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Abstract

Objective: We studied the diagnostic performance of 18F-fluoro-2-deoxy-D-glucose-positron emis-

sion tomography/computed tomography in cervical and endometrial cancers with particular focus

on lymph node metastases.

Methods: Seventy patients with cervical cancer and 53 with endometrial cancer were imaged with
18F-fluoro-2-deoxy-D-glucose-positron emission tomography/computed tomography before lym-

phadenectomy. We evaluated the diagnostic performance of 18F-fluoro-2-deoxy-D-glucose-positron

emission tomography/computed tomography using the final pathological diagnoses as the golden

standard.

Results: We calculated the sensitivity, specificity, positive predictive value and negative predictive

value of 18F-fluoro-2-deoxy-D-glucose-positron emission tomography/computed tomography. In cer-

vical cancer, the results evaluated by cases were 33.3, 92.7, 55.6 and 83.6%, respectively. When eval-

uated by the area of lymph nodes, the results were 30.6, 98.9, 55.0 and 97.0%, respectively. As for

endometrial cancer, the results evaluated by cases were 50.0, 93.9, 40.0 and 95.8%, and by area of

lymph nodes, 45.0, 99.4, 64.3 and 98.5%, respectively. The limitation of the efficacy was found out by

analyzing it by the region of the lymph node, the size of metastatic node, the historical type of tumor

in cervical cancer and the prevalence of lymph node metastasis.

Conclusion: The efficacyof positron emission tomography/computed tomography regarding the de-

tection of lymph node metastasis in cervical and endometrial cancer is not established and has lim-

itations associatedwith the region of the lymph node, the size ofmetastasis lesion in lymph node and

the pathological type of primary tumor. The indication for the imaging and the interpretation of the

results requires consideration for each case by the pretest probability based on the information

obtained preoperatively.
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Introduction

Positron emission tomography (PET) is used in more than 300
institutes in Japan (1) and is becoming common for preoperative
examination and diagnosis of recurrence of gynecological cancer.
PET-computed tomography (CT), in which PET and CT images are
overlaid to improve anatomical accuracy, has also become common.
In patients of reproductive age, 18F-fluoro-2-deoxy-D-glucose (FDG)
is taken up by the ureter and ovaries physiologically. PET-CT can dis-
criminate between this uptake and abnormal accumulation in pelvic
lymph nodes based on anatomical information in the CT images.

Lymph nodemetastasis (LNM) is a major factor in treatment plan-
ning and prediction of prognosis in gynecological cancer. PET-CT al-
lows precise anatomical and metabolic imaging, but the diagnostic
accuracy of PET-CT for LNM has varied among studies (2). For ex-
ample, Park et al. (3) reported that, the efficacy for endometrial cancer,
sensitivity was 69.2% and specificity was 90.3% by region; and Sironi
et al. (4) reported that for cervical cancer, sensitivity was 72%and spe-
cificity was 99.7% by region. However, in the clinical situation, we
could not observe such high efficacies and considered that there
would be some factors influencing it.

The efficacy of PET-CT may be overestimated in certain clinical si-
tuations, in part because PET evaluates metabolic features of tumor
cells and may be influenced by tissue type (5). There may also be dif-
ferences in diagnostic efficacy among pathological types of cervical
cancer. The importance of the amount of tumor tissue in a metastatic
lymph node, including micrometastases (MM) and isolated tumor
cells (ITCs), is now recognized in many cancers, including gyneco-
logical cancer (6). The efficacy of PET-CT may be affected by the
size of the target tumor, and thus PET-CT may be limited for the de-
tection of small lesions (4).

In this study, the diagnostic accuracy of PET-CT was examined
retrospectively based on the final pathological diagnosis. Clinical in-
formation was also used to define approaches that improve preopera-
tive interpretation of PET-CT findings.

Patients and methods

Subjects

The subjects were patients who were diagnosed with cervical or
endometrial cancer histopathologically and underwent PET-CT for
treatment planning in our department. Data were collected and eval-
uated retrospectively and sampling was performed consequently.
Pelvic and paraaortic systematic lymph node dissection was performed
based on the medical indication and the patients’ consent. Patients
who did not undergo surgery including systemic lymph node dissec-
tion in our institute were excluded. In addition, the patients who
were included in other clinical trials on LNM were also excluded be-
cause the pathological evaluation of LNs was different from usual
(6,7).

