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ABSTRACT
Background. We evaluated the role of 18F-fluorodeoxy

glucose (FDG) PET-CT scan in the diagnosis of early relapse
in patients with epithelial ovarian cancer (EOC) who were
asymptomatic but had a rising serum CA-125 level.

Methods. Between May 2006 and July 2008, 16 patients
with advanced EOC (stages III and IV) who had achieved
complete response after cytoreductive surgery and platinum-
based chemotherapy were included. These patients were
asymptomatic but had a rising serum CA-125 level with
normal physical examination and contrast-enhanced CT scan
of the abdomen and pelvis. Patients were evaluated with
18F-FDG PET-CT scan. Written informed consent was taken.
Patients with a positive PET-CT scan were advised ultrasound-
guided fine-needle aspiration cytology (FNAC) from the area
showing increased uptake. Patients in whom FNAC was
negative or inconclusive or those with negative PET-CT scan
were followed up closely for the next 6 months with repeat
clinical evaluation and CT scan.

Results. Fifteen patients (15/16) had a positive PET-CT
scan. In 9 patients the positive PET lesion was confirmed on
FNAC, while in 5 patients this was confirmed on follow-up CT
scan after 6 months. One patient who had a single positive
lesion in the pelvis on PET-CT was initially considered false-
positive because a follow-up CT scan at 6 months did not show
the lesion. However, on regular follow-up after 2 years, she
was detected to have an isolated lesion in the PET-positive area
which was confirmed on secondary cytoreduction. This patient
was considered as true-positive in the current analysis. One
patient, who had a negative PET-CT scan and a negative CT
scan at 6 months’ follow-up was considered true-negative. The
sensitivity and specificity of PET-CT scan was 100%. We
could confirm positivity on histopathology/FNAC in 10 of the
15 (66.7%) true-positive cases.

Conclusion. 18F-FDG PET-CT scan is a sensitive and
specific technique for early diagnosis of relapse in asymptomatic
EOC patients with rising CA-125. However, its role in the

management of recurrent ovarian cancers needs further
evaluation.
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INTRODUCTION
Primary cytoreductive surgery followed by paclitaxel and platinum-
based chemotherapy is the standard treatment for patients with
advanced epithelial ovarian cancer (EOC). Despite good clinical
and radiological response in almost 75% of patients, more than
half the patients relapse after a median of 18–24 months.1 Serum
CA-125 is a very sensitive marker of recurrence preceding clinically
apparent disease by an average of 3–6 months.2 In patients with
early recurrence with only elevated serum CA-125, it is often
difficult to confirm the site of disease by conventional imaging
modalities.3 The present diagnostic techniques, such as computed
tomography (CT), magnetic resonance imaging (MRI) and
ultrasonography lack sensitivity to consistently detect metastatic
sites in recurrent ovarian cancer.4 CT scan of the abdomen and
pelvis, commonly used during follow-up, has a sensitivity of
40%–63%, specificity of 50%–94%, positive predictive value
(PPV) of 67%–83% and a negative predictive value (NPV) of
25%–83%.5–7 Its major limitation is the low sensitivity for small
tumour deposits, especially on the small bowel or mesentery and
in normal-sized lymph nodes.8 Detection of iso-attenuating
tumour deposits on the surface of the viscera using CT scan is
difficult.9–11 On the other hand, MRI is effective in the detection
of metastases on peritoneal surfaces and serosa of the bowel
because of marked enhancement of these deposits with
gadolinium.12–14 The sensitivity and specificity is 86%–91% and
87%–100%, respectively.6,15 However, its NPV for lymph node
and bowel disease is only 50%.16 Hence, there is a need for an
imaging modality to accurately diagnose relapse in this subgroup
of asymptomatic patients with rising tumour markers and negative
radiology. Functional imaging with positron emission tomography
(PET) scan relies on differential metabolic activity of benign and
malignant conditions. Fused PET-CT scan images provide both
functional and anatomical localization. The sensitivity and
specificity of PET-CT scan in detecting recurrent ovarian cancer
in previous studies has been 72.7%–97% and 40%–100%,
respectively.17–25 In this pilot study, we evaluated the role of
18F-fluorodeoxy glucose (FDG) PET-CT in patients with a negative
CT scan but a rising serum CA-125 level.

