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We evaluated the additional diagnostic value of magnetic resonance/positron emission

tomography (MR/PET) fusion in the detection of metastatic lymph nodes in cervical cancer

patients.

Seventy nine patients with FIGO stage IB-IVA cervical cancer who had undergone both

magnetic resonance imaging (MRI) and positron emission tomography/computed tomogra-

phy (PET/CT) before lymphadenectomy were included in this study. Image analysis was

first performed with PET/CT images only. A second analysis was then performed with

MR/PET fused images that focused on the additional information obtained from the MR

images. Lymphadenectomy involved removing all visible lymph nodes in the surgical field.

To enable nodal group-specific comparisons, para-aortic and pelvic lymph nodes were

divided into seven nodal groups: para-aortic, both common iliac, both external iliac and

both internal iliac/obturator areas. Histopathological evaluation of lymph nodes has been

the diagnostic standard. The value of the additional information from the MR images

was evaluated by means of receiver operating characteristic (ROC) analysis.

Fused MR/PET rendered readers to detect six more metastatic lymph node groups. The

sensitivity and specificity of PET/CT and fused MR/PET were 44.1%, 93.9% and 54.2%,

92.7% respectively. The ROC analysis demonstrated a higher diagnostic performance of

fused MR/PET compared to PET/CT alone for detecting lymph node metastases (p = 0.0259).

The findings of this study demonstrate the additional diagnostic value of fused MR/PET

images compared with PET/CT in the detection of metastatic lymph nodes in patients with

uterine cervical cancer.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Cervical cancer is the second most frequently diagnosed

malignancy in women worldwide, and is the only major
er Ltd. All rights reserved

86; fax: +82 2 476 4719.
Choi).
gynaecological malignancy clinically staged according to the

International Federation of Obstetrics and Gynaecology (FIGO)

recommendations.1 In patients with cervical cancer, the pres-

ence of lymph node metastases is associated with a poor
.
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prognosis.2–4 Lymph node involvement is also an important

factor for the choice of adjuvant radiotherapy.5 Subsequent

surgical staging shows that clinical staging of cervical cancers

is accurate in only approximately 60% of cases,6,7 with undi-

agnosed lymph node metastases being a major problem.6–8

Although nodal resection before radiotherapy results in im-

proved survival in patients with grossly enlarged pelvic and

para-aortic lymph nodes,9,10 routine pretreatment surgical

staging is not recommended because it is specialised and in-

creases the time and cost of procedure, with an increased risk

of immediate and delayed complications in patients.11–13

Recently, positron emission tomography (PET) employing

the glucose analogue [18F]-flouro-2-deoxy-D-glucose (FDG)

has been shown to be more sensitive than computed tomog-

raphy (CT) or magnetic resonance imaging (MRI) for detecting

lymph node metastases in cervical carcinoma patients.14–19

However, PET has lower spatial resolution than CT or MRI.

Fused PET/CT, as described by Beyer et al., combines the ana-

tomic detail provided by CTwith PET metabolic information.20

Initial studies have shown that this technique has improved

the anatomical localisation of PET abnormalities and reduced

the number of equivocal PET interpretations;21–24 PET/CT has

gradually become a popular modality for detecting metastatic

lymph nodes in patients with cervical cancer. However, it has

not yet been established whether PET/CT alone is the best

imaging technique for examining patients with cervical can-

cer. Although it is difficult for radiologists to characterise

small lymph nodes, we thought that it might improve patient

management if small metastatic lymph nodes could be iden-

tified by fused MR/PET imaging preoperatively, because MRI is

better for tissue characterisation when compared with CT

(especially non-contrast CT). However, to date there has been

no study on the additional usefulness of fused MR/PET imag-

ing in detecting metastatic lymph nodes in patients with uter-

ine cervical cancer.

Therefore, we performed this study to evaluate the diag-

nostic value of fused MR/PET imaging in the detection of met-

astatic lymph nodes in cervical cancer patients.

