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Abstract

Purpose There is currently no single modality for accu-

rate characterization of enlarged mediastinal lymph nodes

into benign or malignant. Recently 18F-fluorothymidine

(FLT) has been used as a proliferation marker. In this

prospective study, we examined the role of 18F-fluo-

rodeoxyglucose (18F-FDG) positron emission tomogra-

phy/computed tomography (PET/CT) and 18F-FLT PET/

CT in categorizing mediastinal lymph nodes as benign or

malignant.

Materials and methods A total of 70 consecutive patients

with mediastinal lymphadenopathy detected on computed

tomography (CT) or chest radiograph underwent whole

body 18F-FLT PET/CT and 18F-FDG PET/CT (within 1

week of each other). Lymph nodal tracer uptake was

determined by calculation of standardized uptake value

(SUV) with both the tracers. Results of PET/CT were

compared with histopathology of the lymph nodes.

Results Histopathology results showed thirty-seven

patients with sarcoidosis, seven patients with tuberculosis,

nine patients with non-small cell lung cancer, five patients

with Hodgkin’s lymphoma and twelve patients with non-

Hodgkin’s lymphoma. The mean FDG SUVmax of sar-

coidosis, tuberculosis, Hodgkin’s and non-Hodgkin’s

lymphoma was 12.7, 13.4, 8.2, and 8.8, respectively, and

the mean FLT SUVmax was 6.0, 5.4, 4.4, and 3.8, respec-

tively. It was not possible to characterize mediastinal

lymphadenopathy as benign or malignant solely based on

FDG SUVmax values (p[ 0.05) or FLT SUVmax values

(p[ 0.05). There was no significant difference in FDG

uptake (p[ 0.9) or FLT uptake (p[ 0.9) between sar-

coidosis and tuberculosis. In lung cancer patients, the FDG

SUVmax and FLT SUVmax of those lymph nodes with

tumor infiltration on biopsy was 6.7 and 3.9, respectively,

and those without nodal infiltration was 6.4 and 3.7,

respectively, and both the tracers were not able to char-

acterize the nodal status as malignant or benign (p[ 0.05).

Conclusion Though 18F-FLT PET/CT and 18F-FDG PET/

CT reflect different aspects of biology, i.e., proliferation and

metabolism, respectively, neither tracer could provide satis-

factory categorization of benign and malignant lymph nodes.

The results of this study clearly suggest that differentiation of

mediastinal nodes into benign and malignant solely based on

SUVmax values cannot be relied upon, especially in settings

where tuberculosis and sarcoidosis are common.

Keywords 18F-FLT PET/CT � 18F-FDG PET/CT �
Mediastinal lymphadenopathy � Sarcoidosis � Tuberculosis

Introduction

Mediastinal lymphadenopathy (MNL) can occur from awide

range of pathologies. Common benign conditions include

sarcoidosis and granulomatous infectious conditions

including tuberculosis, histoplasmosis, coccidioidomycosis,
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and others [1–3]. Malignant causes include lymphoma and

metastatic nodal disease. Thus, MNL comprises a broad

spectrum of diseases including entities for which immediate

therapy may not be required, e.g., sarcoidosis. However, for

malignant conditions such as lymphoma, the outcome may

be considerably influenced by timely initiation of specific

treatment. Hence, differentiating between malignant and

benign lymph nodes is of considerable clinical importance.

Currently, there exists no ideal imagingmodality and neither

anatomical nor functional imaging can accurately charac-

terize lymph nodes. Computed tomography (CT) and mag-

netic resonance imaging (MRI) are the most widely used

modalities for evaluation of mediastinal lymph nodes but

both have low sensitivity and specificity in detecting

malignant nodes [4–7]. Further, the size of lymph nodes is

not a reliable criterion [8].

