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SUMMARY

18F—ﬂuorodeoxyglucose positron emission tomography (PET/CT) is highly sensitive for the
imaging of B-cell lymphomas; its usefulness in T-cell lymphomas (TL) is less defined. We
retrospectively evaluated the metabolic activity in TL patients scheduled to receive chemotherapy.
Methods: 20 consecutive patients with TL underwent PET/CT and the results were correlated to Ki-
67 and compared with those from indolent B-NHL and extranodal aggressive B-NHL. Results: Mean
Ki-67 was 64% + 15% in TL. (On a patient basis,) No relationship between individual mean
SUVmax and Ki-67 values was observed (r = 0.1; p = 0.6). The mean SUVmax in TL was lower as
compared to both indolent and extranodal aggressive B-NHL (6.1 £ 4 vs 9.1 £ 6 and 8.9 + 5,
respectively; p< 0.01). Within extra-nodal locations the TL still presented values lower than the other
groups (5.3 £3 vs 9.5+ 6 and 8.9 £ 5, respectively; p< 0.05). Nodal SUVmax of TL was lower than
nodal indolent B-NHL (6.4 £ 3 vs 8.8 £6; p<0.05). Conclusion: Although clinically aggressive and
high Ki-67 values, TL have a low metabolic activity at PET/CT. TL patients had an uptake index

lower than patients presenting indolent or extranodal aggressive B-NHL.

Keywords: T-cell lymphomas; FDG; metabolic activity; standard uptake value; positron

emission tomography
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INTRODUCTION

T-cell lymphomas (TL) comprise a heterogeneous group of uncommon diseases accounting for
approximately 10-15% of all non-Hodgkin’s lymphomas. Compared to B-cell lymphomas, TL more
frequently involve extranodal sites and have a worse prognosis. The staging of patients with
malignant lymphoma take account of physical examination, instrumental procedures and results from
peripheral blood and bone marrow involvement, if any. Recently, 18F—ﬂuorodeoxyglucose positron
emission tomography-computed tomography (PET/CT) has been widely recognized as a suitable
diagnostic tool in staging (Jerusalem et al, 2001a), follow-up and tumour response assessment of
lymphoma patients (Mikhaeel et al, 2000; Naumann et al, 2004; Zinzani et al, 2004; Castellucci et
al, 2005); its prognostic role has been evoked (Jerusalem et al, 1999; Mikhaeel et al, 2005; Haioun
et al, 2005; Cheson et al, 2007). PET/CT offers the advantage of functional tissue characterization,
which is mostly independent from morphologic criteria assessing the extent of the disease; it has
higher sensitivity than conventional anatomic imaging modalities thus often redirecting patient
management. Different 18F—ﬂuorodeoxyglucose (FDG) uptake among different subtypes of lymphoma
has been reported (Schoder et al, 2005; Wong et al, 2005; Tsukamoto et al, 2007), which could be
explained by the complex histological profile including the proliferating capacity of tumour cells, the
proportion of viable tumour cells and the presence of reactive non-malignant cells (Kubota et al,
1993). The evidence that the degree of FDG accumulation correlates well with the percentage of
proliferative cells in the biopsied samples rather than with the histologic grade has been reported
mainly in B-cell non-Hodgkin's lymphomas (Laskinen-Kallio et al, 1991). Conversely, only few data
have pointed about the amount of tracer uptake and the role of PET/CT in staging T-cell neoplasms
which usually exhibit aggressive clinical behaviour (Kako et al, 2007; Karantanis et al, 2008;
Khong et al, 2008; Tang et al, 2009). Accordingly, we evaluated the results from the

semiquantitative assessment of a staging PET/CT in patients with histologically proven T-cell
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lymphoma, comparing the findings to Ki-67 proliferation index and to those obtained in patients
presenting indolent- or aggressive B-cell non-Hodgkin lymphoma. This imaging modality might have
a role for tailoring therapy in such setting redirecting to alternative drugs or new combination
treatment algorithms on a metabolic assessment basis.

