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To determine the prognostic importance of pleural effu-
sions on preoperative computed tomographic (CT) images
in patients with advanced epithelial ovarian cancer.

The institutional review board waived informed consent
for this HIPAA-compliant study of 203 patients with Inter-
national Federation of Obstetrics and Gynecology stage IlI
(n = 172) or IV (n = 31) epithelial ovarian cancer who
underwent CT before primary cytoreductive surgery be-
tween 1997 and 2004 (mean age, 61 years; range, 37—
96 years). Two radiologists retrospectively evaluated chest
and/or abdominal CT images for pleural malignancy and
the presence, size, and laterality of pleural effusions. To
evaluate survival, Kaplan-Meier methods were used, with
log-rank P values for comparisons. Multivariate analyses
were conducted by using Cox proportional hazards regres-
sion. k Statistics were calculated for interreader agreement.

Median survival was 50 months (95% confidence interval
[CI]: 45, 55 months) for patients with stage III disease
and 41 months (95% CI: 27, 58 months) for patients with
stage IV disease. Readers 1 and 2 found pleural effusions
in 40 and 41 stage IIl and 20 and 21 stage IV patients,
respectively. At multivariate analysis, after controlling for
stage, age at surgery, preoperative serum CA-125 level,
debulking status, and ascites, moderate-to-large pleural
effusion on CT images was significantly associated with
worse overall survival (reader 1: hazard ratio = 2.27
[95% CI: 1.31, 3.92], P < .01; reader 2: hazard ratio = 2.25
[95% CI: 1.26, 4.01], P = .02). Preoperative CA-125 level,
debulking status, and ascites were also significant survival
predictors (P = .03 for all for both readers). Readers
agreed substantially in distinguishing small from moder-
ate-to-large effusions (k = 0.764).

Moderate-to-large pleural effusion on preoperative CT
images in patients with stage Il or IV epithelial ovarian
cancer was independently associated with poorer overall
survival after controlling for age, preoperative CA-125 level,
surgical stage, ascites, and cytoreductive status.

©RSNA, 2011
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mong gynecologic cancers in the

United States, ovarian cancer is

the second most common and re-
sults in the greatest number of deaths
(1). The primary management of ovarian
cancer involves initial surgical staging for
disease apparently confined to the ovary
or surgical cytoreduction or debulking in
cases of grossly evident metastatic dis-
ease. On the basis of the primary surgical
findings, patients are staged according to
the International Federation of Obstet-
rics and Gynecology (FIGO) system (2).
FIGO stage is one of the most power-
ful prognostic factors for patients with
ovarian cancer: The higher the stage, the
lower the rate of survival.

The FIGO staging system can be
summarized as follows: Stage 1 de-
scribes any disease confined only to the
ovaries, stage Il is assigned when the dis-
ease spreads to pelvic organs, stage III
includes peritoneal spread beyond the
pelvis and/or pelvic or paraaortic lymph
node involvement, and stage IV involves
any distant metastasis (2). Unfortunately,
early disease causes minimal, nonspe-
cific, or no symptoms, and more than
75% of all ovarian cancer cases are di-
agnosed at stage Il or IV (3).

The use of computed tomography
(CT) to locate tumor deposits before
primary debulking has become standard
practice. Typically, an attempt is made
to identify signs of transdiaphragmatic
tumor spread, such as pleural metasta-
ses and pleural effusions, on chest CT
images because their presence may have
a substantial effect on further manage-
ment. Previous reports in the literature
have identified CT findings that are
considered to be indicators of whether
a pleural effusion is malignant, such as
pleural thickening greater than 1 cm

Advance in Knowledge

B [n patients with stage Il or IV
epithelial ovarian cancer, a
moderate-to-large pleural effusion
on preoperative CT was indepen-
dently associated with poorer
overall survival after controlling
for age, preoperative CA-125
level, surgical stage, presence of
ascites, and cytoreductive status.

and/or pleural nodularity and irregular-
ity (4,5). In patients with ovarian cancer,
pleural effusions have been reported to
be more likely to be malignant when they
are moderate to large in size and when
they are associated with enlarged supe-
rior diaphragmatic lymph nodes (6).

