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Abstract

Objectives—To evaluate survival after detection of recurrent cervical cancer by FDG-PET in
symptomatic versus asymptomatic patients.

Methods—This is a prospective registry study of 103 patients treated with definitive
chemoradiation for advanced cervical cancer who demonstrated no abnormal FDG uptake (a
complete metabolic response, CMR) on their 3-month posttherapy FDG-PET. Their median age
was 48 years (range 26-84). The clinical stages were Ib in 38, llain 1, I1b in 39, and I11b in 25. All
patients underwent subsequent surveillance FDG-PET. Patients were grouped according to
symptom status at the time of the surveillance FDG-PET. Recurrence sites and survival data were
analyzed.

Results—The median time from the 3-month posttherapy FDG-PET to the first surveillance
FDG-PET was 13 months. 25 patients (25/103; 24%) were symptomatic at the time of surveillance
FDG-PET and 21 of these had FDG-PET findings indicative of recurrence. 78 patients (78/103;
76%) were asymptomatic and 9 of these had tumor recurrence detected by PET. All recurrences
were confirmed by biopsy or radiologic progression. The recurrences in the 21 symptomatic
patients were loco regional in 4 and distant in 17. The 9 asymptomatic patients had isolated loco
regional disease in 8 and distant disease in 1. All patients received treatment for recurrence. The
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three year cause-specific survival for symptomatic recurrences was 19% versus 59% for
asymptomatic recurrences (p=0.09).

Conclusions—Surveillance FDG-PET can detect asymptomatic recurrent disease that is
potentially amenable to salvage therapy. Prospective investigation of surveillance PET is
warranted.
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Introduction

Cervical cancer is the third most common gynecologic malignancy in the United States, with
11,070 new cases and 3,870 deaths in 2008 [1]. Worldwide, cervical cancer is the third most
common cancer of women. It accounts for approximately 150,000 deaths annually. Most
patients developing cervical cancer reside in developing countries [2]. Despite advances in
screening and prevention, cervical cancer remains a significant source of morbidity and
mortality. Almost half of all cases occur in women less than 50 years of age and, therefore,
cervical cancer is a major cause of average life years lost per person.

Approximately one third of patients with advanced stage disease will develop recurrent or
progressive cervical cancer which usually occurs within the first two years after treatment.
70% of patients with a recurrence will have distant disease [3, 4]. Survival after cervical
cancer recurrence is poor. Earlier detection of recurrent disease may lead to improved
outcomes in these patients [3, 5, 6]. Patients with symptoms suggestive of recurrent tumor
have a significantly higher chance of having recurrent disease compared to their
asymptomatic counterparts [7, 8].

Positron emission tomography (PET) with the glucose analogue F-18 fluorodeoxyglucose
(FDG) has emerged as an important oncologic imaging method that is now widely used for
diagnosis, initial staging, and restaging of many types of cancer [9]. In patients with cervical
cancer, FDG-PET is more sensitive than CT at detecting lymph node metastasis and is a
better predictor of survival. [10, 11] It is now also being used to plan radiotherapy and to
evaluate therapeutic response [9]. Complete metabolic response on PET after completion of
chemo radiotherapy has been shown to be a robust indicator of long-term survival in both
retrospective and prospective studies [12, 13].

It has been reported that patients who have early detection and treatment of asymptomatic
recurrent cervical cancer demonstrate improved survival compared to patients who present
with symptomatic recurrent disease. [3, 5, 6]. The utility of FDG-PET in the detection of
clinically suspected recurrent cervical cancer has been described. However, the role of PET
in the detection of asymptomatic recurrent disease has not been well described. Therefore
we evaluated the utility of FDG-PET, after initial treatment, in symptomatic and
asymptomatic patients with cervical cancer who had a complete metabolic response to
therapy on their posttherapy FDG-PET.
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Patients and Methods

Patients

The data for this study were obtained from a prospective tumor registry that was approved
by the Washington University Human Research Protection Office. Patients were treated with
definitive chemoradiation for advanced-stage (Ib1-11lb) cervical cancer of all histological
subtypes between November 2000 and October 2006. All patients underwent pretreatment
FDG-PET for initial staging and a posttherapy FDG-PET three months after completion of
therapy. There were 248 patients (Figure 1) who had a complete metabolic response on their
3-month posttherapy FDG-PET. Of these 248 patients, 103 patients constitute this study
because they underwent one or more subsequent FDG-PET scans for follow-up of their
disease (145 patients had no further imaging studies performed).