Since this research was a retrospective study based on existing clin-
ical data, informed consent was not obtained from each participant.
Instead, the scheme of our research was disclosed on the website,
and by excluding those who refused to participate, the voluntariness
of one’s participation was guaranteed. The study was conducted
with the approval of the ethics committee of our university (approval
number: 20130289).

The study included 70 patients with cervical cancer and 53 with
endometrial cancer who underwent preoperative PET-CT and surgery
including lymph node dissection in the gynecological department of
our hospital from September 2012 toMarch 2014. Patients with a his-
tory of sarcoidosis and one patient who could not complete PET-CT
due to mental illness were excluded. A flow diagram of the study is
shown in Fig. 1. There were no adverse events associated with
PET-CT.

The characteristics of the patients are shown in Table 1. For pa-
tients with cervical cancer, the mean age was 38.8 ± 8.5 years, the
pathological type was mainly squamous cell carcinoma (SCC)
(58.6%) and the common FIGO 2008 stage was IB1 (74.3%). For
those with endometrial cancer, the mean age was 58.7 ± 11.4, and
the main histological type, grade and stage were endometrioid adeno-
carcinoma (83.0%), Grades 1 and 2 (30.1% each), and IA (47.2%),
respectively.

PET-CT protocol

PET-CTwas performed using a Biograph mCT system (Siemens Med-
ical Solutions, Knoxville, TN, USA). The patient received 3.7 MBq/kg
FDG and underwent scanning at 60th minute after FDG administra-
tion. Data were transferred to an AZE workstation (AZE Ltd, Tokyo,
Japan). A PET-CT-positive case was defined as an abnormal FDG up-
take in the lymph node region, regardless of the size of the lymph node
on CT images, as described in previous studies (8–10). The diagnosis
of an abnormal uptake in lymph node region was made by the radiolo-
gist, by comparing/observing the higher uptake than the background
and the opposite region. With regard to anatomical position, the CT
image helped in differentiating peritoneal dissemination from urinary
tract or ovary. Regions of positive lymph nodes were recorded to
match with dissected tissues, and SUVmax was determined in the
early and delayed phases. Abnormal FDG uptake in lymph node re-
gions was evaluated by radiologists with experience of >8 years. A
retrospective review was performed by a radiologist specialized in nu-
clear medicine imaging with 28 years’ experience and who was
blinded to the pathological results.

Surgery

The range of lymph node dissection was based on our institutional cri-
teria. In cervical cancer, cases from Stage IA2–IIB in FIGO clinical sta-
ging underwent pelvic lymph node dissection. In endometrial cancer,
pelvic and paraaortic lymph node dissection was performed in cases
with a high risk of recurrence, >50%myometrial invasion, or a histo-
pathological type of serous, clear cell, Grade 3 endometrioid adeno-
carcinoma and carcinosarcoma. Intermediate risk cases underwent
pelvic lymph node dissection only. Lymph nodes were dissected separ-
ately by region (Fig. 2). Pelvic nodes were divided into 13 regions: bi-
lateral common iliac, external iliac, suprainguinal, internal iliac,
obturator, parametrial and sacral nodes; and paraaortic nodes were
divided into six regions: three columns divided by the right and left
edges of the aorta and two rows divided by the height of the inferior
mesenteric artery. Matching between dissected tissue and images was
performed based on clinical and operative records and images of map-
ping of dissected nodes, and was reviewed by a certified gynecological
oncologist with experience of 21 years.
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Pathological evaluation

Dissected lymph nodes were fixed and stained with hematoxylin and
eosin to test for the presence of LNM. Routine pathological evaluation
of lymph nodes is usually based on one or two sections (11). Diagno-
ses were made by two experienced general pathologists and were re-
viewed retrospectively by one pathologist who was blinded to the
PET-CT results with 8 years’ experience in gynecological tumor im-
aging . For each lymph node found to have metastatic tumor, the
short axis (SA) of the lymph node and the maximummetastasis diam-
eter (MMD) were measured on the slide. False-positive lymph nodes
were also examined to determine the reason for FDG accumulation.