METHODS
Between May 2006 and July 2008, 16 patients with suspected
recurrent EOC were evaluated with integrated whole body 18F-
FDG PET-CT scan. The study was approved by our Institute

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 26, NO. 6, 2013



328 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 26, NO. 6, 2013

Ethics Committee. Informed written consent was obtained from
all the patients. Patients had stages III or IV disease at baseline and
had achieved complete remission (CR) after cytoreductive surgery
and platinum-based chemotherapy. On follow-up, they were
asymptomatic and had no evidence of disease on physical
examination or on contrast-enhanced CT scan of the abdomen and
pelvis but had rising levels of serum CA-125 (>35 U/L), confirmed
by a repeat value after 2 weeks. The median CA-125 at the time
of relapse was 74.4 U/L (range 43–212 U/L).

PET-CT imaging

The scans were done on a fused PET-CT scanner (Siemens,
Biograph). Patients were kept fasting for at least 4 hours before
the study and their blood glucose checked to ensure that it was
<140 mg/dl; 10 mCi of fluorine 18F-FDG was injected intravenously
1 hour before imaging. Oral contrast (2% iohexol) was also given
1 hour before the study. No intravenous contrast was given for the
CT scan. Both PET and CT scans were done during normal
respiration. For fusion with PET data, the images were
reconstructed with a 128128 matrix. A CT transmission map was
generated for attenuation correction.

Image interpretation
The fused PET-CT images were reviewed prospectively by two
experts (RK, AM) in nuclear medicine with experience in PET and
PET-CT of >3 years. For analyses, attenuation corrected PET
images, CT scan and co-registered PET-CT images were analysed
as a single set of images. On PET scan the presence of recurrent
tumour was suspected when the accumulation of FDG was
increased in comparison with that of comparable normal
contralateral structures or surrounding tissues, excluding
physiological bowel or urinary activity. The diagnosis of an
abnormal lymph node on PET-CT scan was based on the presence
of focal increased FDG uptake in PET images at a position that
corresponded to lymph node chains or a soft tissue mass on CT
scans.

In patients who had an increased uptake on 18F-FDG PET-CT
scan, a targeted ultrasound was done to identify and localize the
lesion. If the lesion was identified, ultrasound-guided fine-needle
aspiration cytology (FNAC) was done. The PET-CT findings
were compared with the final diagnosis obtained by histopathology,
cytology and/or on follow-up CT scan at 6 months. Lesions that
were detected by PET-CT and were confirmed on FNAC were
considered as true-positive. Those with a positive scan but in whom
FNAC was not possible or were inconclusive were considered true-
positive if the disease became obvious on CT scan within
6 months of the PET-CT examination, else were considered to be
false-positive. When no abnormality was found on PET-CT scan,
the result was considered true-negative if no disease was identified
by CT scan or clinical examination within 6 months of the PET-
CT examination. It was considered false-negative if the disease
was detected during the period of follow-up.

RESULTS
Fifteen of the 16 patients had a positive PET-CT scan and one
patient had a negative scan (Table I). The patient with a negative
scan had an increased uptake in the pyloric region of the stomach
which on review of PET-CT was diagnosed as physiological
uptake. A follow-up CT scan after 6 months did not show any
lesion and was thus considered as true-negative. In the fifteen
patients with a positive PET-CT scan, a targeted ultrasound
examination was done which showed the PET-CT scan lesions.