The relationship between survival
and malignant pleural effusions, as com-
pared with other stage IV-defining find-
ings (eg, parenchymal liver metastases),
is uncertain. Some authors have found
comparable survival rates in patients with
cytologically proved malignant pleural
effusion versus patients with stage IV
disease on the basis of liver metastases,
whereas others have reported a trend
toward a more favorable prognosis for
those patients with malignant pleural
effusions (7-9). Results of a previous
study from our institution (10) showed
that patients with advanced ovarian
cancer who underwent optimal primary
cytoreduction but had malignant pleural
effusions had a worse prognosis than
those who underwent optimal primary
cytoreduction and did not have effu-
sions. The presence of pleural effusion
does not preclude surgical cytoreduction
(8,9). The decision regarding whether or
not to perform a thoracentesis to eval-
uate the cytology of the pleural fluid in
patients with effusions is usually based
on clinical judgment (11). In a series of
studies at our institution (10,12,13), it
was found that a considerable percent-
age of pleural effusions were presumed
to be reactive and were therefore not
properly evaluated for possible malig-
nancy, leaving viable tumor in the chest
even after optimal intraabdominal de-
bulking. So far, to our knowledge, no
large studies have been performed to
assess whether pleural effusion at ini-
tial presentation has a negative effect on
survival.

Implication for Patient Care

B When reading preoperative CT
scans in patients with stage Il or
IV epithelial ovarian cancer, radi-
ologists should be sure to report
the presence and size of pleural
effusions, pointedly noting any
that are moderate to large.

The identification of new prognostic
markers to stratify patients with ad-
vanced ovarian cancer could improve
treatment decision making. The goal of
our study was to determine the prog-
nostic importance of pleural effusions
identified preoperatively on CT images
in patients undergoing primary cytore-
duction for stage III or IV epithelial
ovarian cancer.

Materials and Methods

Patients

Our retrospective cross-sectional imag-
ing study was compliant with the Health
Insurance Portability and Accountabil-
ity Act. The institutional review board
of Memorial Sloan-Kettering Cancer
Center approved the study and issued a
waiver of informed consent. By means
of a computerized review of institu-
tional gynecologic surgery and radiology
databases for the period from January
15, 1997, to December 22, 2004, we
identified 212 consecutive patients with
stage Il or IV ovarian cancer who met
the following inclusion criteria: primary
surgery performed at our institution, CT
of the chest and/or abdomen performed
up to 45 days before the primary sur-
gery, and no neoadjuvant chemotherapy
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in the interval between CT examination
and surgical staging.

Although all patients had to have
good performance status to undergo
major surgical cytoreduction, medical
records were reviewed for the pres-
ence of comorbidities that might cause
pleural effusions (eg, heart failure, low
protein status, renal failure), and no
such comorbidities were found. Age,
preoperative CA-125 level, and cancer
stage were recorded from the patients’
medical records. Nine patients were
excluded from the study because their
preoperative CA-125 levels were miss-
ing from the medical records. Thus,
a total of 203 patients (stage Ill, n =
172; stage 1V, n = 31) were included.
We combined stage Il and IV disease
into the category of advanced ovarian
carcinoma on the basis of management
in the past several years, during which
patients with stage IV disease started
undergoing primary cytoreduction simi-
lar to patients with stage Il disease. If
a patient underwent CT imaging more
than once within the 45 days before
surgery, the most recent CT study was
used.

CT Scans

CT examinations were performed with
section thicknesses ranging from 5 to
10 mm. For CT examinations not per-
formed at our institution, the type of
CT scanner and the amount of contrast
material were unknown. At our in-
stitution, CT imaging was performed
with various scanners (GE Medical
Systems, Milwaukee, Wis). Our stan-
dard CT protocols were tailored to
the individual scanners. Before October
1, 2000, studies were obtained with a
conventional nonhelical scanner; after-
ward, they were obtained with a helical
scanner with one to 16 detector rows.
Standard collimation was 10 mm for the
nonhelical scanners, 7 mm for single—
detector row scanners, 3.75 mm for
four-detector row scanners, 2.5 mm
for eight-detector row scanners, and
1.25 mm for 16-detector row scanners.
The pitch used with helical scanners
varied during the examination and with
different scanners (range, 0.75-1.5).
The standard section thickness for

image viewing was 10 mm for nonheli-
cal scanners, 7 mm for single-detector
row scanners, and 7.5 mm for four-,
eight—, and 16-detector row scanners.
For all CT examinations performed
at our institution, a dynamic power
injection of 150 mL of nonionic intra-
venous contrast material was adminis-
tered at a rate of 2.5 mL/sec (or more
slowly if mandated by suboptimal ve-
nous access). Time delay to scanning
varied with the type of scanner used
but was determined on the basis of
the typical time to portal venous phase
imaging. All CT studies that were per-
formed outside our institution were
digitized and sent to our enterprise-
wide picture archiving and communica-
tion system. Of the 203 patients in the
study, 202 (99.5%) underwent CT with

intravenous contrast material.

