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Abstract:

Background: Achieving optimal primary cytoreduction is an important determinant of treatment outcomes in
advanced epithelial ovarian cancer. However, extensive intraperitoneal disease may limit complete tumor removal
and increase the risk of suboptimal cytoreduction. Preoperative identification of patients at higher risk may
facilitate individualized surgical planning and treatment selection.

Aim: To prospectively evaluate the clinical, biochemical, and radiological factors associated with the achievement
of optimal primary cytoreduction in patients with advanced epithelial ovarian cancer.

Methodology: This prospective observational study included 85 women with advanced epithelial ovarian cancer
undergoing primary cytoreductive surgery at the Department of Surgical Oncology and Gynaecology Oncology,
Patna Medical College and Hospital, Bihar, over one year. Preoperative clinical status, serum CA-125, ascites,
pleural effusion, and radiological findings were assessed. Optimal cytoreduction was defined as residual disease
<1 cm. Univariate and multivariable logistic regression analyses were performed to identify predictors of
suboptimal cytoreduction.

Results: Optimal cytoreduction was achieved in 37 (43.5%) patients, while 48 (56.5%) had suboptimal
cytoreduction. Intraperitoneal carcinomatosis was significantly associated with suboptimal cytoreduction
(p<0.001) and independently increased its odds (adjusted OR 3.76, 95% CI 1.58-8.95; p=0.003). Ascites >1000
mL was also independently predictive (adjusted OR 2.41, 95% CI 1.03-5.65; p=0.043). CA-125 level, ASA status,
pleural effusion, omental extension, and liver involvement were not significant independent predictors.
Conclusion: Intraperitoneal carcinomatosis and high-volume ascites are important preoperative predictors of
suboptimal primary cytoreduction. Their assessment may support individualized surgical planning and appropriate
selection of patients for alternative treatment strategies.
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Introduction

Ovarian cancer, one of the most common gyneco-
logical cancers, is a major health issue worldwide
due to its often-late diagnosis and highly aggressive
nature [1]. Epithelial ovarian cancers represent
about 90% of all ovarian cancers and are the most
common histological type of ovarian cancer in clin-
ical practice. A significant number of women
(around two-thirds) who have epithelial ovarian can-
cer (EOC) have advanced disease, according to the
International Federation of Gynecology and Obstet-
rics (FIGO) staging system [2]. It may be possible
that delayed presentation, lack of awareness, varia-
ble access to specialized gynecologic oncology
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services and non-specificity of early symptoms may
further contribute to diagnosis at an advanced stage
in India including in Bihar. Therefore, the pre-oper-
ative evaluation and selection of patients most likely
to gain benefit from primary (complete or nearly
complete) cytoreductive surgery is of great clinical
importance.

The traditional treatment strategy for epithelial ovar-
ian cancer in the advanced stage is platinum-based
chemotherapy preceded by primary cytoreductive
surgery. Primary cytoreductive surgery typically in-
volves hysterectomy, bilateral salpingo-oophorec-
tomy, omentectomy, and peritoneal assessment and
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removal of visible tumour deposits, as much as tech-
nically and safely possible. The major goal of sur-
gery is to achieve tumour debulking as near to com-
plete as possible as the amount of residual tumour
following the cytoreduction is an important factor in
the response to the subsequent therapy and the long-
term prognosis [3]. The concept of optimal cytore-
duction has matured over the years, and a residual
tumour less than 1 cm has traditionally been re-
garded as optimal. Optimal cytoreduction has been
demonstrated to have a better response to chemo-
therapy and longer survival than those with signifi-
cant residual tumors. The Gynecologic Oncology
Group (GOG) studies have especially highlighted
the survival benefit of minimal residual disease,
which closely correlates with the amount of residual
tumor [4].

Although residual disease is known to be important,
the chance of optimal primary cytoreduction is
highly variable between patients and between insti-
tutions. In the advanced ovarian cancer surgery cen-
ters with extensive experience in the field, optimal
resection rates of about 60% to 90% have been re-
ported [5]. But in all patients a primary optimal cy-
toreduction cannot be performed safely. The poten-
tial for unnecessary surgical morbidity exists if ex-
tensive surgery is performed on patients who are un-
likely to achieve total or optimal resection, in ab-
sence of any oncological gain [6]. Advanced ovarian
cancer surgery is associated with high peri-operative
risks and reported 30-day mortality is 1-3%. Thus, it
is important to identify accurately in the pre-opera-
tive setting those patients who are unlikely to
achieve optimal cytoreduction and then balance the
oncologic benefit with the surgical risk.

