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Abstract

Background: Autologous hematopoietic cell transplantation (AHCT) is curative for 60% of
patients with relapsed or refractory Hodgkin lymphoma (R/R HL). A more precise depth of
remission assessment prior to AHCT may help to identify patients likely to benefit from AHCT.

Aim: To determine whether PET-based assessment of total metabolic tumor volume (TMTV),
total lesion glycolysis (TLG), and maximal standardized uptake volume (SUVmax) predicts
progression-free survival (PFS) after AHCT.

Methods: Pre-transplant PET/CT images of 96 consecutive patients with R/R HL were analyzed
to determine the quantitative parameters TMTV, TLG, SUVmax and semi-quantitative Deauville
(D) 5-point score.

Results: Median TMTV, TLG, and SUVmax were 7.97 cm3 (range 1.3-102.1cm?3), 23.7
(4.0-813.1), and 5.23 (2.7-23.2). Two-year PFS in patients with high metabolic tumor volume
TMTVNG (>median; n=17) was only 12% (95%CI 1-38%) compared to 53% (95%CI 28-73%;
P=0.05) in patients with TMTV!®W (<median; n=17) and 63% (95%ClI; 50-74%) in 61 patients
without metabolically active tumor (TMTVO0; P>0.01). In concordance, high TLG (>19) and
SUVmax (>4.9) predicted inferior 2-year PFS. In multivariate analysis, patients with TMT\/high
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had 3.5-fold higher risk of treatment failure compared to TMTVO/TMTV!®" (Hazard ratio 3.49
(1.75-6.93; p<0.01). D-score 4,5 associated with significantly worse PFS than D 1-3 (HR 3.73
(95%Cl, 1.92-7.28; p<0.01). TMTV and D-score were disconcordant in 12 subjects.

Conclusion: Patients with residual disease with low TMTV, TLG, and SUVmax prior to AHCT
have similar outcomes to patients without metabolic active disease. High TMTV can identify very
poor AHCT responders.

CONDENSED ABSTRACT:

High metabolic tumor volume may identify very poor AHCT responders and patients with low
metabolic volume have favorable PFS.

Keywords

Hodgkin lymphoma; Positron Emission Tomography Computed Tomography; autologous
transplantation; prognosis

INTRODUCTION

Despite the relatively high curability of classic type Hodgkin lymphoma (cHL), about 30%
of patients with advanced disease relapse or become refractory to front-line therapy and
about 15% succumb to their illness.? The overall outcome of patients with relapsed or
refractory (R/R) cHL who proceed with high dose therapy and autologous hematopoietic
cell transplantation (AHCT) remains unsatisfactory.2~* About 30-40% of transplant
recipients relapse and need further treatment.>8 The need to identify patients with
unfavorable prognosis and poor response to transplant has become increasingly relevant,
given the opportunity to use novel drugs and immune modulators earlier in the disease
course.

Hodgkin lymphoma is 18-fluorodeoxyglucose (18FDG)-avid in virtually all cases. Positron
emission tomography (PET)/computed tomography (CT) is used routinely for cHL to stage,
evaluate response to therapy and more recently to adapt the therapeutic interventions.”:8
Moskowitz et al. demonstrated that patients undergoing AHCT with negative FDG-PET had
significantly better event-free survival of >80% versus 29% for patients with positive PET
scan.29.10 Other studies suggested pre-transplant FDG-PET has value in predicting outcome
in R/R cHL nevertheless about a third of PET positive patients remain disease free and 1 of
4 PET negative patients develop disease after AHCT.>:11-14