Image Analysis

Two radiologists separately read all of
the CT scans, evaluating the presence,
size, and laterality of pleural effusions
and assessing the pleura for evidence
of malignancy, such as nodularity, pleu-
ral thickness greater than 1 cm, and
regions of enhancement. When a scan
showed bilateral pleural effusion, the
maximum effusion size was recorded
as the size. Reader 1 (S.M.) was fel-
lowship trained in body imaging and
had 9 years of clinical experience in
oncologic imaging at our institution.
Reader 2 (H.V.A.) was a body imaging
fellow. Both radiologists were aware
that the patients had stage III or IV
ovarian cancer but were blinded to the
patients’ clinical data, prospective CT
reports, and pathologic findings. The
radiologists were not involved with the
patients’ clinical care or the interpreta-
tion of the patients’ original CT studies.
Both radiologists reviewed the CT stud-
ies during five to six sessions. Pleural
effusion size was categorized on the
basis of visual estimation as small (oc-
cupying less than one-third of the vi-
sualized hemithorax), moderate (oc-
cupying one-third to two-thirds of the
hemithorax), or large (occupying more
than two-thirds of the hemithorax).
Previous work has suggested visual ap-
proximation to be about 85% accurate

compared with three-dimensional CT
reconstruction (14). The laterality of
the pleural effusions was recorded as
right, left, or bilateral.

Standard of Reference

Intraoperative notes and pathology
reports were retrospectively reviewed
by a research study assistant to de-
termine whether the effusions were
tapped preoperatively and, if so, what
their cytopathologic results were. All
patients had cytoreduction and stag-
ing performed at our institution by a
gynecologic oncology surgical team with
experience that ranged from 3 to 30 years.
The definitive intervention was compre-
hensive staging laparotomy, which in-
cluded total abdominal hysterectomy,
bilateral salpingo-oophorectomy, omen-
tectomy, extensive tumor debulking, peri-
toneal washing, multiple biopsies from
peritoneal sites, and pelvic and retro-
peritoneal lymphadenectomy.

Statistical Analyses

Survival was defined as time from sur-
gery until death. Patients who did not
die were censored at the last follow-up.
Overall survival estimates were computed
by using the Kaplan-Meier method, and
comparisons in survival were made by
using the log-rank test. To determine
independent predictors of survival, Cox
proportional hazards regression models
were used, and the resulting hazard
ratios were reported with their 95%
confidence intervals (Cls). Differences
in features between subgroups were
evaluated by using a x> or Fisher exact
test. For multivariate analysis, patients
were grouped on the basis of whether
or not they had any pleural effusion on
CT images. All P values less than .03
were considered to indicate a significant
difference.

k Statistics with 95% Cls were calcu-
lated to assess interreader agreement
on the presence (yes vs no), size (small,
moderate, orlarge), and laterality (right,
left, or bilateral) of pleural effusion and
the diagnosis of pleural metastasis. The
K statistics were interpreted as follows:
a k statistic of zero was considered to
indicate no agreement; 0-0.20, slight
agreement; 0.21-0.40, fair agreement;
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Table 1

Distribution of CT Scan Types and
Pathologic Disease Characteristics

Characteristic Patients (n = 203)
Scan type
Abdomen 4(2)
Abdomen and pelvis 133 (66)
Chest 8(4)
Chest and abdomen 1(<1)
Chest, abdomen, and 57 (28)
pelvis
Pathologic stage
A 5(2)
B 11 (5)
lne 156 (77)
\ 31 (15)
Histologic finding
Serous 173 (85)
Endometrial 703
Clear cell 1(<1)
Mixed or other 22 (11)
Residual disease (cm)
None or microscopic 45 (22)
<0.5 66 (33)
0.5-1.0 40 (20)
1.0-2.0 9 (4)
>2 43 (21)

Note.—Data are numbers of patients, with percentages
in parentheses.