The use of neoadjuvant chemotherapy followed by
interval cytoreductive surgery has become an alter-
native approach for those who are deemed to be un-
likely to have satisfactory primary cytoreduction.
Comparative studies have shown no differences in
survival between patients who were selected for sur-
gery and those who received chemotherapy and in-
terval surgery. Onnes et al. found optimal debulking
in 42% of patients who had first line chemotherapy
versus 29% of patients who had primary surgery [7].
In the same way, Shwartz et al. showed that the in-
duction chemotherapy followed by cytoreductive
surgery was linked with a better overall survival than
chemotherapy alone. A randomized prospective
study also showed benefits with regard to overall
and progression free survival in women who under-
went interval cytoreductive surgery [8]. Moreover,
Ansquer et al. reported reduced morbidity after cy-
toreductive surgery after neoadjuvant chemotherapy
(NAC) therapy versus primary debulking surgery
(PDS). These findings suggest that a primary sur-
gery approach should not be applied uniformly to all
patients, but instead the most appropriate initial
treatment should be chosen.
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Despite this, primary cytoreductive surgery is still
an integral part of the treatment in patients with ad-
vanced epithelial ovarian cancer who are suitable
surgical candidates. Primary surgery allows for ex-
tensive surgical staging, immediate reduction of tu-
mour burden, evaluation of the distribution of dis-
ease and potentially improved response to subse-
quent chemotherapy. It also has the potential of min-
imizing the need for prolonged exposure to chemo-
therapy prior to definitive tumor reduction and may
yield significant pathological data that could affect
management. Therefore, primary surgery is still the
current standard of care for patients with good dis-
ease spread and performance status. Primary surgery
is performed on ~95% of patients with advanced ep-
ithelial ovarian cancer in the United States [9]. How-
ever, there is a large proportion of patients with pri-
mary surgery who will eventually have a residual
disease greater than 1 cm, and reliable methods of
identifying patients at high-risk of suboptimal cy-
toreduction remain a need.

An important question in advanced ovarian cancer is
therefore whether there are patients who can be iden-
tified preoperatively that are unlikely to achieve op-
timal primary cytoreduction. This identification may
help to plan individual treatment and to consider the
use of interval surgery or neoadjuvant chemotherapy
in the future. Various parameters, such as computed
tomography (CT) characteristics, serum CA-125
level, presence of pleural effusion, ascites, and other
clinical parameters, have been assessed in several
studies to predict optimal cytoreduction. Radiologi-
cal assessment may give some indication of the
amount and intra-abdominal and pelvic spread of
disease, and serum CA-125 may reflect the total tu-
mour burden. Likewise, ascites and pleural effusion
and poor physical condition may offer some clues as
to the spread of the disease and whether the patient
would be able to tolerate a large surgical procedure.

No single clinical, biochemical or radiological pa-
rameter, however, has been shown to have enough
predictive accuracy to allow it to be used universally
in the selection of patients for primary versus neo-
adjuvant treatment [10]. There is overlap of individ-
ual parameters between patients undergoing optimal
and suboptimal cytoreduction. Furthermore, disease
spread is more important than the extent of the tu-
mour and, therefore, clinical status and serum mark-
ers, along with imaging data, are of special interest.
The importance of this limitation is particularly par-
amount in resource-variable environments like Bi-
har, India, where there may be a need to optimize the
use of specialized surgical and oncological services
and decrease avoidable morbidity, as timely and ac-
curate triage may help.

Thus, a prospective study of a number of pre-opera-
tive factors might be more clinically useful in pre-
dicting the possibility of optimal primary cytoreduc-
tion. The present study is designed to evaluate the
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predictive value of various clinical, biochemical and
radiological parameters including physical status,
serum CA-125 level, ascites, pleural effusion and
abdominal and pelvic CT/MRI findings in patients
with advanced EOC who are scheduled for planned
primary cytoreductive surgery in a tertiary care cen-
ter in Bihar, India. The study aims to assess these
factors as single and multiple variables, to identify
characteristics associated with successful optimal
cytoreduction and to establish a clinically relevant
preoperative assessment framework. This could
contribute to the selection of the right treatment, sur-
gical planning, reduction of unnecessary operative
morbidity, and appropriate referral for neoadjuvant
chemotherapy in patients that cannot achieve opti-
mal primary cytoreduction.