2. Patients and methods

2.1. Patients

This was a retrospective study and our institutional review

board did not require approval or informed consent for review

of patients’ records or images. The inclusion criteria for pa-

tients were as follows: untreated patients with histopatholog-

ically confirmed FIGO stage IB to IVA invasive cervical cancer

determined by a conventional work-up that included MR

images between October 2001 and December 2007; age 29–

73 years (mean = 50 years); no contraindication to the surgical

procedure; no evidence of distant metastases; an Eastern

Cooperative Oncology Group performance statues of 0–1.

Those with small cell carcinoma (n = 5) and patients who were

not to undergo laparoscopic lymph node dissection were ex-

cluded (n = 50).

All patients were classified into two groups according to

FIGO staging. The first group consisted of patients with stage

IB1 (tumour size 6 4 cm) and IIA, and they received conven-

tional lymphadenectomy combined with a radical hysterec-
tomy via laparotomy (n = 59). The second group consisted of

patients with stage IB2 or PIIB, and they received chemoradi-

ation preceded by laparoscopic para-aortic and pelvic lym-

phadenectomy (n = 20).

Informed consent was obtained from all patients in the

second group before the laparoscopic para-aortic and pelvic

lymphadenectomy.

2.2. Conventional staging work-up

After histological confirmation of invasive cervical cancer, the

FIGO stage was determined using bimanual pelvic examina-

tion (P.S.Y., S.S.S.), cystoscopy and sigmoidoscopy.

2.3. MRI

MRI was performed with the Signa 1.5 T system (General Elec-

tric Medical Systems, Milwaukee, WI) using a pelvic array coil

for the pelvic scan and a torso phase array coil for the para-

aortic scan. Scans were performed using the following param-

eters: axial T1-weighted fast spin-echo sequence (TR/TE,

600 ms/10 ms; slice thickness, 5 mm; interslice gap, 2 mm;

field of view, 24 cm · 24 cm; matrix, 256 · 192; echo-train

length, 4; three signals acquired; no fat saturation; band-

width, 31.25 kHz), axial T2-weighted fast spin-echo sequence

(TR/TE, 5000/68 ms; slice thickness 3 mm; interslice gap

1 mm; 24 cm · 24 cm field of view, matrix, 256 · 192; echo-

train length, 21; four signals acquired; no fat saturation,

31.25 kHz bandwidth), sagittal T2-weighted fast spin-echo se-

quence (TR/TE, 5000/68 ms; slice thickness, 3 mm; interslice

gap, 3 mm; field of view, 24 cm · 24 cm; matrix, 256 · 192;

echo-train length, 26; four signals acquired; no fat saturation,

31.25 kHz bandwidth), coronal T2-weighted fast spin-echo se-

quence (TR/TE, 5000/68 ms; slice thickness, 3 mm; interslice

gap, 3 mm; field of view, 24 cm · 24 cm; matrix, 256 · 192;

echo-train length, 26; four signals acquired; no fat saturation,

31.25 kHz bandwidth), gadolinium-enhanced axial and sagit-

tal T1 weighted turbo spin-echo sequence (TR/TE, 175/

4.2 ms; slice thickness, 5 mm; interslice gap, 2 mm;

24 cm · 24 cm field of view for axial plane and 24 cm · 24 cm

field of view for sagittal plane; matrix, 256 · 192; echo-train

length, 3; two signals acquired; fat saturation; bandwidth,

31.25 kHz) for the pelvic region, and axial fast spin-echo T2-

weighted sequence with 16 s of breath holding (TR/TE, 2000/

68 ms; slice thickness, 8 mm; interslice gap 2 mm; field of

view, 32 cm · 24 cm; matrix, 256 · 160; echo-train length, 20;

one signal acquired; no fat saturation, 31-kHz bandwidth)

for the para-aortic region. Ten patients did not have a gadolin-

ium injection because from March 2004 to October 2004 we

did not obtain the gadolinium-enhanced T1-weighted MR se-

quences and these patients were recruited during that period

of time.

