatment arm
Nintendanib 898 (66.8)
Placebo 447 (33.2)
2.3. Statistical analysis

The Kaplan-Meier method and Cox proportional hazard regression
models were used for estimating and analyzing progression-free sur-
vival (PFS) and overall survival (OS), which were assessed from the
date of randomization. Median OS was not reached in most of the re-
ported analyses, thus, we report 5-year OS instead. We used Akaike
and Schwartz Bayesian information criteria (AIC and SBIC) to compare
the effect of each of the 3 assessmentmethods (surgical assessment, ra-
diologic assessment, integrated assessment) on model fit when
regressing PFS and OS on residual tumor. Logistic regression models
were used to explore the association of patient characteristics with dis-
cordance between the results from the different assessment methods.
Stepwise selection of covariates was used to identify variables to enter
into the final multivariate regression model, with the following thresh-
olds: p-entry = 0.2; P-stay = 0.15). The following parameters were
used: Age (b50, 50–70, N70 years), FIGO stage (II, III, IV), Eastern Co-
operative of Oncology Group (ECOG) (0, N0), histopathology (high-
grade serous, low-grade serous, others), ethnic origin (white, African
or African-American, Asian, missing), surgical access (vertical incision,
Pfannenstiel, laparoscopy, missing), treatment arm (placebo,
nintedanib), and time between surgery and imaging (weeks).
3. Results

Data on surgical, radiologic, and integrated assessment were avail-
able for 1345 patients (98.5% of 1366 included patients). The median
age of patients was 58 years, and most patients (85.7%) had FIGO
stage III or IV disease, were of Caucasian ethnicity (90.9%), and had
high-grade serous tumors (63.0%). Table 1 summarizes the baseline
characteristics of the study patients. Time between surgery and baseline
imaging was not different between patients with different FIGO stages
(P = 0.76).
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With the differentmethods used to assess pre-chemotherapy tumor
burden frequencies of patients with perceivable tumor lesionswere dif-
ferent: 49.0% (N=659) by surgical assessment, 57.9% (N=779) by ra-
diologic assessment, and 59.9% (N = 805) by integrated assessment
(definition of levels in Fig. 1). In 495 patients (72.2% of patients with
“surgically complete resection”) nodiscordancewas foundby radiologic
assessment; and in 191patients (27.8% of patientswith “surgically com-
plete resection”) radiologic assessment determined discordant findings
(Fig. 1). Integrated assessment led to a division of the “surgical-radio-
logic discordance” group into: “concordance in integrated assessment”,
(6.7% of patients with “surgically complete resection”, and 23.6% of the
“surgical-radiologic discordance” group), and into the “discordance in
integrated assessment” group (21.3% of patients with “surgically com-
plete resection”, and 76.4% of “surgical-radiologic discordance” group).
Supplement Table 1 displays the location with tumor lesions in radio-
logic assessment causing surgical-radiologic discordance.

Factors associatedwith discordant results in 191 patients (“surgical-
radiologic discordance”)were assessed by amultivariate logistic regres-
sion model that included 686 patients with “surgically complete resec-
tion”. Factors significantly associated with discordant results were as
follows: FIGO III vs II (Odds ratio (OR) 1.839, 95% Confidence Interval
(CI) 1.097–3.083; P = 0.0331), FIGO IV vs II (OR 7.954, 95% CI
4.048–15.629; P b 0.001), and time between surgery and imaging (OR
per week 1.232, 95% CI: 1.113–1.364; P b 0.001). Factors associated
with discordant results in 146 patients (“discordance in integrated as-
sessment”) were assessed by a multivariate logistic regression model
that included 686 patients with “surgically complete resection”. FIGO
IV vs II (OR 17.958, 95% CI 7.777–41.467; P b 0.001) and time between
surgery and imaging (OR per week 1.272, 95% CI: 1.139–1.420; P b