Revised response criteria for malignant lymphoma apply a Deauville grading score to the
lesion with the most intense FDG uptake as a key parameter for determining remission
quality516. Deauville score takes two reference points, the mediastinum and the liver of the
individual patient, which have relatively constant uptake on serial imaging. The scale ranges
from 1 to 5, where 1 is best and 5 is the worst. However, Deauville score is semi-quantitative
approach to assess the depth of remission and does not reflect the size of residual disease
and variability of SUV uptake in individual lesions. Therefore, a new approach that
encompasses the entirety of disease burden is needed to increase the precision in
determining disease status and to evaluate the prognostic value in patients considering
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AHCT. Novel quantitative and volumetric parameters—such as total metabolic tumor
volume (TMTV), total lesion glycolysis (TLG), or maximal standardized uptake volume
(SUVmax)—have been recently developed to more precisely estimate depth of response to
therapy and tumor burden.1’-19 The value of quantitative metabolic parameters in patients
with R/R cHL treated with AHCT is unknown. We hypothesized that quantitative tumor
parameters will improve the predictive power of pre-transplant PET and help to select
candidates for whom novel treatment approaches are needed.

PATIENTS AND METHODS

Study Design

The study population included patients =18 years old with R/R cHL who were consecutively
enrolled on a clinical trial of AHCT (NCT00345865) between January 2000 and December
2014. The study received Institutional Review Board (IRB) approval, and all patients signed
the informed consent. We also obtained IRB approval to retrospectively review all imaging
studies. Patient data prospectively collected in the University of Minnesota Transplant
Database were supplemented with data from individual medical records and imaging files.
Pretransplant disease burden after salvage chemotherapy was determined by PET/CT scan
obtained within 4 weeks before AHCT and evaluated according to criteria described by
Cheson et al.20 Treatment consisted of cyclophosphamide (CY) 1.5 g/m? daily for 4 days,
carmustine 300 mg/m? for 1 day, and etoposide 150 mg/m2 I.V. x 6 doses (CBV) or BEAM
(carmustine 300 mg/m?2 IV once on day -6, etoposide 100 mg/m?2 IV twice daily on days -5
to —2, cytarabine 100 mg/m?2 IV twice daily on days -5 to —2, and melphalan 140 mg/m2 IV
once on day —1). All patients received standard supportive care and were monitored
uniformly by CT scan at months 1, 6, 12, and 24 post-transplant and PET/CT scan at day
100.21 Bone marrow was obtained at these time-points in patients with prior marrow
involvement. Relapsed disease was generally confirmed by biopsy of PET-avid disease site.

Imaging analyses

Patients underwent whole body imaging by PET/CT within 4 weeks before AHCT, and all
PET/CT scans were retrospectively re-reviewed by two nuclear medicine radiologists (RG,
ZC) who were blinded to clinical outcomes. Majority of scans were performed on a Siemens
Biograph 16 PET or Siemens Biograph 64 scanner with High Definition (HD) detector
system. For some patients, scans were performed at scanners with similar specifications at
outside institutions and were uploaded to picture archiving and communication system
(PACS). Image analysis was provided using PACS and Syngo.Via software (Siemens
Healthcare). Treatment response was scored visually using the semi-quantitative Deauville
scale (D) per the criteria proposed by the Imaging Subcommittee for International
Harmonization Project for lymphoma.22 Each FDG-avid lesion was rated independently as
follows: D1, no uptake or no residual uptake; D2, slight uptake, but below the mediastinum
SUV; D3, uptake above mediastinal, but below or equal to uptake in the liver; D4, uptake
slightly to moderately higher than liver; and D5, markedly increased uptake or any new
lesion.
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In addition, we performed quantitative image analysis in all patients with a measurable PET-
positive lesion of any size except one patient whose imaging series lacked needed software
parameters. Region-of-interest (ROI) areas were manually selected in each imaging study
defined as voxels with 241% of the SUVmax activity of the given lesion as previously
reported.?3 SUVmax, SUVpeak and metabolic tumor volume (MTV) for each ROl were
determined by software. The lymphoma lesion in each patient with the highest SUV was
defined as the SUVmax. Total MTV (TMTV) was calculated as the sum of all individual
lesion volumes for each pre-transplant PET/CT study and reported in cm3. In patients with
multiple lesions, a total of six largest lesions were selected for analysis. Total lesion
glycolysis (TLG) was calculated as the sum of products of SUVpeak (for each ROI) and
MTYV in all lesions. Syngo.via image analytic software was used.