Magnetic resonance imaging (MRI)

MRI findings for myometrial invasion were used to stratify the risk of
LNM in endometrial cancer because this information is available to
evaluate the PET-CT result preoperatively. MRI is most useful for pre-
operative depth assessment of MI (12,13). MRI was performed in 38
patients (71.7%) in our hospital and in 14 patients (26.4%) at other
institutes. One patient did not undergo MRI. In our institute, pelvic
MR examination was performed on a 1.5-T clinical scanner using
the following sequence: (i) T2-weighted fast spin-echo images (TR/
effective TE = 4000/90 msec), (ii) high b-value (b = 1000 s/mm2)
single-shot echo-planar diffusion-weighted images (TR/TE = 5000/
68 ms) and (iii) fat-suppressed 3D-T1 weighted images (TR/TE = 4.4/
2.2 ms) after the administration of gadolinium-based contrast material
(0.1 mmol/l per kg of body weight) in cases without contraindication.
MRI findings were classified into three groups: (i) no myometrial

invasion, (ii) <50% invasion and (iii) 50% or more invasion. Diagno-
sis of myometrial invasion was based on disruption or discontinuation
of a junctional zone or subendometrial gadolinium enhancement if
this procedure was performed. Diagnosis was performed by experi-
enced general radiologists and reviewed retrospectively by one radiolo-
gist with 20 years’ experience in gynecological imaging, who was
blinded to pathological data and PET-CT results.

Statistical analysis

Diagnostic accuracies of PET-CT for detection of LNMwere calculated
for all cases, for cases of cervical and endometrial cancer, and for differ-
ent tissue types in cervical cancer. Ninety-five percent confidence inter-
vals were obtained using the Clopper–Pearson (exact) method. Data
were analyzed using SPSS (ver. 21, New York, NY, USA).

Results

The MRI findings of myometrial invasion and the periods to surgery
from PET-CT are also given in Table 1. The periods did not show sig-
nificant difference by analysis of variance (ANOVA) between the
groups of PET-CT results: true positive, false positive, true negative
and false negative.

The diagnostic accuracies of PET-CT for detecting LNM are given
in Table 2 by cases and by regions for both cancers, and by tissue type
in cervical cancer. We calculated the sensitivity, specificity, accuracy,
positive predictive value (PPV), negative predictive value (NPV), like-
lihood ratio positive (LR+) and likelihood ratio negative (LR−). In the

Figure 1. The flow diagrams of cases of cervical and endometrial cancers.
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analysis for cervical cancer, sensitivity and specificity were 33.3 and
92.7% by cases, respectively, and 30.6 and 98.9% by regions. In
the analysis for endometrial cancer, sensitivity and specificity were
50.0 and 93.9% by cases, and 45.0 and 99.4% by regions,
respectively.

The sensitivities according to pelvic region for both cancers are
added and are shown in Fig. 3. No metastatic lymph nodes were de-
tected by PET-CT in the internal iliac and parametrial regions.

The sizes of lymph nodes (short axis) and the MMD according to
the PET-CT result are shown in Fig. 4. SA did not show significant dif-
ference between PET-CT results, but MMD did. The 14 false-positive
lymph nodes showed histiocytic infiltration of sinusoids (n = 4),

follicular hyperplasia (n = 6), granuloma (n = 1), peritoneal dissemin-
ation (n = 1) and no findings (n = 2) (Fig. 5).

Discussion

The efficacy of PET-CT in detecting LNMwas less than that reported;.
therefore, we analyzed the factors that seem to influence this. Consid-
ering the theory of PET, first we focused on size and region.

The size of the tumor in the metastatic lymph node, includingMM
and ITCs, is important in many cancers, including gynecological can-
cer (6). The efficacy of PET-CTmay be affected by the size of the target
tumor, as PET cannot detect small lesions. The SA of metastatic lymph

Table 1. The characteristics of the patients

Cervical cancer Endometrial cancer

Number 70 53
Age, years mean ± SD 38.8 ± 8.5 58.7 ± 11.4

Historical type n (%) Squamous cell carcinoma 41 (58.6%) Endometrioid adenocarcinoma
Grade1 16 (30.1%)

Mucinous adenocarcinoma 20 (28.6%) Grade2 16 (30.1%)
Adenosquamous cell
carcinoma

2 (2.9%) Grade3 12 (22.6%)

