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Abstract

Salvage chemotherapy followed by high-dose chemotherapy (HDC) and autologous stem cell 

transplantation (ASCT) is a potentially curative treatment for patients with relapsed or refractory 

large B-cell lymphoma (rrLBCL) with chemosensitive disease. A 18Fluoro-deoxyglucose positron 

emission tomography (PET) scan after salvage chemotherapy is used to assess response and 

eligibility for ASCT, but metrics for chemosensitivity in patients with residual disease are not 

well defined. We performed a single-center retrospective analysis of 92 patients with a partial 

response (PR) or stable disease (SD) after salvage chemotherapy for rrLBCL who received ASCT 

to investigate PET-derived parameters and their prognostic utility. The Deauville five-point score 

(5PS), maximum standardized uptake value (SUVmax), total metabolic tumor volume (TMTV), 

and total lesion glycolysis (TLG) were calculated from the post-salvage/pre-ASCT PET scan. 

Five-year progression free survival (PFS) and overall survival (OS) rates were 40% and 54%. 5PS 

of 5 (p=0.0082, HR 2.09), high SUVmax (p=0.0015, HR 2.48), TMTV (p=0.035, HR 1.83), and 

TLG (p=0.0036, HR 2.27) were associated with inferior PFS. 5PS of 5 (p=0.030, HR 1.98) and 

high SUVmax (p=0.0025, HR 2.55) were associated with inferior OS. PET-derived parameters 

may help prognosticate outcomes after ASCT in patients with rrLBCL with residual disease after 

salvage chemotherapy.
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Introduction

Historically, salvage chemotherapy followed by high dose chemotherapy and autologous 

stem cell transplant (ASCT) rescue for chemosensitive disease was the only potentially 

curative treatment option for relapsed or refractory large B-cell lymphoma (rrLBCL).1,2 

Chemosensitivity is not well defined, though generally a 18F-flurodeoxyglucose (FDG) 

positron emission tomography (PET)/computed tomography scan is performed after salvage 

chemotherapy to assess treatment response and eligibility for ASCT.3–5 The advent of 

CD19-directed chimeric antigen receptor T-cell therapy (CART19) as another potentially 

curative treatment modality for rrLBCL after two or more prior lines of therapy6–8 has 

dampened enthusiasm for ASCT in patients not achieving a complete response (CR) after 

salvage chemotherapy. While multiple retrospective studies have demonstrated that patients 

with a partial response (PR) on pre-ASCT PET imaging can experience durable remissions 

in 30–50% of cases,9–11 there are many publications correlating improved outcomes with 

documentation of a PET-negative CR prior to transplant.12–16 A recent registry-based 
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analysis of patients who received CART19 or ASCT after a documented PR found that 

consolidative ASCT after salvage therapy led to similar outcomes as CART19, with a 

potential lower risk of progression and longer overall survival (OS).17

Quantitative PET parameters include the maximum standardized uptake value (SUVmax), 

which is measurement of peak tumor glucose metabolism. Total metabolic tumor volume 

(TMTV) and total lesion glycolysis (TLG) are SUV-based metrics meant to capture overall 

metabolic tumor burden; TMTV (and TLG) from baseline PET scans before frontline 

DLBCL therapy have been shown to reliably risk stratify patients from prospective18,19 

and retrospective cohorts,20,21 where patients with higher tumor bulk experienced inferior 

outcomes. TMTV before CART19 was also similarly prognostic.22,23 Prior studies have not 

comprehensively analyzed PET-derived metrics from rrLBCL patients before ASCT.9–11,17

We hypothesized that the pre-ASCT PET scan could be used to prognosticate outcomes 

for patients with rrLBCL and residual disease after salvage chemotherapy. We performed 

a single-center retrospective analysis of patients with a disease response of PR or stable 

disease (SD) on PET scan after salvage chemotherapy who subsequently received ASCT 

consolidation, with a focus on qualitative and quantitative PET-derived metrics.

Methods

Patients

We retrospectively identified patients aged ≥18 years with rrLBCL (including diffuse 

large B-cell lymphoma [DLBCL], primary mediastinal B-cell lymphoma [PMBCL], and 

transformed indolent B-cell non-Hodgkin lymphoma [TiNHL]) with a disease response of 

PR or SD on PET scan after salvage chemotherapy who received high dose conditioning 

chemotherapy and ASCT at our institution between 2010 and 2020. Patients with a CR (5PS 

1–3) or progressive disease on PET were excluded. Conditioning regimens were classified as 

standard (carmustine, etoposide, cytarabine, and melphalan [BEAM]), reduced-dose BEAM, 

or intensive (containing gemcitabine/busulfan/melphalan. Disease was classified as early-

relapsing if refractory to frontline therapy or relapsing within 12 months of frontline therapy 

and late-relapsing if relapsing more than 12 months from frontline therapy.