The characteristics of the 103 patients in the study cohort are shown in Table 1. Median
patient age at diagnosis was 48 years (range 26-84). There were 15 patients with
International Federation of Gynecology and Obstetrics stage Ib1 disease, 23 with stage 1b2,
1 with Ila, 39 with stage 11b, and 25 with stage I1lb. The majority of tumors were squamous
cell cancers. The PET lymph node status at diagnosis was negative in 49, 44 patients had
positive pelvic nodes, and 10 patients had positive pelvic and para-aortic nodes. The mean
time from completion of therapy to the initial posttherapy FDG-PET was 12.8 weeks (range
6-45 weeks).

PET Imaging

Treatment

Before November 2002 a conventional PET scanner was used for FDG-PET and the images
were routinely interpreted as described by Grigsby et al [10]. Thereafter, a hybrid PET/CT
scanner was used as described by Wright et al [14]. If the patient's blood glucose exceeded
200 mg/dL, the study was deferred. Combined PET/CT images were interpreted separately
as well as in a fused mode in routine clinical fashion. Pre-treatment lymph node status was
assessed on pretreatment FDG-PET. Recurrences detected by FDG-PET were defined as
either areas of abnormal FDG uptake in the initially treated area that had been negative on
the initial posttherapy study, or new foci of abnormal FDG uptake. All recurrences noted on
FDG-PET were confirmed by biopsy or by radiologic evidence of disease progression in
rare instances when biopsy was either not feasible or the patient declined.

Definitive chemoradiation therapy consisted of external pelvic irradiation (or pelvic and
para-aortic irradiation for patients with para-aortic nodal disease on pre-treatment PET),
intracavitary brachytherapy and concurrently administered Cisplatin therapy (40mg/m?
weekly for 6 cycles).

All patients were treated for recurrent disease as determined by the treating physicians.
Treatment for recurrent disease was individualized and consisted of chemotherapy, surgery,
irradiation, or combinations of these therapies. (Table 2).
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Patients underwent clinical assessment six weeks after completion of therapy, and were then
followed every three months throughout the first year, every 4 months during the second
year, and every six months for years 3 through 5. Follow-up chest radiography or CT was
not routinely performed. Surveillance FDG-PET imaging was performed at the discretion of
the treating physician and was prompted by symptoms suggestive of recurrent cancer
(bleeding, pain) in 25 patients or for routine surveillance in 78 asymptomatic patients
(Figure 1). Follow-up cytology was obtained at the discretion of the patient's primary
gynecologic oncologist. None of the study patients had cytology consistent with carcinoma
during the period of this study.

Statistical Analysis

Results

The primary study endpoints were progression-free and overall survival measured from the
time of the initial 3-month posttherapy PET. Statistical analysis was performed using the
Stat-view software (version 5.0.1, SAS institute Inc, Cary, North Carolina). The Kaplan-
Meier (product-limit) method was used to derive estimates of survival.[15] Tests of
equivalence of estimates of survival were performed by the generalized Wilcoxon log-rank
test.[16]

First Surveillance FDG-PET Scan

The median time from the 3-month posttherapy FDG-PET to the first subsequent follow-up
FDG-PET study was 13 months. This median time was 13 months for patients who were
asymptomatic compared to 8 months for those patients who were symptomatic. Table 2
shows the radiographic findings of the first surveillance FDG-PET study grouped by patient
symptom status. Of the 103 patients, 78 were asymptomatic and had follow-up PET for
routine surveillance (76%). FDG-PET findings indicative of recurrence were present in 9 of
these 78 patients (12%). There were 25 patients who had FDG-PET imaging prompted by
symptoms suggesting recurrence. Of these 25, 21 (84%) had findings suggestive of
recurrence by PET and were confirmed by tissue biopsy.

Four of the nine asymptomatic recurrences detected by FDG-PET were isolated to either the
cervix, pelvic, or para-aortic nodes and, thus, represented potentially curable disease (Table
2). All 9 patients were treated for their recurrence and seven of nine were still alive at last
follow-up. Patients with symptomatic disease had multiple sites of metastatic disease. Most
of these patients were treated with chemotherapy or irradiation to palliate the symptoms of
their disease. Patients with asymptomatic recurrences had longer survival than the patients
with symptomatic recurrences. Figure 2 demonstrates the cause-specific survival for these
patients. The three-year survival for patients with symptomatic recurrences was 19%
compared with 59% for patients with asymptomatic recurrences (p=0.09).

Second Surveillance FDG-PET Scan

There were 38 patients whose first surveillance FDG-PET scan was negative for recurrent
disease who subsequently underwent a second surveillance FDG-PET study. The median
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time from the first surveillance FDG-PET to the second was 6.5 months. Ten patients
underwent FDG-PET scans prompted by symptoms (26%) and 28 (74%) were obtained for
routine surveillance in asymptomatic patients. All of the patients with symptoms had
evidence of tumor recurrence by FDG-PET. There were 28 asymptomatic patients of whom
24 had negative PET findings and 4 had evidence of recurrent tumor. Three of the four
patients with asymptomatic recurrences had isolated sites disease recurrence. All four
underwent therapy and are still alive at last follow-up. The cause-specific survivals in these
patients are demonstrated in Figure 3. The 3-year cause-specific survivals were 100% for the
patients with asymptomatic recurrences compared to 35% for those with symptomatic
recurrences (p<0.05).