Materials and Methods

Study Design: A prospective observational study
was conducted to evaluate the role of preoperative
clinical, biochemical, and radiological factors in
predicting optimal primary cytoreduction among pa-
tients with advanced epithelial ovarian cancer. The
study was designed to assess whether routinely
available preoperative parameters could identify pa-
tients who were likely to achieve optimal cytoreduc-
tion at primary surgery.

Study Area: The study was conducted in the De-
partment of Surgical Oncology and Gynaecology
Oncology, Patna Medical College and Hospital
(PMCH), Patna, Bihar, India.

Study Duration: The study was conducted over a
period of 1 year from March 2025 to February 2026.

Sample Size: A total of 85 patients with advanced
epithelial ovarian cancer who fulfilled the prede-
fined eligibility criteria were included in the study.

Study Population: The study population comprised
women diagnosed with advanced-stage epithelial
ovarian cancer, particularly patients with FIGO
stage III or IV disease, who were considered candi-
dates for primary cytoreductive surgery. Patients
were evaluated clinically, biochemically, and radio-
logically before surgery to determine the association
of these factors with the likelihood of achieving op-
timal primary cytoreduction.

Data Collection: Data were collected prospectively
using a structured data collection proforma. Baseline
demographic and clinical information was recorded,
including age, presenting symptoms, general physi-
cal status, relevant medical history, and clinical find-
ings. The preoperative physical status of each pa-
tient was assessed according to the American Soci-
ety of Anesthesiologists (ASA) physical status clas-
sification.

Biochemical evaluation included measurement of
serum CA-125 levels. Blood samples were collected
during the preoperative period, preferably in the
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morning, and serum CA-125 was measured using
the standard laboratory method available at the insti-
tution.

Preoperative radiological evaluation was performed
using appropriate imaging modalities, primarily
contrast-enhanced computed tomography (CT) of
the abdomen and pelvis, with additional imaging
when clinically indicated. Radiological parameters
relevant to the prediction of cytoreductive outcome
were recorded, including ascites, pleural effusion,
peritoneal carcinomatosis/peritoneal involvement,
omental extension, liver involvement, and suprare-
nal/upper abdominal lymphadenopathy. Imaging
findings were interpreted and documented by expe-
rienced radiologists.

Inclusion Criteria

Patients were included if they fulfilled the following
criteria:

e  Women with histologically confirmed or clini-
cally highly suspected epithelial ovarian carci-
noma.

e Patients with advanced-stage disease (FIGO
stage III or I'V).

e Patients considered suitable for primary cytore-
ductive surgery.

e Patients who underwent primary cytoreductive
surgery at the Department of Gynaecology On-
cology, PMCH.

e Patients who provided informed consent to par-
ticipate in the study.

e Patients for whom adequate preoperative clini-
cal, biochemical, and radiological information
was available.

Exclusion Criteria

Patients were excluded if they met any of the follow-
ing criteria:

e Patients with ovarian tumors of non-epithelial
histology, including germ-cell or sex-cord stro-
mal tumors.

e Patients with recurrent ovarian cancer undergo-
ing secondary cytoreductive surgery.

e Patients who received neoadjuvant chemother-
apy before the planned primary cytoreductive
surgery.

e Patients who were medically unfit for primary
surgery.

e Patients who declined consent for participation.

e Patients with incomplete or inadequate preoper-
ative clinical, biochemical, or radiological rec-
ords.

e Patients in whom the extent of disease could not
be adequately assessed before surgery.

Study Procedure: After enrollment, each patient
underwent a systematic preoperative assessment.
Demographic characteristics, clinical presentation,
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physical findings, and ASA physical status were
documented. Particular attention was given to the
presence of ascites, abdominal distension, palpable
disease, and other clinical indicators of extensive in-
tra-abdominal disease.

Preoperative biochemical investigations were per-
formed, with serum CA-125 recorded as a principal
tumor marker. Radiological assessment was subse-
quently performed to determine the extent and dis-
tribution of disease. The presence or absence of as-
cites, pleural effusion, peritoneal involvement/carci-
nomatosis, omental disease, liver involvement, and
suprarenal or upper abdominal lymphadenopathy
was recorded.

All patients underwent primary cytoreductive sur-
gery performed by the gynaecologic oncology sur-
gical team. The operative findings were documented
systematically, including the distribution and extent
of intra-abdominal and pelvic disease. The amount
of residual tumor remaining after completion of sur-
gery was assessed.

