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Pretransplantation fluorine-18-deoxyglucose-positron emission
tomography scan has no influence on relapse and survival in
non-Hodgkin lymphoma patients undergoing allo-SCT
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Functional imaging by [18-F] fluorodeoxyglucose positron emission tomography (FDG
PET) is an accurate modality in detecting residual viable lymphoma and is often used to
evaluate response to therapy.(1) However, the data on utility of PET imaging in assessing
disease response to salvage therapy in the setting of allogeneic hematopoietic transplantation
(alloHCT) for non-Hodgkin lymphoma (NHL) is limited.(2—4) We evaluated 73 patients
with NHL treated between 2004-2010. Transplantation protocols and study design were
approved by the Institutional Review Board and informed consent was obtained prior to
treatment. Patients underwent PET/computed tomography (CT) imaging less than 30 days
before and at 100 days after allogeneic donor transplantation using the Siemens Biograph 16
PET scanner. Imaging scans were reviewed centrally by a nuclear medicine radiologist (JF,
AKK). Follicular lymphoma was the most common lymphoma subset, followed by diffuse
large B cell lymphoma (DLBCL), T cell lymphoma, and mantle cell lymphoma (Table 1).
The median age was 50 years, and 60% were males. Most patients received reduced
intensity conditioning which consisted of fludarabine, cyclophosphamide and total body
irradiation as previously reported.(5) Myeloablative conditioning (MAC) consisted of
cyclophosphamide with fractionated total body irradiation (1320 cGy). All patients received
cyclosporine from day —3 for a minimum of 100 days, followed by a taper through day 180.
In addition, MAC patients received methotrexate 15 mg/m2 1V on day +1 followed by 10
mg/m2 IV on days +3, +6 and +11. Mycophenolate mofetil (1-1.5 gm IV or orally twice a
day for the first 30 days) was used after RIC and in all umbilical cord blood (UCB)
recipients after MAC. All patients received supportive care as previously reported.(5) Graft
sources included UCB (45%) or HLA-matched related donor (55%). Median follow-up was
3.3 years (range 1-6.7 years).

Pre-transplantation PET performed at median of 17 days (range 4-39 days) detected
lymphoma in 44 patients (PETpos 57%) and 29 patients had no detectable lymphoma by
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PET (PETneg 43%). Most PETpos patients (77%) were in partial remission (PR) by CT, and
8% were in complete remission by PET/CT scan; 7% had chemorefractory disease (all had
indolent histology). Most PETpos patients (88%) had > 1 site of nodal involvement, and
40% had extranodal disease at the time of transplantation. Two PETneg patients had low-
level marrow involvement at the time of transplantation. Only four patients had
lymphadenopathy over 5 cm in largest diameter and all were FDG-PET positive. Seven
patients underwent prior autologous HCT. Other patient, disease, and transplantation
characteristics were balanced in both PETpos and PETneg groups. The cumulative incidence
of relapse/progression at two years was 17% and was similar in patients who were PETpos
and PETneg pre-transplantation (19% [95% CI 7-31%] vs 15% [95% CI 1-28%]; p=0.48;
Figure). Non-relapse mortality at 1 year was 11% (95% CI 4-18%) and was not affected by
pre-transplant PET. A period of more than two years from diagnosis to transplantation was
the only variable favorably associated with a lower relapse/progression rate (HR 0.28
(95%Cl 0.08-1.0; p=0.05) with no influence on progression free survival (PFS) and overall
survival (OS). There was no difference in PFS according to age (>50 years HR 0.87; 95%ClI
0.28-2.64), gender (female HR 1.1; 95%CI 0.35-3.47), histology (DLBCL HR 2.14; Mantle
cell HR 2.15 and T cell NHL HR 1.68 compared to Follicular lymphoma, overall p=0.73);
RIC conditioning (HR 1.75; 95%CI 0.45-5.75), donor type (UCB HR 0.38; 95%Cl 0.12—
1.23), or marrow involvement at the time of transplant (HR 0.81; 95%CI 0.24-2.66). At
three years, PETpos group had had similar PFS and OS compared to PETneg group (PFS;
55% [95%CI 39-69) vs 62% [95%CI 38-79]; p=0.27; OS; 69% [95% CI 53-81%] vs 73%
[95% CI 48-87]; p=0.39). PFS for follicular lymphoma was 72% (95% Cl 46-87%) in
PETpos and 60% (95% CI 20-85%) in PETneg patients (p=0.69).