2.4. PET/CT imaging protocol

Whole-body PET/CT was performed using either one of two

combined PET/CT scanners: a Biograph LSO (Siemens Medical

Solutions, Hoffman Estates, IL) or a Discovery LS (General

Electric Medical Systems, Milwaukee, WI). The choice of scan-

ner was arbitrary, with the Biograph LSO used on 43 patients



Fig. 1 – Classification of para-aortic and pelvic lymph node

groups (cited from Cancer. 2006 Feb 12;106(4):916, figure 1).

Para-aortic lymph nodes right common iliac lymph nodes

left common iliac lymph nodes right external iliac lymph

nodes left external iliac lymph nodes right internal iliac/

obturator lymph nodes left internal iliac/obturator lymph

nodes.
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and the Discovery LS scanner used on 36 patients. PET/CT

scans were carried out between 2 and 20 days (mean +

SD = 7 + 6 days) before surgery.

After an 8 h fast, patients were intravenously injected with

444–740 MBq (12–20 mCi) FDG and encouraged to rest. PET/CT

scanning was performed from the middle of the skull to the

upper thigh 60 min after injection and an additional regional

PET/CT scan was performed from the upper margin of the left

kidney to the pelvic floor 120 min after injection. On each

PET/CT scan, spiral CT was performed using the following

parameters: for the Biograph LSO scanner, a scout view at

30 mA and 130 kVp, followed by a spiral CT scan with a 0.8 s

rotation time, 50 mA, 130 KVp, 5 mm section width, 4 mm col-

limation, 12 mm table feed per rotation, with arms raised; for

the Discovery LS scanner, a scout view at 30 mA and 120 kVp,

followed by a spiral CT scan with a 0.8 s rotation time, 80 mA,

140 kVP, 5 mm section thickness, 4.25 mm interval in high-

speed mode, with arms at the sides of the torso. PET image

acquisition followed CT scanning (3 min per bed position of

11.2 cm in 3-dimensional acquisition mode [Biograph LSO]

or 4 min per bed position of 14.2 cm in 2-dimensional acquisi-

tion mode [Discovery LS]). CT images were reconstructed onto

a 512 · 512 matrix, and were converted into 511-keV-equiva-

lent attenuation factors for attenuation correction. PET

images were reconstructed onto a 128 · 128 matrix using or-

dered subset expectation maximisation and attenuation cor-

rection. The standardised uptake value (SUV) was calculated

as follows: SUV = (decay-corrected activity [kBq] per ml of tis-

sue volume)/(injected 18F-FDG activity [kBq]/body mass [g]).

The SUV of the lesion was obtained by placing regions of

interest (ROI) manually around the lesion and the maximum

SUV within an ROI was used to minimise partial-volume ef-

fects. PET, PET/CT and CT images were analysed using a ded-

icated workstation and eNtegra (General Electric Medical

Systems) and e.soft (Siemens Medical Solutions) software

which allowed three-dimensional image display (transaxial,

coronal and sagittal) and maximum intensity projection of

PET data.

2.5. Image fusion

Ordered subset expectation maximisation-reconstructed

images of PET/CT studies were transferred in digital imaging

and communication in medicine (DICOM) format to a com-

mercially available personal-based system (Advantage Win-

dows Workstation, version 4.3, GE Healthcare Technology)

via the intranet. MR and PET/CT images were stored in a com-

mon database and the MR images were registered to CT

images of PET using a semi automatic voxel-based algorithm.

After registration, the coregistered images were reconstructed

and visualised in the axial planes. Alignment in all three

planes was assessed by checking the body outline and the po-

sition of metabolically active motionless organs (vein, bone

and spine).