For the purpose of this study, optimal primary cy-
toreduction was defined as residual tumor measur-
ing <1 cm after completion of primary cytoreductive
surgery, whereas suboptimal cytoreduction was de-
fined as residual tumor measuring >1 cm. Patients
were subsequently categorized into the optimal and
suboptimal cytoreduction groups, and their preoper-
ative clinical, biochemical, and radiological charac-
teristics were compared. The primary outcome of
the study was the ability of preoperative clinical, bi-
ochemical, and radiological factors to predict
achievement of optimal primary cytoreduction.

Statistical Analysis: Data were entered into a com-
puterized database and analyzed using appropriate
statistical software. Continuous variables were sum-
marized using mean + standard deviation (SD) or
median with interquartile range (IQR) depending on
the distribution of the data. Categorical variables
were presented as frequencies and percentages.

Patients were divided into two groups according to
surgical outcome: optimal cytoreduction (residual
disease <1 cm) and suboptimal cytoreduction (resid-
ual disease >1 cm). Categorical variables were com-
pared between the two groups using the Chi-square
test or Fisher's exact test, as appropriate. Continuous
variables were compared using the independent-
samples t-test for normally distributed variables or
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the Wilcoxon rank-sum/Mann—Whitney U test for
non-normally distributed variables.

Potential predictors of suboptimal cytoreduction, in-
cluding age, ASA physical status, serum CA-125
level, ascites, pleural effusion, peritoneal carcino-
matosis, omental extension, liver involvement, and
suprarenal/upper abdominal lymphadenopathy,
were initially evaluated using univariate analysis.
Variables showing a clinically relevant or statisti-
cally significant association with cytoreductive out-
come were considered for multivariable analysis.
Where appropriate, binary logistic regression was
used to identify independent preoperative predictors
of suboptimal cytoreduction, and odds ratios (ORs)
with 95% confidence intervals (CIs) were reported.
A two-sided p-value <0.05 was considered statisti-
cally significant.”

Result

Table 1 summarizes the baseline clinical and tumor
characteristics of the 85 patients included in the
study. Regarding clinical status according to ASA
classification, 56 patients (65.9%) were classified as
ASA 1, while 29 (34.1%) were classified as ASA 2.
Pleural effusion was present in 16 patients (18.8%),
whereas 69 (81.2%) had no pleural effusion. Bowel
resection was performed in 6 patients (7.1%), while
the majority, 79 patients (92.9%), did not undergo
bowel resection. Intraperitoneal carcinomatosis was
identified in 47 patients (55.3%), compared with 38
(44.7%) without carcinomatosis. Among the imag-
ing findings, omental extension was present in 18
patients (21.2%), while 67 (78.8%) had no omental
extension. Liver involvement was observed in 13
patients (15.3%), whereas 72 (84.7%) had no liver
involvement. Peritoneal involvement was detected
in 27 patients (31.8%), with 58 (68.2%) showing no
peritoneal involvement. Suprarenal adenopathy was
relatively uncommon, being present in only 4 pa-
tients (4.7%), while 81 (95.3%) had no such ade-
nopathy. Regarding preoperative CA-125 levels, 27
patients (31.8%) had levels <400 U/mL, whereas 58
(68.2%) had levels >400 U/mL. Ascites <1000 mL
was observed in 46 patients (54.1%), while 39
(45.9%) had ascites >1000 mL. Overall, the study
population demonstrated a substantial burden of in-
traperitoneal carcinomatosis and elevated CA-125
levels, with smaller proportions showing pleural ef-
fusion, bowel resection, liver involvement, suprare-
nal adenopathy, and extensive ascites.
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Table 1: Clinical Data and Tumor Characteristics of the Study Population
Characteristic | Patients No. | %
Clinical status (ASA)