Statistical methods

Baseline patient and transplant characteristics, post-transplantation complications, and
outcomes were prospectively collected by the Biostatistical Support Group at the University
of Minnesota using standardized collection procedures. Demographic and transplant
characteristics were summarized by standard descriptive statistical methods. Statistical
comparison of categorical variables was performed by Chi-square test and Kruskal-Wallis
(Willcoxon) rank-sum test was used for comparison of continuous variables between D-
score groups and TMTV groups.

The Kaplan-Meier method was used to estimate the probabilities of progression-free survival
(PFS) through 2 years after AHCT and the log-rank test was used for univariate
comparisons.24 Cox proportional hazard regression model was used to estimate the adjusted
survival curves.2> Cumulative incidence estimator was used to calculate the probabilities of
relapse reflecting the nonevent deaths as a competing risk. The cumulative incidence of
TRM was also calculated reflecting relapse or progression as a competing risk.26

Positive and negative predictive values of PET were calculated both for categorized
quantitative (TMTYV, TLG, SUVmax) and semi-quantitative (Deauville system) variables
separately. The Cox regression model for PFS was applied for the entire cohort using the
Deauville score (optimal cut-off: D1-3: PETneg and D4-5: PETpos) cohorts as the main
effect. Second Cox regression model for PFS used TMTV group (TMTVO0 and TMTV!OW vs
TMTVhIGh. TMTV cutpoint were defined by median. Contal and O"Quigley’s method was
used to determine the optimal cut off based on 2-year-PFS for TLG and SUVmax.2? Other
factors that were considered in the models included age at transplant, time from diagnosis to
transplant (<1 year vs. =1 year), pre-transplant radiotherapy (yes vs. no), B symptoms (yes
Vvs. no), extranodal disease (yes vs. no), bone marrow involvement (yes vs. no), HL subtype
(nodular sclerosis vs. mixed cellularity vs. other), LDH at AHCT (< upper laboratory limit
vs. = upper laboratory limit), albumin level at AHCT (<3.5 g/dL vs. >3.5g/dL), hemoglobin
level at AHCT (<10 g/dL vs. =10 g/dL), absolute lymphocyte count at AHCT (<1x103/mL
vs. 21x103/mL), collected graft CD34+ cells count (<4.985 vs. =4.985x106/kg), plerixafor
administration (yes vs. no). Factors with clinical meaning or with univariate p-value less
than 0.15 were used for multi variable analysis. Prognostic factor models for all clinical
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outcomes were built by backward selection method (P value < 0.10 was considered
significant for remaining in the model).

All statistical analyses were implemented using Statistical Analysis System statistical
software version 9.3 (SAS Institute Inc., Cary, NC). The cut-off significance level for all P
values was 0.05.

RESULTS

Patient and Transplant Characteristics

Patient, disease, and conditioning characteristics are reported in Table 1. Median age at
transplant was 33.1 years (range 18.0-71.3); 51% of patients were males. Patients had
limited (60%) or advanced (40%) stage disease. Advanced stage disease commonly involved
extranodal (32%) and bone marrow (11%) sites. Nodular sclerosis (86%) was the most
common histology. Most patients (69%) had less <1 year duration of first remission or were
refractory to front-line therapy. All patients were chemosensitive. The most frequent
conditioning regimen used was CBV (n=88, 92%), followed by BEAM and cytoxan,
mitoxantrone, ara-C, and dexamethasone. Graft sources were peripheral blood (92%) or
bone marrow in 11% patients. Per protocol, patients with persistent nodal masses =2 cm or
sites suspicious for residual disease on day +28 post-transplant imaging were referred for
consideration of consolidative radiotherapy. A total of 33 patients (35%) received involved
field radiotherapy (XRT) at the discretion of the treating radiation oncologist. The median
dose delivered was 30.6 Gy (range: 16-44 Gy) and all radiotherapy was completed within 6
months of transplantation (median: 84 days).