0.001) were significantly associated with discordance.
Fig. 2 displays the frequency of discordant results between assess-

ment methods for 4 distinct time intervals between the date of defini-
tive surgery for ovarian cancer and the prechemotherapy assessment.
The frequency of discordance was lowest for the shortest interval
(time to imaging b21 days; 3.26% surgical assessment/integrated as-
sessment, 13.36% surgical assessment/radiologic assessment). The fre-
quency of discordance for the 31–40–day interval increased (15.22%
surgical assessment/integrated assessment, 24.53% surgical
Fig. 2. Frequency of discordance depending on time between surgery and pre-chemotherapy
assessment/radiologic assessment), suggesting that tumor regrowth
might be the most important factor accounting for discordance. In an
analysis combining FIGO stages with time to imaging it was shown,
that the rates of discordance increased significantly by each FIGO
stage (II N III N IV); P b 0.0001. Supplement Fig. 1 shows the proportion
of discordances over the period of baseline imaging based on FIGO
stages. The time between surgery and imaging was 28 days in median
and not different between FIGO stages, P = 0.76.

To validate imaging results, CA125 correlation was conducted in a
subset of 1.225 patients with available data. In 495 patients with
surgical-radiologic concordance, median CA125 was 56.4 U/ml (lower
quartile: 24.6; upper quantile: 133,7) and therewith significantly
lower, compared to 191 patients with surgical-radiologic discordance,
in whom median CA125 was 77.0 U/ml (lower quartile: 31.8; upper
quantile: 170.4); Wilcoxon-Mann-Whitney-Test; P = 0.004. Patients
with “surgically macroscopic residuals” had a median CA125 of
226.5 U/ml (lower quartile: 79.5; upper quantile: 577.6).

3.1. Prognostic impact of different assessment methods

Survival analyses with respect to residual tumor as defined by the 3
different assessment methods showed that the PFS estimates for the
subgroup with assumed complete resection increased based on assess-
mentmethod from 27.6months (surgical assessment RT0, N=686), to
27.8 months (radiologic assessment RT0, n = 566), and finally to
28.9 months (integrated assessment RT0,N=540), in linewith the hy-
pothesis that the decreasing proportion of patients with perceivable
tumor lesions in according to the respective assessment methods lead
to an increasing survival. If radiologic assessment was taken into ac-
count for prognostic analyses, the outcomes of patients with “surgically
complete resection” led to 2 distinct prognostic groups. Patients with
“surgical-radiologic concordance” obtained longer PFS (median
28.9 months) and a 5-year OS rate of 72% compared with the entire
group of patients with “surgically complete resection” (PFS: median
27.6 months; 5-year OS: 67%). Patients with “surgical-radiologic discor-
dance” obtained shorter PFS (median 19.0months) and a 5-year OS rate
of 47% (Supplement Fig. 2 and Fig. 3). Patients with “surgically macro-
scopic residuals” had a median PFS of 13.5 months and a 5-year OS
imaging; SA: surgical assessment; IA: integrated assessment; RA: radiologic assessment.
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rate of 37%. The survival of patients with “surgically complete resection”
(PFS and 5-year OS for the entire group of patients with surgical assess-
ment RD0 again were 27.6 months and 67%) was compared, with the
survival of the patients undergoing integrated assessment. Again, 2 dis-
tinct prognostic groups resulted. Patients with “concordance in inte-
grated assessment” (yellow overlay in Fig. 1) obtained a PFS of
28.9 months and a 5-year OS rate of 71%. Patients with “discordance
in integrated assessment” obtained a PFS of 16.9 months and a 5-year
OS rate of 49% (Supplemental Fig. 3 and Fig. 4).

To examine which of the assessment methods led to the best prog-
nostic model, we compared Akaike (AIC) and Schwartz Bayesian infor-
mation criteria (SBIC) for Cox regression models of PFS on residual
tumors and residual tumors plus treatment. For both models and
based on both information criteria, integrated assessment provided
the best prognostic accuracy (lowest values for AIC and SBIC), followed
by surgical assessment and radiologic assessment (data not shown). The
same held true for the corresponding OS models.