Endometrioid
adenocarcinoma

3 (4.3%) Serous papillary
adenocarcinoma

2 (3.8%)

Glassy cell carcinoma 2 (2.9%) Clear cell carcinoma 3 (5.7%)
Serous adenocarcinoma 1 (1.4%) Carcinosarcoma 4 (7.5%)
Endometrioid + 1 (1.4%)

Clear cell carcinoma Undifferentiated 0 (0%)
Undifferentiated 0 (0%)

FIGO Stage
Included patients IA1 4 (5.7%) IA 25 (47.2%)

IA2 1 (1.4%) IB 11 (20.8%)
IB1 52 (74.3%) II 5 (9.4%)
IB2 10 (1.4%) IIIA 4 (7.5%)
IIA1 2 (2.9%) IIIB 2 (3.8%)
IIA2 0 (0%) IIIC1 1 (1.9%)
IIB 1 (1.4%) IIIC2 3 (5.7%)

IVA 0 (0%)
IVB 2 (3.8%)

Excluded patients IA1 6 (9.7%)
IA2 0 (0%)
IB1 17 (27.4%)
IB2 7 (11.3%)
IIA1 7 (11.3%)
IIA2 2 (3.2%)
IIB 15 (24.2%)
IIIA 0 (0%)
IIIB 5 (8.1%)
IVA 0 (0%)
IVB 2 (3.2%)
Unclassified 1 (1.6%)

MRI finding of myometrial invasion a (no invasion) 22 (42.3%)
b (1/2>) 11 (21.2%)
c (1/2≦) 19 (36.5%)

Period between PET-CT and surgery
(days, mean ± SD)

True positive 37.4 ± 14.9 P = 0.106 by ANOVA
False negative 32.7 ± 17.0
False positive 43.7 ± 14.7
True negative 48.2 ± 23.8

FIGO, The International Federation of Gynecology and Obstetrics; PET-CT, positron emission tomography-computed tomography; MRI, magnetic resonance
imaging.
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nodes has been used for analysis in cervical cancer (4,14,15), but we
focused on the MMD as a measure of tumor size that may be more
suitable for PET-CT features. The MMD on the section is not equal
to the true maximum diameter of a metastatic lesion but only an ap-
proximation ; its usefulness has been reported (16). The definitions of
MM and ITC are based on the MMD. The MMD of metastasis-
positive lymph nodes identified by PET-CT were longer than that of
non-identified nodes (P = 0.017 by t test). However, the SA did not
show a significant difference (P = 0.17 by t test). Our study indicates
that MMD relates more strongly to PET-CT efficacy than SA.

It seems likely that sensitivity should increase with an increased
MMD, but a strong correlation was not found (OR = 1.091, P =
0.024, by univariate logistic regression). Thus, other factors may
also affect the efficacy of PET-CT. The sensitivity was 40.9% in meta-
static lymph nodes with MMD >2 mm and 52.9% in those with
MMD >5 mm. The sensitivity was 41.7% for metastatic lymph
nodes with a short axis >5 mm. The clinical impact of MM or ITCs
is unclear in gynecological cancer, but there is a limitation in detecting
these lesions by PET-CT.

Differences in the diagnostic sensitivity of PET-CT were observed
for lymph nodes in different regions. The sensitivities for the interiliac
and parametrial regions were both 0%. These regions are close to the
uterus, and thus close to the primary tumor, and FDG accumulation in
the primary tumormay hide the abnormal FDG uptake in the LNM.A
similar situation was reported in urological cancers (17).

Obturator, interiliac, parametrial and common iliac lymph nodes
are frequent regions of cancer metastasis (18,19). In this study also,

these were the frequent regions of metastasis in both cancers. Low sen-
sitivities in these regions would be a problem. The pelvic regions ex-
cept for the interiliac and parametrial regions showed reasonable
sensitivity in endometrial and cervical cancer and the PET-CT result
andMMD showed a better correlation (Fig. 3, OR = 1.194, P = 0.011,
by univariate logistic regression). Although these might be classi-
fication error of lymph nodes in surgical techniques, these results
show that the lymph node region can strongly affect the efficacy of
PET-CT.