DESIGN AND METHODS

Patients

Twenty patients (7 women; 54.9 + 16.5 y) [Table 1] with histologically proven T-cell lymphoma
underwent baseline PET/CT scan 2-3 weeks prior to start a first line therapy. All patients underwent
neck echography, chest, abdomen and pelvis CT and bone marrow biopsy. Diagnoses were made
according to the WHO classification. Number and dimensions of involved nodal and extra-nodal sites
(regions) were evaluated at PET/CT (as per patient tumoral burden). Results of PET/CT scans
obtained from 20 patients (7 women; 53.6 £ 13.9 y) with indolent B-NHL and 20 patients (7 women;
54.1 £ 14.5 y) presenting extra-nodal aggressive B-NHL served as control. All patients signed

informed consent in accordance with the Declaration of Helsinki.

Immunohistochemical staining

Ki-67-stained sections of tissue specimens from cases of T-cell lymphoma were available to
determine the distribution of proliferating cells and proliferation rate of cells. A monoclonal mouse
anti-human ki-67 antigen, clone MIB-1 (Dakocytomation, Danmark) was used. Ki-67 staining was

assessed by subjectively evaluating the percentage of positive cells.

Imaging modalities
PET and CT were carried out with a commercial combined PET/CT scanner (Discovery LS; GE

Milwaukee, WI, USA) combining an Advance NXi PET scanner and a Light Speed Plus four rows
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MDCT system. PET/CT imaging was acquired 75-90 minutes after intravenous administration of 12—
15 mCi (444-555 MBq) of FDG. During the 4-6 hours prior to imaging patients were fasting. Blood
glucose level was determined in all patients before FDG administration and a cut-off value of less
than (160 mg/dL) 8.88 mmol/L. was considered appropriate to perform examination. Helical CT
(pitch 1.5; 120 mAs; 120 kVp) was performed without intravenous contrast medium. PET scan was
performed with four minutes per bed position and six to eight bed positions per patient, depending on
patient height. Raw computed tomography (CT) data were reconstructed into transverse images with a
4.25-mm section thickness. Sagittal and coronal CT images were generated by reconstruction of
transverse data.

Raw PET data were reconstructed with and without attenuation correction into transverse, sagittal,
and coronal images. Attenuation correction was based on CT attenuation coefficients, which were
determined by iterative reconstruction. All images were reviewed at a workstation by using PET/CT
fusion software (Volumetrix for PET, GE). Each PET/CT study was interpreted by three experienced
observers in consensus; one of them was also a radiologist. The examiners first evaluated the CT
images alone. Mass sizes (nodal or extra-nodal) were visually estimated and the most significant was
measured at least in maximum diameter by using a vendor-provided software. A lesion in the baseline
study was defined as an identifiable mass or lymph node larger than 1 cm in minimum diameter with
soft-tissue/mediastinal window settings. Up to 6 hottest (representative) lesions per patient were
considered. Then, maximum standardized uptake values, body weight corrected (SUVmax), were
determined by using vendor-provided software on PET scans, according to the European Organization
for Research and Treatment of Cancer's (EORTC) PET recommendations (Young et al, 1999) and to
recent upgraded guidelines (Cheson et al, 2007; Juweid et al, 2007). Briefly, focal or diffuse FDG
uptake above background in a location mismatched with normal anatomy or physiology was

interpreted as abnormal and was considered to be (evocative) indicative of a lymphoma lesion. The
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result of PET/CT was considered positive if PET/CT detected a lymphoma lesion in at least one site

detected by CT series or by physical examination.

Statistical analysis

Data are expressed as proportions or as means * 1 standard deviations, as appropriate. One-way
ANOVA was used for comparing means between groups. Post hoc analysis with Bonferroni
correction was performed. Differences between mean values were assessed by Student’s 7 test (two-
tailed probability) for unpaired data. Linear regression analysis was used to assess the relationship
between mean SUVmax and Ki-67 values, on a patient basis. A probability (p) value < 0.05 was

considered significant.