An ultrasound-guided FNAC was possible with an adequate
sample in 10/15 patients (in 9 patients FNAC was positive for
carcinoma while it was negative in one), in 1 patient it yielded an
unsatisfactory sample while it was not possible in 4/15 patients
due to either the small size or location of the lesion. Nine patients
with a positive FNAC were considered true-positive. The other 6
patients in whom FNAC was negative/not possible or inadequate
were followed up for a period of 6 months with a repeat CT scan
of the abdomen and pelvis. Five of the 6 patients had a positive CT
scan showing disease recurrence in the same area with increasing
CA-125 levels within 6 months; hence, these were also considered
to be true-positive. In one patient, the CA-125 levels returned to
the normal level by 6 months and the patient continued to remain
asymptomatic with no radiological evidence of relapse. She was
thus initially considered to have a false-positive PET-CT scan.
However, she again presented with a rising CA-125 level, 18
months after her initial PET-CT scan. A repeat PET-CT scan at
this time and again after 4 months showed an uptake in the
mesenteric lymph node at the same site as the previous scan but
with increasing size and standardized uptake value (SUV). An
FNAC from this lesion was now possible and confirmed a relapse.
As there was only a single site of lesion and a long treatment-free
interval of 79 months, she underwent a second cytoreductive
surgery which again confirmed that the mesenteric node was the
only site of relapse. Hence, as the site of disease was the same as
detected by the initial PET-CT scan, it was considered as true-
positive although the follow-up period was >6 months. We were
thus able to prove histological diagnosis in 10/15 true-positive
cases. Thus, all the 15 PET-positive lesions were eventually
proven to be true-positive and the one negative PET-CT scan was
true-negative. The sensitivity and specificity of 18F-FDG PET-CT
scan in our study was thus 100%.

TABLE I. Characteristics of the patients (n=16)

Characteristic n

Median age in years (range) 51 (40–75)
Histology
Serous carcinoma 9
Endometrioid carcinoma 1
Transitional cell carcinoma 1
Adenocarcinoma (not specified) 5
FIGO stage at initial diagnosis
III A 1
III C 14
IV 1
Residual disease after primary surgery
<1 cm 9
>1 cm 7
Chemotherapy
Adjuvant 11
Neoadjuvant 5
Type of initial chemotherapy
Paclitaxel and carboplatin 13
Carboplatin alone 1
Cyclophosphamide, adriamycin, cisplatinum 2
Disease-free interval (months)
Median (range) 11 (3–55)
Serum CA-125 level (U/ml)
35–50 4
51–100 8
<101 4
Median (range) 74.4 (43–212)
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Sites of relapse

The most common site of relapse was the retroperitoneal lymph
nodes (Table II). Liver involvement was present in two patients;
one had a subcapsular deposit while the other had a parenchymal
deposit. Splenic deposit was present in two patients, one of whom
had a large lesion resembling an abscess (mistaken on CT scan),
and the other had a small lesion at the splenic tip. PET-CT scan
helped to characterize an omental deposit adjacent to the parietal
peritoneum as a recurrence which on CT scan was reported as
residual postoperative scar.

There was difficulty in interpreting PET-CT results when the
uptake was near the bowel as it was difficult to differentiate from
the normal bowel uptake although the CT component of the PET-
CT helped to make that distinction. One patient had uptake in a
pleural deposit and mediastinal lymph node. As CT scan of the
thorax is not routinely done in patients of ovarian cancer, this
lesion was missed. Individual patient data are given in Table III.

Retrospective review of CT scans

Although not planned initially, the CT scans of patients at the time
of relapse were reviewed retrospectively by a second radiologist

TABLE II. Sites of relapse

Site n

Liver 2
Spleen 2
Omentum 1
Bowel 1
Pleura and mediastinal lymph node 1
Lymph nodes
Para-aortic/aortocaval 7
Mesentric 6
Iliac/obturator 3
Portal 1
Maximum diameter of lymph nodes (in cm)
Mean (SD) 1.91 (0.72)
Range 1.1–4.0
Standardized uptake value
Mean (SD) 6.66 (3.74)
Range 1.3–15.20