Next, we analyzed the histopathological tumor type, because the
utility of PET is dependent on the metabolic features of tumor cells
and might be influenced by the pathological type of the tumor.
SUVmax of primary tumors differs between SCC and non-SCC (5),
but differences in diagnostic efficacy have not been examined. In the
current study in a population with a relatively high percentage of
non-SCC cases, the diagnostic accuracy tended to be higher in
non-SCC cases, despite the previous finding of a tendency for a higher
SUVmax in SCC cases (5). However, there was no significant difference
in logistic regression analysis using variables of pathological type and
MMD (OR = 3.4, P = 0.175).

Compared with the previous studies, Park et al. (3) reported better
efficacy for endometrial cancer and Sironi et al. (4) reported better
efficacy for cervical cancer. In the report of Park, the pathological
evaluation of LNs, that is the standard examination, was performed
on only suspected LNs. Because systemic dissection was not per-
formed and they would overlook suspicion on small lesions, sensitiv-
ity might be overestimated. Actually, in the report of Kitajima et al. (8),
which was performed in a similar setting to the present study, the ef-
ficacy was similar. Kitajima et al. mentioned about the size of LNs but
did not analyze the region. In the report of Sironi, the protocol was
similar and we could not exactly find the reason for the difference in
results. There might be the influence of a difference of pathological
evaluation and study population.

One of the limitations of this study was the subject population. In
this study, the patients with cervical cancer were younger, included a
higher percentage of non-SCC cases and had a tendency to be at a
lower stage compared with general Japanese epidemiological data
(20). These differences may arise from a difference in surgical indica-
tion. The cases of endometrial cancer were representative of the gen-
eral Japanese data. We did not determine the surgical indication based
on PET-CT, but more PET-CT-positive cases tended to be chosen for
radiotherapy. This might be a limitation of studies due to/depending
on the accuracy of the imaging procedure, with the results of the stand-
ard examination being unclear in some cases. High-risk cases of cer-
vical cancer with LNM could not be known especially in those that
tend to undergo radiotherapy, and this decreased prevalence in the
study population, which may cause a bias toward a lower positive-
predictive value and a higher negative-predictive value. Speaking
about the periods from PET-CT to surgery, they did not differ between
the groups based on the PET-CT result. Though a longer period would
lead to a false negative in theory, we do not have to think much about
the influence from that factor.

Though PET-CT is increasingly used in gynecological cancer pre-
operatively, the results described above indicate that PET-CT has a rela-
tively low diagnostic efficacy for LNM. Thus, we should consider about
the indication of this examination. LNMs were relatively rare, especial-
ly in low-risk cases. PPV and NPV are influenced by prevalence, which
means that they are calculated from prevalence and LR+ and LR−. We
limited our study to high-risk cases, cervical cancer of clinical stage IB1
or higher and endometrial cancer with >50% myometrial invasion in
MRI findings. This information can be obtained preoperatively,

Figure 2. The map of pelvic and paraaortic lymph nodes. Pelvic nodes were

divided into 13 regions: bilateral common iliac, external iliac, suprainguinal,

internal iliac, obturator, parametrial and sacral nodes; and paraaortic nodes

were divided into six regions: three columns divided by the right and left

edges of the aorta and two rows divided by the height of the inferior

mesenteric artery.
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Table 2. The diagnostic efficacy of PET-CT for detecting lymph node metastasis in cervical and endometrial cancer, by cases and by regions

PET-CT Pathological evaluation Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Accuracy, %
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI)

LR+
(95% CI)

LR−
(95% CI)

Lymph node
metastasis

No
metastasis

Total

Cervical cancer
SCC
By regions + 2 6 8 16.7 (2.09–48.4) 98.8 (97.3–99.5) 96.8 (94.8–98.2) 25.0 (3.19–65.1) 98.0 (96.3–99.0)

− 10 481 491
Total 12 487 499

Non-SCC
By regions + 9 3 12 37.5 (18.8–59.4) 99.1 (97.3–99.8) 94.8 (92.0–96.9) 75.0 (42.8–94.5) 95.5 (92.8–97.5)

− 15 322 337
Total 24 325 349

All cases
By cases + 5 4 9 33.3 (11.8–61.6) 92.7 (82.4–98.0) 80.0 (68.7–88.6) 55.6 (21.2–86.3) 83.6 (71.9–91.8) 4.58 (1.40–15.0) 0.72 (0.50–1.04)

