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The utility of 18F-FDG PET/CT in patients with nasal-type natural
killer (NK)/T-cell lymphoma has not been established. Therefore,

we evaluated the role of 18F-FDG PET/CT for determining cancer

staging by comparing its results to those of conventional staging
methods (CSMs) (physical examination, CT with intravenous con-

trast, biopsies from primary sites, and bone marrow examinations)

in patients with nasal-type NK/T-cell lymphoma. Methods: In this

study, 52 consecutive patients (34 men, 18 women; mean age, 49.4
y) with newly diagnosed nasal-type NK/T-cell lymphoma were stud-

ied. Anatomic regions (n5 1,300; 16 nodal and 9 extranodal regions

per patient) were assessed with an 18F-FDG PET/CT scan and with

CSMs, and each anatomic region was classified as positive or
negative for malignancy. Biopsy and clinical follow-up, including

additional imaging studies, were used as the gold standard for

diagnosis. Results: Of the 59 nodal and 71 extranodal anatomic
regions that were truly positive for malignancy, 18F-FDG PET/CT

detected 58 nodal and 69 extranodal. CSMs, however, detected

only 44 of the nodal and 61 of the extranodal anatomic regions that

were positive for malignancy (nodal comparison of PET/CT vs.
CSMs, P , 0.001; extranodal comparison of PET/CT vs. CSMs,

P 5 0.008). PET/CT scans exhibited a significantly better sensitiv-

ity (97.7% vs. 80.7%, P , 0.001) than CSMs for the detection of

malignant lesions. PET/CT findings altered the original staging cat-
egory for 12 patients (21.2%) and affected treatment planning in 23

cases (44.2%). Conclusion: Our study demonstrated that 18F-

FDG PET/CT scanning is a valuable modality for staging and treat-
ment planning in patients with nasal-type NK/T-cell lymphoma.
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Extranodal natural killer (NK)/T-cell lymphoma, nasal-type, is
a rare and aggressive form of lymphoma with a marked geo-
graphic preference for Asia, Mexico, and South America (1–3).

Although it constitutes less than 1% of all lymphomas in Western
countries, it accounts for 3%–9% of all malignant lymphomas in
Asia (3–5). In western countries, most sinonasal lymphomas are
diffuse large B-cell lymphomas, whereas in Asia, 40%–74% of
sinonasal lymphomas are NK/T-cell lymphomas (1,3). Nasal-type
NK/T-cell lymphoma frequently involves extranodal sites, including
skin, the gastrointestinal tract, testis, kidneys, and the respiratory
tract (6). However, unlike other lymphomas, nasal-type NK/T-cell
lymphoma less frequently involves the bone marrow and lymph
nodes (3,6). Another significant difference between nasal-type
NK/T-cell lymphoma and other types of lymphoma is that, although
NK/T-cell lymphoma has a good response to radiation therapy, it
usually has a poor response to conventional chemotherapy (7,8).
Radiation therapy with or without chemotherapy is now considered
the optimal treatment for stage I or II nasal-type NK/T-cell lym-
phoma; thus, knowing the exact stage of this cancer is critical in
determining the appropriate treatment (9–11).

18F-FDG PET/CT is part of clinical practice for evaluating ag-
gressive B-cell and Hodgkin lymphomas (12–15). Research indicates
that 18F-FDG PET/CT scans are useful for staging, evaluating treat-
ment response, predicting prognosis, and looking for recurrence dur-
ing follow-up in patients with various lymphomas. However, using
18F-FDG PET/CT scans for staging patients with nasal-type NK/T-
cell lymphoma is not well established. Until now, conventional staging
methods (CSMs), including physical examination, CT with intrave-
nous contrast, biopsies from primary sites, and bone marrow exami-
nations, have been used to stage the disease as a standard method
(6). There are few studies that have investigated the utility of 18F-
FDG PET/CT scans for staging purposes in this disease, and those
that have been conducted were limited by their sample size (16–19).
Therefore, the purpose of this study was to investigate the effective-
ness of 18F-FDG PET/CT scans, as compared with CSMs, for stag-
ing patients with nasal-type NK/T-cell lymphoma.