Imaging analysis

All patients had an FDG PET scan performed for response assessment at our 

institution using standardized techniques after at least 2 cycles of salvage chemotherapy. 

Response status and visual assessment with the five-point scale (5PS) were recorded in 

accordance with Lugano classification,4 including retrospectively in PET scans originally 

performed before 2014. Patients were allowed to have received one additional cycle 

of immunochemotherapy after PET scan for chemomobilization purposes. An expert 

nuclear radiologist (GX) analyzed all pre-ASCT scans using MIM Encore (MIM Software, 

Cleveland, OH) with the semiautomated approach with 41% maximum standardized uptake 

threshold (SUVmax).24,25 In brief, voxels with an SUV value greater than 41% of SUVmax 

were automatically identified as the regions of interest followed by visual assessment 

to manually remove areas of physiologic (non-pathologic) uptake. Total metabolic tumor 
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volume (TMTV), average SUV (SUVmean), and total lesion glycolysis (TLG = TMTV 

* SUVmean) were then automatically calculated. High SUVmax, TMTV, and TLG were 

defined as values above the 75th percentile (upper quartile) of these values’ distributions. 

Response to ASCT was determined by PET scan performed on approximately day 30 after 

ASCT.

Statistical analysis

Patient demographics, disease characteristics, and clinical outcomes were summarized 

through descriptive statistics. The Chi-square test or Fisher’s exact test was used to 

evaluate the association between two categorical variables. Wilcoxon rank sum test 

was used to evaluate the difference in a continuous variable between patient groups. 

Logarithmic transformation was performed on TLG and TMTV to transform skewed data 

to approximately conform to normality for the purposes of associating continuous data 

with outcomes. Receipt of consolidative radiation therapy after ASCT was not analyzed 

for association with outcomes because inherent selection bias in this post-ASCT treatment 

decision.

Co-primary endpoints were post-ASCT CR rate and PFS. PFS was defined as time from 

ASCT to disease progression/relapse or death from any cause, whichever happened first. OS 

was defined as time from ASCT to death from any cause. Kaplan-Meier method was used 

for time-to-event analysis. The Log-rank test was used to evaluate the difference in time-to-

event endpoints between patient groups. Cox proportional hazards models were used for 

multivariable analysis. The Schoenfeld residual was used to check the proportional hazards 

assumption. The variables which had p-value less than 0.2 for PFS or OS from univariate 

analysis were included in the initial full multivariable model. A backward selection method 

was used and a significance level of 0.05 was set as the criterion for a variable to stay in 

the model. Collinearity diagnostics were performed and indicated no collinearity problem. 

TLG was excluded from multivariate analysis because TMTV is used in its calculation. 

Multivariable analysis was not performed for subset analysis of only patients with late-

relapsing disease because of low numbers of events. Statistical software used included SAS 

9.4 (SAS, Cary, NC), S-Plus 8.2 (TIBCO Software Inc., Palo Alto, CA) and R 4.1.2 (R Core 

Team, Vienna, Austria).

Results

Ninety-two patients with a diagnosis of rrLBCL with either PR or SD after salvage therapy 

who received ASCT from 4/2010 to 6/2020 were analyzed. An additional 489 patients 

without PR or SD received ASCT for rrLBCL over the same period at our institution. 

Patient demographics and disease characteristics (at time of ASCT, when applicable) are 

summarized in Table 1. Median age at ASCT was 59 years (range 26–77), 65 (71%) 

of patients were male, 31 (34%) of patients had stage III/IV disease, and 17 (19%) an 

international prognostic index (IPI) > 2. A total of 26 (28%) of patients experienced late first 

relapse; 35 (38%), 48 (52%), and 9 (10%) received intensive, standard BEAM, and reduced 

intensity BEAM conditioning, respectively. Planned consolidative radiation after ASCT was 

delivered to 11 patients (12%).
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On the pre-ASCT PET scan, 23 (25%) patients had SD and 23 (25%) a 5PS of 5 (Table 

2). Pre-ASCT PET response and 5PS were not significantly associated (p=0.095, odds ratio 

[OR] of patient with SD having a 5PS of 5 was 2.52 95% CI 0.91–7.02). Median SUVmax 

was 6.1 (range 2.8–27, interquartile range [IQR] 4.3–11.0), median TMTV was 9.1 cc (range 

0.1–1189, IQR 3.9–29.5), and median TLG was 33.5 (range 0.54–3945, IQR 13.0–110.5) 

(Table 3). Distribution of SUVmax, TMTV, and TLG values are depicted in Figure 1A–C. 