TABLE III. Details of the individual patients

Age Stage Histopathology CA 125 Average Standard uptake Fine needle aspira- Follow-up
(years) Baseline At relapse size value

max
tion cytology

PET-CT scan-positive, True-positive
40 IIIc Transitional cell carcinoma 987 77 2.0 7.5 Positive –
53 IIIc Adenocarcinoma 5360 177 1.9 8.1 Positive –
47 IIIc Adenocarcinoma 1047 78 1.6 8.7 Positive –
42 IIIc Papillary carcinoma 8586 71 2.2 5.0 Not possible CT positive
49 IIIc Adenocarcinoma 1181 70 1.3 4.8 Inadequate CT positive
75 IIIc Endometrioid 130 63 1.1 3.0 Not possible CT positive
42 IIIc Papillary carcinoma 2879 48 2.1 7.3 Positive –
54 IIIc Papillary carcinoma 920 46 4.0 2.2 Positive –
65 IIIc Papillary carcinoma 4966 50 1.9 5.8 Not possible Surgical specimen

positive
60 IIIc Papillary carcinoma 3640 43 1.6 1.3 Positive –
63 IV Papillary carcinoma 208 212 1.3 4.1 Positive –
47 IIIc Papillary carcinoma 1804 122 2.6 6.9 Positive –
44 IIIa Adenocarcinoma 507 90.73 2.5 13.9 Negative CT positive
45 IIIc Papillary carcinoma 1220 154.24 2.0 15.2 Positive –
63 IIIc Papillary carcinoma 1522 83.30 1.1 5.3 Not possible CT positive
PET-CT scan-negative, True-negative
64 IIIc Adenocarcinoma 5239 54 1.4 7.4 Negative CT negative

with experience in gynaecological imaging, who was blinded to
the results of the PET-CT scan. Eleven of the 16 scans were
available for review. The second radiologist reported 9 of these
scans to be negative. In one of the CT scan with a splenic lesion
a differential diagnosis of splenic abscess or necrotic metastasis
was kept. In another scan, an internal iliac lymph node which was
considered as suspicious showed uptake on PET-CT scan.

DISCUSSION
We studied the role of 18F-FDG PET-CT scan to diagnose recurrence
in asymptomatic patients of advanced EOC in clinical and
radiological CR but with rising serum CA-125 levels. The
sensitivity and specificity of 18F-FDG PET-CT in our study is
100%. Earlier studies have reported a sensitivity and specificity of
72.7%–97% and 40%–100%, respectively (Table IV).17–29 The
more recent studies have reported a higher sensitivity and specificity
compared with older studies probably due to better interpretation
of the scans and more knowledge about the diagnostic pitfalls.
Pannu et al.18 reported a lower sensitivity and specificity. They did
the PET-CT scans before a second-look laparotomy and the
results were compared with the operative notes. The high sensitivity
in our study could also probably be due to selection of patients
with rising CA-125 and the small number of patients. Moreover,
none of our patients had mucinous or clear cell histology, which
is known to give false-negative results in18F-FDG PET-CT. Earlier
studies18,19 where all patients underwent 18F-FDG PET-CT scan
irrespective of CA-125 levels before a second-look laparotomy
reported much lower sensitivity (72.7%–78%). Kitajima et al.25

have shown that PET-contrast-enhanced CT had a greater accuracy
(84.8%) compared with PET-non-contrast-enhanced CT (82.6%).

The median value of serum CA-125 at the time of PET-CT scan
was 74.4 U/ml (range 43–212 U/ml). Eleven of 15 patients
(73.3%) with true-positive PET-CT scan had serum CA-125
values <100 U/ml. The mean (SD) size of the lesion was 1.91
(0.72) cm (range 1.1–4.0 cm; Tables II and III). In none of the
patients, the lymph node size was <1 cm. The sensitivity of PET-
CT scan for sub-centimetric tumour recurrence is 10%–13%.18,30

Whether treating these patients early would result in a longer
disease-free interval and not only a lead time bias needs to be
evaluated in future studies.
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Another important observation was the wide range of SUV
values. The mean (SD) SUV

max
 was 6.66 (3.74) and the range was

1.3–15.2. This would suggest that one-time measurement of
SUV

max
 is not helpful in diagnosing recurrence. A serial

measurement with progressively increasing values may be more
important in the diagnosis of an indeterminate scan as evidenced
by the follow-up of one of our patients over a period of 2 years.