MATERIALS AND METHODS

Patients

From May 2003 to December 2009, 52 patients with recently diagnosed
nasal-type NK/T-cell lymphoma, who underwent an 18F-FDG PET/CT

scan for initial staging at Samsung Medical Center, were enrolled in
this retrospective study. The pathologic diagnosis was determined on the

basis of the World Health Organization lymphoma classification criteria
(20). Immunohistochemistry, flow cytometry, and Epstein–Barr virus in

situ hybridization analysis were performed for pathologic confirmation.
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Follow-up evaluations included clinical examinations, CT scanning

with intravenous contrast, or PET/CT scanning. These were performed

every 1–3 mo for the first 2 y after diagnosis, every 5–6 mo for the next 3

y, and annually thereafter. Further diagnostic work-up was performed

if clinically indicated. Recurrence was diagnosed either by a positive

biopsy result or by clinical or radiographic evidence of disease progres-

sion. Because diagnosis was established on the basis of clinical follow-

up, which included additional imaging studies for all patients and an

additional biopsy for 8 patients, we excluded patients who did not un-

dergo follow-up imaging studies due to cancer-related death or who

were lost to follow-up within 3 mo of the initial 18F-FDG PET/CT scan

and CSMs. The ethics committee of our institution reviewed and ap-

proved the protocol of this retrospective study.

PET/CT Imaging

Patients were instructed to fast for at least 6 h before the 18F-FDG

PET/CT scan. Blood glucose levels before the injection of 18F-FDG

were lower than 200 mg/dL in all patients. PET/CT imaging was

performed using 1 of 2 dedicated PET/CT scanners (Discovery LS

for 37 patients or Discovery STe for 17 patients; GE Healthcare),

without intravenous or oral contrast material.
With the Discovery LS device (8-slice helical CT scanner),

a whole-body CT scan was obtained, using a continuous spiral

technique (140 keV, 40–120 mA adjusted on the basis of the patient’s

weight, and a section width of 5 mm), at 60 min after the injection of
18F-FDG (5.5 MBq/kg). After the CT scan, an emission scan from

the thigh to the head was obtained for 4 min per frame in 2-dimensional

mode. Attenuation-corrected PET images (voxel size, 4.3 · 4.3 · 3.9

mm) were reconstructed from the CT data, using an ordered-subset ex-

pectation maximization algorithm (28 subsets, 2 iterations). With the

Discovery STe device (16-slice helical CT scanner), a whole-body CT

scan was obtained, using a continuous spiral technique (140 keV, 30–170

mA in AutomA mode, and a section width of 3.75 mm), at 60 min after

the injection of 18F-FDG (5.5 MBq/kg). After the CT scan, an emission

scan was obtained from the thigh to the head for 2.5 min per frame in

3-dimensional mode. Attenuation-corrected PET images (voxel size,

3.9 · 3.9 · 3.3 mm) were reconstructed from the CT data using a 3-

dimensional ordered-subset expectation maximization algorithm (20 sub-

sets, 2 iterations). When follow-up PET/CT was performed, we used the

same scanner with the same reconstruction algorithm as in the initial

scan.

CSMs

All patients underwent initial CSMs, including physical examinations,

CT scans (neck, chest, and abdomen) with intravenous contrast, biopsies

of primary sites, and bone marrow examinations. Contrast-enhanced

CT scans were acquired with a HighSpeed Advantage or Lightspeed

scanner (GE Healthcare). Chest CT scans were obtained throughout

the thorax with a collimation of 2.5 mm, pitch of 1.35, and re-

construction intervals of 2.5 mm. Neck CT scans were obtained with

a collimation of 3 mm and reconstruction intervals of 2.5–3.0 mm.

Abdominal CT scans, including whole abdomen and pelvis views,

were obtained with 2.5- to 5.0-mm collimation and 2.5–5.0 recon-

struction intervals. Both CSMs and 18F-FDG PET/CT scans were

acquired within a 3-wk interval for all patients.

Image Interpretation

An experienced nuclear medicine physician interpreted the 18F-FDG

PET/CT scans. Lymph nodes were classified as positive if there was

focally increased 18F-FDG uptake, compared with the uptake in surround-

ing normal soft tissue ( ½Fig: 1�Fig. 1). In cases of lymphoid tissue, such as tonsils,

the lymphoid tissue was classified as positive if there was asymmetric

uptake or morphologic changes. Splenic tissue was classified as positive if
there was abnormal focal 18F-FDG uptake,

compared with normal splenic uptake in sur-

rounding tissue, or diffusely increased uptake,

compared with the liver. Other organs were

classified as positive if there was focal 18F-
FDG uptake, compared with the surrounding

normal organ, or 18F-FDG uptake that was

not explained by physiologic activity (Fig. 2).
An experienced radiologist interpreted the

contrast-enhanced CT scans according to the

general criteria of lymph node size and

extranodal structural abnormalities.

Stage and Region-Based Analysis

Disease stage was determined by the Ann

Arbor classification system (21). The determi-
nation of the final stages was based on CSM-

positive-lesion findings and on 18F-PET/CT

scans. Staging was confirmed by clinical fol-

low-up or biopsy. The body was divided into

16 nodal regions and 9 extranodal anatomic
regions for analysis (Table 1). Eight hundred

thirty-two lymph node regions and 468 extra-

nodal anatomic regions were analyzed.