The accurate diagnosis of benign and malignant lymph

nodal involvement requires invasive procedures including

transthoracic needle aspirate (TTNA), transbronchial nee-

dle aspirate (TBNA), endobronchial ultrasound guided

TBNA (EBUS-TBNA), which are not free of complica-

tions [9–12]. There is therefore a need for non-invasive

methods that can accurately differentiate between benign

and malignant lymphadenopathy.

Positron emission computed tomography/computed

tomography (PET/CT) has been found to be a good tool for

the staging of lung cancer. Although the negative predictive

value of 18F-fluorodeoxyglucose (FDG) PET/CT is high, the

specificity to differentiate benign from malignant lymph

nodal involvement is low [13]. 18F-fluorothymidine (FLT)

PET/CT was introduced as the surrogate tracer for in vivo

assessment of DNA synthesis. It shows a good correlation

with other molecular markers of the S-phase of the cellular

cycle and thus is thought to be tumor specific as shown by

different studies [14]. FLT has been recently used to image

proliferation in different malignant conditions [15]. Being a

biomarker for proliferation FLT have higher specificity,

accuracy and, positive predictive value than FDG for nodal

staging in non-small cell lung cancer patients [16, 17]. Utility

of this tracer has been studied for characterization of pul-

monary nodules, in which malignant nodules showed a

higher uptake value compared to benign lung nodules [18].

For cervical nodal metastases evaluation in head and neck

cancers, FLT has been found to have a lesser false positive

involvement as compared to FDG and hence less over-

staging of disease [19]. FLT is reported to be superior to FDG

for overall positive and negative predictive values for

detection of nodal metastases in some cancers in head and

neck cancers [20]. In colorectal cancers, FLT has been found

to be at par with FDG to detect nodal disease lymph nodal

metastasis [21]. In this study, we evaluate the ability of 18F-

FDG PET/CT and 18F-FLT PET/CT to characterize the

mediastinal lymph nodes as either benign or malignant.

Materials and methods

This was a prospective study conducted between July 2012

and June 2014. The protocol was approved by the Institu-

tional Ethics Committee and a written informed consent

was obtained from all patients. Consecutive treatment and

diagnosis naı̈ve patients with mediastinal lymphadenopathy

were included in the study. Patients with pregnancy,

uncontrolled hyperglycemia, and uncorrected coagulopathy

were excluded. Since this was a prospective study, the

pathological status of the lymph node as to whether benign

or malignant was not known and biopsy was performed

after the PET scans.

18F-FDG and 18F-FLT synthesis

18F-FDG and 18F-FLT were synthesized in-house by stan-

dard procedures using reagent kits (ABX, Germany) in the

institute cyclotron facility (Pettrace 4, 16.5 meV, GE

Healthcare, USA).

PET imaging protocols

Whole body (base of skull to mid thigh) 18F-FDG PET/CT

scan followed by regional (thorax only) 18F-FLT PET/CT

were performed in all patients using a dedicated hybrid

PET/CT scanner (Discovery STE-16, GE Healthcare,

Milwaukee, USA). Both the investigations were performed

within 7 days interval. For 18F-FDG PET/CT imaging,

patients fasted for at least 4 h and blood glucose level was

ensured to be \150 mg/dl. Images were acquired

45–60 min post intravenous administration of 370 MBq

F-18FDG. CT acquisition parameters were120 kV,

350 mA, rotation time of 0.5 s, and slice thickness of

3.75 mm, 512 9 512 pixels matrix and pixel size of about

1 mm. PET acquisition was done using 128 9 128 pixels

matrix with a slice thickness of 3.25 mm. CT based

attenuation correction of the emission images was

employed. 18F-FLT PET/CT imaging was performed

45–60 min after intravenous administration of 370 MBq of

18 F-FLT. For 18F-FLT PET/CT, low dose (20 mA) current

was used in CT acquisition to minimize radiation exposure.