RESULTS

Patient characteristics of each group (study and controls) are summarized in Table 1 according
to the prevalence of the histological subtypes. (Mean) The Number of extra-nodal and nodal sites per
subtype (are) is also shown. PET/CT scan was positive in all patients of the study and control groups.
CT scans performed as a part of PET/CT study allowed to identify extra-nodal and nodal sites in all
groups of patients. ; (most representative lesions were measured at least in maximum diameter,
those of TL patients are recorded in Table 2)
(Classification of TL patients and controls
According to the WHO classification the histological subtypes of TL patients were: peripheral
T-cell lymphoma, unspecified (PTCL-U, n = 9), anaplastic large cell lymphoma (ALCL, n = 6),
mycosis fungoides (MF, n = 3), extranodal NK/T-cell lymphoma, nasal type (ENKL, n = 1),
angioimmunoblastic T-cell lymphoma (AILT, » = 1). ) Bone marrow biopsy was positive in 11/20

patients with TL. Fourteen patients with TL were classified as having a stage IV disease, three a stage
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III and three a stage II. A total of 12 bone marrow lesions were detected, eight cutaneous/sub-
cutaneous lesions were recorded in MF patients, one in a ALCL patient.

(In the group of indolent NHLs, 18 patients were classified as having follicular
lymphoma and two as extranodal marginal zone B-cell lymphoma (EMZL). Among patients
with extra-nodal aggressive NHL, 17 had diffuse large B-cell lymphoma, two showed blastic
EMZL and one patient had a intravascular large B-cell lymphoma.) In patients with indolent
NHL 6/20 had both extra-nodal and nodal sites involved, 8/20 had nodal and 6/20 exclusive extra-
nodal involvement.

Tumor burden and Ki-67 in TL

Analyzing patient tumour burden, a mean number of 3.8 + 2 and of 4.7 + 2 sites were involved in the
group with TL and with indolent B-NHL, respectively (p=ns) whereas extra-nodal aggressive B-NHL
had 1.5 £ 0.4 sites involved (p<0.05 vs TL and vs indolent B-NHL).

Tissue specimens were collected from 13 nodal locations, 4 cutaneous/subcutaneous lesions, 2
from bone marrow and one from gastric involvement. Mean Ki-67 was 64% + 15% in patients with
TL (range: 30%-80%). On a patient basis, No relationship between individual mean SUVmax and
Ki-67 values was observed (r = 0.1; p = 0.6).

Semiquantitative assessment in TL patients and controls

Considering all detected representative lesions, the mean SUVmax in patients with TL was lower as
compared to either indolent and extra-nodal high grade B-NHL (6.1 £4 vs 9.1 £ 6, and vs 8.9 £ 5,
respectively; p< 0.01) (Figure 1) .

When the SUVmax was assessed only just in the extra-nodal locations, the TL group still
presented lower values than the other groups (5.3 £ 3 vs 9.5 £ 6 and 8.9 + 5, respectively; p< 0.05)
(Figure 2A) (Fig 1A).

Finally, the SUVmax in nodal locations of patients with TL was lower than in nodal indolent
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B-NHL (6.4 £ 3 vs 8.8 £ 6; p< 0.05) (Figure 2B) (Fig 1B). Within the TL or indolent B-NHL
groups there was no difference in SUVmax values between extra-nodal and nodal sites. In TL
patients the mean SUVmax of bone marrow lesions was 6.0 + 3, it was not different from that of the
other extra-nodal lesions grouped (5.0 £ 3; p=ns).

No differences were found between SUVmax values of indolent B-NHL and extra-nodal

aggressive B-NHL.

DISCUSSION

In the present study we found that patients with TL had a significant but low metabolic activity at PET
scan, regardless of a considerable tumour burden, an aggressive clinical behaviour and high values of
Ki-67. These patients had a lower uptake index in the involved regions than patients presenting either
indolent or aggressive B-NHL.

(Although several studies have strengthened the value of FDG-PET in the assessment of
malignant lymphoma at diagnosis [1,2,6,18] , its role in revealing different amount of FDG
uptake among various histological subtype of lymphoid malignancies is still under evaluation.
[10, 19-23] As a result, the histological subtype of malignancy should be carefully considered in
assessing PET-FDG results.)