Standard of Reference

Biopsy and clinical follow-up, including

additional imaging studies, were used to
establish the gold standard for diagnosis. Other

than the primary site, only a small number of

positive lesions that were identified by 18F-FDG
PET/CT scan or CSMs were biopsied, because

of ethical and practical reasons. Biopsies of

FIGURE 1. A 46-y-old man with recently diagnosed nasal-type NK/T-cell lymphoma un-

derwent 18F-FDG PET/CT scan (A–C) and enhanced CT scan (D). Maximum-intensity-

projection image (A) shows hypermetabolic lesions in nasal cavity (arrow), left tonsil
(arrowhead), and left side of neck (empty arrow). Transaxial images of 18F-FDG PET/CT

scan shows 18F-FDG–avid mass in left nasal cavity that was pathologically proven NK/T-cell

lymphoma (B). 18F-FDG PET/CT scan shows lymph nodes with increased 18F-FDG uptake in
left submandibular area, suggesting malignancy (C). However, contrast-enhanced CT

shows lymph nodes, with less than 1 cm of short-axis diameter, which is not consistent

with malignancy (D). Results of fine-needle aspiration cytology were positive for lymphoma

involvement. Therefore, stage was changed from I to II.
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additional lesions were performed in only 9 of 52 patients (17.3%).

Clinical follow-up included additional imaging, consisting of CT
scanning, MR imaging, or 18F-FDG PET/CT scanning, which was

performed for at least 6 mo for all patients.
Methods of lesion classification were similar to those of previous

studies (22,23). Concordant findings in both diagnostic methods (18F-
FDG PET/CT scans and CSMs) and clinical course were regarded as

true-positives (TPs) or true-negatives (TNs) for disease. If a patient

entered remission, lesions that were resolved on follow-up imaging were
regarded as TPs. Conversely, lesions that had progressed were regarded

as TPs if the patient’s disease had developed. If a site remained disease-
free during the course of follow-up, it was regarded as a TN.

Discordant findings between the predictions from diagnostic methods
and the clinical course were regarded as false-positives (FPs) or false

negatives (FNs) for disease. If a patient entered remission, lesions that
were seen to remain stable or progress were regarded as FPs. In the case

of patients who suffered disease progression, lesions that appeared to be
resolved or remain stable were regarded as FNs. If a lesion met the

criteria for a TP, but was not identified or was considered nonmalignant
by 18F-FDG PET/CT scanning or CSMs, it was regarded as FN. Ana-

tomic regions that were disease-free by diagnostic methods were also
considered FNs if disease developed at that site during the following

2 mo of follow-up.

Statistical Analysis

Statistical analyses were performed using PASW Statistics (version
18; IBM Inc.). The specificity, sensitivity, and accuracy of 18F-FDG

PET/CT scanning and CSMs were calculated on the basis of the standard
of reference. A McNemar test was used to compare the accuracy of
18F-FDG PET/CT scans and CSMs in detecting malignant lesions and
initial staging. A P value of less than 0.05 was considered statistically

significant.

RESULTS

Patient Characteristics

The patient characteristics are summarized
in ½Table 2�Table 2. Fifty-two patients (34 men, 18
women), with a mean age of 49.4 6 11.3 y
(age range, 24.4–74.1 y), were included in the
study. Mean follow-up duration was 34.4 6
22.8 mo (range, 6.8–93.1 mo). In 44 of the 52
patients (84.6%), the primary tumor site was
the nasal cavity. In the remaining 8 patients
(15.4%), the primary tumor site was the skin
(n5 2), duodenum (n5 1), pharynx (n5 4),
and larynx (n 5 1). All patients underwent
a biopsy of the primary tumor site and bone
marrow. Of the 17 patients (32.7%), for
whom there was a discrepancy between the
findings of their 18F-FDG PET/CT scan and
CSMs, 8 underwent an additional biopsy to
confirm the lesion. Additional biopsy sites
included the neck (n 5 2), tonsil (n 5 1),
stomach (n 5 2), duodenum (n 5 2), and
lung (n 5 1). The maximum standard up-
take value of primary lesions was 12.46 5.8
and ranged from 3.1 to 35.2.

18F-FDG PE/CT Scanning Versus

CSMs: Anatomic Region–Based

Analyses
18F-FDG PET/CT scans detected more

anatomic regions with malignant tumors
than did the CSMs. Among the 832 nodal

regions and 468 extranodal anatomic regions analyzed, 59 nodal
and 71 extranodal anatomic regions were TPs. The scans detected

FIGURE 2. A 60-y-old man with newly diagnosed nasal-type NK/T-cell lymphoma under-
went 18F-FDG PET/CT scan (A–C) and enhanced CT scan (D) for initial staging. Maximum-

intensity-projection image (A) shows hypermetabolic lesions in left ethmoid sinus (arrow),

both cervical lymphatic chains (arrowhead), and both suprarenal areas (empty arrow).