Pre-transplant PET/CT

Using integrated PET/CT prior to AHCT, 61 patients (64%) attained complete metabolic
remission without metabolically active tumor (TMTVO0). In 34 patients with measurable
metabolic tumor volume, quantitative FDG measures TMTV, TLG, and SUVmax were
collected. The median TMTV was 7.97 cm3 (range 1.3-102.1cm3), the median TLG was
23.7 (range 4.0-813.1), and the median SUVmax was 5.23 (range 2.7-23.2). The median
long-axis diameter of involved nodes was 2.2cm (range 0.8-9.8 cm). The cut-off points for
predicting 2-year PFS using ROC analysis were median for TMTYV, and optimal cut-off 4.6
for SUVmax and 19.9 for TLG. Using Deauville scores, patient were assigned score of D1
(n=57), D2 (n=4), D3 (n=12), D4 (n=19) and D5 (n=4). Concordance of TMTVhigh (>
median), TMTV!®% (< median) and TMTVO0 (no metabolically active tumor volume) with D
score was variable and D3 distributed to both TMTVNi9" and TMTV!W groups. (Figure 1).
Baseline patients and transplant characteristics by TMTV and D score are summarized in
Table 1. One patient from D3 group was not evaluable for metabolic volume assessment.

Outcomes after AHCT

The median follow-up was 39.9 months (3.3 years; range: 1.0-10.3 years). At that time, 11
patients had progressed or relapsed and 13 patients had died (10 from recurrent HL, one
from complications of subsequent allogeneic HCT and 2 from recurrent HL and therapy
related myelodysplastic syndrome). There were no transplant related deaths in this cohort.
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The 2-year PFS for all patients was 53.3% (95% CI 0.43-0.64), and OS was 92.2% (95% ClI
0.87-0.98).

To discriminate the prognostic impact of quantitative PET parameters, we compared patients
with metabolically active tumor TMTV9" (>median) to TMTV!W (<median) and TMTV0
(no metabolic activity). The TMTVNi9" group (n=17) less often had pre-transplant
extranodal (29.4% vs 70%) and bone marrow disease (5.9% vs 23.5%) and more often
received XRT prior to AHCT as compared to the TMTV!%W group (Table 1). Other
characteristics were similar among the groups including the proportion receiving post-
transplant XRT (34% (TMTVO0) vs 35% (TMTVNi9N vs 47% (TMTV!OW)). Unadjusted 2-
year PFS in TMTVO0 group was 63% (95%CI 50-74%). Patients with TMTVNi9h experienced
a remarkably poor 2-year PFS of 12% (95%CI 1-38%) as compared to 53% (95%ClI
28-73%) TMTV!OW group (P=0.01; Figure 2). Consistently, patients with TLG > 19 (optimal
cut-off) had worse unadjusted 2-year PFS: TLG high vs low \yas 1204 vs 57% (P=0.04).
Parameter of SUVmaxMidh (optimal cut-off 4.6) on pre-transplant PET scan yield inferior 2-
years PFS (17%) than SUVmax'®" (62%; P=0.03). All three parameters TMTV, TLG and
SUVmax were concordant. In Cox regression analysis adjusting for all other factors,
TMTVhi9h was associated with significantly worse PFS at 2 years (vs TMTVO/TMTVIow
HR 3.49; 95%CI 1.75-6.93; p<0.01). Other factors independently affecting PFS were
presence of B-symptoms (HR 2.13; 95%CI 1.10-4.13; p=0.02) and >1 year duration of
remission (HR 0.24; 95%CI 0.10-0.58; p<0.01) (Table 2 and 3)