Natural killer (NK)/T-cell lymphomas represent a rare type of lymphoma derived from either activated
NK cell or, rarely, cytotoxic T cells. It usually originates in the nasal cavity/nasopharynx and invades
the surrounding tissues; a delay in diagnosis could result in a fatal outcome. T-cell neoplasms
frequently display aggressive clinical behaviour and a prognosis not as good as B-cell neoplasms,

(Rudiger et al, 2002; Mounier et al, 2004 ) mostly because of the high frequency of advanced-stage

disease and extranodal involvement, as a consequence of intrinsic histopathological features. The
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unfavourable prognosis of this tumour emphasizes the need for more effective and useful diagnostic
tools in order to implement beneficial therapeutic strategies.

There are only few published data substantiating the use of PET/CT in patients presenting T-
cell lymphoma (Kako et al, 2007; Khong et al, 2008; Suh et al, 2008) being it alternatively allotted as
a valuable or useless tool in such disease (Karantanis et al, 2008; Khong et al, 2008; Tang et al,
2009). Our data confirm the findings of others who demonstrated a high positive rate of pre-therapeutic
PET/CT in most subtypes of T-cell neoplasms, comparable to what observed for B-cell neoplasms
(Haioun et al, 2005). All patients enrolled in the present study showed significant amount of tracer
uptake at PET-CT scan.

Previous studies have demonstrated a substantial overlap in the intensity of FDG uptake
between patients with indolent and aggressive B-cell lymphoma in the low SUV range (Rodriguez et
al,1995; Lapela et al, 1995). However, Schoder et al. (2005) reported that the intensity of FDG
uptake is generally lower in indolent as compared with aggressive non-Hodgkin’s lymphoma and that
the likelihood for aggressive disease increases in parallel with increases in SUV. This is not the case of
TL, in which mechanisms other than those sustaining aggressiveness should be considered.

In our setting, for instance, mean SUVmax of lesions was constantly low, though significant,
either for nodal or extra-nodal involved districts while TL patients showed high values of Ki-67 which
is an established marker of cell proliferation.

(Uptake of FDG in lymphoma is influenced by many different biological factors, including
molecular, such as oncogene expression as well as patho-physiological aspects such as tumor
perfusion, apoptosis and viable cell fraction, effects of hypoxia, amount of inflammatory cell
infiltration and lastly by substrate utilization. However,) There are some evidences (Kako et al,
2007; Karantanis et al, 2008) that PET/CT appears to be less sensitive for cutaneous and bone

marrow involvement in TL and, in general, for the detection of extranasal sites. On the other hand,
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some authors (Kuo et al, 2008; Berk et al, 2008) have focused on the potential of PET/CT for
improving the staging and the monitoring of response to therapy in TL. This was proven for cutaneous,
nodal, and visceral disease in cutaneous T-cell lymphoma as well as for detection of subcutaneous
nodules in extranodal nasal NK/T-cell lymphomas, highlighting the important role of FDG-PET in the
staging of these diseases.

Our setting showed a distinctive involvement of extra-nasal sites, mostly cutaneous, visceral or
with bone marrow locations and some patients had nodal concern. All subjects had a significant tumour
burden, an aggressive behaviour and a positive scan. Nevertheless, comparing the degree of tracer
uptake between extra-nodal and nodal locations of TL patients was not different. (i.e. supposed
disparities in blood support), we were not able to detect differences, being it significant but
moderate in both districts.) Irrespective of locations involved, mechanisms of metabolic deregulation
during the genesis of T-cell lymphomas and cell transformation might be more complex than merely
meeting the cellular requirements of growth and proliferation.

