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Abstract

Carcinoma of the uterine cervix represents the fourth most common malignant tumor
and the fourth leading cause of mortality from cancer in females, and approximately one third
of women with cervical carcinoma diagnosis will develop relapse. In follow-up and suspicion
of recurrence of cervical cancer, various imaging modalities such as computed tomography
(CT), magnetic resonance imaging (MRI) and positron emission tomography/computed to-

Keywords: mography (PET/CT) can be used. However, the role of PET/CT is constantly increasing in
cervical cancer, these patients and the latest National Comprehensive Cancer Network (NCCN) guideline
clinical impact, Version 1.2023 recommends PET/CT as the imaging method of choice in follow-up of pa-
conventional imaging, tients with disease stage II or higher, and in suspicion of recurrent or metastatic disease. PET/
positron emission CT shows higher sensitivity and specificity than conventional imaging in suspected recurrent
tomography/computed cervical cancer, particularly in the evaluation of distant recurrent sites. An additional benefit
tomography, of PET/CT in these patients is its impact on treatment management in approximately half of
prognosis, them. Also, PET/CT has a prognostic role in progression-free and overall survival, and pa-
recurrence tients with positive PET/CT for recurrence have significantly worse prognosis.
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Sazetak

Karcinom grli¢a materice predstavlja ¢etvrti najces¢i malignitet i cetvrti uzrok smr-
ti od tumora kod Zena u svetu. Priblizno trecina Zena lecenih od cervikalnog karcinoma
razvice recidiv bolesti tokom pracenja. U pracenju i kod sumnje na recidiv cervikalnog
karcinoma koriste se razlic¢ite imidzing metode kao $to su kompjuterizovana tomografija
(CT), magnetna rezonanca (MR) i pozitronska emisiona tomografija tomografija sa kom-
pjuterizovanom tomografijom (PET/CT). Uloga PET/CT kod ovih pacijenata u konstan-
tnom je porastu i najnoviji Vodi¢ Nacionalne sveobuhvatne mreze za rak (engl. National
Comprehensive Cancer Network - NCCN) ipak preporucuje PET/CT kao metodu izbora

Kljucne reci:
karcinom grli¢a

materice, u pracenju pacijentkinja sa II - IV stadijumom bolesti, kao i kod sumnje na recidiv ili
klinicki znacaj, metastatsku bolest. Pozitronska emisiona tomografija tomografija sa kompjuterizovanom
konvencionalni tomografijom je pokazala vecu senzitivnost i specificnost u odnosu na konvencionalni
imidzing, imidzing kod bolesnica sa sumnjom na recidiv karcinoma grli¢a materice, narocito u eva-
pozitronska luaciji udaljene bolesti. Dodatna prednost PET/CT kod ovih pacijentkinja je njegov uticaj
emisiona tomografija/ na odluku o terapiji kod priblizno polovine slucajeva. Takode je pokazao prognosticku
kompjuterizovana ulogu u predikciji prezivljavanja bez pojave progresije, kao i ukupnog prezivljavanja, s
tomografija, obzirom na to da pacijentkinje sa sumnjom na recidiv cervikalnog karcinoma koje imaju

prognoza, recidiv pozitivan nalaz na PET/CT imaju znacajno losiju prognozu.

Introduction

Carcinoma of the uterine cervix represents the
fourth most common malignant tumor and the fourth
leading cause of mortality from cancer in females (1). It
has even higher incidence and mortality rates in low and
middle-income countries, representing the second most
frequently diagnosed malignant tumor and having the
third place in terms of cancer mortality in females (2).
In Serbia, cervical cancer is the fourth most common
malignancy in women and contributes to 5.6% of all newly
diagnosed cancers (3).