Discussion

Early diagnosis of recurrent cervical cancer may allow for therapy that significantly alters
outcome, especially in asymptomatic patients with local recurrences. The five-year survival
for patients treated with chemoradiation for isolated, asymptomatic para-aortic lymph node
recurrences has been reported to be as high as 100% [17]. In our study group, patients who
were symptomatic were much more likely to have recurrent disease than asymptomatic
patients. Only 12% of asymptomatic patients were found to have recurrence on first follow-
up FDG-PET compared to 84% of those who were symptomatic.

Patients with recurrent disease detected before the development of symptoms may have
improved survival compared to patients that present with symptomatic recurrences. Bodurka
et al. demonstrated in a retrospective cohort of 1,096 patients treated for stage Ib cervical
cancer that symptom status at the time of recurrence was a significant predictor of survival.
In their study, 19 asymptomatic patients had recurrent disease detected by pelvic
examination. The median survival after recurrence was 42 months compared to 11 months in
the 114 patients with a symptomatic recurrence. No difference was found in the disease-free
interval between the two groups. Additionally, cytological screening did not detect a single
asymptomatic recurrence in their study [5].

In our study there were 13 patients with asymptomatic recurrences detected by FDG-PET
and 7 had disease isolated to the cervix, pelvic, and/or para-aortic lymph nodes. Patients
with asymptomatic recurrences also had improved survival compared to those with
symptomatic recurrences. This survival advantage persisted in the subset of patient who
underwent a second surveillance FDG-PET study.

Pelvic exenteration is often used to treat central pelvic recurrences when there are no distant
metastases. The use of FDG-PET may allow for earlier detection of local recurrences which
are amenable to treatment by pelvic exenteration, while sparing those patients with disease
elsewhere from the morbidity of the procedure [3, 5, 6].

Chung and colleagues retrospectively reviewed whole-body FDG-PET results for 121
patients who had a complete clinical remission after primary treatment. Recurrence was
diagnosed in 76 patients, 20 of whom were asymptomatic. Pelvic exenteration was
performed in symptomatic and asymptomatic patients if there was no evidence of extra-
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pelvic disease on the FDG-PET scan. Of the 20 asymptomatic patients with recurrent
cervical cancer, PET detected the recurrence in 17. Eight of the 17 patients with PET-
detected asymptomatic recurrences were treated with curative intent and 5 of these patients
(5/8) were cured of their disease [6].

Unger and associates reported the results of patients undergoing follow-up FDG-PET.
Recurrent disease was present in 31% of 26 patients undergoing PET for surveillance
compared to 67% of 21 symptomatic patients. Time from treatment to detection of
recurrence was 5 months shorter in symptomatic compared to asymptomatic patients. The
sensitivity of FDG-PET for detecting recurrence was 80% in asymptomatic patients and
100% in symptomatic patients. The specificity was 100% in asymptomatic patients and 86%
in symptomatic patients [8].

Follow-up strategies in cervical cancer vary greatly, largely because of the absence of good
evidence to support any particular strategy in an era driven by evidence-based medicine and
cost effectiveness. Accordingly, no ideal follow-up strategy for patients with cervical cancer
has been established [18]. A retrospective review by Morice and colleagues of 583 patients
with stage I-11 cervical cancer treated with combined surgery and radiation therapy found
clinical examination to be the most effective method of following patients. Routine
cytology, ultrasonography, or chest radiography did not lend any survival advantage in the
screening of asymptomatic patients. Unlike others, they found similar survival between 38
symptomatic and 7 asymptomatic patients with recurrent disease [19].

Zola and associates, in a multicenter retrospective analysis, described 327 patients with
recurrent cervical cancer from 8 Italian institutions followed clinically with cervical
cytology and with ultrasonography, magnetic resonance imaging, or CT. Ninety-seven
patients (29.7%) were symptomatic, 66 (20.2%) reported symptoms when asked, and 164
(50.1%) were asymptomatic. Survival was significantly longer in asymptomatic patients
with recurrent disease (median overall survival 109 months versus 37 months), though the
median disease-free interval was shorter (24 months versus 36 months). Only 5 patients
(3%) had recurrence detected by cytology. Cox multivariate analysis showed symptom
status at time of recurrence detection was a significant predictor of overall survival. More of
the asymptomatic patients had vaginal vault recurrences (12.8% versus 7.6%), while more of
the symptomatic patients had distant recurrences (15.3% versus 8.9%) which may have
contributed to the survival difference demonstrated in this study [20].

