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Abstract

Purpose: In the present study, we mainly aimed to evaluate the prognostic value of 2-deoxy-2-['®F]fluoro-D-glucose (['®F]F-FDG) pos-
itron emission tomography (PET)/computed tomography (CT) after allogeneic stem cell transplantation (allo-SCT) in lymphoblastic lym-
phoma (LBL) patients using Deauville Scores (DS). Materials and Methods: A total of 63 LBL patients who benefited from '®F-FDG
PET-CT after allo-SCT in our institution between April 2010 and August 2020 were enrolled in this retrospective study. These above-
mentioned patients were divided into two groups based on the Deauville criteria. Diagnostic efficiency of '8F-FDG PET/CTand integrated
CT in detecting lymphoma were calculated. Consistencies were evaluated by comparing 18F-FDG PET/CT and integrated CT results
through kappa coefficient. Kaplan-Meier method was used in survival analysis, and the log-rank method was adopted in comparisons.
Prognostic factor analysis was performed by the Cox regression model. Results: The sensitivity, specificity, positive predictive value,
negative predictive value, accuracy of post-SCT '®F-FDG PET-CT were 100%(12/12), 92.2%(47/51), 75.0%(12/16), 100%(47/47) and
93.7%(59/63). The consistency of |8F-FDG PET-CT and integrated CT was moderate(Kappa=.702, P<.001I). Positive post-SCT
| 8F-FDG PET-CTwas associated with lower progression-free survival (PFS) but not overall survival (OS) (p =.000 and p = .056, respec-
tively). The 3-year PFS of the PET-positive group and PET-negative group was 18.8% and 70.2%, respectively. Multivariate analysis showed
that post-SCT PET-CT findings was an independent prognostic factor for PFS (p =.000; HR, 3.957; 95%Cl, 1.839-8.514). Other factors
independently affecting PFSwere sex (p =.018; HR, 2.588;95% Cl, I.181 — 5.670) and lactate dehydrogenase (LDH) (p = .005; HR, 3.246;
95% Cl, 1.419 — 7.426). However, none of the above-mentioned factors were associated with OS. Conclusions: Collectively, we found
that 18F-FDG PET-CTafter allo-SCTwas a strongindicator for PFS, but not OS, which might provide important evidence for the selection
of subsequent treatment regimen for LBL patients. Trial registration number: ChiCTR2100046709.
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Introduction

Lymphoblastic lymphoma (LBL), including B-(B-LBL) or
T-cell lineage (T-LBL), is a relatively rare disease,' accounting
for approximately 8% of all lymphoid malignancies. The 5-year
survival is related to age, and younger patients have a higher
survival rate according to a European study.’

Hematopoietic stem cell transplantation (HSCT) plays a very
important role in the treatment of lymphoma.>* Patients with
adverse prognostic features assessed by post-induction
computed tomography (CT) or positron emission tomography
(PET) and minimal residual disease (MRD) analysis should
be considered for high-dose chemotherapy and stem cell trans-
plantation (SCT).? Available data suggest that intensive consol-
idation therapy followed by ASCT or allogeneic SCT
(allo-SCT) may improve the long-term prognosis, while
which group of patients may benefit from SCT remains
largely unclear.’® Due to the lack of a convincing prognostic
model for LBL, monitoring of PET may be useful for assessing
the role of SCT.

Fluorine-18  fluorodeoxyglucose PET-CT ('®F-FDG
PET-CT) has become an important tool to evaluate the prog-
nosis of lymphoma since PET-CT is incorporated into The
National Cancer Institute-sponsored international consensus
response criteria for lymphoma guidelines in 2007.'0'?
Although opinions remain controversial, most previous
studies have shown that the pre-SCT PET-CT status is
strongly associated with outcomes.'?** However, it is still
an open question whether '*F-FDG PET-CT after allo-SCT
can be useful for prognostic evaluation. In the present
study, we evaluated the prognostic value of 'SF-FDG
PET-CT after allo-SCT in LBL patients using Deauville
Scores (DS).