Recurrent disease is characterized by tumor re-
growth or occurrence of metastasis more than six months
following the initial therapy. Approximately one-third
of cervical carcinoma patients will present with relapse
(4), and the greatest number of recurrences is shown to
appear during the first 2 - 3 years of follow-up (2,5). In
terms of treatment for cervical carcinoma relapse, choices
are sparse. Women with local relapse could be eligible for
radical therapy, where disease-free survival of a median of
57 months could be achieved in 45% of patients (6). On
the other side, when the spread of disease is present, the
only treatment options are either chemotherapy with a
low success rate, or palliative treatment. Hence, prompt
detection and improved localization of tumor relapse are
important for better outcomes and longer survival times
(7). In follow-up and suspicion of recurrence of cervical
cancer, various visualization methods which include
mainly morphological techniques such as computed
tomography (CT) and magnetic resonance imaging
(MRI), but also hybrid imaging with positron emission
tomography/computed tomography (PET/CT), can be
applied. Nonetheless, the latest National Comprehensive
Cancer Network (NCCN) guideline Version 1.2023
recommends PET/CT as the imaging method of choice
for follow-up of patients with disease stage II and higher,
and for suspicion of recurrent or metastatic disease.

Positron emission tomography with computed
tomography

Fluorine-18 labeled analogue of glucose (2-deo-
xy-2-["*F]-fluoroglucose, i.e. FDG) is the most frequently
used radiopharmaceutical for PET/CT examinations in
oncology. It enters the cell via glucose transporter (GLUT),
mainly GLUT1 and GLUT3, where it is subjected to phosp-
horylation by hexokinase to FDG-6-phosphate, which
remains in the cell. After the phosphorylation process is
completed, FDG is unable to leave the cells, subsequen-
tly being progressively accumulated within. According to
the Warburg effect, malignant tumors show increased gly-
colysis levels, but also higher density of GLUT and higher
hexokinase activity, and therefore, FDG accumulation is
higher in malignant than normal cells. Since the FDG is
being held in the cancer sites owing to its metabolic captu-
re, that leaves sufficient time for imaging (8). Thus, PET/
CT with flurodeoxyglucose represents a hybrid imaging
modality - functional and morphological, with the fun-
ctional imaging part (PET) obtaining information concer-
ning glucose metabolic activity in all cancer sites, and the
morphological CT part mostly being used for topographic
localization and attenuation correction. Another impor-
tant advantage of PET/CT over conventional imaging (CT
and MRI) is its standard whole-body scan procedure, i.e.
from the base of the skull to mid-tights, thus being able to
assess potential distant metastatic sites together with local
and regional disease. Still, there is no sufficient informa-
tion regarding the use of FDG PET/CT in gynaecological
tumours, and further research is necessary for establishing
its role, particularly in cervical carcinoma (9).

Diagnostic performances of PET/CT

According to various research, FDG PET/CT has
proven useful in the follow-up of cervical cancer patients

10 Medicinski podmladak / Medical Youth



Stojiljkovi¢ M. et al. Fluorodeoxyglucose-positron emission tomography integrated with computed tomography in suspected recurrent

cervical cancer. MedPodml 2024, 75(3):9-13

and detection of recurrence, showing high sensitivity, spe-
cificity and diagnostic accuracy (10-14). Meads et al. (10)
conducted a systematic review and meta-analysis where
they included 9 papers on FDG PET/CT in patients with
symptoms of cervical cancer recurrence. Calculated sen-
sitivity and specificity in detecting recurrent disease were
94.8% and 86.9%, respectively (ranges 83 - 100% for sen-
sitivity and 50 - 100% for specificity). That was in agree-
ment with the results of a meta-analysis from Chu et al.
(11), where they evaluated 8 papers and got 94% sensi-
tivity and 84% specificity for FDG PET/CT in detection
of cervical carcinoma relapse. They also performed two
separate analyses, first for distant recurrence detection
only, with 90% sensitivity (80 — 96%) and 99% specificity
(98 - 100%), and the other for visualization of loco-regi-
onal relapse, with pooled sensitivity and specificity being
83% (69 - 93%) and 96% (89 — 99%), respectively (11). In
a systematic review and meta-analysis by Ding et al. (12)
that also evaluated 8 PET/CT studies in suspected cervi-
cal cancer recurrence, pooled sensitivity and specificity
of PET/CT were 94% (95% confidence interval 89 — 97%),
and 84% (95% confidence interval 74 - 91%), respectively,
indorsing the results of Chu et al. and Meads et al. The
area under the ROC curve (AUC) of PET/CT in their re-
search was 0.9491. It is well known that diagnostic perfor-
mances and results of any imaging test in oncology can
correlate with tumor markers. Peng et al. (13) evaluated
the diagnostic performance of PET/CT in 88 patients with
suspected recurrent cervical cancer which they divided
into two groups: group 1 which consisted of patients with
elevated squamous-cell carcinoma antigen (SCC-Ag) and
group 2 with normal SCC-Ag values. They found very
high sensitivity in both groups (97.2% and 100%), and so-
mewhat better specificity and accuracy in group 1 (92.9%
vs 89.5% for specificity, and 96.8% vs 92.3% for accuracy),
thus proving slightly better overall performance in settings
with elevated SCC-Ag. All aforementioned studies covered
patient-based analysis. On the other hand, Kitajima et al.
(14) in their original research on 55 suspected recurrent
cervical cancer patients did additional analysis for ten di-
fferent lesion sites which included retrovesical area, pelvic
lymph nodes, paraaortic lymph nodes, inguinal lymph
nodes, mediastinal and hilar lymph nodes, supraclavicular
lymph nodes, lungs, liver, skeleton and peritoneum. They
obtained sensitivity, specificity, and accuracy of PET/CT
based on the overall lesion-location basis of 89.5% (95%
confidence interval 79.7 - 99.2%), 99.5% (95% confidence
interval 98.9 - 100%), and 98.7% (95% confidence interval,
97.7 - 99.7%), respectively.