The primary publication of the AGO-OVAR 12 trial reported a trend
towards an improved effect of nintedanib in patients with complete re-
section compared with patients with macroscopic residual disease. In
our study, it was evaluated, if the different results in terms of residual
disease as determined by the different assessment methods could fur-
ther elucidate the treatment effect of nintedanib. Supplemental
Figs. 4–6 show that nintedanib did not benefit patients with RD N 0.
The differences in the PFS estimates of the patients with RD0 based on
surgical assessment, radiologic assessment, or integrated assessment
who were treated by nintedanib or placebo were 3.9 months (HR
0.831, 95% CI 0.652–1.057; P = 0.13), 4.9 months (HR 0.753, 95% CI
0.574–0.986; P = 0.0392), and 5.8 months (HR 0.769, 95% CI
0.577–1.025; P = 0.073), respectively.
------- Sugically complete resection
------- Surgical-radiologic concordance
------- Surgical-radiologic discordance

Fig. 3. Kaplan-Meier plots of OS of patients with “surgically complete resection” (blue); and add
(N=689): 67%; “surgical-radiologic concordance” (red) (N=495): 72%; “surgical-radiologic d
5-year OS rate of 37% (data not shown); circles: censored.
4. Discussion

The evolution of the goal of surgical debulking to complete resection
in patients with AOC took place over 4 decades.We now face a new era,
where patients who undergo complete resection will be further catego-
rized into patients with and without any visible tumor burden at the
onset of chemotherapy. The radiologic assessment of tumor burden be-
fore the onset of chemotherapy identified N25% of patients with com-
plete resection after surgical assessment- with suspect tumor lesions.
Integrated assessment,which combines the information from radiologic
assessment with the data from surgical and histopathology reports, re-
duced the proportion to 20% of patients in whom discordances
remained. In total, only 80% of the patients with a complete resection
determined by the surgeon are tumor-free at the baseline imaging.
What are the possible reasons for discordant findings? Has discordance
any clinical impact? Patients with discordant findings showed worse
survival than patients with concordant findings between surgical and
pre-chemotherapy assessment. Two explanations are possible for
these controversial findings. Either the postoperative residual lesions
were overlooked by the surgeon and the surgical assessment was
false-negative, or the patients with discordant results were those with
early postoperative tumor regrowth. The latter explanation is supported
by the finding that the length of the interval between surgery and imag-
ing was an independent factor associated with discordant assessments
and not the surgical approach used. Furthermore, the observation that
the survival of this subgroup of patients was not as poor as the survival
of patients with residual disease at the end of surgery supports the
tumor regrowth hypothesis. In thismodel, early tumor regrowth has re-
sulted in a tumor burden that is smaller than the tumor burden for pa-
tientswith surgically assessedmacroscopic residual tumor. On theother
itional information of radiologic assessment; 5-year OS of “surgically complete resection”
iscordance” (green) (N=192): 47%; patients with “surgicallymacroscopic disease” had a



------- Sugically complete resection
------- Surgical-radiologic concordance
------- Surgical-radiologic discordance