Although clear evidence is lacking at this time, biologic differences among specific pathologic
subtypes of lymphoma can be evocated in determining different degrees of FDG uptake. For instance,
T-cell lymphomas histologically can show a broad cytologic spectrum even if apoptosis and necrosis
are common (Cheung et al, 2003), both affecting FDG uptake. Higher activity of glucose-6-
phosphatase might determine a lower FDG uptake as in some histological subtypes of Hodgkin's
disease (Reed-Sternberg and Hodgkin cells) and in hepatocellular carcinoma (Pangalis & Tsavaris,
1986; Torizuka et al, 1995). There is the evidence that some TL cells mirror, histo-pathologically, the
mononuclear cells or even the typical Sternberg-Reed cells of Hodgkin’s disease (Whitcomb et al,
1983). Finally, it should be considered the expression of membrane glucose transporters, Glut-1 (Aloj
et al, 1999) or the role of lectins, a group of specific membrane proteins that preferentially bind to

carbohydrates inside and outside the cells, playing a critical function in cancer biology and in various

10
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lymphoma subtypes as well (Raz et al, 1986; Monsigny et al, 1988; Gabius et al, 1989; Nakahara
& Raz, 2008).

Taking into account the above mentioned issues, we aimed to compare FDG avidity of extra-nodal and
nodal locations of TL patients with that detected in both extra-nodal and nodal locations of sex- and
age matched patients presenting indolent B-NHL. Patients with TL showed lower FDG uptake in both
nodal and extra-nodal locations as compared to those of indolent B-NHL. Recent data in indolent low-
grade lymphomas (follicular and marginal zone lymphomas) (showed) have shown positive FDG
uptake despite a low tumour cell proliferation (Hoffmann et al, 2003; Elstrom et al, 2003; Jerusalem
et al, 2001b; Najjar et al, 2001), (detecting metabolic activity in both follicular and marginal zone
lymphomas [42, 43] ). The fact that follicular lymphomas almost invariably showed high FDG uptake
demonstrates that the histologic grading is not the most important predictor for FDG avidity (Elstrom
et al, 2003).

SUV values obtained at extra-nodal level in TL were compared with those of sex- and age
matched patients having extra-nodal aggressive lymphoma; once more the degree of FDG uptake in TL
was significantly lower, confirming that reasons other than aggressiveness are implicated in cellular
tracer accumulation.

Although there still may be considerable overlap between SUVs of benign tissue and those of
malignant tissue, we quantified the intensity of FDG activity using a SUV cut-off of around 2.5 to 3.0
which has been indicated evocative of malignant involvement (Lucignani et al, 2004).

Our findings suggest a careful quantitative evaluation of FDG PET images in such disease as
not always the higher the proliferation the higher the metabolic activity.

(To our knowledge this is the first study comparing the degree of FDG uptake in TL with

matched both indolent or aggressive B-NHL. Comparisons with other published studies are

11
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difficult, since most data are derived from solid tumours and nodal-based lymphomas, and no
previous studies have been published comparing SUVs in TL and B-NHL.)

The (As) accurate staging of TL is essential for providing the patient with appropriate
prognostic information and for guiding the clinician in selecting the treatment option according to the
tumour metabolic activity which seems not directly related to the proliferation. As a result,
alternative drugs such as receptor-selective, immune- modulating or apoptosis-inducing agents
rather than those disrupting cancer growth by direct cytotoxic effect could be preferred (see
targeted therapy).

The analysis of additional patients will provide further information for FDG-PET impact on the
management of such disease. In addition, the comprehension of the exact cellular mechanisms

sustaining different metabolic profiles in various lymphomas will be of crucial value.
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Table 1. Patients characteristics
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Histology N° of patients Sex (F/M) Mean age, yrs (range) N of Locations at PET-CT
(range)
Extra-nodal Nodal
T-cell Lymphomas
MF 3 0/3 62 (52-79) -6 4-5
PTCL-U 9 3/6 56 (20-76) 1-7 2-10
ENKL 1 1/0 35 1 1
ALCL 6 3/3 49 (21-68) 1-1 2-4
AILT 1 0/1 53 0 6
Indolent B-NHL
FL 18 6/12 69 (31-75) 1-5 1-14
EMZL 2 1/1 51 (45-58) 1-2 0
Aggressive B-NHL
DLBCL 17 6/11 61 (51-78) 1-2 -
EMZL Blastic 2 0/2 48 (21-75) 1-1 -
Intravascular LBCL 1 0/1 40 1 -