PET/CT versus conventional imaging

Computed tomography, due to its availability
and cost-efficiency has been widely used in women
with cervical cancer. However, MRI should be given an
advantage when available, particularly for evaluating
local status, since it shows better soft tissue visualization.
Magnetic resonance imaging has a crucial role in cervical

carcinoma patients, in all stages of patient management:
initial diagnosis and staging, therapy planning, evaluation
of response to therapy and restaging, and patient follow-
up. Nevertheless, in women who were treated with
irradiation, local relapse can frequently be misdiagnosed,
since post-irradiation inflammation may have overlapping
characteristics on MRI, and often there is a need for
additional evaluation (15). The diagnostic accuracy of
MRI for disease relapse in the pelvic area was assessed in
a systematic review by Meads et al. (10), and the obtained
values for sensitivity and specificity were 82% - 100%
and 78 - 100%, respectively. The same authors reported
diagnostic performances of FDG PET/CT in the range
of 83 - 100% for sensitivity and 50 - 100% for specificity,
as already mentioned, in both loco-regional and distant
recurrent disease assessment, which seems comparable
to MRI performances. However, diagnostic abilities were
evaluated only for pelvic recurrence for MRI, while local
disease and distant metastases as well were included in
PET/CT performance evaluation, which can suggest a
major PET/CT advantage. Original research by Bjurberg
et al. (16) directly compared performances of PET scan,
and traditional visualization modalities (CT and MRI)
in 36 women with suspicion of cervical cancer relapse,
where they obtained the highest values of sensitivity and
specificity for PET/CT (100% each), with slightly worse
sensitivity of conventional imaging - 92%, and moderately
lower specificity of 78%. Pallardy et al. (17) also analyzed
diagnostic performances of both hybrid (PET scan) and
conventional imaging (CT/MRI) on 40 women who were
treated for cervical carcinoma and were evaluated for
recurrent disease. The PET/CT was shown to be superior
to CT/MRI, with sensitivity values of 94% and 42.5%,
respectively. A separate evaluation of only the abdominal
and pelvic region on PET/CT versus conventional imaging
has been performed, to exclude PET scan superiority due
to the detection of disease sites out of examination areas
on CT/MR. Sensitivity and accuracy values of PET scans
remained the same, 93.3% and 91.8%, respectively, still
showing enormous advantages over conventional imaging
(17). Another prospective research confirmed inferiority of
conventional imaging to PET/CT in detection of metastatic
lesions in 40 suspected recurrent patients who were sent
for restaging (sensitivities of 60% for CI and 92% for
PET/CT) (18). Yen et al. (19) conducted another research
where they analyzed restaging errors by both conventional
imaging and PET/CT on 125 patients evaluated for cervical
carcinoma recurrence. In this research, CT/MRI appointed
lower disease stage to 38.4% of women, and higher stage to
17.6%, compared to the final diagnosis. More than 80% of
the falsely down-staged females had lesions outside of the
pelvis. On the other hand, PET/CT gave incorrect lower
stage to approximately 15% of examinees, and higher stage
to 16% of women. Main conclusion of their research is
that PET shows a great advantage over CT and MRI in
this population, due to its capability for detection of active
disease sites outside of pelvis, and better overall diagnostic
accuracy (figure 1).
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Figure 1. Follow-up of a patient with FIGO IIB cervical cancer, 2 years after chemoradiation, on MRI (left) suspected recurrence in
between cervix and bladder, PET/CT (right) confirms local recurrence in terms of high glucose metabolism in anterior cervix, but
detects spread of disease in hypermetabolic iliac and paraaortic lymph nodes as well (from author’s archive).