Fig. 4. Kaplan-Meier plots of OS of patients with “surgically complete resection” (blue); and additional information of integrated assessment (IA); 5-year OS of “surgically complete
resection” (N = 686): 67%; “surgical-radiologic concordance” (red) (N = 540): 71%; “surgical-radiologic discordance” (green) (N = 146): 49%; patients with “surgically macroscopic
disease” had a 5-year OS rate of 37% (data not shown); circles: censored.
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hand, early tumor regrowth distinguishes this patient subgroup from
those patients who also obtained complete resection but did not de-
velop early tumor regrowth. Patients obtaining complete resection
and early tumor regrowth might constitute a third prognostic group,
splitting patients who obtained complete resection into patients with
and without disease at the onset of chemotherapy. This latter assump-
tion might challenge the definition of residual disease in patients with
AOCas disease seen by the intraoperative visual andmanual assessment
by the surgeon only, an assessmentmethod that might be prone to bias
[9]. Retrospective series of radiological assessment of tumor disease sta-
tus prior to chemotherapy in patients with AOC have reported discrep-
ancy rates between surgical determined residual disease and radiologic
findings pre-chemotherapy ranging between 20.3% and 41.0% [15–18],
and 48.0% in the setting of a prospective study [12]. However, the latter
study had reclassified optimal debulking as small residual tumor up to
1 cm. The risk to find a discordance between a surgical classification
of, e.g. 1 cm, in contrast to a radiological finding of, e.g. a 1.3-cm lesion,
is higher than the risk to find a discordance between no tumor on surgi-
cal assessment and radiologically visible tumor. Therefore, our discor-
dance rates not only confirm the sparse available data but suggest
even higher discrepancy rates between surgical assessment and radio-
logic assessment. Our analyses did not reveal any association between
histopathological subtypes and discordance rates. This result might be
accounted for by the low frequency of non- high grade serous ovarian
cancers. A biological component that accounts for our finding on lack
of association should, however, not be ruled out. In this study, the feasi-
bility and performance of a new method for tumor burden assessment,
namely integrated assessment, was evaluated in patients with surgical-
radiologic discordance. In 25% of these cases, a false-positive radiologi-
cal finding was present. Among the 3 different assessment methods,
the most accurate prognostic method for outcome was integrated
assessment. Hence, we propose that integrated assessment provides
the highest diagnostic accuracy, and that further research to validate
this assessment method is warranted. The drawback of radiologic as-
sessment methods is the subjective interpretation by the individual ra-
diologist and the general limitation of CT scans with a detection
threshold of ~5 mm [17]. Other radiologic methods like PET-CT or
diffusion-weightedMRImight increase sensitivity, but not to an accept-
able high threshold [19]. Thus, reliable independent methods such as
analysis of cell-free DNA might increase the diagnostic accuracy of as-
sessments for residual tumor. In a proof-of-principle study that included
patients with high-grade serous ovarian cancer, the allelic frequency of
TP53 mutations in cell-free DNA was used to distinguish between pa-
tients with and without complete resection. The allelic frequency of
TP53 mutations was significantly reduced at postoperative day 10 in
all patients obtaining complete resection compared to patients with re-
sidual disease, in whom the increasing frequency of TP53 allelic muta-
tions was also observed [20].

What consequences might arise from our results? Imaging before
onset of chemotherapy might display postsurgical scaring or fibrosis,
and correlation with imaging at the end of chemotherapy might help
to avoid false positive findings. Moreover, early tumor regrowth was
the main contributor of worse survival in the subset of patients with
surgically complete resection. Analyses of the AGO study group have
shown that delaying the onset of chemotherapy by a week was associ-
ated with an 8.7% increased risk of death in patients undergoing com-
plete resection [21]. A NRG study showed that chemotherapy initiated
N25 days after surgery had a significant impact on overall survival
[22]. However, there were also other reports that did not show an effect
of a delayed start of chemotherapy [23,24]. Therefore, the balance be-
tween surgical aggressiveness and anticipated postsurgical recovery
and the optimal start of chemotherapy merits further investigation.
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Moreover, our study revealed that the baseline assessment of tumor
burden might provide a predictive measure for experimental therapy
with nintedanib. Earlier data from studies of ovarian cancer and breast
cancer have suggested that bevacizumab has a pronounced effect in pa-
tients with macroscopic tumor [11,25] compared to patients without
macroscopic tumor [26,27]. Therefore, a baseline assessment of tumor
burden in patients by CT and/or cell-free DNA might be important
prior to enrollment in upfront trials for advanced ovarian cancer that
evaluate the treatment effects of new drugs on varying tumor burden.

To our knowledge, this is one of the largest study to determine the
frequency and the prognostic impact of disease burden at the onset of
chemotherapy after primary debulking surgery. Moreover, data quality
was ensured by quality controls required of pivotal trials and that was
monitored externally.

In conclusion, this study demonstrated that radiologic assessment
and integrated assessment at baseline imaging before chemotherapy
identified a substantial number of patients in whom the information
on tumor burden was discordant between the information derived
from surgical assessment. Early tumor regrowth seemed to be a contrib-
utor to the discordance between surgical assessment and radiologic as-
sessment/integrated assessment. The risk of losing the prognostic factor
of complete resection, if chemotherapy is started N31 days after primary
surgery is N15%. Thus, chemotherapy should be started as soon as
feasible.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2018.11.008.
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