MF, mycosis fungoides; PTCL-U, peripheral T-cell lymphoma unspecified; ENKL, extra-nodal natural killer/T-cell

lymphoma, nasal type; ALCL, anaplastic large cell lymphoma; AILT, angioimmunoblastic T-cell lymphoma; NHL, non-

Hodgkin lymphoma; FL, follicular lymphoma; EMZL, extranodal marginal zone B-cell lymphoma; DLBCL, diffuse large
B-cell lymphoma; LBCL, large B-cell lymphoma.
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1

2

2 Table 2. Characteristics of patients with TL at the time of FDG-PET scan

2 Pts Sex Age Histology * Locations * CT lesion BM Stage PET results
7 N° (yrs) extranodal/nodal size (cm) biopsy

8 1 M 55 MF subcutaneous in 2.1x2.5/ Neg. v +
9 chest/right axilla 2.0x2.6

10 2 M 59 PTCL-U left iliac region 2.2x2.4/ Pos. v +
11 (bone)/right inguinal 2.3x1.9

12 3 § 51 ALCL - /right iliac region 1.8x1.2 Pos. v +
13 4 F 20 PTCL-U C4 (bone)/ - 2.8x2.5 Pos. v +
14 5 M 48 ALCL - /ant-sup mediastinum 2.3x2.0 Pos. IVA +
15 6 F 38  PTCLU mediastinal tissue/ - 1.9x2.9 Neg. IE +
is 7 M 21 ALCL - /ant-sup mediastinum 1.6x2.7 Pos. v B
18 8 B 35 ENKL posterior rino-farinx/right 1.3x1.4/ Neg. IIE i
19 submandibular 1.2x2.7

20 9 M 57 PTCL-U right hepatic flexure 1.9x3.0 Pos. v i
21 (colon)/ -

22 10 M 52 MF left neck (skin)/bilateral 1.1x1.2/ Neg. IIIE +
23 inguinal 1.2x1.4

24 11 M 67 PTCL-U  posterior naso-farinx/right 1.2x2.0/ Pos. v +
25 iliac region 2.3x3.1

26 12 M 79 MF left neck (skin); 1.2x1.0/ Neg. v +
27 prostate/bilateral inguinal 1.5x2.7

28 13 M 70 PTCL-U - / paratracheal 1.7x1.9 Neg. IIB +
29 14 M 53 AITL - /left iliac region 1.3x1.9 Pos. v +
30 15 | 46 ALCL - /ant-sup mediastinum 1.7x2.6 Neg. I +
31 16 F 56 PTCL-U  acromion (bone)/ ant-sup 1.1x1.5/ Pos. 1Y 0
32 mediastinum 1.5x1.5

33 17 M 62 PTCL-U gastric/paraortic 1.8x3.1/ Neg. v +
34 1.3x2.8

35 18 M 76 PTCL-U - Nleft neck 1.5x2.5 Neg. I

36 19 F 68 ALCL  subcutaneous in leg /left 1.6x2.2/ Pos. v B
37 iliac region 1.5x1.6

38 20 M 63 ALCL spleen/left neck 1.8x2.5/ Pos. v B
39 1.2x1.6

40 MF, mycosis fungoides; PTCL-U, peripheral T-cell lymphoma unspecified; ENKL, extra-nodal natural killer/T-cell
41 lymphoma, nasal type; ALCL, anaplastic large cell lymphoma; AILT, angioimmunoblastic T-cell lymphoma; *, most
j’é representative; BM, bone marrow; Pos., positive; Neg., negative
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FIGURE LEGEND

(Figure 1. Global maximum standardized uptake value in patients with T cell lymphoma and
indolent or aggressive B-NHL. *, p<0.001vs indolent B-NHL; f, p<0.01vs aggressive B-NHL)

(Figure 2.) Figure 1. Extra-nodal (A) and nodal (B) maximum standardized uptake value in patients
with TL and indolent or aggressive B-NHL. *, p<0.05 vs indolent B-NHL; §, p<0.01vs aggressive B-
NHL
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