Impact on treatment

It is shown that performing PET scan procedures in
women with suspicion of recurrent cervical carcinoma can
have a clinical impact leading to changes in therapy (16-
17,20-21). Pallardy et al. (17) reported modification of the
treatment plan due to PET/CT findings in 55% of patients
(22 out of 40). In the subgroup of 24 out of 40 patients that
had normal conventional imaging results, these treatment
changes due to PET were present in an even higher per-
centage (75%, that is 18 out of 24 women). In 15 out of
40 patients (37.5%), a completely different treatment op-
tion was applied subsequently, based on PET. In another
original research by Bjuberg et al. (16) PET/CT findings
caused utilization of different therapeutic procedures in
one-third of women (12/36) and in 11/12 of those patients
supportive care was chosen instead of curative treatment.
In 8 out of 36 (22%) patients in their study, there were mo-
difications in dosage or means of deliverance. Chung et al.
(20) also reported alteration of management by PET/CT in
almost one-fourth of patients (12/52), which consisted of
modification of already planned therapeutic option (5/12),
utilization of separate treatment modality (4/12), or elimi-
nation of additional diagnostics (3/12). Zhou et al. did a
meta-analysis that included 6 studies, showing the pooled
rate of overall therapeutic strategies modification caused
by PET or PET/CT to be 57% (95% confidence interval
50 - 63%) (21).

Prognostic role

The accumulation of FDG in cancers has an inver-
se correlation with their level of differentiation, and the
greater the dedifferentiation of the tumor, the worse the
prognosis (22-24). On the other hand, it must be noted
that when it comes to evaluation of suspected recurrent
patients on PET scan, metabolic activity of potential

relapse sites is always being taken into account for making
the final diagnosis of recurrence. Accordingly, one should
always bear in mind that some recurrent patients with low
FDG uptake and only morphologically present lesions can
be missed on PET/CT, however, those are the tumors that
are prone to a better prognosis. Subsequently, this may
explain the potential role of PET/CT in prognosis. In an
original article by Bjuberg et al. (16) on 36 women with
suspicion of cervical carcinoma recurrence, PET found no
signs of disease in 25% of women (9/36), and their median
overall (OS) and disease-free survival could not be calcu-
lated since there were no signs of recurrence during 60.9
months median follow-up (range 55 - 74 months). The
remaining 75% of women (27/36), which had recurrent
disease detected by FDG PET, had median OS of 30 mon-
ths, with median follow-up time of 22.4 months (range 5
- 83 months). Chung et al. (25), showed significantly hig-
her five-year progression-free survival and overall survival
in women whose PET/CT results were normal compared
to positive PET scan for relapse on 276 evaluated patients
(PFS 98.62% and 17.83%, OS 99.31% and 85.38%, respecti-
vely). Pallardy et al. (17) conducted research on 40 patients
with suspected recurrence and reported that the women
with more than 3 active lesions on PET/CT had shorter
OS (median 12 months, range 2 - 70) compared to subjects
with no or only one active site on PET, whose median OS
could not be obtained. They also performed multivariate
analysis to determine potential factors of prognosis, which
confirmed PET/CT (more than three FDG active sites) as
the most significant factor in overall survival.

Conclusion

The FDG PET/CT is an important diagnostic tool
for suspected recurrent cervical carcinoma, showing hig-
her sensitivity and specificity than conventional imaging
such as CT and MRI, particularly in the evaluation of
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distant recurrent sites. Additional benefit of PET/CT in
these patients is its impact on treatment management in
approximately half of the patients. The PET/CT also has
a prognostic role in progression-free and overall survival,
and patients with positive PET/CT for recurrence have si-
gnificantly worse prognosis.
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