2.6. Classification of lymph nodal groups

Para-aortic and pelvic lymph nodes were classified into seven

groups according to the nearest largest artery: para-aortic

(including right and left para-aortic lymph nodes), both com-
mon iliac, both external iliac and both internal iliac/obturator

areas (Fig. 1).

2.7. Surgical technique

All patients underwent preoperative bowel preparation for

2 days, were given prophylactic antibiotics, and underwent

surgery using the same instruments and techniques. Two

gynaecologic surgeons (P.S.Y., S.S.S.) performed all operations.

The surgeons were aware of the MRI and PET/CT findings with

regard to lymph nodes prior to performing lymph node dis-

sections. The first group (patients with stage IB1 and IIA) re-

ceived conventional lymphadenectomy combined with a

radical hysterectomy via laparotomy (n = 59), while the sec-

ond group (patients with stage IB2 or PIIB) received a laparo-

scopic para-aortic and pelvic lymphadenectomy (n = 20).

For both groups, lymphadenectomy was performed sys-

tematically with sampling of all node groups. All harvested

lymph nodes were grouped according to the name of the adja-

cent vessel (abdominal aorta, both common iliac arteries,

both external iliac arteries and both internal iliac and obtura-

tor arteries). For discrimination of the external iliac lymph

node group from the internal/obturator node group we



Table 1 – The number of truly or falsely diagnosed patients or nodal group with PET/CT and fused MR/PET in the detection
of metastatic lymph node groups in cervical cancer patients.

PET/CTa Fused MR/PETb PET/CTa Fused MR/PETb

Patients (number) Patients (number) Nodal groups (number) Nodal groups (number)

Total (number) 79 79 553 553

True positive 14 17 26 32

True negative 35 33 464 456

False positive 14 16 30 38

False negative 16 13 33 27

Total positivec 30 30 59 59

Total negatived 49 49 494 494

a Image analysis was done with PET/CT only.

b Image analysis was done with fused MR/PET.

c Total number of patients or nodal groups with pathologically confirmed metastatic lymph nodes.

d Total number of patients or nodal groups with pathologically confirmed non-metastatic lymph nodes.
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classified the lymph nodes, which were located parallel or

anterior to the external iliac artery, as the external iliac lymph

node group, and the nodes which were located posterior to

the external iliac artery and near the internal iliac or obtura-

tor artery, as the internal iliac/obturator lymph node group.

The upper limit of para-aortic lymph node dissection was

the duodenum, and the margin of node dissection was

demarcated using endoclips and this was confirmed by

abdominal X-ray after surgery.

2.8. Histopathological evaluation

Histopathological evaluation of lymph nodes was the diag-

nostic standard. Thin sections were stained with haematoxy-

lin and eosin, and examined microscopically by a pathologist

(Y.J.W.).

2.9. Analysis and statistics

PET/CT images were interpreted by one nuclear physician

(K.S.K.) with 7 years of experience in PET imaging, and fused

MR/PET images were interpreted by consensus of one radiol-

ogist (C.H.J.) with 7 years of experience in gynaecologic

imaging and one nuclear physician (K.S.K.). The readers

were informed of patient history in that they knew all pa-

tients had undergone systemic lymph node dissection for

cervical cancer; however, the readers were blinded to the

presence of metastatic lymph nodes for all patients. First,

the nuclear physician reviewed the PET/CT only. Two months

later, the radiologist and nuclear physician interpreted the

fused MR/PET together. They focused on the additional value

of MR images as a backbone for PET images in detecting

metastatic lymph nodes. The images were presented in ran-

dom order to each of the readers at each session. MR images

were examined in the picture archiving and communication

system. For PET/CT and fused MR/PET images, interpreta-

tions were made visually using a 5-point grading system:

0 = negative findings, 1 = insignificant, yet visible lesion,

2 = equivocal, needs further follow-up, 3 = probably metasta-

sis, 4 = significant metastasis.25,26 To utilise the additional

information of MR, the size and border of lymph nodes were

evaluated in fused MR/PET interpretation.27 PET/CT and

fused MR/PET images were examined directly from the
screen of a computer workstation. Information from PET/

CT and fused MR/PET evaluations were entered into a pro-

spective database; the histopathology staging information

was stored in a separate file.

