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This was the first-in-humans clinical study of '8F-fludarabine, which
is a radiopharmaceutical for PET imaging in lymphoma, for which
many issues remain controversial with the standard radiotracer '8F-
FDG. Methods: '8F-fludarabine PET or PET/CT was performed on
10 patients: 5 with diffuse large B-cell lymphoma (DLBCL) and 5
with chronic lymphocytic leukemia. The tumor uptake, biodistribu-
tion, and radiation dosimetry of '8F-fludarabine were evaluated. Six
successive partial-body PET scans were acquired for 250 min after
an intravenous 4 MBg/kg bolus of '8F-fludarabine. SUVs were
recorded for each involved lymph node territory and for several
extranodal sites, with particular reference to the liver. To assess
the time-related uptake profile of 18F-fludarabine, PET images were
analyzed by delineating volumes of interest over the uptake sites on
the optimal scan for visual observation and were projected onto all
coregistered scans of the same subject. Physical examination, lab-
oratory studies, and contrast-enhanced CT were performed on all
patients. For the DLBCL group, '8F-FDG PET was also considered.
Results: In DLBCL patients, increased '8F-fludarabine uptake was
observed in sites considered abnormal by CT or '8F-FDG, with
SUVs significantly higher in involved lesions than in physiologic non-
target sites. Nonetheless, the comparison of '8F-fludarabine and
18F-FDG PET showed discrepancies in 2 patients. In chronic lym-
phocytic leukemia patients, the uptake of 8F-fludarabine coincided
with sites expected to be involved (including splenic invasion)
according to conventional clinical and CT staging and was signifi-
cant in hematopoietic bone marrow. No uptake was observed,
whatever the disease group, in cardiac muscle or brain. The mean
effective dose from a mean injected '8F-fludarabine activity of 305 +
76 MBq was 3.07 + 0.81 mSv. Conclusion: '8F-fludarabine PET
might well be a promising tool for lymphoproliferative diseases.
The radiation dose of this radiopharmaceutical is below that of
18F-FDG. The specificity of this PET probe for lymphoid cells, its
absence of accumulation in reactive tissues, and its feasibility for
detection of bone marrow infiltration might play an innovative role in
lymphoma imaging.
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Lymphomas are a diverse group of malignancies originating
from lymphoid cells and are associated with variable prognosis.
According to the different classification systems that have been
applied over the years, including the recently updated REAL
classification (Revised European-American Classification of Lym-
phoid Neoplasms), the 3 main categories of these lymphoid ma-
lignancies are Hodgkin lymphoma and non-Hodgkin lymphoma
of B- or T-cell lineage (/). Although histologic confirmation is
essential for the diagnosis, a reliable evaluation of the spread of
lymphoma in vivo is possible only by imaging. The potential
impact of molecular imaging by PET in oncology lies primarily
in early tumor detection, evaluation of disease extent, and imaging-
guided therapy evaluation (2—4). The most widely used PET
tracer in lymphoma is '8F-FDG, which is clinically used for stag-
ing, therapy evaluation, and restaging (5,6). However, its uptake
reflects the glycolytic activity of tissues, which is increased in
most cancer cells. Although most malignant lymphomas such as
Hodgkin lymphoma, diffuse large B-cell lymphoma (DLBCL),
Burkitt cell lymphoma, mantle cell lymphoma, and follicular lym-
phoma are '8F-FDG-avid, with a PET/CT sensitivity of 85%-—
100% (7), '8F-FDG is not a highly tumor-specific tracer. Its uptake
is also seen in activated macrophages and other inflammatory
cells, leading to false-positive interpretations (8—10). Moreover,
in some indolent non-Hodgkin lymphomas, including chronic
lymphocytic leukemia, there is no established role for '3F-FDG
PET because of the limited or variable avidity of '8F-FDG (11,12).
In search of a more lymphoma-specific tracer, we have investi-
gated and introduced '8F-fludarabine (/3), an adenine nucleoside
analog resistant to adenosine deaminase (/4,15). Used alone or in
association with other drugs (/6,17), '8F-fludarabine demonstrates
a significant antitumor efficacy in chronic lymphocytic leukemia
(CLL) and indolent non-Hodgkin lymphoma. Interestingly, '8F-
fludarabine has a special feature in that the base moiety has a
fluorine atom, which can be replaced by !®F, a B-emitter, for
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PET imaging. After developing radiochemistry suitable for en-
abling automated radiosynthesis (which includes delivering high
yields, high reproducibility, and robustness, as well as provision of
I8F_fludarabine), we obtained preclinical PET data in vivo from
different xenograft models of human lymphoma. Whereas '8F-
FDG accumulated in heart and brain, the '8F-fludarabine radioac-
tivity was considerably retained in tumor, providing a marked
contrast between cancerous and healthy tissues (/8). In a xenograft
model, we demonstrated that '8F-fludarabine was able to detect
persistent viable lymphoid tissues during or after treatment (/9).
In a murine model of inflammation, we found that compared with
I8F.FDG, '8F-fludarabine accumulated significantly less in the
inflamed tissue (20). We assume that this tracer may allow differen-
tiation between tumor mass and inflammation. Furthermore, because
the cellular uptake of '8F-fludarabine is cell-cycle-independent (21),
18F_fludarabine PET/CT holds promise for imaging lymphoid neo-
plasms characterized by low mitotic activity. Therefore, to evaluate
the potential role of '8F-fludarabine in human lymphoma, we per-
formed a pilot clinical study on 5 patients with newly diagnosed
DLBCL and 5 patients with newly diagnosed CLL. For DLBCL
patients, '8F-FDG imaging was also conducted as recommended
by the international guidelines. The study was also designed to de-
termine the biodistribution and to estimate the absorbed radiation
dose from '8F-fludarabine in major organs.