PFS by D 1-5 score was D1: 63%, 95%CI 49-74%; D2: 75%, 95% CI 13-96%; D3: 64%,
95% CI 30-85%; D4: 22%, 95% CI 6-44% and D5: 20%, 95% CI 1-58%;). Using D3 as
optimal cut-off point (D3 was favorable), baseline characteristics of D1-3 patients with D4,5
group differed in number of cycles of chemotherapy received and pre-AHCT absolute
lymphocyte count (Table 1). Patients with pre-transplant D1-3 experienced significantly
better 2-year PFS (63%; 95%CI 51-73%) compared to D4-5 score (20%; 95%CI 6-40%;
p=0.01; Figure 3). In Cox regression analysis, D4-5 conferred a 3.7-fold increased risk of
treatment failure as compared to D1-3 (HR 3.73 (95%Cl, 1.92-7.28; Table 3). Twelve
patients were disconcordant between D-score and TMTV categories (Figure 1).

DISCUSSION

PET/CT is currently used in routine clinical setting to assess the quality of remission after
salvage therapy with the goal to achieve negative PET scan before AHCT. Positive PET scan
heralds higher relapse risk and worse survival in patients with R/R HL treated with AHCT.?
While the Deauville score was developed to overcome inconsistency and variability in
imaging technique and operator experience, routine semi-quantitative D score does not
reflect the size of active residual lymphoma and maximum SUV uptake in individual lesions.
Our data showed that quantitative PET parameters that combine metabolic activity and
tumor volume in patients with R/R cHL undergoing AHCT have a favorable prognostic
accuracy in predicting post-transplant survival. We found that in some patients,
disconcordance exists between TMTV and D-score. Particularly, patients with score of D3
had either high or low TMTYV, however the PFS for entire D3 group was favorable. In
comparison, AHCT yielded very poor long-term PFS for patients with high TMTV above
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7.97 cm?3 and this group was heterogenous for D score and contained patients with D3, D4
and D5. Our results thus suggest that PET/CT evaluation using TMTV assessment can be
particularly useful to identify patients in whom AHCT is associated with exceedingly high
failure rate (12% for TMTVN9N vs 20% for D4,5). This conclusion extends on data from
recent studies in front-line setting that showed TMTV and TLG to be superior predictors as
compared to semi-quantitative PET assessment in patients with untreated HL and primary
mediastinal large B-cell lymphoma (PMBCL).17.18.23.28.29 Kanoun et. al. showed that a
TMTV determined at the time of diagnosis is more relevant than tumor bulk for predicting
the PFS in patients with HL.17 In addition, reduction of SUVmax between baseline and
interim PET remained independent predictor for relapse or progression.30 Similar results
were obtained in PMBCL patients.28 Data from the prospective IELSG26 (International
Extranodal Lymphoma Study Group) trial demonstrated that metabolic volume and TLG
predict the outcomes after R-CHOP or R-CHOP like chemotherapy in PMBCL 3!

Quantitative and volumetric metabolic parameters more precisely estimate depth of response
to therapy and disease burden and have the potential to inform the clinical practice. TMTV
method of using metabolic parameters is relatively simple and reproducible across different
machines.1® Most clinical-grade PET scanners have built-in software to assess metabolic
parameters and assign metabolic values.32 TMTV is a function of ROI and SUVmax, where
ROIs have to be determined manually by radiologist as the major determinant of TMTV and
SUV is estimated by software. Metabolic parameters are clinically interpretable and have a
potential to be applied in decision making in the future.2°

Previous studies reported the prognostic value of PET assessment pre-AHCT, yet more
granular differences in outcomes among PETpos patients can be achieved by using
quantitative methods of TMTV and TLG. In our study, patients with TMTV!W disease,
which reflects low SUVmax and smaller total tumor bulk, experienced favorable outcomes
similar to patients without metabolically active tumor, even though half of the patients in this
cohort had D4 scores and 70% had extranodal involvement. This finding suggests that some
PETpos patients with low tumor burden can have excellent outcomes after AHCT.