We experienced difficulty in interpreting lesions near the
bowel due to physiological uptake. One of the patients had an
intense uptake on PET scan in the pyloric region as the only site
of uptake which was initially thought to be positive. However,
review of the combined PET-CT revealed that the uptake was
within the bowel lumen. It was thus interpreted as physiological
uptake, which was confirmed on follow-up with decreasing levels
of CA-125 and no evidence of disease on CT scan 6 months later.
A second patient had increased uptake near the paracolic gutter
which apparently looked like physiological uptake of the gut.
However, a closer examination of the combined PET-CT showed
the uptake to be in a small serosal deposit near the bowel rather
than the bowel itself. This was confirmed on a repeat CT scan after
3 months which now showed a paracolic and omental deposits
with increasing serum markers.

Retroperitoneal lymph nodes were the most common site of
recurrence in our study. In studies comparing PET-CT with
second look laparotomy, Sironi et al.19 found that PET-CT detected
13/16 lymph node lesions and 18/21 peritoneal lesion (all lesions
missed were <0.5 cm). In a study by Pannu et al.,18 PET-CT could
detect all 7 nodal sites of metastasis but only 7/31 sites of
peritoneal deposits (of the 24 sites missed 23 were sub-centimetric).
Hence, the probable reason for the lymph node being the most
common site of metastasis was that small sub-centimetric peritoneal
lesions were not detected. A limitation of the study is the small
number of patients.

Thus, 18F-FDG PET-CT is a sensitive and specific technique
for detecting recurrent EOC in asymptomatic patients with rising
serum CA-125 but with normal CT scan. However, all
asymptomatic patients with rising CA-125 do not need a PET-CT
scan. The Medical Research Council, UK data showed that
treating asymptomatic patients based only on rising CA-125 does
not improve survival.31 This is also borne out by one of our
patients who remained asymptomatic for nearly 2 years after first
detection of PET-positive lesions. Till we have more effective
treatments, whether early detection of these lesions will make a
difference in management is not known. At present, a possible

role of PET-CT may be in patients who are planned for secondary
cytoreduction and who have only a solitary lesion on CT scan to
detect more lesions at inoperable sites. Lenhard et al. compared
PET-CT to AGO-scoring in patients planned for cytoreductive
surgery for recurrent ovarian cancer and concluded that PET-CT
has a higher negative and the AGO score a higher positive
predictive value, and the combination of both improved the
diagnostic accuracy for full resectability.32 18F-FDG PET-CT is a
sensitive and specific tool for early detection of recurrent ovarian
cancer. However, there is a need to define a subset among such
patients in future studies where it would result in a change of
management and ultimately improvement in survival.
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ANNOUNCEMENT
As part of an Indo-US Collaboration, the National Institutes of Health, USA has sponsored a

series of workshops since 2006 on various aspects of clinical research (with an emphasis on clinical
trials), including biostatistics, study design and randomization issues, data management, research
ethics, and regulatory aspects.

As a continuation of this series, two workshops are planned at SGPGI, Lucknow during 2014
as follows: (i) Workshop on ‘Basic Biostatistics’ on July 18-20, 2014, and (ii) Workshop on
‘Observational Studies’ in September 19-21, 2014.

The workshops are aimed at active biomedical researchers who hold faculty positions. Investigators
involved in clinical research, who are in a position to lead clinical research studies, should find this
workshop useful.

Only a limited number of applicants will be accepted for each workshop. Applicants should
download an application format (asks for summary of their experience and expertise in clinical
research in a structured format) from https://sites.google.com/site/sgpginihcourses/ and email it as an
email attachment to sgpgi.courses@gmail.com. The last dates for applications for the two courses
are June 5 and July 31, 2014, respectively. A selection committee will notify the successful applicants
of acceptance about 4 weeks before each course.

There is no registration fee, and twin-shared guest house accommodation and boarding will be
provided without any charge. However, participants need to fund their travel through their
personal funds, their institutions or other sources. It may be possible to fund travel for a few
qualified applicants whose institution cannot cover their expenses; however, in view of limited
funds, this will be possible only in exceptional cases.