MATERIALS AND METHODS

Patient Population

This prospective pilot clinical study was promoted by Caen Uni-
versity Hospital and conducted both at Cyceron Imaging Platform
and at the Hematology Department of Caen University Hospital. To
be eligible, patients had to be older than 18 y and have newly
histologically confirmed DLBCL (rn = 5) or previously untreated CLL
(n = 5) requiring treatment according to the guidelines (22). DLBCLs
were diagnosed by a reference pathologist on the basis of tissue sam-
ples according to the World Health Organization classification (23);
CLL diagnosis was based on blood immunophenotype. The 10 pa-
tients were enrolled between May 20, 2014, and June 2, 2015. All
patients gave written informed consent before study participation,
according to the Declaration of Helsinki, and the protocol was ap-
proved by the responsible ethics committee (Comités de Protection
des Personnes approval 2013-34). The study was registered at Clin-
icalTrials.gov (NCT02128945).

Physical examination, laboratory studies (blood counts, creatinine
level, lactate dehydrogenase, and liver enzymes), and contrast-
enhanced CT of the neck, chest, abdomen, and pelvis were performed
on all patients. Safety was assessed by monitoring vital signs, labora-
tory test results, and adverse events. Patients were not eligible if they
had an autoimmune hemolytic anemia, untreated infection, inade-
quate renal function with creatinine clearance lower than 30 mL/min,
corticosteroid treatment, or any PET/CT contraindication.

Study Protocol and PET/CT Imaging

I8F-fludarabine was produced with a radiochemical purity of
more than 99% (13). '8F-FDG was purchased from Cyclopharma
Laboratories.