We collected post-AHCT radiation therapy data on all patients and found no difference in
use of consolidation radiation therapy by TMTV. Given the time-frame of our study, only
two patients received brentuximab vedotin (BV) as post-transplant consolidation. Recently,
the randomized AETHERA trial demonstrated 20% improvement in PFS for chemosensitive
cHL patients with high-risk features, including disease refractory to front-line therapy,
relapse within 1 year after front-line therapy, extra-nodal disease or B-symptoms at relapse
and = 2 prior salvage therapies. Post-AHCT BV maintenance is now standard of care for
high-risk cHL, and a recent multivariate analysis suggests significant benefit even for
patients who were in CR but have >2 high-risk features.® It is important to note that the
AETHERA trial did not use pre-AHCT PET for risk stratification. In our series, TMT\/Nigh
patients were heterogeneous for clinical high-risk features and only 12% achieved PFS post-
AHCT, suggesting that novel therapeutic approaches are needed for this subset. We also
acknowledge the limited sample size in our study and the need to validate our data in a
larger cohort. Future prospective studies for R/R cHL using PET/CT scan should incorporate
quantitative FDG parameters to allow for more precise depth of remission assessment.
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Concordance of Deauville (D) score and total
metabolic tumor volume (TMTV)
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Figure 1.
Concordance of TMTV and D score
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Figure 2:
2-year PFS for PET positive patients by TMTV groups
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Figure 3:
2-year PFS for patients by Deauville groups
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Table 1.
Patient, Disease, and Transplant Characteristics
All Groups D1-3 D4-5 P- TMTVO TMTV!ow TMT\V/high P-value (for TMTV)
value
(for
D
score)

N 96 73 23 61 17 17

Median Age (range) 33(18-71) 34 (18-66) 30 (18-71) 0.64 33.1(18-66) 36 (20-71) 29 (18-67) 0.89

Gender 0.55 0.76
Male 49 (51%) 36 (49%) 13(56%) 30 (48%) 10 (58.8%) 8 (47.1%)
Female 47 (49%) 37 (51%) 10 (44%) 31 (52%) 7 (41.2%) 9 (52.9%)

KPS 0.08 0.10
<80% 1 (1.0%) 0 1 (4.3%) 0 0 1 (5.9%)
>80% 93 (96.9%) 71 (97.3%) 22 (95.7%) 60 (95%) 17 (100.0%) | 16 (94.1%)

Duration of 15t remission 0.12 0.43
>1 year 29 (30%) 25 (34%) 4 (17%) 20 (30%) 3 (17.6%) 5 (29.4%)
<1 year 67 (70%) 48 (66%) 19 (83%) 41(70%) 14 (82.4%) 12 (70.6%)

Prior XRT 0.04 0.04
No 62 (65%) 43 (59%) 19 (83%) 35 (57%) 15 (88.2%) 12 (70.6%)
Yes 34 (35%) 30 (41%) 4 (17%) 26 (43%) 2 (11.8%) 5 (29.4%)

Ann Arbor Stage 0.67 0.15
1 37 (38%) 29 (40%) 8 (35%) 26 (40%) 3 (17.6%) 7 (41.2%)
mnv 59 (62%) 44 (60%) 15 (65%) 35 (60%) 14 (82.4%) 10 (58.8%)

B symptoms 0.83 0.57
No 44 (46%) 33 (45%) 11 (48%) 28 (44%) 9 (52.9%) 6 (35.3%)
Yes 52 (54%) 40 (55%) 12 (52%) 33 (56%) 8 (47.1%) 11 (64.7%)

Extranodal ds 0.42 <0.01
No 65 (68%) 51 (70%) 14 (61%) 47 (75%) 5 (29.4%) 12 (70.6%)
Yes 31 (32%) 22 (30%) 9 (39%) 14 (25%) 12 (70.6%) 5 (29.4%)