Image evaluation

Data obtained from both the studies was reconstructed

using iterative reconstruction, ordered subset expectation

maximization (OSEM). Transaxial, sagittal, and coronal

images were generated after reconstruction and evaluated

qualitatively for positive findings. Images were interpreted

visually by two experienced nuclear medicine physicians

on per patient basis. Circular regions of interest (ROI)
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0.9–1 cm diameter were placed on areas with increased

tracer uptake corresponding to lymph nodes on CT.

SUVmax values were calculated from each region of

interest.

Disease diagnosis

All patients had a histopathologic/cytologic examination

of specimen obtained from the lymph nodes. This served

as the gold standard as to whether the lymph nodes were

benign or malignant against which the results of PET/CT

was compared. Patients who had peripherally enlarged

lymph nodes along with mediastinal lymphadenopathy

had FNAC/excision biopsy of the accessible peripheral

lymph node to determine the pathology. Same pathology

of peripheral LN and the mediastinal LN was considered,

as the enlarged mediastinal and the biopsied peripheral

lymph node showed a similar value of FDG and FLT

uptake.

In case where peripheral lymph nodes were not

accessible or when peripherally sampled nodes did not

yield a diagnosis, patients underwent flexible bron-

choscopy and TBNA, either conventional or EBUS-gui-

ded. Endobronchial biopsy (EBB)/transbronchial lung

biopsy (TBLB) and broncho-alveolar lavage (BAL)

samples were obtained as and when indicated. Specimens

(both EBB and TBLB) were fixed with formalin and

stained with hematoxylin and eosin for morphology and

Ziehl–Neelsen stain for mycobacteria. Patients with

benign lymph nodes showing granulomas on cytology/

biopsy were all followed up for 6 months after initiation

of appropriate therapy.

Histopathologic samples containing malignant cells or

lymphomatous cells were considered diagnostic of malig-

nancy and lymphoma, respectively. The final diagnosis of

lymphoma and its type was based on the histopathology

and immuno-histochemistry of lymph nodes. Staining for

Cyclin D1 positivity was done in those cases if the histo-

logical pattern was suspicious for mantle cell lymphoma. A

final diagnosis of sarcoidosis was made on the presence of

all the following criteria: (a) clinical features of sarcoidosis

along with mediastinal lymphadenopathy; (b) demonstra-

tion of non-necrotizing granulomas on either TBNA,

TBLB or EBB along with negative acid-fast bacilli and

fungal stains, and no growth of mycobacteria on cultures;

and (c) clinical and radiological response after treatment

with glucocorticoids. A diagnosis of tuberculosis was

based on the demonstration of all the following: (a) necro-

tizing granulomatous inflammation or presence of acid-fast

bacilli (AFB) on microscopy or a positive culture for My-

cobacterium tuberculosis; and, (b) clinic-radiological

response to anti-tuberculosis treatment.

Statistical analysis

Qualitative and quantitative data were compared using Chi-

square test, student’s T-test (or Mann–Whitney U test), as

appropriate. Data are presented as mean ± standard devi-

ation. A p value\0.05 was considered as significant.

Results

Subject demographic features

A total of 70 patients (43 males and 27 females, age range

23–58 years) with mediastinal lymphadenopathy were

included. Table 1 shows the demographic and relevant

clinical information of those subjects. A final diagnosis of

benign and malignant lymph nodal enlargement was made

in 50 and 20 patients, respectively, based on the

histopathology from biopsy samples. Among the benign

lymph nodal pathologies, 37 were sarcoidosis, seven were

tuberculosis and six were lung cancer patients with no

tumor infiltration into lymph nodes. Among the malignant

nodal cases, five were Hodgkin’s lymphoma and 12 were

non-Hodgkin’s lymphoma and three lung cancer patients

with malignant nodal involvement.