Transaxial images of 18F-FDG PET/CT scan shows 18F-FDG–avid mass in left ethmoid sinus
(B). 18F-FDG PET/CT scan showing intense 18F-FDG uptake in both adrenal glands, sug-

gesting malignancy (C). However, enhanced CT scan shows only mild nodular thickening in

both adrenal glands (D). Finally, after obtaining PET/CT scan, stage was changed from II to
IV. After 4 cycles of chemotherapy, follow-up 18F-FDG PET/CT scan showed normalized
18F-FDG uptake in both adrenal glands.

RGB

TABLE 1
Nodal and Extranodal Regions for Lesion-Based Analysis

Nodal regions
(n 5 16)

Extranodal regions
(n 5 9)

Waldeyer ring Upper aerodigestive tract

Right neck* Skin/subcutaneous

Left neck* Central nervous system
and spinal canal

Right infraclavicular Lung

Left infraclavicular Myocardium
Right axillary and

pectoral

Bone and bone marrow

Left axillary and

pectoral

Liver

Mediastinal Bowel

Hilar Renal and adrenal

Spleen
Paraaortic
Mesenteric
Right iliac
Left iliac
Right inguinal and femoral
Left inguinal and femoral

*Included cervical, supraclavicular, occipital, and preauricular

regions.
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58 nodal and 69 extranodal anatomic regions that were TPs,
whereas CSMs detected only 44 nodal and 61 extranodal anatomic
regions that were TPs (nodal comparison 18F-FDG PET/CT vs.
CSMs, P , 0.001; extranodal comparison 18F-FDG PET/CT vs.
CSMs, P 5 0.008). Consequently, the sensitivity, specificity, and
accuracy of 18F-FDG PET/CT scans and CSMs for the detection
of malignant lesions were 97.7%, 99.7%, and 99.5%, respectively,
and 80.7%, 99.8%, and 97.9%, respectively (½Table 3� Table 3).
Of the 3 malignant lesions missed by 18F-FDG PET/CT scanning,

one was bone marrow infiltration, detected by the bone marrow
biopsy, and another was leptomeningeal seeding, detected by a spinal
tap. The final malignant lesion that was missed by 18F-FDG PET/CT
scanning was a nasopharyngeal lesion that was correctly identified
as positive by CSMs. Though it was not biopsied, the patient entered
remission and it was resolved on follow-up imaging. The scans also
detected 3 FP lesions. One was a duodenal lesion that showed sug-
gestive focal 18F-FDG uptake; this was confirmed to be negative by
esophagogastroduodenoscopy with biopsy. A second FP lesion by
18F-FDG PET/CT scanning was on the thyroid that had focal 18F-FDG

uptake, which was shown to be negative by fine-needle aspiration
cytology. The final FP identified by 18F-FDG PET/CT scanning was
a tonsil lesion with asymmetric 18F-FDG uptake. This was not biop-
sied, but after clinical follow-up, including additional imaging, it was
considered to be incidental tonsillitis. All of the FP lesions identified
by the scans were correctly categorized as negative by CSMs.

18F-FDG PET/CT Versus CSMs: Staging

PET/CT scans were more accurate in defining the clinical stage of
nasal-type NK/T-cell lymphomas than CSMs in this study. PET
staging was consistent with the final stage determination in 96.2%
(50/52) of patients, whereas CSM staging was correct in final stage
determination in 75.0% (39/52) of patients ( ½Table 4�Table 4). In 2 patients, for
whom PET staging differed from the final staging determination, the
PET/CT scan incorrectly downstaged patients with stage IV disease,
by missing bone marrow infiltration and leptomeningeal seeding.
PET staging and CSM staging differed in 13 patients. Among these

patients, PET staging was consistent with the final stage determination
for 12. However, the CSM stage corresponded with the final stage
determination for only 1 patient. In 11 of 12 patients, 18F-FDG PET/
CT scanning correctly showed that the stage should be increased, by
detecting additional malignant lesions, including positive cervical lymph
nodes (n5 8), a tonsillar lesion (n5 1), a lung lesion (n5 1), and an
adrenal gland lesion (n 5 1). In 1 patient, the 18F-FDG PET/CT scan
correctly decreased the staging, because the scans showed negative
uptake in the mediastinal and hilar lymph nodes.