1 56 65.9
2 29 34.1
Pleural effusion

Positive 16 18.8
Negative 69 81.2
Bowel resection

Positive 6 7.1
Negative 79 92.9
Intraperitoneal carcinomatosis

Positive 47 553
Negative 38 44.7
Imaging findings

Omental extension

Positive 18 21.2
Negative 67 78.8
Liver involvement

Positive 13 15.3
Negative 72 84.7
Peritoneal involvement

Positive 27 31.8
Negative 58 68.2
Suprarenal adenopathy

Positive 4 4.7
Negative 81 95.3
CA-125

<400 U/mL 27 31.8
>400 U/mL 58 68.2
Ascites

<1000 mL 46 54.1
>1000 mL 39 45.9

Table 2 presents the univariate analysis of potential
predictors of suboptimal cytoreduction. Clinical sta-
tus did not show a statistically significant associa-
tion with cytoreductive outcome, although subopti-
mal cytoreduction was more frequent among pa-
tients with clinical status 2 than status 1 (65.5% vs
51.8%, p=0.256). Similarly, pleural effusion was not
significantly associated with suboptimal cytoreduc-
tion (75.0% vs 52.2% among those without effusion,
p=0.161). In contrast, intraperitoneal carcinomatosis
showed a highly significant association with subop-
timal cytoreduction (74.5% vs 34.2% in patients
without carcinomatosis, p<0.001). Omental exten-
sion (p=0.425), liver involvement (p=0.375), perito-
neal involvement (p=0.101), and adenopathy
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(p=0.629) were not significantly associated with cy-
toreductive outcome. Likewise, preoperative CA-
125 level showed no significant association, with
suboptimal cytoreduction occurring in 55.6% of pa-
tients with CA-125 <400 U/mL and 56.9% of those
with CA-125 >400 U/mL (p=1.000). However, asci-
tes volume was significantly associated with surgi-
cal outcome (p=0.048); patients with ascites >1000
mL had a higher proportion of suboptimal cytore-
duction (69.2%) compared with those having ascites
<1000 mL (45.7%). Overall, intraperitoneal carcino-
matosis and higher-volume ascites emerged as the
principal significant predictors of suboptimal cy-
toreduction in the univariate analysis.
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Table 2: Univariate Analysis of Predictors of Suboptimal Cytoreduction

Predictor Optimal  Cytoreduc- | % Suboptimal  Cytoreduction | % P
tion No. No.

Clinical status
1 27 48.2 | 29 51.8 | 0.256
2 10 345 119 65.5
Pleural effusion
Positive 4 25 12 75 0.161
Negative 33 47.8 | 36 52.2
Intraperitoneal carcinomatosis
Positive 12 255 (35 74.5 | <0.001
Negative 25 65.8 | 13 34.2
Omental extension
Positive 6 333 |12 66.7 | 0.425
Negative 31 46.3 | 36 53.7
Liver involvement
Positive 4 308 19 69.2 | 0.375
Negative 33 45.8 1 39 54.2
Peritoneal involvement
Positive 8 29.6 | 19 70.4 | 0.101
Negative 29 50 29 50
Adenopathy
Positive 1 25 3 75 0.629
Negative 36 44.4 | 45 55.6
CA-125
<400 U/mL 12 44.4 | 15 556 |1
>400 U/mL 25 43.1 | 33 56.9
Ascites
<1000 mL 25 543 | 21 45.7 | 0.048
>1000 mL 12 30.8 | 27 69.2

Table 3 compares preoperative serum CA-125 levels
and ascites between patients achieving optimal and
suboptimal cytoreduction. CA-125 levels showed a
similar distribution between the two groups, with
values >400 U/mL observed in 67.6% of patients
with optimal cytoreduction and 68.8% of those with
suboptimal cytoreduction, while levels <400 U/mL
were present in 32.4% and 31.3%, respectively; this
difference was not statistically significant
(p=1.000). In contrast, the volume of ascites differed

significantly between the groups (p=0.048). Ascites
<1000 mL was more frequently observed among pa-
tients with optimal cytoreduction (67.6% vs 43.8%),
whereas ascites >1000 mL was more common
among those with suboptimal cytoreduction (56.3%
vs 32.4%). Overall, preoperative CA-125 level was
not associated with cytoreductive outcome, whereas
higher-volume ascites was significantly associated
with a greater likelihood of suboptimal cytoreduc-
tion.

Table 3: Preoperative Serum CA-125 and Ascites According to Cytoreductive Outcome
Variable | Optimal Cytoreduction (n=37) | Suboptimal Cytoreduction (n=48) | P value
CA-125 (U/mL)
<400 12 (32.4) 15 (31.3) 1
>400 25 (67.6) 33 (68.8)

Ascites
<1000 mL 25 (67.6) 21 (43.8) 0.048
>1000 mL 12 (32.4) 27 (56.3)