For all patients, '8F-fludarabine scans were recorded on a Discovery
RX VCT PET/CT system (GE Healthcare). PET and CT images were
acquired in the same session, and both scans were obtained during
normal tidal breathing. CT scans obtained with a low-dose protocol
(80 kV, 50 mAs) were used for attenuation correction of the PET
images. Six successive partial-body PET scans (from skull vertex to
mid thigh) were acquired, with approximately 8 bed positions each,
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for 250 min after an intravenous 4 MBg/kg bolus of '8F-fludarabine.
Scanning times were 0-10, 15-25, 30-50, 90-100, 180-190, and 240—
250 min after administration. The patients were repositioned with
laser alignment between sequential scans. The average activity re-
ceived by the patients was 305 *= 76 MBq (range, 217-444 MBq),
with a !8F-fludarabine mass of 0.23 = 0.14 pg (range, 0.06-0.52 wg);
the specific radioactivity was 450 = 96 GBg/pwmol. PET data were
investigated using a 3-dimensional list-mode acquisition, and all ap-
propriate corrections were applied for dead time, decay, random
events, scatter, and attenuation. PET static images were reconstructed
with the 3D VUE point HD algorithm (2 iterations, 9 subsets, and a
filter of 3.43 mm in full width at half maximum; GE Healthcare) with
a 128 x 128 matrix. Blood samples (5 mL) were collected at 60 and
240 min after administration, counted (Wizard 2470; PerkinElmer),
and centrifuged at 1.21g for 15 min, and the radioactivity of the
separated plasma was measured.

The DLBCL patients underwent, as part of routine clinical management,
an initial staging by '8F-FDG PET/CT at Caen University Hospital
on a Biograph 6 TrueV-HD system (Siemens). The imaging session
was performed 60-80 min after intravenous injection of 335 = 77
MBq of '8F-FDG. The mean interval between the '8F-fludarabine and
I8F-FDG PET scans was 7 * 2 d.

Image Analysis

To assess the time-related uptake profile of '8F-fludarabine, PET
images were analyzed by delineating volumes of interest over the
uptake sites (as a general rule, on the 30- to 50-min scan) and pro-
jected onto all coregistered and decay-corrected scans of the same
subject. For this purpose, the sequential CT scans of each patient were
coregistered to the first CT scan of the study, and each PET scan was
then matched to the corresponding CT scan. The SUV of the pixel with
the highest uptake (SUV,,,,) was recorded in 10 nodal areas (region
encompassing a single node or multiple nodes if present), including
cervical, infraclavicular, axillary, mediastinal, hilar, paraaortic, mes-
enteric, inguinofemoral, iliac, and splenic, and in several extranodal
regions: Waldeyer ring, liver, bone marrow, and muscle. SUV (based
on body weight) was automatically calculated according to the classic
formula. The !'8F-fludarabine PET scans were interpreted by 2 inde-
pendent observers. PMOD 3.6 (PMOD Technologies, Ltd.) was used
for data analysis. A masked centralized analysis of the '3F-fludarabine
PET images was performed using the Imagys platform (Keosys).

The metabolic tumor volume was defined as the volume of areas
showing '8F-fludarabine uptake. The segmentation of this volume
was based on a background-level threshold (mean * 2 x SD) (24),
with liver considered background and an uptake-to-liver ratio of 1 or
more considered the thresholding criterion (LIFEx, version 2.08;
www.lifexsoft.org).

Because the PET cameras had not been cross-calibrated, no quanti-
tative comparative analyses between the results for the 2 '8F-labeled
radiopharmaceuticals were performed. '8F-FDG PET was interpreted
visually using criteria recommended by the Lugano classification
for lymphoma (25), and only positive foci were reported.

Dosimetry

Isocontour-based volumes of interest including the entire organs
were defined (PMOD, version 3.6) on the sequential '3F-fludarabine
PET scan where the tissues were most visible (i.e., kidneys and liver
on 0- to 10-min scan, spleen on 240- to 250-min scan). Lungs, brain,
and heart wall volumes of interest were generated from aligned CT
scans. Heart wall and heart blood pool could not be separated because
contrast was insufficient. The defined volumes of interest were then
projected onto all coregistered scans of the same subject. Organ
volumes for each subject were assumed to be constant over time.
The obtained time—activity curves were not decay-corrected, and a
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biexponential fit was performed to integrate the time—activity curves.
MIRD S factors were scaled to patient organ masses for dosimetric
computation (26).