Clinical Impact of 18F-FDG PET/CT on Patient Management

The results of the 18F-FDG PET/CT scans affected treatment
planning in 44.2% of patients (23/52) (Supplemental Table 1;
supplemental materials are available online only at http://jnm.
snmjournals.org). Treatment plans changed from chemoradiation
to chemotherapy in 3.8% of patients (2/52), because of an increase
in the initial stage from stage II to IV. Radiotherapy planning was
modified according to 18F-FDG PET/CT scan findings in 40.4% of
patients (21/52). In 19 of the 21 patients, the radiotherapy field
was increased to cover both cervical lymphatic chains and the
primary lymphomatous site. Among them, 12 patients had the
same staging for the 18F-FDG PET/CT scan and CSMs overall.
The reason was that indeterminate lymph nodes, which were clas-
sified as benign, were covered in radiotherapy fields, because the
scans identified 18F-FDG uptake. For small lymph nodes that are
close to the 18F-FDG–avid malignant mass, if the nodes have 18F-
FDG uptake, the radiotherapy field extends to cover the nodes,
because they are considered as indeterminate lesions, which could
not be completely ruled out for the possibility of malignancy. In
many such cases, 18F-FDG uptake was not significantly higher than
for surrounding normal tissue or was not focally increased. There-
fore, the nodes were classified as benign rather than malignant.
These nodes were also classified as benign by radiologists because
of their small size or benign features.

TABLE 2
Patient Characteristics

Patients

Characteristic n %

Age (y)
#60 43 82.7

.60 9 17.3
Sex

Male 34 65.4

Female 18 34.6

Stage
I 22 42.3
II 19 36.5

III 0 0.0

IV 11 21.2

Eastern Cooperative Oncology
Group performance status

0–1 43 82.7

2–4 9 17.3
Bone marrow involvement

Positive 3 5.8

Negative 49 94.2

Lactate dehydrogenase elevation*
Positive 18 34.6

Negative 34 65.4
B symptom

Positive 21 40.4

Negative 31 59.6

*Upper limit of normal, 480 IU/L.

TABLE 3
Comparison Between PET/CT and CSMs for Region-Based Detection of Nodal and Extranodal Disease

Region-based analysis Diagnostic performance

Parameter TP TN FP FN Total Sensitivity Specificity Accuracy

PET/CT 127 1167 3 3 1300 97.7% 99.7% 99.5%

CSMs 105 1168 2 25 1300 80.7% 99.8% 97.9%

P ,0.001 Not significant ,0.001
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In 1 of the remaining 2 patients, the radiotherapy field was
extended to both sides of the retropharyngeal space, from only the
primary site, based on the 18F-FDG PET/CT scan. In the other
patient, the results of the scan prompted the radiotherapy field to
be extended to cover more anatomic regions in a unilateral cervi-
cal lymphatic chain.

DISCUSSION

18F-FDG PET/CT scanning is widely accepted as the most sen-
sitive imaging modality for staging, monitoring response, and pre-
dicting prognosis for various lymphomas (24–29). However, given
that 18F-FDG uptake is often less avid, and varies by lymphoma
histology, PET/CT scans are not recommended for evaluating low-
grade and T-cell non-Hodgkin lymphoma. In patients with these
lymphomas, enhanced CT scans remain the standard (24). In
patients with nasal-type NK/T-cell lymphoma, the use of an 18F-
FDG PET/CT scan is not established, and there are limited data,
probably due to the lower incidence of this disease. Our study dem-
onstrated that 18F-FDG PET/CT scans are more successful in detect-
ing nodal and extranodal malignant lesions than CSMs. The scans
correctly altered the initial disease stage for some patients, thus
altering treatment planning. These data support the importance of
using 18F-FDG PET/CT scans for initial staging of the disease.
The value of 18F-FDG PET/CT scans for this disease has been

investigated in previous studies (17–19,30–32). However, the data
from these studies were insufficient to establish the role of 18F-
FDG PET/CT scans. The small numbers of patients and the ret-
rospective designs of previous studies were serious obstacles for
generalizing this modality as a standard staging method. In addi-
tion, many of the studies were performed with histologically het-
erogeneous groups of patients, and the data were further diluted
because of the more frequent histology of lymphomas (30–32).
There are a few studies of only nasal-type NK/T-cell lymphoma

that evaluated the usefulness of the scan for staging (17–19). Wu
et al. reported that the scan seemed to be useful for staging pur-
poses (18). In this study with 15 patients (13 newly diagnosed, 2
recurrent), PET/CT scans were shown to be useful in patients with
NK/T cell lymphomas, because the scans correctly localized pri-
mary lesions that had not been detected by CSMs, and PET/CT
scans correctly changed the CSM-determined stage. Similarly,
Karantanis et al. reported that in 10 patients with NK/T-cell lym-
phoma, viable tumors were 18F-FDG–avid and PET/CT scanning
appeared to be sensitive enough for disease detection (19). More
recently, Fujiwara et al. reported that PET/CT scans showed a high
positive rate for extranodal lesions and a low positive rate for bone
marrow involvement in their study of 19 patients with extranodal
NK/T-cell lymphoma (17). Although our study was also limited

because of its retrospective design, it is the largest single study,
involving 52 patients with newly diagnosed nasal-type NK/T-cell
lymphoma, and shows the usefulness and influence of 18F-FDG
PET/CT scans in initial staging and treatment planning.
This study revealed that nasal-type NK/T-cell lymphoma is 18F-