Table 4 compares preoperative radiological findings
between patients who achieved optimal cytoreduc-
tion and those with suboptimal cytoreduction.
Omental extension was identified in 16.2% of pa-
tients with optimal cytoreduction compared with
25.0% of those with suboptimal cytoreduction, alt-
hough this difference was not statistically significant
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(p=0.425). Similarly, liver involvement was more
frequent in the suboptimal cytoreduction group
(18.8% vs 10.8%), but the difference did not reach
statistical significance (p=0.375). Peritoneal in-
volvement was observed in 39.6% of patients with
suboptimal cytoreduction compared with 21.6% of
those with optimal cytoreduction, showing a trend
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toward greater involvement in the suboptimal group,
although the difference was not statistically signifi-
cant (p=0.101). Suprarenal adenopathy was uncom-
mon in both groups, being present in 2.7% of pa-
tients with optimal and 6.3% of patients with subop-
timal cytoreduction (p=0.629). Overall, none of the
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evaluated preoperative radiological parameters
demonstrated a statistically significant association
with cytoreductive outcome, although peritoneal in-
volvement showed the strongest numerical trend to-
ward suboptimal cytoreduction.

Table 4: Preoperative Radiological Predictors According to Cytoreductive Outcome

Radiological parameter | Optimal Cytoreduction (n=37) | Suboptimal Cytoreduction | P value
(n=48)

Omental extension
Positive 6 (16.2) 12 (25.0) 0.425
Negative 31 (83.8) 36 (75.0)
Liver involvement
Positive 4 (10.8) 9 (18.8) 0.375
Negative 33(89.2) 39 (81.3)
Peritoneal involvement
Positive 8 (21.6) 19 (39.6) 0.101
Negative 29 (78.4) 29 (60.4)
Suprarenal adenopathy
Positive 1(2.7) 3(6.3) 0.629
Negative 36 (97.3) 45 (93.8)

Table 5 presents the multivariable logistic regres-
sion analysis of factors associated with suboptimal
cytoreduction. Intraperitoneal carcinomatosis was
identified as a statistically significant independent
predictor of suboptimal cytoreduction, with an ad-
justed odds ratio (OR) of 3.76 (95% CI: 1.58-8.95;
p=0.003), indicating substantially higher odds of
suboptimal surgical outcome in patients with intra-
peritoneal carcinomatosis. Similarly, ascites >1000
mL was independently associated with suboptimal
cytoreduction, with an adjusted OR of 2.41 (95% CI:
1.03-5.65; p=0.043). Peritoneal involvement

showed a tendency toward increased odds of subop-
timal cytoreduction (adjusted OR 2.18, 95% CI:
0.94-5.05; p=0.070), although this did not reach sta-
tistical significance. Other evaluated factors, includ-
ing ASA class II versus I, pleural effusion, omental
extension, liver involvement, and CA-125 >400
U/mL, were not significantly associated with subop-
timal cytoreduction (p>0.05). Overall, the analysis
indicates that extensive intraperitoneal disease and
large-volume ascites were the principal independent
predictors of difficulty in achieving optimal cytore-
duction.

Table 5: Multivariable Logistic Regression Analysis of Factors Associated with Suboptimal Cytoreduc-
Predictor Adjusted OR 95% CI P value

ASA classITvs 1 1.74 0.76-3.98 0.189

Pleural effusion 1.82 0.69—4.81 0.225
Intraperitoneal carcinomatosis 3.76 1.58-8.95 0.003

Omental extension 1.31 0.53-3.25 0.557

Liver involvement 1.58 0.53-4.71 0.41

Peritoneal involvement 2.18 0.94-5.05 0.07
CA-125>400 U/mL 1.09 0.48-2.47 0.838

Ascites >1000 mL 241 1.03-5.65 0.043

Table 6 summarizes the overall primary cytoreduc-
tive surgical outcomes among the 85 patients in-
cluded in the analysis. Optimal cytoreduction, de-
fined as residual disease of <1 c¢cm, was achieved in
37 patients (43.5%), whereas 48 patients (56.5%)
had suboptimal cytoreduction with residual disease
>1 cm. Thus, suboptimal cytoreduction was more

Kumar et al.

frequently observed than optimal cytoreduction in
the study population, indicating that achieving min-
imal residual disease remained challenging in a sub-
stantial proportion of patients undergoing primary
cytoreductive surgery for advanced epithelial ovar-
ian cancer.
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Table 6: Overall Primary Cytoreductive Surgical Qutcome
Cytoreductive outcome Patients No. %
Optimal cytoreduction (<1 cm residual disease) 37 43.5
Suboptimal cytoreduction (>1 cm residual disease) 48 56.5
Total 85 100