RESULTS

In all patients, the '8F-fludarabine injections were well toler-
ated. One patient had a grade 2 liver enzyme elevation and grade 3
hyperbilirubinemia that were related to lymphoma. Orchidectomy
was performed on 1 patient after the scan found lymphoma involve-
ment. No significant modification of renal function and no cytope-
nias were observed after '8F-fludarabine injection. The proportion
of 8F-fludarabine radioactivity in the plasma was higher in the
DLBCL group than in the CLL group (Supplemental Fig. 1; sup-
plemental materials are available at http://jnm.snmjournals.org).

DLBCL Patients

Histologic confirmation was obtained from the following sites:
right cervical node (patient 2), right tonsil (patient 5), nasal cavity
and right testis (patient 6), a mesenteric site (patient 8), and
axillary node (patient 9). The disease was staged on a scale of I to
IV based on the Lugano classification (Supplemental Table 1).
Increased '8F-fludarabine uptake was observed at sites considered
abnormal on CT or '8F-FDG images, including nodal sites (e.g.,
cervical, axillary, mediastinal, or paraaortic) and extranodal sites
(e.g., spleen or bone marrow). For suspected abnormal lesions in
which uptake was higher than in liver, SUV,,,« is reported in
Supplemental Table 2. In all patients, SUVs were significantly
higher in involved lesions than in physiologic nontarget sites (Sup-
plemental Table 2; Fig. 1). The average '8F-fludarabine PET SUV/,,,
for the involved sites was 7.14 (range, 5.24-9.10) at the 30- to
50-min scan and 10.16 (range, 4.54—14.31) at the 240- to 250-min
last scan. Uptake of '8F-fludarabine at 30-50 min after injection
remained higher in tumor than in ascending aorta (SUV ., 1.42;
range, 1.32-1.51), muscle (SUV .« 1.29; range, 1.13-1.45), or
liver (SUV jax, 2.58; range, 2.21-3.08). Progressive clearance of
radioactivity was observed from blood pool and muscle, whereas
uptake was slightly enhanced (1.3 times) in liver on the last scan.
In all cases, bone marrow was histologically normal (Supplemental
Table 1) and no hyperactivity was observed on the 30- to 50-min
early '8F-fludarabine PET scan (SUV,,,, 2.33; range, 2.17-2.54);

nevertheless, on the 240- to 250-min last scan the uptake was in-
creased nearly 2-fold, slightly exceeding the liver uptake (1.3 times,
Supplemental Fig. 2). Progressive splenic uptake was observed in
all patients, with an average SUV ., of 4.91 (range, 3.46-5.94) at
50 min after injection to 7.71 (range, 4.81-9.83) at 250 min.
I8F_.FDG PET and '8F-fludarabine PET showed interesting dis-
crepancies in some cases, with the 2 most significant ones as
follows: patient 5 showed mediastinal lymph node uptake with
IBE_FDG (Fig. 1C) but not with '8F-fludarabine (Fig. 1B). The
I8F.FDG uptake persisted after completion of the treatment and
disappearance of all suspected pathologic sites (Fig. 1D). The
patient was considered in complete remission and remained re-
lapse-free at more than 2 y after completion of the chemotherapy.
Patient 6 had an '3F-FDG-positive right testis, whereas the '3F-
fludarabine findings were considered negative, with uptake close
to the background level. Orchidectomy was performed, and lym-
phomatous involvement of the testis was confirmed histologically.

CLL Patients

In the 5 CLL patients, the major '8F-fludarabine accumulation
coincided with sites expected to be involved according to conven-
tional clinical and CT scan staging (i.e., lymph nodes and spleen)
(Supplemental Tables 3 and 4). For instance, the most active sites
were lymph nodes, with the average '3F-fludarabine PET SUV,,,
being 6.05 (range, 4.82—7.42) on the 30- to 50-min scan and 10.30
(range, 6.96-12.22) on the last scan.