FDG–avid (maximum standard uptake value, 12.4 6 5.8). This find-
ing is consistent with the results of previous studies, which reported
that extranodal NK/T cell lymphoma is 18F-FDG–avid (16–19,30). In
some types of lymphoma with poor 18F-FDG uptake, malignant
lesions are often missed (23). However, due to the 18F-FDG avidity
of nasal-type NK/T cell lymphoma, the scans were able to detect
more malignant lesions and add clinically important information that
was not provided by CSMs. This study showed that 18F-FDG PET/
CT scans can detect lymphoma, even in the case of normal-appearing
extranodal sites, or lymph nodes with a normal size.
In detecting extranodal lesions, our results are in accordance with

those of previously published studies. 18F-FDG PET/CT scans showed
better performance in detecting extranodal lesions than CSMs (17–19).
18F-FDG PET/CT scans detected more extranodal lymphomatous
involvement of the skin, adrenal gland, stomach, duodenum, and lung
that was falsely classified as negative by CSMs. However, it is unclear
whether 18F-FDG PET/CT scans are significantly better than CSMs
in correctly classifying nodal lesions as positive or negative for lym-
phomatous involvement. Although Fujiwara et al. did not find a sig-
nificant difference in the detection of nodal lesions between 18F-FDG
PET/CT scans and CSMs (17), our results indicated that the scans
were better than CSMs in detecting nodal lesions.
In the present study, 18F-FDG PET/CT scans staged more patients

correctly than did CSMs. There were significant differences in overall
staging between 18F-FDG PET/CT scans and CSMs. The correction of
a misclassified stage by 18F-FDG PET/CT scanning has important
clinical implications, because the appropriate treatment of NK/T-cell
lymphomas depends on accurate staging. Although NK/T-cell lympho-
mas are sensitive to radiotherapy, they are refractory to conventional
chemotherapy (33,34). Thus, before initiating treatment, it is essential
to detect and find the exact localization of tumors. One of the most
important findings in this study is that 18F-FDG PET/CT scans altered
treatment planning in a considerable portion of patients (44.2%).
Six lesions were misclassified by 18F-FDG PET/CT scanning in

the present study. Three lesions (including focal hypermetabolic
lesions in the duodenum, thyroid, and tonsils) were falsely classi-
fied as malignant, and 3 lesions (including bone marrow involve-
ment, leptomeningeal seeding, and nasopharyngeal involvement)
were missed. CT detected the nasopharyngeal involvement cor-
rectly through image enhancement. This case reminds us of the
advantage in performing the attenuation-correction CT of the 18F-
FDG PET/CT scan with contrast. It would improve the diagnostic
quality of the scan and also reduce the number of procedures
a patient has to experience.
Previous studies have reported that approximately half of the

lesions that involved bone marrow, as confirmed by biopsy, were
also identified to have spread to marrow by 18F-FDG PET/CT scans
(17,35). Although it is hard to mention statistical significance be-
cause of a low incidence of marrow involvement in our patients, we
observed a similar result in this study. Among the 3 patients with
pathologically confirmed bone marrow involvement, 2 were found to
be positive for bone marrow involvement by the scan.
The present study has some limitations. The retrospective nature

of this study is a critical limitation in its generalization. Another
limitation is that only a small portion of the lesions (14.1%, except at
the primary site and bone marrow) that were classified as positive for

TABLE 4
Comparison Between PET/CT and CSMs for Staging

Concordant

with final stage
(n 5 52)

Discordant

with final stage
(n 5 52)

Parameter n % n %

PET/CT 50 96.2 2 3.8

CSMs 39 75.0 13 25

P value 5 0.003.
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malignancy underwent biopsy and pathologic confirmation. Using
clinical follow-up with additional imaging studies as the standard of
reference may lead to false classification of the lesions. Non-
malignant lesions, such as focal inflammation, that were resolved on
follow-up imaging studies, regardless of lymphoma treatment, may
have been falsely regarded as TPs. Conversely, malignant lesions
with lower 18F-FDG avidity may have been falsely regarded as
negative. Therefore, the sensitivity of 18F-FDG PET/CT scanning
may not have been correctly evaluated. However, existing published
studies share the same limitations (16–19). Biopsies of every sug-
gestive lesion are neither ethical nor recommended in routine clin-
ical practice. The other limitation is that analyses of 18F-FDG PET/
CT scans and CT scan images were based on the initial formal
reports. Therefore, the readers who interpreted the images might
not be masked. Last, 2 kinds of PET/CT scanners with different
protocols were used, possibly affecting the measurement of stan-
dardized uptake values. However, such a circumstance would have
little impact on the results of this study, because we used visual
analysis for diagnosis and used the same scanner with the same
reconstruction algorithm for follow-up to the initial scan.