At our institution, we now routinely use FDG-PET/CT in the posttherapy evaluation and
follow-up of patients with cervical cancer. We routinely perform surveillance as follows:
clinical examination and evaluation as indicated by symptoms or every three months for the
first two years after therapy, every four months in the third year, and then every six months
for years four and five. We are now performing FDG-PET/CT 3 months post therapy, every
six months for three years, annually for the next two years, and then clinically as indicated.

There are several limitations to our study. Lead-time bias, in which earlier diagnosis of
recurrence allows for patients to live with known disease longer without contributing to any
real survival advantage, could be contributing to the apparently longer survival of patients
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with asymptomatic, PET-detected recurrent disease. Additionally, it is possible that patients
with more slowly growing tumors are more likely to have recurrence detected by FDG-PET
and this length-time bias allows for earlier detection of recurrent disease in asymptomatic
patients. Whether this difference is a reflection of inherent tumor biology or not is difficult
to prove.

Our findings indicate that FDG-PET frequently demonstrates recurrence in patients with
symptoms suggestive of recurrent cervical cancer. In addition, our findings demonstrate that
asymptomatic recurrences can be detected by FDG-PET and patients have improved
survival compared to those with symptomatic recurrences. This work suggests that
prospective validation of surveillance FDG/PET is warranted to assess whether its use can
lead to improved survival of patients with asymptomatic recurrent cervical cancer.
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248 with complete metabolic response 145 No follow-up
on posttherapy PET FDG-PET
103 with surveillance FDG/PET
(Table 1)
25 Symptomatic 78 Asymptomatic

AN

/N

21 FDG/PET 4 FDG/PET 69 FDG/PET 9 FDG/PET
Positive Negative Negative Positive
\/ (Table 2)
38 Second Surveillance FDG/PET
10 Symptomatic 28 Asymptomatic
10 FDG/PET 24 FDG/PET 4 FDG/PET
Positive Negative Positive
{Table 2)

Figure 1.
Schema of the study population.
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Figure 2.

Cause-specific survival for patients with symptomatic (n=21) versus asymptomatic (n=9)
recurrences on their first surveillance FDG-PET scan.
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Figure 3.

Cause-specific survival for patients with symptomatic (n=10) versus asymptomatic (n=4)
recurrences on their second surveillance FDG-PET scan.
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Table 1

Patient Characteristicsat Initial Diagnosis

*
Asymptomatic (n=78)

symptomatic* (n=25)

Median age (range) 50 (27-84) 46 (26-64)
Stage
Ibl 15 (19%) 0 (0%)
1h2 17 (13%) 6 (24%)
lla 1 (1%) 0 (0%)
b 28 (36%) 11 (44%)
b 25 (32%) 8 (32%)
Histology
Squamous 70 (90%) 23 (92%)
Adenocarcinoma 5 (6%) 2 (4%)
Other 3 (4%) 0 (0%)
Pretreatment lymph nodes positive
Aortic 9 (12%) 1 (4%)
Pelvic 31 (40%) 13 (52%)
None 38 (49%) 11 (44%)
Duration of follow up (months) 13 8

Symptom status refers to first surveillance FDG-PET
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Table 2
Pt # | Initial FIGO stage | Initial Site of recurrence Timefrom | Treatment for recurrence | Timefrom | Status

FDG- completion recurrence

PET of tolast

lymph treatment follow-up

node to PET or death

status recurrence (months)

(months)
Asymptomatic Detected on first surveillance FDG-PET
1 bl None Lung 30 RT, chemo 21 Dead
2 11b Para-aortic | Mediastinum, liver 20 Chemo 17 Alive
3 1h2 Pelvic Para-aortic nodes 13 RT, chemo 51 Alive
4 111b None Pelvic,para-aortic nodes, mediastinum Chemo 5 Dead
5 1lb Pelvic Supraclavicular nodes, mediastinum 14 Chemo 20 Alive
6 11b None Pelvic nodes 16 Chemo 20 Alive
7 111b Pelvic Supraclavicular nodes 8 RT, chemo 9 Alive
8 11b Pelvic Cervix 33 Surgery 10 Alive
9 111b None Para-aortic nodes 14 Surgery, RT, chemo 33 Alive
Asymptomatic Detected on second surveillance FDG-PET
1 111b None Pelvic, Para-aortic nodes, 18 RT, chemo 28 Alive
mediastinum
2 111b Pelvic Para-aortic nodes 17 Surgery 36 Alive
3 111b Pelvic Pelvic nodes, para-aortic nodes, lung 25 Chemo 17 Alive
4 11b Para-aortic | Bone, mediastinal, supraclavicular 37 Chemo 5 Alive
nodes

RT = radiation therapy; Chemo = chemotherapy
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