High SUVmax, TMTV, and TLG were defined as values greater than the 75th percentile: 

11.0, 29.5 cc, and 110.5, respectively. 5PS was associated with type of conditioning regimen 

(p=0.005); 6/48 (13%), 12/35 (34%), and 5/9 (56%) of patients who received standard 

BEAM, intensive, and reduced intensity BEAM conditioning respectively had a 5PS of 5. 

Elevated LDH was associated TLG (p=0.050) but not SUVmax and TMTV as continuous 

variables, nor 5PS (4 vs. 5) as a categorical variable.

A total of 90 patients were evaluable for post-ASCT response by PET scan (2 died 

before evaluation from transplant-related complications). The CR rate was 72.2% (95% 

CI 61.8–81.1%) and the overall response rate (ORR) was 84.4% (95% CI 75.3–91.2%). 

Characteristics associated with lower rate of post-ASCT CR were early relapse after 

frontline therapy (p=0.009, OR 0.16 95% CI 0.03–0.73) and high SUVmax (p=0.004, OR 

0.23 95% CI 0.08–0.65). Other characteristics as well as 5PS of 5, High TMTV and high 

TLG were not significantly associated with lower CR rate (Table S1). SUVmax was higher 

(median 10 vs. 5.4, p=0.0001) in patients who did not achieve CR post-ASCT compared to 

those who did.

With a median follow-up of 6.6 years (95% CI 5.9–8.0), 56 patients experienced a PFS event 

and 45 patients died. Median PFS and OS were 1.0 (95% CI 0.5–5.2) and 7.7 (95% CI 

2.4-NA) years, respectively. Five-year PFS and OS rates were 40% (95% CI 30–51%) and 

54% (95% CI 44–65%), respectively (Figure 2A–B).

By univariate analysis for PFS, male sex (p=0.0036, HR 2.67 95% CI 1.34–5.30), elevated 

Eastern Cooperative Oncology Group (ECOG) performance status (p=0.0038, 1 vs. 0 HR 

2.35 95% CI 1.27–4.36 | 2 vs. 0 HR 2.13 95% CI 1.26–3.60), and IPI >2 (p=0.032, HR 1.96 

95% CI 1.05–3.66) were associated with shorter PFS. The association between conditioning 

regimen type and PFS was significant (p=0.019, reduced intensity vs. standard HR 2.84 95% 

CI 1.27–6.36 | intensive vs. standard HR 1.72 95% CI 0.98–3.05) (Figure S1A).

By pre-ASCT PET metrics, 5PS of 5 (p=0.0082, HR 2.09 95% CI 1.20–3.65, Figure 3A), 

high SUVmax (p=0.0015, HR 2.48 95% CI 1.39–4.41, Figure 3B), high TMTV (p=0.035, 

HR 1.83 95% CI 1.03–3.24, Figure 3C), and high TLG (p=0.0036, HR 2.27 95% CI 

1.29–3.99, Figure 3D) were significantly associated with shorter PFS but response of SD 

(p=0.70, HR 0.89 95% CI 0.48–1.63, Figure S2) was not. PFS by SUVmax, TMTV, and 

TLG quartiles are depicted in Figure S3A–C; PFS was not significantly different between 

quartiles 1–3 for each of these parameters. As a continuous variable, increasing SUVmax 

(p=0.0006, HR 1.07, 95% CI 1.03–1.12) and increasing logTLG (p=0.017, HR 1.22 95% CI 

1.04–1.43) were associated with shorter PFS.
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By multivariate analysis for PFS, the final model selected included the covariates of sex 

(male vs. female, p=0.0047), IPI (>2 vs. ≤2, p=0.0036), and high SUVmax (>11 vs. ≤11, 

p=0.019). Association between PFS and covariates of note by univariate and multivariate 

analysis is summarized in Table S2.