18F-FDG PET/CT and 18F-FLT PET/CT imaging

Themeasured size of the lymph nodes in all the disease were

all greater than 1.0 cm in short axis diameter. In a quanti-

tative analysis, the FDG SUVmax of the sarcoidosis nodes

ranged from 4.6 to 27.0 with amean ± standard deviation of

12.7 ± 5.5 and FLT SUVmax of the sarcoid nodes ranged

from 1.8 to 14.8 with a mean ± standard deviation of

6.0 ± 2.5 (Fig. 1). The FDG SUVmax of tubercular lymph

nodes ranged from 9.0 to 17.6 with a mean ± standard

deviation of 13.4 ± 2.6 and the FLT SUVmax of the tuber-

cular nodes ranged from 4.0 to 6.3 with a mean ± standard

deviation of 5.4 ± 0.7 (Fig. 2). The Tukey HSD test did not

reveal any significant difference in the SUVmax of FDG

(p value = 0.9) or SUVmax FLT significant (p value = 0.9)

between sarcoidosis and tuberculosis.

The mean SUVmax of the nodes with Hodgkin’s lym-

phoma (Fig. 3) for FDG and FLT was 8.2 ± 3.1 and

4.4 ± 2.1, respectively. Similarly, mean SUVmax of the

nodes with non-Hodgkin’s lymphoma (Fig. 4) was

8.8 ± 4.0 for FDG and 3.8 ± 1.9 for FLT (range 1.8–7.1).

The SUVmax of FDG and FLT to differentiate between the

Hodgkin’s lymphoma, non-Hodgkin’s lymphoma and

malignant lymph nodal involvement in lung cancer patients

was statistically insignificant (p value[0.05).
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In NSCLC patients mean SUVmax of the nodes without

infiltration was 6.4 ± 4.4 (FDG) and 3.7 ± 2.9 (FLT). In

patients, mean SUVmax of the nodes with infiltration from

NSCLC was 6.7 ± 3.3 and 3.9 ± 0.8 for FDG and FLT,

respectively. Further, neither FDG SUVmax nor FLT

SUVmax was able to differentiate between six patients who

had benign nodal enlargement and three patients who had

malignant lymph nodal involvement (Figs. 5, 6).

Discussion

In this clinical study, we directly compared two tracers,
18F-FDG PET and 18F-FLT reflecting metabolism and

proliferation, respectively, in the characterization of

mediastinal lymph nodes into malignant and benign

pathologies. It would be of great benefit to patients if an

imaging modality could characterize enlarged lymph nodes

in the mediastinum into benign or malignant. Although,

high uptake of FDG has been found in malignant lymph

nodes, it is not tumor specific. A study conducted to

evaluate mediastinal lymph nodes using 18F-FDG PET/CT

scan showed that in benign disease like tuberculosis, the

SUVmax ranged from 2.3 to 11.8 with a mean ± SD of

5.3 ± 3.4 [22].

Factors responsible for inaccuracies in staging the

mediastinal nodes in lung cancer by 18F-FDG PET/CT

include adenomatous hyperplasia, rheumatoid arthritis,

pneumonia [23]. Hence, histopathology is needed in 18F-

FDG PET/CT positive cases [24]. In a study using 18F-FDG

PET/CT, Kumar et al. reported mean SUVmax of 4.6 in

lymph nodes of patients with sarcoidosis [22] and with a cut

Table 1 The demographic and PET/CT features of subjects

Parameters Sarcoidosis Tuberculosis NSCLC HD NHL

Outcome

Benign 37 7 6 0 0

Malignant 0 0 3 5 12

Total count

(%)

37 (52.9) 7 (10.0) 9 (12.9) 5 (7.1) 12 (17.1)

Sex

Female 17 1 1 0 8

Male 20 6 8 5 4

Lymph node sampling method

EBUS 25 5 4 0 0

EBBX 12 2 2 0 3

PLN 0 0 0 5 9

MLND 0 0 3 0 0

Criteria used

for

diagnosis

(a) Clinical features of sarcoidosis

along with mediastinal

lymphadenopathy;

(b) demonstration of non-necrotizing

granulomas on either TBNA,

TBLB or EBB along with negative

acid-fast bacilli and fungal stains;

and no growth of mycobacteria on

cultures; and,

(c) clinical and radiological response

after treatment with

glucocorticoids

Evidence of:

(a) necrotizing granulomas or or

presence of acid-fast bacilli (AFB)

on microscopy or a positive culture

for Mycobacterium tuberculosis

and clinical response to ATT and

(b) clinico-radiological response to

anti-tuberculosis treatment

All patients had lung

mass diagnosed as

NSCLC with or

without lymph nodal

infiltration based on

histopathology

Histopathology and

immune-

histochemistry of

lymph nodes

SUVmax FDG

mean ± SD

12.7 ± 5.5 13.4 ± 2.6 Benign 6.4 ± 4.4 8.2 ± 3.1 8.8 ± 4.0

Malignant

nodal

infiltration

6.7 ± 3.3

SUVmax FLT

mean ± SD

6 ± 2.5 5.4 ± 0.7 Benign 3.7 ± 2.8 4.4 ± 2.1 3.8 ± 1.9

Malignant

nodal

infiltration

3.9 ± 0.8
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Fig. 1 Transaxial fused 18F-FDG PET/CT (a) and 18F-FLT PET/CT

(b), CT only (c), FDG PET only (d) and FLT PET only (e) showing
increased tracer uptake in paratracheal lymph nodes in a sarcoidosis

patient. Lymph node biopsy shows a well formed epithelioid cell

granuloma with Langhan type cell giant cells (H n E 9400) (f). The
lymph nodal SUVmax FDG was 16.3 and SUVmax FLT was 6.0

Fig. 2 Transaxial fused 18F-FDG PET/CT (a) and 18F-FLT PET/CT

(b), CT only (c), FDG PET (d) and FLT PET (e) showing increased

tracer uptake in subcarinal and bilateral hilar lymph nodes in a

tuberculosis patient. Biopsy of lymph node showing necrosis and

epithelioid cells (H n E 9400) (f). The subcarinal lymph node has

SUVmax FDG 14.4 and SUVmax FLT 4.7
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off value of SUVmax of 6.2 found FDG to be 87 % sensitive

and 70 % specific for differentiation of malignant and

benign lymph nodes. Our study had high mean FDG

SUVmax value of sarcoid lymph nodes of 12.7 a value

consistent with other studies [25–28] thus proving that FDG

may not be ideal for such differentiation. This difference in

FDG uptake with their study might be attributed to small

number of patients with sarcoidosis in their study. FLT is

considered as a marker of malignancy and is correlates with

the cell proliferation as shown by monoclonal antibody

Ki67, which binds to nuclear antigens expressed by cells in

the GI, G2, M, and S proliferative phases and theoretically

uptake should be more in case of malignant disease.

The uptake of FLT was also high in cases of sarcoidosis

and tuberculosis in the present study. The high FLT uptake

in sarcoidosis could be attributed to high proliferation of

lymphocytes and macrophages around granulomas in the

lymph nodes [29, 30]. The high FLT uptake in sarcoidosis

due to increased proliferation in our study would have been

further validated if immune-staining with Ki-67 was done.

Fig. 3 Transaxial fused 18F-FDG PET/CT (a) and 18F-FLT PET/CT

(b), FDG PET (c) and FLT PET (d) showing increased tracer uptake

in paratracheal and aorto-pulmonary (AP) window lymph nodes in a

Hodgkin lymphoma patient. Lymph node biopsy shows lymphocytes,

few eosinophils, occasional plasma cells and larger, Reed-Sternberg

cells interspersed in between (H n E, 9200) (e) CD30 positive Reed-

Sternberg cells (anti CD30, 9200) (f). The aorto-pulmonary window

node has SUVmax FDG 4.9 and SUVmax FLT 3.8
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A recent study showed high 18F-FLT PET/CT accumula-