0.41-0.60, moderate agreement; 0.61-
0.80, substantial agreement; and 0.81-1,
almost perfect agreement. All statisti-
cal analyses were performed by using
commercially available software (Inter-
cooled Stata, version 8.0 for Windows,
Stata, College Station, Tex; SAS, ver-
sion 9.0 for Windows, SAS Institute,
Cary, NC).

Patient and Scan Characteristics

Patient age ranged from 37 to 96 years,
with a mean of 61 years. The time from
CT scanning to surgery ranged from 1 to
43 days, with a mean of 15 days. Fifty-
nine patients (29%) had their CT scan-
ning performed at our institution, and
144 (71%) had their studies performed
elsewhere. The distributions of CT scan
types and pathologic disease character-
istics are displayed in Table 1.

Size, Laterality, and Tapping Status
of Pleural Effusions

On CT images, reader 1 detected pleural
effusions in a total of 60 patients (stage IlI,
n = 40; stage IV, n = 20), while reader
2 detected pleural effusions in a total of
62 patients (stage IIl, n = 41; stage 1V,
n = 21). Out of the 62 patients with
pleural effusion identified on CT images
by at least one reader, only one patient
had undergone CT imaging without in-
travenous contrast material, and thus,
the rate of intravenous contrast material
usage in this group was 98%. The two
readers displayed nearly perfect agree-
ment in detecting pleural effusion (k =
0.977; 95% CI: 0.944, 1). For patients
identified by both readers as having pleu-
ral effusion, the two readers displayed
substantial agreement in distinguish-
ing between small, moderate, and large
pleural effusions (x = 0.748; 95% CI:
0.612, 0.885) and slightly higher agree-
ment in distinguishing between small
and moderate-to-large pleural effusions
(k =0.764; 95% CI: 0.599, 0.928). They
also agreed substantially on the lateral-
ity of pleural effusion (k = 0.6135; 95%

Figure 1:  Contrast material-enhanced CT
images of the thorax in a 58-year-old woman with
high-grade papillary-serous ovarian carcinoma.

() Large partially loculated right-sided pleural effusion
with posterior pleural thickening in the upper thorax
(arrow) at initial presentation. (b) Mild right pleural
enhancement in the lower thorax suggestive of
malignant pleural involvement (arrow), which was
confirmed with video-assisted thoracic surgery.

(c) Image obtained 6 months after optimal debulking
in the abdomen and pelvis and a few cycles of
platinum-based chemotherapy shows an increase
in circumferential pleural metastasis (arrowheads),
consistent with persistent thoracic disease.

CI: 0.436, 0.795). Right-sided pleural ef-
fusion was found to be more common
(a well-known fact); it was identified by
reader 1 in 44 patients and by reader 2
in 50 patients.

Interreader agreement regarding
the diagnosis of pleural metastasis
(ves vs no) was fair (k = 0.232; 95% CI:
0.024, 0.440) (Fig 1). Of the 41 patients
with stage III disease in whom pleural
effusion was detected by at least one
reader, 40 (98%; 95% CI: 88%, 100%)
had not had the effusion tapped. Of
the 21 patients with stage IV disease in
whom pleural effusion was detected by
at least one reader, three (14%; 95%
CI: 3%, 36%) had not had it tapped.
Patients with stage Il disease were sig-
nificantly less likely to have had their
effusions tapped (P < .001) (Table 2).

Relationship between Pleural

Effusion and Survival

For the entire set of 203 patients, the
median survival was 48 months (95%
CI: 44, 54 months), with a total of 132
deaths. Median follow-up for survivors
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was 52 months. Among the 172 pa-
tients with stage Ill disease, 107 deaths
occurred during the study period, and
median survival was 50 months (95%
CI: 45, 55 months). Among the 31 pa-
tients with stage IV disease, there were
235 deaths during the study period, and
median survival was 41 months (95%
CI: 27, 58 months). Survival did not dif-
fer significantly between patients with
stage Il disease and those with stage [V
disease (P = .105) (Fig 2).