An important and progressive splenic uptake (Figs. 2 and 3),
more elevated than in DLBCL group, was detected in all CLL
subjects, with an average SUV,,,x of 7.73 (range, 6.35-9.88) at
50 min after injection and 12.39 (range, 10.46-16.41) at 250 min.
Bone marrow infiltration was detected by elevated retention of the
radiopharmaceutical at 30-50 min after injection (SUV ., 4.37;
range, 3.59-5.40) in comparison with the radioactivity in ascend-
ing aorta (SUV .« 1.52; range, 1.27-1.73), muscle (SUVpax,
1.32; range, 1.05-1.47), and liver as background level (SUV .y,
2.59; range, 2.50-2.66). Continuous accumulation in bone marrow
over the 250-min acquisition was evident in all patients (SUV .,
7.62; range, 6.70-8.86). Progressive clearance of radioactivity was
observed from blood and muscle, whereas uptake was slightly
enhanced (1.4 times) in liver at the last scan.

Other Observations

In 6 of 8 patients (not applicable for
the other 2 patients), '8F-fludarabine PET
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showed similar retention in an anatomic zone
that could correspond to Peyer patches, visi-
ble only on the later scans (>180 min after
injection), with an average SUV,,, of 1.85
on the 30- to 50-min scan and 6.17 (range,
3.38-7.7) on the 240-to- 250-min scan.
Regarding the tonsils, most patients
showed a mild degree of !8F-fludarabine
incorporation. The exception was 1 DLBCL
patient (patient 5), who had high '8F-fludar-
abine uptake in the right palatine tonsil

FIGURE 1.

L = liver; P = palatine tonsil; S = spleen.

1382

Representative DLBCL patient (patient 5). (A) Time—activity curves of '8F-fludarabine
after intravenous injection (4 MBag/kg). (B-D) Maximume-intensity projections of typical 18F-fludar-
abine PET scan (30-50 min, scan period surrounded by border on chart) (B), '8F-FDG PET scan
(60-80 min) (C), and posttreatment '8F-FDG PET scan (60-80 min) (D) of same patient, displayed
using same color scale. B = brain; Bl = bladder; C = cervical node; H = heart; K(r) = right kidney;

(SUV hax, 11.46 at 30-50 min and 17.92 at
240-250 min) in accordance with the biopsy
result (Supplemental Table 1). In patient 6,
a paranasal sinus involvement was detected,
with an elevated SUV,,,, of 7.87 at 30—
50 min increasing to 10.7 at 240-250 min;
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FIGURE 2. Representative CLL patient (patient 3). (A) Time-activity
curves of '8F-fludarabine after intravenous injection (4 MBag/kg). (B)
Maximum-intensity projection of '8F-fludarabine PET/CT scan (30-50 min,
scan period surrounded by border on chart). A = axillary nodes; Bl =
bladder; C = cervical nodes; | = iliac nodes; L = liver; PA = paraaortic
nodes; S = spleen.

by comparison, in 2 CLL patients (patients 4 and 7) the variation
in SUV,,.x was less pronounced and the values lower (3.7 at
30-50 min and 4.9 at 240-250 min).

As reported in Supplemental Tables 2 and 4, the involved sites
were already detectable at 30-50 min, with marked contrast be-
tween tumoral and normal tissues. Furthermore, in agreement with
former preclinical studies (/8), no uptake was observed in cardiac
muscle or brain. The metabolic tumor volume was 158 cm? for the
DLBCL group (range, 100-221 cm?) and 2,376 cm? for the CLL
group (range, 421-3,664 cm?; most of this volume included active
medullar [19%] and splenic [47%] tissues) as assessed on the
30- to 50-min scan.