BM involvement 0.63 0.21
No 85 (88%) 64 (88%) 21 (91%) 55 (90%) 13 (76.5%) 16 (94.1%)
Yes 11 (12%) 9 (12%) 2 (9%) 6 (10%) 4(23.5%) 1 (5.9%)

Histology 0.28 0.28
Nodular Sclerosis 83 (86%) 62 (85%) 21 (91%) 52 (84%) 16 (94.1%) 15 (88.2%)
Mixed Cellularity 6 (6%) 4 (5%) 2 (9%) 3(4%) 1 (5.9%) 2 (11.8%)
Other 7 (8%) 7 (10%) 0 6 (12%) 0 0

LDH 0.82 0.77
<ULN 85 (88.5%) 64 (87.7%) 21 (91.3%) 54(87%) 15 (88.2%) 16 (94.1%)
>ULN 7(7.3%) 5 (6.8%) 2 (8.7%) 4(6%) 2 (11.8%) 1 (5.9%)

Albumin 0.63
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All Groups D1-3 D4-5 P- TMTVO TMTV/ow TMT\V/high P-value (for TMTV)
value
(for
D
score)
<35 g/dL 86 (89.6%) 65 (89.0%) 21 (91.3%) 55(89%) 16 (94.1%) 15 (88.2%) 0.62
>3.5 gldL 6 (6.3%) 4 (5.5%) 2 (8.7%) 3(5%) 1 (5.9%) 2 (11.8%)
ALC 0.03 0.30
Missing 4 (4.2%) 4 (5.5%) 0 3
<1x10%/mL 42 (43.8%) 27 (37.0%) 15 (65.2%) 45(73%) 9 (52.9%) 10 (58.8%)
>1x103/mL 50 (52.1%) 42 (57.5%) 8 (34.8%) 13(21%) 8 (47.1%) 7 (41.2%)
Stem cell source 0.46 0.78
Marrow 1 (1.0%) 1 (1.4%) 0 16 (94.1%) 16 (94.1%)
PBSC 85 (88.5%) 63 (86.3%) 22 (95.7%) 4(6%) 1 (5.9%) 1 (5.9%)
Marrow+PBSC 10 (10.4%) 9 (12.3%) 1 (4.3%) 22 (35%) 0 0
35(59%)
Median CD34 cell dose in | 5.0 (0.3-24.3) | 4.9 (0.3-24.3) | 5.6 (1.3-19.0) | 0.27 | 4.5(0.3-24.3) | 5.2(1.8-19.0) | 5.8 (1.3-17.8) 0.23
108/kg
(range)
Plerixafor 0.07 0.09
Missing 3(3.1%) 2 (2.7%) 1 (4.3%) 1 1 (5.9%) 1 (5.9%)
No 79 (82.3%) 63 (86.3%) 16 (69.6%) 53(85.5%) 13 (76.5%) 11 (64.7%)
Yes 14 (14.6%) 8 (11.0%) 6 (26.1%) 8(13%) 3 (17.6%) 5 (29.4%)
>2 chemo regimen 0.03 0.04
NO 25 (26.0%) 15 (20.5%) 10 (43.5%) 11 (20%) 7 (41.2%) 7 (41.2%)
YES 71 (74.0%) 58 (79.5%) 13 (56.5%) 50 (80) 10 (58.8%) 10 (58.8%)
Deauville score pre-AHCT <0.01 <0.01
1 57 (59.4%) 57 (78.1%) 0 57(92%) 0 0
2 4(4.2%) 4 (5.5%) 0 4(7%) 0 0
3 12 (12.5%) 12 (16.4%) 0 0 8 (47.1%) 3 (17.6%)
4 19 (19.8%) 0 19 (82.6%) 0 9 (52.9%) 10 (58.8%)
5 4(4.2%) 0 4 (17.4%) 0 0 4(23.5%)
Consolidation XRT 0.58 0.45
Yes 33 (34%) 24 (32.9%) 9 (39.1%) 19 (34%) 8 (47%) 6 (35%)
No 63 (66%) 49 (67.1%) 14 (60.9%) 42 (66%) 9 (53%) 11 (65%)