Materials and Methods

Patients

This study was approved by the medical ethics committee of
the First Hospital Affiliated to Soochow University.
Institutional databases were reviewed to identify lymphoma
patients who met the inclusion criteria as follows: patholog-
ically confirmed as lymphoblastic lymphoma, allo-SCT
between April 2010 and August 2020 in our institution,
and 'SF-FDG PET/CT within 1 year after allo-SCT.
Patients who were lost during follow-up were excluded.
Finally, 63 patients were enrolled, and the data on these
patients were analyzed. Status at transplant before
allo-SCT and relapse or disease progression after allo-SCT
was determined according to the International Working
Group standard criteria.'®'"** This study was approved by
the institutional review board of our hospital. Because the
trial was a retrospective study, written informed consent
for this study was waived by the ethics committee, and no
personal information was disclosed. Trial registration
number: ChiCTR2100046709.

FDG-PET Imaging

The PET/CT images were acquired on a GE DiscoverySTE16
PET/CT. All patients had blood glucose levels<l1 mmol/L
before injection. The patients were intravenously injected
with '*F-FDG (4.07-5.18 MBq/kg). Image acquisition for the
whole-body PET scan started approximately 60 min after injec-
tion. Patients were imaged from the skull base to mid-thigh
(approximately 2 min per bed position, with an average of
7-10 bed positions per scan). Spiral CT was performed with
the following parameters for attenuation correction: 3.5 mm/
slice, 140 kV, 120 mA, and free breathing.

All serial scans were evaluated by two interpreters blinded
to all clinical information. The above-mentioned patients were
divided into two groups using the Deauville 5-point scale as
indicated by Lugano’s recommendations in lymphoma.''*
The Deauville 5-point scale as follows: 1.No uptake
2.Uptake < mediastinum 3.Uptake > mediastinum but <liver
4.Uptake moderately higher than liver 5.Uptake markedly
higher than liver (>2 times liver SUVmax) and/or new
lesions. At the level with the highest FDG uptake in the
lesion, a 1 cm diameter VOI was used to measure the
SUVmax in the lesion. Liver maximum standardised uptake
values (SUVmax) were measured using an automatic
3 cm-diameter volume of interest (VOI) set in the right liver
lobe, avoiding liver lesions in the case of focal liver involve-
ment. SUVmax in the mediastinum were measured using an
I-cm diameter VOI set in the descending thoracic aorta. DS
4 or 5 that could not be attributed to a physiologic or inflam-
matory cause was divided into the positive group, while DS<4
was the negative group for comparison. According to the
CT-Based Response on the Lugano Classification, target
nodes/nodal masses must regress to < 1.5 cm in longest trans-
verse diameter of a lesion (LDi) were defined as negative CT
result. Target nodes/nodal masses still > 1.5 cm in LDi or/and
a new node>1.5 cm in any axis or a minimum of 1 cm in LDi
of new extra-nodal lesions were defined as positive CT result.
In case of a discrepancy in response score between the two
observers, an independent panel of PET readers made the
final decision.

Statistical Analysis

'E_-FDG PET/CT results were compared with the results from
pathological examination, clinical long-term follow-up(>6
months) and conventional imaging. Diagnostic efficiency of
"F_FDG PET/CT and integrated CT in detecting lymphoma
were calculated. IBM SPSS Statistics (Version 26.0) was
used for all statistical analyses. Consistencies were evaluated
by comparing '®F-FDG PET/CT and integrated CT results
through kappa coefficient. Overall survival (OS) was defined
as the time from day O of allo-SCT to death or last follow-up
for survivors. Progression-free survival (PFS) was defined as
the time from day O of allo-SCT to the date of progression/
relapse, death, or last follow-up without evidence of relapse
or disease progression. PFS and OS of the patients were
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estimated by the Kaplan—-Meier method and compared using the
log-rank test. Prognostic factor analysis was performed by the
Cox regression model.