Post-transplantation PET imaging was performed in 62 patients (85% of entire cohort) at
day 100 after allogeneic transplantation. Of 44 patients with PET detectable lymphoma
immediately pre-transplantation, half converted to PETneg remission (n=24, 52%) 100 days
after transplantation. Notably, three out of four patients with large >5cm PETpos
lymphadenopathy attained PETneg remission. Patients with no FDG-PET uptake 100 days
post transplantation had 3-year PFS 73% (95% CI 58-86%) compared to 25% (95% CI 4—
55%); p=0.01) in patients who were FDG-PET positive imaging.

Consistent with recent report from Memorial Sloan-Kettering Cancer Center and University
College London, our study supports the conclusion that FDG PET imaging performed prior
to allogeneic transplantation does not have a high prognostic impact on post-transplant
relapse and survival and does not provide additional value in patients with NHL who
attained chemosensitivity by conventional CT-based criteria.(2,4) These findings are in
contrast to high-dose chemotherapy and autologous HCT where FDG-PET is proven to be
significantly prognostic for survival.(6) We demonstrated that patients with FDG-avid
residual lymphoma enjoyed favorable outcomes and a relatively low relapse rate of 19%.
The immune-mediated graft-versus-lymphoma (GVL) effect of allogeneic donor
transplantation (7-10) may overcome the presence of active NHL in patients with abnormal
FDG uptake prior to transplant, remarkably even in some patients with larger tumor bulk
indolent NHL. Limitations of most series include retrospective design, patient and transplant
procedure heterogeneity and limited size of each lymphoma subset with potentially lower
power of detecting differences in the primary end-points within these groups (2—4). Future
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investigations of the prognostic role of PET prior to alloHCT are needed to validate these
results and prospective trials designed for specific lymphoma subsets should incorporate
PET/CT imaging as a testable prognostic biomarker. Until such data becomes available, the
reliance on PET imaging and routine FDG-PET for monitoring NHL responses prior to
alloHCT should be discouraged.
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Figure.

Impact of pre-transplant PET status on cumulative risk of relapse
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Table 1
Patient and transplant characteristics
Factor Total patients PETpos PETneg p-value
Total Patients 73 44 29
Ageinyears
Median (range) 50 (18-69) 49 (26-68) 52 (18-69) 0.99
Gender 0.81
Male 44 27 (61%) 17 (59%)
Karnofsky performance score
290 35 22 (50%) 14 (51%) 0.92
<90 33 22 (50%) 12 (46%)
Comorbidity score
0-2 38 23 (52%) 15 (52%) 0.34
>3 35 21 (48%) 14 (48%)
Diagnosis 0.18
Follicular lymphoma (+indolent) 30 22 (42%) 8 (22%)
Diffuse large B cell lympoma 17 10 (23%) 7 (24%)
Mantle cell lymphoma 11 7 (16%) 4 (14%)
T cell lymphoma 15 5 (11%) 10 (31%)
Prior chemo regimens 0.47
1-2 29 17 (38%) 12 (33%)
23 43 27 (61%) 17 (67%)
Prior autologous HCT 7 5 (11%) 2 (71%) 0.53
Disease Status at transplant <0.01
Complete remission by CT scan 22 3 (8%) 19 (66%)
Partial remission by CT scan 42 34 (76%) 10 (34%)
Refractory 9 7 (16%) 0 (0%)
B symptoms at any time pre-HCT 44 28 (64%) 16 (57%) 0.58
Bone Marrow involved pre-HCT 9 7 (16%) 2 (71%) 0.30
Disease stage at diagnosis
2-3 12 5 (12%) 7 (25%)
4 60 39 (89%) 21 (75%)
Nodal groupson preeHCT CT scan none 14 6 (12%) 8 (23%) 0.78
1-2 49 31 (72%) 18 (62%)
>3 10 7 (16%) 3 (15%) HR
Extra-nodal disease pre-HCT 0.01
Yes 20 18 (41%) 2 (10%)*
No 45 26 (59%) 19 (90%)
Conditioning
Myeloablative 25 15 (34%) 10 (34%) 0.07
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Factor Total patients PETpos PETneg p-value
Reduced intensity 48 29 (66%) 19 (66%)

Donor Source 0.01
Matched related donor 39 23 (52%) 16 (55%)
Matched unrelated donor 1 0 1 (3%)
Umbilical cord blood 33 21 (48%) 12 (41%)

Y ears of follow-up
Median (range) 3.33(1.00-6.74) | 3.55 (1.00-6.74) | 3.05(1.00-6.28) | 0.22
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