The estimated organ doses and the effective dose for each group
are shown in Supplemental Table 5. The mean effective dose per
unit activity administered was 0.008 * 0.001 mSv/MBq for
DLBCL (n = 4) and 0.013 %= 0.002 mSv/MBq for CLL (n =
4). In both groups, the spleen was the organ with the highest
radiation burden (0.023 = 0.007 mGy/MBq for DLBCL; 0.052 =
0.031 mGy/MBq for CLL). The highest coefficient of variance
(58.92%, for CLL) was obtained for spleen, possibly because of the
various degrees of splenic involvement across subjects.

DISCUSSION

The present study involved the first-in-humans administration of
I8F-fludarabine. The development of this PET probe was based on
the characteristics of '8F-fludarabine, a drug that has a high level
of activity against a variety of indolent lymphoproliferative ma-
lignancies, including CLL and low-grade non-Hodgkin lymphoma
(14,15). The aim of this study was to evaluate the accuracy of 8F-
fludarabine PET/CT in diagnosing DLBCL and CLL, which have
different affinities for 18F-FDG. Although PET based on '3F-FDG
is relevant in the diagnosis, staging, and therapy monitoring of
lymphoma (25), the interpretation of '®F-FDG-avid lymphomas is
sometimes questioned, mainly because of the lack of specificity of
I8F-FDG. In several preclinical investigations, we highlighted the
great potential of '8F-fludarabine PET for accurate imaging of lym-
phoproliferative disorders (/8,19). As previously demonstrated (20),
uptake of this PET probe is inflammation-independent—a crucial
characteristic for identifying tumor burden during chemotherapy or
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radiotherapy, both of which are a source of inflammatory processes
that can be responsible for false-positive '8F-FDG PET results.

In this human study investigating 2 types of hematologic malig-
nancy, all '8F-fludarabine injections were well tolerated and had no
adverse effects. Of note, and as previously described for preclinical
studies, '8F-fludarabine did not show brain or heart uptake. This low
background uptake may facilitate detection of mediastinal and hilar
foci and enable identification of central nervous system lymphoma
when the blood-brain barrier has been disrupted.

In DLBCL, '®F-fludarabine uptake was significantly concordant
with '8F-FDG—positive sites. Nevertheless, the result in patient 5
(Fig. 1; Supplemental Table 2), who showed nonspecific 'F-FDG
uptake in mediastinal lymph nodes (e.g., probable granulomatosis)
and no uptake of !8F-fludarabine, suggests that '3F-fludarabine is
more specific than '8F-FDG—the patient remaining relapse-free at
more than 2 y after completion of the chemotherapy. Indeed, it is
known that false-positive 'F-FDG PET results occur in a consid-
erable proportion of treated DLBCL patients (/0,27). Moreover, as
recently reported (28), it is quite impossible to characterize me-
diastinal lymphadenopathy as benign (e.g., as tuberculosis or sar-
coidosis) or malignant on the basis of '®F-FDG or '8F-FLT PET,
even though they reflect different aspects of biology (i.e., metab-
olism and proliferation, respectively). The potential capacity of
I18F_fludarabine to distinguish tumor burden from inflammatory
tissue is also crucial for predicting viable lymphoma in residual
masses after completion of therapy. On the other hand, '8F-fludar-
abine PET did not detect the lymphomatous infiltration in the
testis of patient 6, a classic extranodal site for lymphoma; the role
of the testis barrier might explain that issue (29).

In CLL, '8F-fludarabine PET showed uptake in all sites that had
been suspected on the basis of the CT results. Nevertheless, addi-
tional patterns of '8F-fludarabine activity were observed in nodal
sites (mediastinal and hilar in patient 7, paraaortic and mesenteric
in patient 10) and extranodal sites (skull in patient 10, nasal in
patient 4, bone marrow in all CLL patients) (Supplemental Table
4); histologic confirmation of the CLL localization in these addi-
tional sites was not specifically obtained. Indeed, functional imag-
ing with '8F-fludarabine PET may be a real tool for CLL diagnosis,
enabling the imaging of bone marrow involvement as an index of
CLL disease. Furthermore, whereas splenomegaly was not identi-
fied in patient 7, the SUV ., of '3F-fludarabine in the spleen was
comparable to that in other patients, suggesting a specific splenic
infiltration.