Characteristics considered for univariate analysis were
gender (male vs female), age (< 18 years vs >18 years), type
of lymphoma (B-LBL vs T-LBL), Ann Arbor stage (I-II vs
MI-1V), extranodal lesions (<2 vs >2), mediastinal mass (nega-
tive vs positive), central nervous system (CNS) involvement
(negative vs positive), bone marrow (BM) involvement (nega-
tive vs positive), lactate dehydrogenase (LDH)[ < versus>
upper laboratory limit (ULN)], Eastern Cooperative Oncology
Group performance status (ECOG PS)(<2 vs >2), conditioning
regimen (BuCy vs TBI/Cy vs others), previous lines of treat-
ment (=1 vs >2), disease status at transplant (complete remis-
sion and partial response vs stable disease and progressive
disease), donor type (HLA identical sibling vs HLA haploident-
ical sibling vs unrelated), and DS for PET-CT (DS<4 vs DS >
4) after transplant. Factors significantly associated with PFS or
OS in the univariate analysis were analyzed by multivariate
analysis. All tests were two-sided, and P <.05 was considered
statistically significant.

Results

Patient Characteristics

Between April 2010 and December 2019, 63 patients fulfilled
the above-mentioned inclusion criteria, including 44 males
and 19 females. Moreover, 17 of the 63 patients also underwent
a pre-transplant '*F-FDG PET-CT scan. The median age of the
cohort was 22 years old (range 9-51). Five B-LBL patients and
58 T-LBL patients were included. Most patients received
Hyper-CVAD (fractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethasone) as the first-line therapy. If
no complete remission was achieved, some second-line regi-
ments were allowed, such as VDLP (vincristine, daunorubicin,
L-asparaginase and prednisone) and irradiation. 24 patients
received allo-SCT as the consolidation therapy after the first-
line treatment, and 39 patients with recurrent or refractory lym-
phoma received allo-SCT as the salvage consolidation therapy.
The median follow-up time was 20 months (range, 4-69).
Table 1 lists the patient characteristics.

FDG PET-CT Results and Outcomes After Allo-SCT

A total of 63 LBL patients underwent post-SCT '*F-FDG
PET-CT, of whom 12(19.0%) were demonstrated to be lym-
phoma by biopsy or follow-up imaging. The sensitivity, spe-
cificity, positive predictive value, negative predictive value,
accuracy of post-SCT '®*F-FDG PET-CT and integrated CT
were 100%(12/12), 92.2%(47/51), 75.0%(12/16), 100%(47/47),
93.7%(59/63) and 91.7%(11/12), 76.5%(39/51). 47.8%
(11/23), 97.5%(39/40), 79.4%(50/63), respectively. The
consistency of '®F-FDG PET-CT and integrated CT was
moderate(Kappa=.702, P<.001). Among the 12 patients
with true positive PET/CT results, tumor restaging was

3

Table 1. Patient characteristics (N =63).
Characteristics No.
Sex

Male 44

Female 19
Age (range) 22 (9-51)
Type of lymphoma

B- LBL 5

T- LBL 58
Median follow-up, month (range) 20 (4-69)
Number of previous treatments

1 24

>2 39
Ann Arbor stage

I-1IT 9

ar-v 54
Mediastinal mass

negtive 34

positive 29
CNS involvement

negtive 61

positive 2
BM involvement

negtive 23

positive 40
Extranodal lesions

<2 20

>2 43
LDH

<ULN 48

>ULN 15
ECOG PS

<2 54

>2 9
Conditioning regimen

BuCy 37

TBI 23

others 3
Status at SCT

CR+PR 54

SD+PD 9
Donor type

HLA identical sibling 12

HLA haploidentical sibling 37

Unrelated 14
PET-CT results

negative (DS <4) 47

Positive (DS =4 or 5) 16

LBL, Lymphoblastic lymphoma; BM, bone marrow; CNS, central nervous
system; SCT, stem cell transplantation; CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; ULN, upper laboratory
limit; ECOG PS, Eastern Cooperative Oncology Group performance status;
FDG, fluorodeoxyglucose; DS, Deauville score; PET, positron emission
tomography; CT, computed tomography.