Among patients with stage Il dis-
ease, median survival was 47 months
(95% CI: 34, 54 months) for those with
pleural effusion on CT images versus
50 months (95% CI: 45, 65 months) for
those without pleural effusion for both
readers. The difference was significant
for reader 1 (P = .04) and not significant
for reader 2 (P = .07). Among patients
with stage IV disease, median survival
periods for patients with and those
without pleural effusion on CT im-
ages were 38 months (95% CI: 13,
54 months) and 45 months (95% CI:
18, 69 months), respectively, for reader
1 and 38 months (95% CI: 18, 54 months)
and 51 months (95% CI: 2, 73 months),
respectively, for reader 2. The differ-
ence was not statistically significant
for either reader (reader 1: P = .82,
reader 2: P = .538) (Fig 3). However,
when data from all patients (regardless
of stage) were combined and effusions
were broken down by size, a significant
difference in survival was found be-
tween patients with no or a small effu-
sion versus those with a moderate-to-
large effusion as assessed by reader 1
(P = .006) and by reader 2 (P = .015)
(Fig 4).

Survival did not differ significantly
between patients who had detectable
pleural metastasis on CT images and
those who did not for either of the radi-
ologists (reader 1: P=.108, reader 2: P =
.388) (Fig 5). Survival was significantly
worse in patients with bilateral pleural
effusions than in patients with no or uni-
lateral effusion on CT images (reader 1:
P = .041, reader 2: P =.037) (Fig 6).

Results of Multivariate Analysis

The significant predictors of survival
were found to be suboptimal debulking

Table 2

Tapping Status and Cytology Results for Patients with Pleural Effusion by Stage

Characteristic Stage Ill (n= 41) Stage IV (n = 21)
Untapped 40 (98) [88, 100] 3(13) [3, 36]
Benign 12 2(10)
Malignant 0(0) 16 (76)

Note.—Data are given for patients in whom pleural effusion was detected by at least one reader. Data are numbers of patients,

with percentages in parentheses and 95% Cls in brackets.

1.0
09 ¢
0.8
0.7 4
0.6
05

0.4 4

Proportion Surviving

0.3 1

0.2+

0.1

0.0 -

— Stage 111
-.Stage IV

P value = 0.105

Q 12 24 36 48

Figure 2:

with residual disease larger than 1 cm
(reader 1: hazard ratio [HR] = 2.06
[95% CI: 1.38, 3.08], P < .01; reader 2:
HR =2.10 [95% CI: 1.40, 3.16], P < .01);
the presence of a moderate-to-large
pleural effusion on CT images (reader
1: HR = 2.27 [95% CI: 1.31, 3.92],
P < .01; reader 2: HR = 2.25 [95%
Cl: 1.26, 4.01], P = .02); preoperative
serum CA-125 level, after Cox regres-
sion with pleural effusion (reader 1:
HR = 0.86 [95% CI: 0.75, 0.98], P =
.03; reader 2: HR = 0.85 [95% CI: 0.75,
0.98], P = .02); and ascites, after Cox
regression with pleural effusion (reader 1:
HR = 2.20 [95% CI: 1.37, 3.51], P <
.01; reader 2: HR = 2.20 [95% CI: 1.38,
3.52], P < .01).

Patient age at the time of surgery
and FIGO stage were not significant
predictors of survival (Table 3), nor
was pleural effusion laterality (reader 1:
P = .36; reader 2: P = .48) at multivariate
analysis (Table 4).

T T T
108 120 132

Months

Graph shows survival curves stratified by stage.

For patients with epithelial ovarian can-
cer, stage is determined according to
FIGO guidelines and is considered to
be the main indicator of prognosis (15).
Besides stage, several other prognostic
factors have been identified, including
age, the presence of ascites, and the
amount of residual disease after surgery
(16). Tumor grade has not been shown
to affect prognosis and survival in ovar-
ian cancer (P = .71) (17). Malignant
pleural effusions are classified as stage IV;
however, the simple presence of fluid
in the pleural cavity is not. Results of
a previous study (6) showed that when
they are moderate or large in size, pleu-
ral effusions noted on CT images are
more likely to be malignant; this finding
was achieved on the basis of compari-
son to the results of thoracentesis. The
accuracy of pleural fluid cytologic exam-
ination has previously been found to be
between 40% and 87% (18-20).
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Figure 3:  Graphs show survival curves for patients stratified by disease stage
and presence of pleural effusion (PE) on CT images according to readers

Figure 4:  Graphs show survival curves for patients stratified by pleural effu-
sion (PE) size on CT images as assessed by readers (a) 1 and (b) 2.