CONCLUSION

Our study demonstrated that 18F-FDG PET/CT scans are able to
detect more nodal and extranodal lesions than CSMs in patients
with nasal-type NK/T-cell lymphoma. In addition, 18F-FDG PET/
CT scans were more accurate at staging patients than CSMs.
Results of this study suggest that 18F-FDG PET/CT scanning
deserves to be included as a routine staging modality in addition
to CSMs in nasal-type NK/T-cell lymphoma.

DISCLOSURE

The costs of publication of this article were defrayed in part by
the payment of page charges. Therefore, and solely to indicate this
fact, this article is hereby marked “advertisement” in accordance
with 18 USC section 1734. This study was supported by a grant
from the National R&D Program for Cancer Control, Ministry of
Health & Welfare, Republic of Korea (1120150). No other poten-
tial conflict of interest relevant to this article was reported.

REFERENCES

1. Lee J, Suh C, Park YH, et al. Extranodal natural killer T-cell lymphoma, nasal-

type: a prognostic model from a retrospective multicenter study. J Clin Oncol.

2006;24:612–618.

2. Li CC, Tien HF, Tang JL, et al. Treatment outcome and pattern of failure in 77

patients with sinonasal natural killer/T-cell or T-cell lymphoma. Cancer.

2004;100:366–375.

3. Au WY, Ma SY, Chim CS, et al. Clinicopathologic features and treatment out-

come of mature T-cell and natural killer-cell lymphomas diagnosed according to

the World Health Organization classification scheme: a single center experience

of 10 years. Ann Oncol. 2005;16:206–214.

4. The world health organization classification of malignant lymphomas in Japan:

incidence of recently recognized entities. Lymphoma Study Group of Japanese

Pathologists. Pathol Int. 2000;50:696–702.

5. Chen CY, Yao M, Tang JL, et al. Chromosomal abnormalities of 200 Chinese

patients with non-Hodgkin’s lymphoma in Taiwan: with special reference to T-

cell lymphoma. Ann Oncol. 2004;15:1091–1096.

6. Suzuki R, Takeuchi K, Ohshima K, Nakamura S. Extranodal NK/T-cell lym-

phoma: diagnosis and treatment cues. Hematol Oncol. 2008;26:66–72.

7. Li YX, Yao B, Jin J, et al. Radiotherapy as primary treatment for stage IE and IIE

nasal natural killer/T-cell lymphoma. J Clin Oncol. 2006;24:181–189.

8. Avilés A, Diaz NR, Neri N, Cleto S, Talavera A. Angiocentric nasal T/natural

killer cell lymphoma: a single centre study of prognostic factors in 108 patients.

Clin Lab Haematol. 2000;22:215–220.

9. Yamaguchi M, Tobinai K, Oguchi M, et al. Phase I/II study of concurrent chemo-

radiotherapy for localized nasal natural killer/T-cell lymphoma: Japan Clinical

Oncology Group Study JCOG0211. J Clin Oncol. 2009;27:5594–5600.

10. Kim SJ, Kim K, Kim BS, et al. Phase II trial of concurrent radiation and weekly

cisplatin followed by VIPD chemotherapy in newly diagnosed, stage IE to IIE,

nasal, extranodal NK/T-cell lymphoma: Consortium for Improving Survival of

Lymphoma study. J Clin Oncol. 2009;27:6027–6032.

11. Ahn HK, Suh C, Chuang SS, et al. Extranodal natural killer/T-cell lymphoma

from skin or soft tissue: suggestion of treatment from multinational retrospective

analysis. Ann Oncol. 2012;23:2703–2707.

12. Allen-Auerbach M, de Vos S, Czernin J. The impact of fluorodeoxyglucose-

positron emission tomography in primary staging and patient management in

lymphoma patients. Radiol Clin North Am. 2008;46:199–211.

13. Itti E, Lin C, Dupuis J, et al. Prognostic value of interim 18F-FDG PET in patients

with diffuse large B-Cell lymphoma: SUV-based assessment at 4 cycles of che-

motherapy. J Nucl Med. 2009;50:527–533.

14. Fletcher JW, Djulbegovic B, Soares HP, et al. Recommendations on the use of
18F-FDG PET in oncology. J Nucl Med. 2008;49:480–508.