up-regulated in 2 patients and down-regulated in 1 patient
compared with integrated CT. Besides, 15 patients with
positive integrated CT results but negative post-SCT PET
results were demonstrated to be a benign process but
rather lymphoma by biopsy or follow-up imaging.
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Figure 1. Kaplan-Meier analysis of PFS (a) and OS (b) for LBL patients with [18F]F-FDG PET-CT findings after allo-SCT.
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Figure 2. Kaplan-Meier analysis of PFS (a) and OS (b) for T-LBL patients with [18F]F-FDG PET-CT findings after allo-SCT.

The post-SCT "*F-FDG PET-CT was positive for 16 patients
(25.4%).Positive post-SCT '"®F-FDG PET-CT was associated
with a lower PFS (p=.000), but not OS (p=.056) (Figure 1A,
B). Moreover, the 3-year PFS of the PET-positive group and
PET-negative group was 18.8% and 70.2%, respectively. For
58 T-LBL patients, positive post-ASCT '"®F-FDG PET-CT was
associated with a lower PFS but not OS (p=.000 and p=.117,
respectively) (Figure 2A, B). For 17 LBL patients who underwent
E_FDG PET-CT before transplantation, a positive pre-SCT
PET-CT result was associated with a lower PFS and OS (p=
.000 and p=.027, respectively).Besides, according to Ulaner’s
research, benign FDG avid <1.5 cm lymph nodes can mimic
malignancy after allo-SCT.?® Therefore, of the seven patients

with suggestive foci in lymph nodes only, three patients with
FDG avid <1.5 cm lymph nodes were reclassified into the
PET-CT “negative” group. Patients with parenchymal suggestive
foci or FDG avid >1.5 cm lymph nodes were reclassified into
the PET-CT “positive” group. There was no statistically significant
change. The PET-CT “positive” group was associated with a
lower PFS (p=.000), but not OS (p=.116) (Figure 3A, B).

Univariate and Multivariate Analyses

Factors significantly associated with PFS or OS in univariate anal-
ysis (Table 2) were analyzed by multivariate analysis (Table 3).
Post-SCT PET-CT finding was significantly associated with PFS
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Figure 3. Patients with FDG avid <1.5 cm lymph nodes were reclassified into PET-CT “negative” group. Patients with parenchymal suggestive
foci or FDG avid >1.5 cm lymph nodes were reclassified into PET-CT “positive” group. Kaplan-Meier analysis of PFS (a) and OS (b) for the two

groups of LBL patients.

(p=.000; HR, 3.957; 95%CI, 1.839-8.514). Meanwhile, the mul-
tivariate analysis also showed that sex and LDH were associated
with PFS (p=.018; HR, 2.588; 95% CI, 1.181 —5.670, and p=
.005; HR, 3.246; 95% CI, 1.419 — 7.426). However, none of the
above-mentioned factors were associated with OS.

Discussion

Cure rates for pediatric, adolescent, and young adult patients
with LBL have been dramatically improved. However, there
are still important challenges, including the identification of
prognostic factors.?”® There are still poor outcomes for patients
who show chemotherapy resistance or relapse. HSCT is consid-
ered the optimal option for LBL. Allo-HCT can produce long-
term disease control via the graft-versus-lymphoma effect.>>>
In the present study, we aimed to evaluate the prognostic value
of 18F-FDG PET-CT after allo-SCT in LBL patients using DS.
For all 63 LBL patients, positive post-SCT 18F-FDG PET-CT
was associated with a lower PFS, but not OS. The 3-year PFS
of the PET-positive group and PET-negative group was 70.2%
and 18.8%, respectively. Multivariate analysis showed that sex,
LDH, and post-SCT PET-CT findings were associated with
PFS. However, none of the above-mentioned factors were asso-
ciated with OS.