(a) 1 and (b) 2.

In our study, the presence of a
moderate-to-large pleural effusion on CT
images was an adverse prognostic fac-
tor in patients with stage III or IV epi-
thelial ovarian cancer when controlling
for other variables. Since many patients
who had pleural effusions in our study
did not have the pleural fluid removed
and evaluated for malignant cells, it is
unclear if the poor prognosis associated
with moderate-to-large effusions was
owing to the size of the effusions, the
likelihood that there were malignant cells
in the effusions, the possibility of the
effusions being associated with bulky
intrathoracic disease, or a combination
of the above. Clinical practice at our
institution is now changing. Research-
ers in several recent clinical studies

(10,12,13) (including video-assisted tho-
racic surgery studies) have demonstrated
that the thorax is frequently involved
in advanced ovarian cancer, harboring
undiagnosed pleural disease at the time
of diagnosis, and that this is likely to
affect survival even in cases of optimal
debulking.

At our institution, we now perform
video-assisted thoracic surgery in pa-
tients with moderate-to-large pleural
effusions. We have previously reported
that as many as 40% of patients with ad-
vanced ovarian carcinoma and moderate-
to-large pleural effusions may harbor
gross intrathoracic disease, which is
extremely useful information since pa-
tients with gross intrathoracic disease are
triaged to intrathoracic cytoreduction or

neoadjuvant chemotherapy depending
on the resectability of the intrathoracic
disease (12,13,21).

It is becoming increasingly clear
that ovarian cancer is a disease that
is amenable to local control and treat-
ment, which distinguishes it from other
cancers. To optimize survival, we must
strive to identify the tumor deposits
with imaging and to surgically eradi-
cate the bulk of the tumor in all pos-
sible locations, aiming for optimal cy-
toreduction. Aletti et al (9) showed that
patients with pleural effusion at initial
diagnosis were more likely to have either
pleural or chest disease at the time of first
recurrence (56.3% vs 15.6%, P < .001)
and at the time of last follow-up (74.2%
vs 27.3%, P < .001). In the future,
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given the success of intraperitoneal che-
motherapy for epithelial ovarian cancer,
it may be reasonable to further inves-
tigate intrapleural chemotherapy in
optimally debulked advanced ovarian
carcinoma with documented malignant
effusion (22,23).

Our study had a number of limita-
tions. Selection bias may have occurred
because we included only patients who
had CT studies performed before pri-
mary cytoreductive surgery. We did not
include patients who were treated with
neoadjuvant chemotherapy or any other
type of therapy, but since primary cyto-
reduction is currently our standard of
care, we felt this was a reasonable
choice. Additionally, we chose a some-
what arbitrary period between imaging
and surgery of 45 days or less. However,

Figure 5:  Graphs show survival curves for patients stratified by presence of
pleural metastasis on CT images as assessed by readers (a) 1 and (b) 2.

we reviewed only the most recent imag-
ing study for each patient because we
wanted the interval between CT exami-
nation and surgery to be as short as
possible so that the analysis of the rela-
tionship between imaging and surgical
findings would be valid. Furthermore,
our reference standard was limited, as
most of the effusions identified on CT
images did not have a pathologic diag-
nosis. Therefore, our results only in-
dicated that, in patients with stage III
or IV ovarian cancer, the presence of
a moderate to large (but not a small)
effusion on CT images was an adverse
prognostic factor.

Another possible limitation was that
we combined patients with stage Il dis-
ease with those with stage IV disease in
some of our analyses. We considered
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Figure 6:  Graphs show survival curves for patients stratified by pleural effu-
sion (PE) laterality on CT images as assessed by readers (a) 1 and (b) 2.

this reasonable since many patients
with stage Il disease and pleural ef-
fusions did not undergo throacentesis
and consequently could have been un-
derstaged, whereas most patients with
stage IV disease and pleural effusions
underwent thoracentesis with the find-
ing of malignant cells, which is what
caused them to be assigned stage 1V
disease. We also combined stage Il and
IV disease because, for the past sev-
eral years, stage IV disease has been
managed similarly to stage Il disease.
Cytoreduction has been shown to im-
prove overall outcome in patients with
stage IV disease, particularly if based
on positive pleural cytology, even though
the optimal abdominal debulking rate is
lower than that in patients with stage Il
disease, and optimal cytoreduction may
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Table 3