Discussion

This prospective study assessed the value of clinico-
pathological, biochemical, and radiological markers
in predicting optimal primary debulking in patients
with advanced EOC. Of the patients, 43.5% had op-
timal cytoreduction (residual disease <l cm) and
56.5% had suboptimal cytoreduction. The main re-
sult was that the amount of intra-peritoneal disease
and the amount of ascites were better predictors of
the surgical outcome than any one clinical feature,
CA-125 concentration or isolated radiological ab-
normality. Carcinomatosis was present in 55.3% of
patients and was significantly related to suboptimal
cytoreduction; 74.5% of the patients with carcino-
matosis had suboptimal surgery, compared to 34.2%
of those without carcinomatosis (p<0.001). Carcino-
matosis was an independent risk factor for subopti-
mal cytoreduction on multivariable analysis with
3.76-fold odds (95% CI: 1.58-8.95; p=0.003). The
results of this study corroborate previous reports that
the distribution and amount of intra-abdominal dis-
ease are key factors in determining feasibility of
complete or near-complete cytoreduction. In a study
of 42 patients, Nelson et al. found that the positive
predictive value of pre-operative abdominopelvic
CT for a suboptimal surgical result was 67%, sug-
gesting that radiologic evidence of extensive disease
could identify a significant number of patients that
would not have a satisfying cytoreduction [11]. But
the poor predictive ability in that study also high-
lights the non-reliance that can be placed on radio-
logical prediction alone.”

Another significant predictor in this study was asci-
tes. The proportion of patients with suboptimal sur-
gery was also significantly higher in cases of ascites
>1000 mL (69.2%) compared with those with asci-
tes <1000 mL (45.7%) (p=0.048). In addition, high
volume ascites remained significant after other fac-
tors were accounted for with an adjusted OR of 2.41
(95% CI 1.03-5.65; p=0.043). The significance of
ascites agrees with the criteria that have been used
in the past to identify patients at high risk for unre-
sectable or incomplete resectable disease. It has been
described in previous literature that the major fea-
tures associated with difficult primary cytoreduction
are ascites (volume > 1000 mL), peritoneal carcino-
matosis, parenchymal liver disease, splenic metasta-
sis and omental extension to spleen, porta hepatis
disease and bulky diaphragmatic disease [9]. Eisen-
kop and Spirtos stressed that the goals and technical
expertise of gynecologic oncologic surgery have
significantly changed over the years and that disease
distribution should be taken into account in addition
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to the surgeon's skill in performing extensive sur-
gery. Eltabbakh et al. studied the factors that deter-
mine cyto-reducibility in a similar study and showed
that the anatomic distribution of ovarian cancer is
closely related to the potential for achieving ade-
quate surgical clearance [12]. The present finding of
ascites >1000 mL in 32.4% of optimally cytore-
duced patients also shows that the presence of high-
volume ascites should not be an absolute contraindi-
cation to primary surgery.

Preoperative CA-125, on the other hand, had little
discriminant power in the present cohort. CA-125
was >400 U/mL in 68.2% of patients, and the pro-
portion of patients that underwent suboptimal cy-
toreduction was nearly identical between those who
were CA-125 <400 U/mL and >400 U/mL (55.6%
vs 56.9%, respectively; p=1.000). The comparison
based on the surgical outcome was also not signifi-
cant as elevated CA-125 was found in 67.6% of op-
timally cytoreduced patients and 68.8% of sub opti-
mally cytoreduced patients. This is a very consistent
result with previous data calling into doubt the use-
fulness of CA-125 as a solo predictor of the surgical
outcome. In particular, Memarzadeh et al. found that
CA-125 was a poor predictor of optimal cytoreduc-
tive surgery in advanced epithelial ovarian cancer
[13]. Barlow et al. also studied presurgical CA-125
as a marker for optimal tumor cytoreduction and
showed the limitations of using this biochemical
marker alone [14]. Therefore, the present results
support the idea that CA-125 is a reflection of the
overall burden or biological activity of the disease
and not necessarily a reflection of the anatomic dis-
tribution or fixation or technical resectability of dis-
ease.