− 10 51 61
Total 15 55 70

By regions + 11 9 20 30.6 (16.3–48.1) 98.9 (97.9–99.5) 96.0 (94.4–97.2) 55.0 (31.5–76.9) 97.0 (95.6–98.0) 27.6 (12.2–62.3) 0.70 (0.57–0.87)
− 25 803 828
Total 36 812 848

Endometrial cancer
All cases
By cases + 2 3 5 50.0 (6.76–93.2) 93.9 (83.1–98.7) 90.6 (79.3–96.9) 40.0 (6.27–85.3) 95.8 (85.7–99.5) 8.17 (1.88–35.5) 0.53 (0.20–1.42)

− 2 46 48
Total 4 49 53

By regions + 9 5 14 45.0 (23.1–68.5) 99.4 (98.5–99.8) 98.0 (96.7–98.8) 64.3 (35.1–87.2) 98.6 (97.5–99.3) 69.3 (25.5–188) 0.55 (0.37–0.82)
− 11 765 776
Total 20 770 790

SCC, squamous cell carcinoma; PPV, positive predictive value; NPV, negative predictive value; LR+ likelihood ratio positive; LR−, likelihood ratio negative.
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consistent with the goal of using PET-CT for preoperative evaluation.
Even when limited to high-risk cases, the frequencies of LNM are
23.1% in cases with cervical cancer and 20.0% in cases with endomet-
rial cancer. Our results indicate that PET-CT is less suitable for low risk
cases in detecting LNM, and therefore, should not be performed rou-
tinely. We suggest that its indication be carefully considered. Here we
discuss only about its use in predicting LNM preoperatively and the ac-
curacies for other measurements such as the malignancy of the primary
tumor or distant metastasis have to be discussed separately. This study
does not mention about post-operative PET-CT. Generally, resurgery
would be performed only in a limited situation when recurrence is in-
dicated by imaging. Then we have no choice but to take the decision
based on the most reliable imaging procedure. The diagnostic accuracy
of PET-CT is better than preexisting imagingmodalities like CTorMRI
for detecting recurrence (21–23). Moreover, as PET-CT can detect
metabolic change, we could achieve an effect of therapy even when
the lesion size did not change (24).

On the other hand, preoperative usefulness of this procedure might
increase when considering the therapy of limited high-risk cases. Actu-
ally, such a tentative planwas reported (25).When considering the plan
in cervical cancer, it would be suitable to analyze by case because the
presence of LNM may affect initial treatment. In endometrial cancer,
however, our true concern is identification of the region of LNM, be-
cause the standard treatment is surgery (26) and systemic lymph node
dissection has not been proved to be beneficial for overall survival (27).
We require methods for precise preoperative identification of LNM to
consider the range of lymph node dissection. Limited to cases who
underwent paraaortic lymph node dissection in endometrial cancer,
we calculated the diagnostic accuracy for the detection of the presence
of paraaortic LNM. The sensitivity was 50.0% (2/4 cases, 6.8–93.2%)
and specificity was 100% (26/26 cases 89.1–100%). The sample size
became small (N = 30) but when limited to a high pretest probability,
it seems relatively efficient to consider the indication of paraaortic dis-
section based on PET-CT results because of a high PPV.

Figure 3. (A) The sensitivity according to the pelvic regions of the lymph node. (B) The comparison of the size of metastatic lymph nodes limited in common iliac,

external iliac and obturator regions between PET-CT results.

Figure 4. The comparison of the size of metastatic lymph nodes between PET-CT results and the sensitivity according to size: (A) by short axis and (B) by maximum

metastasis diameter.
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Our results indicate that the efficacy of PET-CT for detecting LNM
have the limitation relating to size and region. The possible methods to
improve the sensitivity might be optimizing the dose of FDG and the
development of scanning devices or methods and so on. Otherwise,
the possible methods to improve the specificity might be evaluation
of the sequential change of FDG uptake, the dual time scanning, for
example. Further research is required on this issue.

Conclusion

The efficacy of PET-CT regarding the detection of lymph node metas-
tasis in cervical and endometrial cancer is not established and has limi-
tation associated with clinical and pathological factors. The indication
for the imaging and the interpretation of the results requires consider-
ation for each case based on the information obtained preoperatively.
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