Considering all enrolled patients, the 2 groups showed a trend
toward differential responses (Fig. 3). '8F-fludarabine uptake by
lymphoma lesions in extranodal sites (bone marrow and spleen)
was higher for CLL patients than for DLBCL patients. Within the
involved nodes and the nontarget tissues, the 2 groups had over-
lapping uptake profiles. Some nodal localizations demonstrated a
continued slow uptake throughout the 250 min, and others showed
a relative plateau on the later scans. Although the greatest differ-
ence between tumor and physiologic tissues appeared on the later
I8F_fludarabine PET scans, good differentiation was also notable
earlier (Figs. 1 and 2; Supplemental Fig. 2). In addition, '8F-flu-
darabine demonstrated a wide range of uptake that would indicate
heterogeneity of disease activity within differing microenviron-
ments. Furthermore, most DLBCL patients had unilateral involve-
ment, whereas CLL patients had a high frequency of bilateral
involvement, with a significantly larger metabolic tumor volume
than in the DLBCL group. Metabolic tumor volume may be a
relevant parameter for disease monitoring (30,37). In this study,
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FIGURE 3. '8F-fludarabine uptake in nodal sites, extranodal sites, and

background regions for DLBCL and CLL patients. Data are SUV ax
(summed, 30-50 min; n = 4 per group). BM = bone marrow; L4L5 =
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the purpose of measuring metabolic tumor volume on '8F-fludarabine
PET scans was to evaluate whether, through rapid clearance from
normal tissues and retention in tumors, tumor-to-background contrast
was high enough to make automatic segmentation of the involved
sites feasible. Therefore, liver was used as the reference organ and
was found to be a reproducible threshold for segmentation of in-
volved sites in DLBCL patients (nodes) and CLL patients (nodes,
bone marrow), on either early or late '8F-fludarabine PET scans.
Spleen was also segmented in both groups, although its involvement
remains unconfirmed in DLBCL patients. To estimate the absorbed
dose to critical organs, standard S values (MIRD method) were
obtained with per-patient organ mass corrections. The mean effective
dose for '8F-fludarabine was below that reported for '8F-FDG (32).

Although this pilot study was not without weaknesses—mainly
the small population of patients—the DLBCL and CLL imaging
studies with '8F-fludarabine PET afforded several positive points.
The images were already highly satisfactory at the early time point
of 30-50 min after injection. The specificity of the probe for
lymphoid cells, and absence of accumulation in inflammatory
tissues, facilitated image interpretation. The ability of '8F-fludar-
abine PET to detect indolent lymphoma and bone marrow infiltra-
tion may play a key role in determining the stage, treatment, and
prognosis of lymphoma, for which '®F-FDG PET is still contro-
versial. Moreover, the radiation dose of '8F-fludarabine is low. A
prospective multicenter study (national grant PHRC-K 2016 from
Programme Hospitalier de Recherche Clinique en Cancérologie)
is in progress to determine the place of '3F-fludarabine PET/CT in
I8F.FDG-avid lymphoma imaging. The capabilities of '8F-fludar-
abine PET in the management of indolent non-Hodgkin lym-
phoma that is not 'F-FDG-avid should also be assessed.

CONCLUSION

I18F_fludarabine PET/CT appears to be a promising tool for
lymphoproliferative diseases. The radiation dose of this radiophar-
maceutical is below that of '®F-FDG. The specificity of this PET
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probe for lymphoid cells, its absence of accumulation in reactive
tissues, and its feasibility for detection of bone marrow infiltration
might play an innovative role in lymphoma imaging.
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