T-LBL patients, compared with B-LBL patients, have a
younger age, and a higher rate of mediastinal tumors or BM
involvement. Lymph nodes and extranodal sites, such as the
skin, bone, and soft tissue, are more frequently involved in
B-LBL.**** In our study cohort, the majority of T-LBL patients
presented with BM involvement (39/58) or a mediastinal mass
(29/58), while 0/5 B-LBL patients had a mediastinal mass, and
4/5 B-LBL patients had BM involvement.

Very few previous studies have investigated the role of PET
imaging after allo-SCT. A meta-analysis about the role of
18F-FDG PET in prognosis evaluation of lymphoma shows
that the combined HR for PFS is 4.61 for the post-SCT PET
scan,35 while it includes both auto- and allo-SCT. Bouard L’s
research has demonstrated that FDG PET-CT positivity after
allo-SCT appears to be highly predictive of relapse and LFS
in lymphoma patients.>® A recent study has shown that
post-SCT PET is not predictive for OS in T-LBL patients,
while it is strongly associated with PFS.'” Our study presented
similar results. For LBL patients, positive post-SCT 18F-FDG
PET-CT was associated with a lower PFS, but not OS. The
results suggested that although post-SCT 18F-FDG PET-CT
result did not affect the ability to predict the long-term
outcome, it might be useful for guiding subsequent clinical
treatment decisions. Meanwhile, our study suggested that
PET could be used to evaluate the prognosis of LBL before
transplantation, which is still controversial according to previ-
ous conclusions.'”%?

Previous studies have shown several possible prognostic
factors for LBL. For European patients diagnosed between
2000 to 2007, the 5-year survival is bad in the old patients
(65 years or more; 8.6%) and good in children (0-14 years;
90%). The prognosis is intermediate in adolescents and young
adults (15-24 years) and adults (25-64 years), and the 5-year
survival is 60% and 39%, respectively.! In the German
Multicentre Trials for Adult Acute Lymphoblastic Leukemia
study (GMALL) series on T-LBL, elevated LDH is the only sig-
nificant prognostic factor for survival.*” This study has also
suggested an equivalence between CR and PET-negative
CRu, which may be informative eliminating the need for inten-
sification of chemotherapy or mediastinal irradiation.’® Some
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Table 2. Univariate Cox hazard analysis of risk factors for PFS and OS.

PFS

(0N

Variables HR (95%CI)

p HR (95%CI) p

Sex

male

female 2.238 (1.051-4.768)
Age

<18 years

>18 years 0.448 (0.199-1.010)
Type of lymphoma

B-LBL

T-LBL 0.725 (0.218-2.415)
Ann Arbor Stage

I-1I

m-1v 1.093 (0.376-3.175)
Extranodal lesions

<2

>2 2.173(0.870-5.432)
Mediastinal mass

negative

Positive 0.845(0.393-1.818)
CNS involvement

negative

Positive 0.046(0.000-119.188)
BM involvement

negative

Positive 2.338(0.981-5.570)
LDH

<ULN

>ULN 2.905 (1.323-6.378)
ECOG PS

<2

>2 3.541 (1.481-8.470)
Conditioning regimen

BuCy

TBI 1.968 (0.895-4.330)

others 3.207(0.716-14.354)
Number of previous treatments

1

>2 1.841 (0.777-4.362)
Status at SCT

CR+PR

SD+PD 1.195(0.451-3.166)
Donor type

HLA identical sibling

HLA haploidentical sibling 2.684(0.780-9.239)

Unrelated 2.610(0.674-10.115)
PET-CT results

negative (DS <4)

Positive (DS =4 or 5) 4.238 (1.979-9.079)