Radiological results in the present study revealed a
uniform but statistically non-significant trend of
higher disease load in patients who underwent
suboptimal cytoreduction. Omental extension was
found in 25% of patients with suboptimal surgery
versus 16.2% (p=0.425) and liver involvement in
18.8% of patients with suboptimal surgery versus
10.8% (p=0.375). A greater difference was observed
with peritoneal involvement (39.6% vs. 21.6% in
suboptimal and optimal cytoreduced patients, re-
spectively; p=0.101). These findings are directly
consistent with investigations of the efficacy of CT-
based predictors of suboptimal cytoreduction. In a
multi-institutional reciprocal validation study, Ax-
tell et al. showed that the creation of CT criteria with
consistently good predictive performance in differ-
ent institutions and among different surgeons is not
easy [15]. Their findings will have special
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significance in relation to the present study, in that
the apparently bad radiological aspects of each indi-
vidual case, when taken alone, do not necessarily in-
dicate surgical failure. Similarly, Martinez-Said et
al. assessed predictive factors of irresectibility in ad-
vanced ovarian cancer and showed the significance
of'the disease distribution in surgical feasibility [16].

In the current study, however, pleural effusion and
overall clinical condition were not significant pre-
dictors. There was no statistically significant associ-
ation between pleural effusion and suboptimal cy-
toreduction (75.0% of patients with pleural effusion
underwent suboptimal cytoreduction vs 52.2% with-
out effusion; p=0.161). A similar pattern was seen
for suboptimal cytoreduction, 65.5% for ASA II pa-
tient’s vs 51.8% for ASA I patients (p=0.256). Based
on the findings of this study, it is possible that pa-
tient fitness alone may be less informative than the
extent of disease when the primary endpoint is the
amount of residual tumor after primary surgery. The
failure to achieve statistical significance for the
pleural effusion may, in part, be due to the relatively
small number of patients with effusion (16 patients).
This is in line with previous research which cau-
tioned that individual predictors may be unreliable
based on relatively small samples and heterogene-
ous surgical populations [12,15].

Finally, the current results show that none of the
clinical, biochemical, or radiological parameters are
sufficiently accurate to predict optimal primary cy-
toreduction. This confirms the literature, which has
already demonstrated time and time again that clini-
cal parameters, serum CA-125 thresholds, and con-
ventional imaging criteria are not as predictive when
used alone [10,14,13,15]. The current study, how-
ever, has been able to reveal two preoperative mark-
ers that were particularly useful: Intraperitoneal car-
cinomatosis and high-volume ascites, which were
still significant when adjusted for multiple factors.
Adjusted ORs of 3.76 for carcinomatosis and 2.41
for ascites >1000 mL suggest that the distribution of
the disease and fluid burden may be more clinically
meaningful than either CA-125 level or images
alone. It is important to note that peritoneal involve-
ment was borderline independent with a statistically
significant contribution (adjusted OR 2.18;
p=0.070), and a larger cohort of patients may reveal
a statistically significant contribution. These find-
ings contribute to a multi-dimensional pre-op evalu-
ation not dependent on a single threshold or imaging
characteristic. They also confirm the findings of Ax-
tell et al. that the assessment of the predictions
should differ between institutions as surgical skills
and the surgeon's inclination to perform extensive
procedures may have a significant impact on the cy-
toreductive result [15]. Thus, in advanced EOC, a
prediction of likelihood of optimal primary cytore-
duction should incorporate the overall pattern of dis-
ease distribution, ascites volume, biochemical
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markers, general disease-related parameters and in-
stitutional expertise in surgical treatment.

Conclusion

This prospective study demonstrates that achieving
optimal primary cytoreduction in patients with ad-
vanced epithelial ovarian cancer is influenced pre-
dominantly by the extent of intraperitoneal disease
and the volume of ascites rather than by individual
clinical, biochemical, or isolated radiological pa-
rameters. Intraperitoneal carcinomatosis was the
most significant independent predictor of subopti-
mal tumor cytoreduction and larger volume of asci-
tes was also independently associated with the prob-
ability of suboptimal surgical cytoreduction. Other
factors like effusion in the pleura, extension of the
omentum, liver involvement, peritoneal involve-
ment, adenopathy, higher levels of CA-125 and
ASA status were variably associated with surgical
outcome but lost their independent predictive value
in the multivariable analysis. These results empha-
size the need for thorough assessment of the patient
prior to surgery, including clinical assessment, se-
rum markers, ascite volume and careful radiological
evaluation of disease distribution, to identify those
patients who may be less likely to achieve optimal
cytoreduction. Precise prediction before surgery
may help in individualized surgical planning, patient
selection, multidisciplinary decision making, and
even considering other treatment modalities when a
lot of disease is expected, and thus help better man-
age advanced epithelial ovarian cancer.
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