The value of additional MR/PET fusion was evaluated by

means of receiver operating characteristic (ROC) analysis.

Analysis was performed with computer software (STATA, ver-

sion 9.2; Stata Corp, Texas). A p value of 0.05 or less was con-

sidered to indicate a significant difference.
3. Results

There were metastatic lymph nodes in 59 (10.7%) of 553 nodal

groups in 30 (38.0%) of the 79 patients. 17 patients had one

metastatic nodal group, seven had two groups and six had

three to five groups.

26 (44.1%) metastatic nodal groups in 26 patients were

identified on PET/CT images. After review of fused MR/PET

images obtained in 79 patients, the nuclear physician and

radiologist changed the visual grade level score of 30 nodal

groups in 28 patients which led readers to identify six more

metastatic nodal groups in three more patients and 32

(47.1%) metastatic nodal groups in 17 patients (Table 1) (Figs.

2 and 3).

The positive predictive value, negative predictive value,

sensitivity, and specificity are summarised in Table 2. The

area under the ROC was 0.690 (confidence interval; 0.650–

0.728) for the PET/CT and 0.735 (0.696–0.771) for fused MR/

PET (Fig. 4). Comparison of the areas under the ROC curves

for the detection of viable tumour demonstrated a significant

difference (p = 0.045) between the PET/CT and fused MR/PET.
4. Discussion

The presence of metastatic lymph nodes radically influences

the prognosis and treatment of patients with cervical can-

cer.8–11 In locally advanced cervical cancer patients, the 5-

year survival rate in node-negative patients is 57%, and this

is reduced to 34% when pelvic nodes are involved, and to

12% when para-aortic nodes are involved in surgically staged,

locally advanced cervical cancer patients.28 However, the

presence of lymph node metastases does not alter the clinical



Fig. 2 – True-positive metastasis in both internal iliac lymph

nodes of a 36-year-old woman with stage IIIA uterine

cervical cancer. (a) Transaxial PET/CT scan showing no

abnormally high uptake (arrow) in the right internal iliac

area. Note increased uptake in the left internal iliac area

(arrowhead). (b) T2 weighted axial image showing lymph

node (short axis diameter = 5 mm) with lobulated margin in

the right internal iliac area (arrow). Note large lymph node

(short axis diameter = 13 mm) in the left internal iliac area

(arrowhead). (c) Fused MR/PET axial image showing no

definite increased FDG uptake in the right internal iliac

lymph node (arrow). Note increased uptake in the left

internal iliac lymph node (arrowhead).

Fig. 3 – True-positive metastasis in the left internal iliac

lymph node of a 47-year-old woman with stage IIB uterine

cervical cancer. (a) Transaxial PET/CT scan showing slightly

increased uptake in the left internal iliac area (arrow). (b) T2

weighted axial image showing lymph node (short axis

diameter = 5 mm) with lobulated margin in the left internal

iliac area (arrow). (c) Fused MR/PET axial image showing

slightly increased FDG uptake in the left internal iliac lymph

node (arrow). Note slightly increased uptake in the uterine

cervical mass (asterisk).
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Fig. 4 – Graphs of ROC analysis results shows additional

value of unenhanced images to both readers in detecting

lymph node metastases. Blue line, PET/CT images; green

line, fused MR/PET images. The areas under the ROC for the

PET/CT and fused MR/PET were 0.690 (confidence interval;

0.650–0.728) and 0.735 (0.696–0.771) respectively (p = 0.045).

(For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this

article.)

Table 2 – Accuracy of PET/CT and fused MR/PET in the detection of metastatic lymph node groups in cervical cancer
patients.