0.037* 1.556 (0.496-4.887) 0.449

0.053 0.521 (0.159-1.707) 0.281

0.601 0.488 (0.124-1.918) 0.304

0.871 0.537 (0.158-1.820) 0.318

0.097 0.928 (0.289-2.977) 0.900

0.667 0.611 (0.182-2.054) 0.426

0.442 0.930 (0.117-7.395) 0.946

0.055 2.332 (0.649-8.371) 0.194

0.008* 2.598 (0.801-8.427) 0.112

0.004* 0.039 (0.000-134.752) 0.435

0.128 0.324

0.092 2.013 (0.555-7.303) 0.287
0.128 3.508 (0.620-19.864) 0.156

0.166 1.133(0.339-3.785) 0.839
0.720 2.474(0.769-7.962) 0.129
0.281 0.316

0.118 1.512 (0.393-5.819) 0.548
0.165 0.311 (0.032-3.016) 0.314

0.000* 2.818 (0.897-8.860) 0.076

*p<.05

LBL, Lymphoblastic lymphoma; BM, bone marrow; CNS, central nervous system; SCT, stem cell transplantation; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; ULN, upper laboratory limit; ECOG PS, Eastern Cooperative Oncology Group performance status; FDG,
fluorodeoxyglucose; DS, Deauville score; PET, positron emission tomography; CT, computed tomography.

studies have demonstrated that post-SCT 18F-FDG PET/CT
may be a strong prognostic factor of PFS in T-LBL
patients.'”** Other prognostic factors have been proposed,
such as the presence or absence of BM or CNS involvement,
Ann Arbor stage IV, and MRD.****! In our present study,

univariate and multivariate analyses showed that sex, LDH,
and post-SCT PET-CT findings were associated with PFS,
while none of the above-mentioned factors were associated
with OS. Our data might provide additional evidence for estab-
lishing a prognostic model for LBL.
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Table 3. Multivariate analysis of risks factors for PFS.

PFS

Variables HR (95%CI) P value

Sex

male
female
LDH
<ULN
>ULN
ECOG PS
<2

>2 -
PET-CT results
negative (DS <4)
Positive (DS =4 or 5)

2.588(1.181-5.670) 0.018%*

3.246(1.419-7.426) 0.005*
0.094

3.957 (1.839-8.514) 0.000*

*

p<.05.
ULN, upper laboratory limit; ECOG PS, Eastern Cooperative Oncology Group
performance status; DS, Deauville score; PET, positron emission tomography;
CT, computed tomography.

Previous studies have shown FDG-PET/CT was more sensi-
tive and specific than CT for detecting residual disease post
therapy for lymphoma®** but a high false-positive rate.*> Our
study presented similar results. Besides small lympomatous
lesions may be overlooked as it is below the PET resolution.
In recent years, a number of new promising diagnostic
methods have been developed. Recent studies showed assess-
ment for minimal/measurable residual disease (MRD) is a pow-
erful prognostic factor in lymphoblastic leukemia/lymphoma,
with higher levels of MRD associated with worse progno-
sis.**** The novel PET tracer Ga-pentixafor, which targets
the C-X-C chemokine receptor 4 (CXCR4), maybe helpful
for differential diagnosis of lymphoma.*® 18F-FDG PET/MR
has comparable accuracy in detection of disease sites and
added benefit of radiation dose -reduction compared to FDG
PET/CT.*’*® Recently Xu Zhang et al. demonstrated PET/
MR can provide better treatment evaluation of CNS
Lymphoma than either PET/CT or MRI,* which made PET/
MRI a very promising tool for future lymphoma imaging. But
if these methods could be a part of convincing prognostic
model for LBL is still an open question.

There were several limitations in our current study, which
resulted in non-standardized treatment and timing of follow-up
examinations. Furthermore, some cases lacked biopsy specimens
to document the presence or absence of malignancy, when the
18F-FDG PET/CT showed positive results after allo-SCT.

Taken together, we found that the positive result of
18F-FDG PET-CT after allo-SCT was associated with a
lower PFS, but not OS. Sex, LDH, and post-SCT PET-CT find-
ings were associated with PFS, but not OS, in univariate and
multivariate analyses. Collectively, our current data provided
valuable insights into the prognostic value of 18F-FDG
PET-CT after allo-SCT, and might guide the following treat-
ment regimen for LBL patients.
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