tion in pyogenic abscess site indicating that 18F-FLT is not

a specific tumor tracer, since active inflammation also

resulted in the uptake of this compound indicating that

proliferation, irrespective whether tumor related or bacte-

rial infection related leads to high accumulation of 18

F-FLT [31]. The same study group showed that the due to

the accelerated DNA synthesis in the bacterial reproductive

period the FLT uptake is high but during the non

reproductive or the period of chronic bacterial inflamma-

tion the 18F-FLT uptake is low. Therefore, granulomatous

lesions with mycobacterium tuberculosis may exhibit dif-

ferent FLT SUVmax values as seen in our study, ranging

from 4 to 6.3. Though FLT uptake has been reported in

histologically sarcoid like granulomas [32], studies with

large number of diagnosis proven sarcoidosis patients is

lacking and our study has shown considerable nodal FLT

uptake in such patients with mean SUVmax FLT of 6.0. The

Fig. 4 Transaxial fused 18F-FDG PET/CT (a) and 18F-FLT PET/CT

(b), FDG PET only (c) and FLT PET only (d) showing increased

tracer uptake in bilateral hilar lymph nodes in a Mantle cell

lymphoma patient. Lymph node biopsy showing sheets of lymphoma

cells (H and E, 9200) (e): Cyclin D1 positive lymphoma cells (anti

cyclin D1, 9200) (f) The right hilar lymph node has SUVmax FDG

was 6.0 and SUVmax FLT 4.0
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mean SUVmax of the nodes with Hodgkin’s lymphoma for

FLT was 4.4 ± 2.1 in our study. This value is similar as

reported by Wang et al. where 21 patients with Hodgkin’s

disease where mean SUVmax value of 4.5 ± 1.9 was

observed [33]. In patients with non-Hodgkin’s lymphoma

our study showed mean SUVmax FLT of 3.8 ± 1.9 (range

1.8–7.1). Similar to this range, previous studies have

reported FLT SUVmax levels in different non-Hodgkin’s

lymphoma [33, 34] ranging from 1.3 to 8.1 in indolent

lymphoma to 5.0–17.0 in aggressive non- Hodgkin’s

lymphomas [34]. It is clear from the above observations of

FLT uptake in tuberculosis, sarcoidosis, and lymphoma

that FLT would not be an ideal tracer to characterize nodes

in the mediastinum as benign or malignant.

In countries like India where sarcoidosis is increasingly

being diagnosed and tuberculosis is highly prevalent [35],

it becomes clear from the current study that the mean

SUVmax values of neither FDG nor FLT can be relied upon

for characterizing mediastinal lymph nodes into malignant

and benign causes. Further, both the tracers cannot differ-

entiate between the two benign granulomatous conditions.

Conclusion

In this prospective study, PET/CT using both18F-FLT PET/

CT and 18F-FDG PET/CT could not accurately characterize

malignant and benign lymph nodal enlargement. Though
18F-FLT and 18F-FDG PET reflect different aspects of

biology i.e., proliferation and metabolism, neither tracer

could provide satisfactory diagnosis. From the current

study it is clear that differentiation of mediastinal nodes

into benign and malignant etiology solely based on

SUVmax values may not hold true and especially in coun-

tries like India where tuberculosis and sarcoidosis are

common; high SUVmax values may not always reflect

malignancy. It is clear from the current study that neither

the SUVmax values of FDG nor FLT can be relied upon for

Fig. 5 Transaxial fused 18F-FDG PET/CT (a), FDG PET only (b), fused 18F-FLT PET/CT (c), FLT PET only (d) showing increased tracer

uptake in primary site of a NSCLC patient
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differentiating granulomatous disease like sarcoidosis and

tuberculosis. From our study the only advantage of FDG

over 18F-FLT PET/CT would be that, 18F-FDG PET/CT

produces high contrast images as compared to 18F-FLT

PET/CT.

Limitation

In our study, sarcoidosis and tuberculosis were the diseases

in the benign category both of which are granulomatous

conditions and showed high 18-F FLT uptake. Our study

did not have any non-granulomatous benign diseases. The

uptake of 18F-FLT could be different in such cases, which

needs further evaluation.
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