Condition Positive predictive
value (95% CI)

Negative predictive
value (95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

%

PET/CTa 46.4(33.2–60.1) 93.4(90.7–95.3) 44.1(31.4–57.5) 93.9(91.3–95.8)

Fused MR/PETb 47.1(35.0–59.5) 94.4(91.9–96.2) 54.2(40.8–67.1) 92.7(90.0–94.8)

a Image analysis was done with PET/CT only.

b Image analysis was done with fused MR/PET.
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FIGO staging of cervical cancer and, accordingly, vigilant pre-

operative imaging work-up is not usually done.29

PET is usually used preoperatively to detect metastatic

lymph nodes in patients with uterine cervical cancer; how-

ever, there is considerable difficulty in accurately detecting

metastatic lymph nodes with this modality. Although PET

has clinical advantages with the high lesion-to-background

contrast and whole-body data acquisition, making it easy

to localise metabolic abnormalities, FDG is not specific for

tumour imaging; macrophages involved in inflammatory

and infectious diseases can also accumulate in the tracer,

and false-negative analysis may result from lymph nodes

that are smaller than 1 cm or that contain micrometasta-

ses.18,25 These obstacles are partly attributable to the lower

spatial resolution of PET, compared to CT or MRI. The intro-

duction of PET/CT fusion has partly overcome these obsta-

cles.11 However, the CT images used in the PET/CT fusion

are non-contrast images, which can limit adequate detection
of metastatic lymph nodes. In addition, MRI is superior in

the characterisation of internal architecture, such as fatty

hilum, border of the lymph node, and presence of necrosis,

compared to CT. Also, a significant proportion of lymph

nodes smaller than 1 cm have a chance of being metastatic

ones. Giradi et al.30 reported that there were micrometasta-

ses in 37% of metastatic lymph nodes and Ayhan et al.31 re-

ported that 56% of metastatic lymph nodes were smaller

than 1 cm.

In daily practice, MRI is performed before PET/CT in the

work-up of patients with uterine cervical cancer. Therefore,

information about the lymph nodes status from the MRI is

usually considered in the interpretation of PET/CT. However,

the annotated lymph nodes are usually larger than 1 cm;

many lymph nodes that are smaller than 1 cm can be iden-

tified but are not usually mentioned for further evaluation

in MRI, and these small lymph nodes have little chance of

being evaluated in PET/CT. Chou et al.25 reported that PET

had little value in early stage cervical cancer patient with

small (<1 cm in length) lymph nodes. In our study, the re-

view of fused MR/PET led to the examination of an addi-

tional 23 lesions and the detection of six more metastatic

nodal groups.

In our study, the surgeons were guided by preoperative

MRI and PET/CT and this can cause verification bias. However,

in our study we sampled all visible lymph nodes in predeter-

mined lymphatic regions, thus the degree of verification bias

was minimised.

In our study, the region specific comparison was also car-

ried out. For this reason the evaluated lymph node could only

be the largest lymph node or a lymph node with meaningful

findings in the PET/CT scans. For this reason the correlation

of all individual lymph nodes with imaging findings could

not be fully evaluated. We believe that the node-by-node com-

parison should be carried out in a future study.

In the present study, we demonstrated that the digital fu-

sion of MRI and PET scans to detect metastatic lymph nodes

in cervical cancer patients provided meaningful clinical data.

Our information suggests that MRI and PET fusion should be

employed in the staging of cervical cancer patients.

In conclusion, our study demonstrated that fused MR/PET

imaging of structural and functional data can provide addi-

tional diagnostic value in the detection of lymph node metas-

tases in patients with uterine cervical cancer. The addition of

MRI offers an increased ability to detect metastatic lymph

nodes compared with PET/CT alone. Therefore, we recom-

mend the use of fused MR/PET imaging for the evaluation of

lymph node status in patients with uterine cervical cancer.
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