Multivariate Analysis of Survival with Pleural Effusion Classified as Absent, Small,

or Moderate to Large

Reader 1 Reader 2
Variable HR* PValue HR* PValue
FIGO stage .92 .97
Il Reference Reference
vV 1.03 (0.62, 1.69) 1.01 (0.61, 1.68)
Age at surgery® 1.13(0.95,1.33) 16 1.12(0.95,1.32) .20
CA-125% 0.86 (0.75, 0.98) .03 0.85 (0.75, 0.98) .02
Debulking status <.01 <.01
Optimal Reference Reference
Suboptimal 2.06 (1.38, 3.08) 2.10 (1.40, 3.16)
Ascites <.01 <.01
No Reference Reference
Yes 2.20(1.37,3.51) 2.20(1.38, 3.52)
Pleural effusion <.01 .02
None Reference Reference
Small 0.91(0.56, 1.48) 0.95 (0.59, 1.54)

Moderate or large 2.27(1.31,3.92)

2.25 (1.26, 4.01)

* Data in parentheses are 95% Cls.
T For an increase of 10 years.
* For an increase by a multiple of e.

Table 4

Multivariate Analysis of Survival with Pleural Effusion Classified by Laterality

Reader 1 Reader 2
Variable HR* PValue HR* PValue
FIGO stage .32 .36
1l Reference Reference
W 1.27 (0.80, 2.03) 1.24 (0.78,1.99)
Age at surgery® 1.12(0.95,1.32) .20 1.11(0.94,1.31) .20
CA-125% 0.86 (0.75, 0.98) .03 0.87 (0.76, 0.99) .04
Debulking status <.01 <.01
Optimal Reference Reference
Suboptimal 2.03(1.28, 3.24) 1.85(1.24,2.76)
Pleural effusion .36 .48
None Reference Reference
Unilateral 1.11 (0.69, 1.79) 1.11 (0.65, 1.90)
Bilateral 1.50 (0.86, 2.61) 1.35(0.83,2.18)

* Data in parentheses are 95% Cls.
* For an increase of 10 years.
* For an increase by a multiple of e.

not be possible for all patients (9).
We also did not account for the effect
of histologic tumor type on survival.
However, the number of nonserous tu-
mors was so low that meaningful sub-
division was impossible (173 [85%] of

the 203 patients had papillary-serous
carcinoma).

To keep the number of eligible pa-
tients high, we used all available CT im-
ages, even though some were obtained
at outside institutions with varying

CT techniques. CT technology evolved
substantially between 1997 and 2004;
however, determination of the size and
laterality of pleural effusion is unlikely
to be affected by scanning technique or
equipment. Detection of pleural meta-
stasis could have been difficult on digi-
tized images from outside institutions,
and this could account for the low in-
terreader agreement between the two
radiologists. Most likely, positron emis-
sion tomography (PET)/CT is a more
sensitive tool for the detection of pleu-
ral metastasis (24). Since a consider-
able number of the CT scans were ob-
tained at outside institutions, it was not
possible to apply a computer-assisted
method of effusion volume estimation,
which may be more accurate than the
visual method that was used by the ra-
diologists in our study.

In summary, we found that, in pa-
tients with stage Ill or IV epithelial ovarian
cancer, the presence of a moderate-to-
large pleural effusion on CT images was
independently associated with poorer
overall survival after controlling for age,
stage, preoperative serum CA-125 level,
and debulking status. In our study,
readers of different experience levels
displayed substantial agreement in de-
termining the size of pleural effusion,
suggesting that the assessment of this
important imaging finding in patients
with advanced epithelial ovarian cancer
is reproducible. Therefore, when read-
ing preoperative CT scans in patients
with stage Il or IV epithelial ovarian
cancer, radiologists should be sure to
report the presence and size of pleural
effusions. Patients with moderate-to-
large effusions may benefit from further
evaluation with PET/CT imaging or
even video-assisted thoracic surgery to
detect pleural metastasis and facilitate
appropriate management.
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