15. Jerusalem G, Hustinx R, Beguin Y, Fillet G. Positron emission tomography

imaging for lymphoma. Curr Opin Oncol. 2005;17:441–445.

16. Kako S, Izutsu K, Ota Y, et al. FDG-PET in T-cell and NK-cell neoplasms. Ann

Oncol. 2007;18:1685–1690.

17. Fujiwara H, Maeda Y, Nawa Y, et al. The utility of positron emission tomogra-

phy/computed tomography in the staging of extranodal natural killer/T-cell lym-

phoma. Eur J Haematol. 2011;87:123–129.

18. Wu HB, Wang QS, Wang MF, et al. Utility of 18F-FDG PET/CT for staging NK/

T-cell lymphomas. Nucl Med Commun. 2010;31:195–200.

19. Karantanis D, Subramaniam RM, Peller PJ, et al. The value of [18F]fluorodeox-

yglucose positron emission tomography/computed tomography in extranodal

natural killer/T-cell lymphoma. Clin Lymphoma Myeloma. 2008;8:94–99.

20. Sabattini E, Bacci F, Sagramoso C, Pileri SA. WHO classification of tumours of hae-

matopoietic and lymphoid tissues in 2008: an overview.Pathologica. 2010;102:83–87.

21. Carbone PP, KaplanHS,Musshoff K, Smithers DW, TubianaM. Report of the Com-

mitteeonHodgkin’sDiseaseStagingClassification.CancerRes.1971;31:1860–1861.

22. London K, Cross S, Onikul E, Dalla-Pozza L, Howman-Giles R. 18F-FDG PET/

CT in paediatric lymphoma: comparison with conventional imaging. Eur J Nucl

Med Mol Imaging. 2011;38:274–284.

23. Fueger BJ, Yeom K, Czernin J, Sayre JW, Phelps ME, Allen-Auerbach MS.

Comparison of CT, PET, and PET/CT for staging of patients with indolent

non-Hodgkin’s lymphoma. Mol Imaging Biol. 2009;11:269–274.

24. Cheson BD. Role of functional imaging in the management of lymphoma. J Clin

Oncol. 2011;29:1844–1854.

25. Hutchings M, Loft A, Hansen M, Ralfkiaer E, Specht L. Different histopatho-

logical subtypes of Hodgkin lymphoma show significantly different levels of

FDG uptake. Hematol Oncol. 2006;24:146–150.

26. Juweid ME, Cheson BD. Role of positron emission tomography in lymphoma. J

Clin Oncol. 2005;23:4577–4580.

27. Juweid ME, Stroobants S, Hoekstra OS, et al. Use of positron emission tomography

for response assessment of lymphoma: consensus of the Imaging Subcommittee of

International Harmonization Project in Lymphoma. J Clin Oncol. 2007;25:571–578.

28. Nguyen XC, Lee WW, Amin AM, et al. Tumor burden assessed by the maximum

standardized uptake value and greatest diameter on FDG-PET predicts prognosis in

untreated diffuse large b-cell lymphoma. Nucl Med Mol Imaging. 2010;44:39–44.

29. Yi JH, Kim SJ, Choi JY, Ko YH, Kim BT, Kim WS. 18F-FDG uptake and its

clinical relevance in primary gastric lymphoma. Hematol Oncol. 2010;28:57–61.

30. Chan WK, Au WY, Wong CY, et al. Metabolic activity measured by F-18 FDG

PET in natural killer-cell lymphoma compared to aggressive B- and T-cell lym-

phomas. Clin Nucl Med. 2010;35:571–575.

31. Khong PL, Pang CB, Liang R, Kwong YL, Au WY. Fluorine-18 fluorodeoxy-

glucose positron emission tomography in mature T-cell and natural killer cell

malignancies. Ann Hematol. 2008;87:613–621.

32. Suh C, Kang YK, Roh JL, et al. Prognostic value of tumor 18F-FDG uptake in

patients with untreated extranodal natural killer/T-cell lymphomas of the head

and neck. J Nucl Med. 2008;49:1783–1789.

33. Isobe K, Uno T, Tamaru J, et al. Extranodal natural killer/T-cell lymphoma, nasal

type: the significance of radiotherapeutic parameters. Cancer. 2006;106:609–615.

34. Huang MJ, Jiang Y, Liu WP, et al. Early or up-front radiotherapy improved

survival of localized extranodal NK/T-cell lymphoma, nasal-type in the upper

aerodigestive tract. Int J Radiat Oncol Biol Phys. 2008;70:166–174.

35. Pakos EE, Fotopoulos AD, Ioannidis JP. 18F-FDG PET for evaluation of bone marrow

infiltration in staging of lymphoma: a meta-analysis. J Nucl Med. 2005;46:958–963.

6 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 54 • No. 7 • July 2013

jnm113399-pm n 5/4/13