Abbreviations: AHCT, autologous hematopoietic cell transplant; ALC, absolute lymphocyte count; BM, bone marrow; CR1, first complete
remission; ds, disease; D, Deauville score category; KPS, Karnofsky performance status; TMTV; total metabolic tumor volume; ULN, upper
laboratory limit; XRT, radiotherapy. PBSC peripheral blood stem cells
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Univariate analysis of relevant prognostic factors for 2 year Progression-free Survival.

Table 2.

Survival Estimate

Log Rank Test

Factor Strata Total N | Estimate | Cl 95% P-value

Age (years) 18-20 11 55% 23- 78% 0.48
20, 30 27 42% 23- 60%
30, 40 25 59% 38- 76%
40, 50 12 67% 34- 86%
50, 60 14 55% 26- 77%
60,70 6 33% 5- 68%

Prior XRT YES 34 59% 40- 73% 0.61
NO 62 50% 37- 62%

Stage 171 37 61% 43- 75% 0.21
1nnv 59 49% 35- 61%

B symptoms YES 52 42% 28- 55% 0.01
NO 44 67% 51- 79%

Extra-nodal disease YES 31 45% 27- 61% 0.08
NO 65 57% 44- 68%

Bone Marrow ds YES 11 55% 23-78% 0.88
NO 85 53% 42- 63%

Response to salvage therapy CR 56 62% 48- 73% 0.03
PIF sensitive 16 30% 10- 53%
PR 24 49% 27-67%

Histology NS 83 51% 39- 61% 0.53
MC 6 67% 19- 90%
Other 7 71% 26- 92%

LDH@ AHCT <ULN 85 52% 41- 62% 0.78
> ULN 7 57% 17- 84%

Albumin @ AHCT <=3.5g/dI 86 52% 41- 63% 0.76
> 3.5¢g/dl 6 50% 11- 80%

Hemoglobin @AHCT < 10g/dI 69 49% 37- 61% 0.57
>=10g/dl 23 61% 38-77%

ALC @AHCT < 1x1073/ml 42 49% 32- 64% 0.77
>= 1x1073/ml 50 54% 39- 67%

CD34 count/pL <4.985 47 57% 42- 70% 0.52
>=4.985 47 52% 37- 66%

Plerixafor YES 14 29% 8- 56% 0.30
NO 79 57% 45- 67%

Chemotherapy regimen <3 71 56% 43- 66% 0.43
>3 25 48% 28- 66%
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Survival Estimate

Log Rank Test

Factor Strata Total N | Estimate | Cl 95% P-value
Graft source Marrow 1 0% 0.62
PBSC 85 53% 42- 63%
Marrow+PBSC 10 58% 23- 82%
Duration of 1t remission 21yr 78 58% 46- 68% 0.02
<lyr 18 33% 14- 55%
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Table 3.

Multivariate analysis of PFS at 2 years by TMTV and D-score

2 year Progression-free survival

Parameter Class Hazard Ratio Cl 95% | P-value
TMTV group TMTVO/TMTVlow <0.01
TMTVhigh 3.73(1.92-7.28)
Duration of 15t remission <1 year 0.02
>1 year 0.24 (0.10-0.58)
B-symptoms no
yes 2.13(1.10-4.13) <0.01
2 year Progression-free survival
Parameter Class Hazard Ratio Cl 95% | P-value
Deauville group 1-3 <0.01
45 3.73(1.92-7.28)
Duration of 15t remission >1 year <0.01
<1 year 2.73 (1.34-5.55)
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