By univariate analysis for OS, early relapse after frontline therapy (p=0.048, HR 2.13 95% 

Ci 0.99–4.59), receipt of > 2 prior lines of therapy (p=0.018, HR 2.03 95% CI 1.12–3.69), 

Karnofsky performance status of < 80% (p=0.0023, HR 3.66 95% CI 1.51–8.90), elevated 

ECOG PS (p=0.0010, 1 vs. 0 HR 1.79 95% CI 0.90–3.53 | 2 vs. 0 HR 2.22 95% CI 1.30–

3.79), stage III/IV disease (p=0.011, HR 2.13 95% CI 1.17–3.86), and IPI > 2 (p=0.0021, 

HR 2.76 95% CI 1.41–5.40) were associated with shorter OS. The association between 

conditioning regimen and OS was significant (p=0.017, reduced intensity vs. standard HR 

2.98 95% CI 1.17–7.58 | intensive vs. standard HR 2.21 95% CI 1.12–4.03) (Figure S1B).

By pre-ASCT PET metrics, 5PS of 5 (p=0.030, HR 1.98 95% CI 1.06–3.70, Figure 4A) 

and high SUVmax (p=0.0025, HR 2.55 95% CI 1.36–4.79, Figure 4B) were significantly 

associated with shorter OS but high TMTV (p=0.076, HR 1.76 95% CI 0.93–3.33, Figure 

S4A), high TLG (p=0.051, HR 1.87 95% CI 0.99–3.53, Figure S4B), and response of SD 

(p=0.72, HR 0.88 95% CI 0.45–1.75, Figure S4C) were not. As a continuous variable, 

increasing SUVmax (p=0.0025, HR 1.07 95% CI 1.02–1.11) was associated with shorter 

OS.

By multivariate analysis for OS, the final model selected included the covariates of ECOG 

performance status (p=0.0079), stage (III/IV vs. I/II, p=0.0072), and high SUVmax (>11 

vs. ≤11, p=0.0096). Association between OS and covariates of note by univariate and 

multivariate analysis is summarized in Table S3.

A comparison between the 66 (72%) of patients with early first relapse and the 26 (29%) 

with late first relapse is described in Table S4. Patients with late first relapse were more 

likely to have received standard BEAM conditioning (p=0.0086) and less likely to have high 

SUVmax (p=0.031). Restricting analysis to only the patients with late first relapse, SUVmax 

was higher (median 11.2 vs. 5.1, p=0.040) for patients who did not achieve CR after ASCT 

compared to those who did. The only covariates associated with shorter PFS were 5PS of 5 

(p=0.018, HR 4.69 95% CI 1.15–19.07, Figure S5A) and high SUVmax (p=0.021, HR 5.65 

95% CI 1.08–29.51, Figure S5B).

PFS and OS for all patients and for those with late first relapse stratified by both pre-

ASCT 5PS and PET response is displayed in Figure S6A–D. Though a response of SD 

to salvage chemotherapy was not associated with inferior post-ASCT outcomes, a 5PS of 

5 signifying metabolically active disease was a negative prognostic marker regardless of 

response category or time to first relapse.

Discussion

In this single-center retrospective analysis, we analyzed a cohort of 92 patients with rrLBCL 

and residual disease (PR or SD) on PET scan after salvage therapy who subsequently 

received high dose chemotherapy and ASCT rescue. We observed durable remission rates in 
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treated patients with 5-year PFS and OS rates of 40% and 54%, respectively. PET-derived 

parameters collected from the pre-ASCT scan included Deauville 5PS, SUVmax, TMTV, 

and TLG. High SUVmax was associated with lower rate of CR after ASCT. A 5PS of 5, 

high SUVmax, high TMTV, and high TLG were associated with shorter PFS, and 5PS of 

5 and high SUVmax were associated with shorter OS; high SUVmax remained associated 

with PFS/OS when adjusting for other covariates. Elevated quantitative PET-metrics were 

defined as those values above the 75th percentile, thus identifying a high-risk quarter of 

the cohort with significantly worse outcomes compared to the remaining majority of ASCT 

recipients.

A response of SD to salvage therapy was not significantly associated with shorter survival 

compared to a response of PR, suggesting that there may not be a significant difference 

in chemosensitivity between these two response categories. When limiting analysis only to 

patients with late relapse after frontline therapy, 5PS and SUVmax were the only factors 

associated with PFS.

For this cohort, it was clear that patients with significant FDG-uptake on PET scan by 

visual assessment (Deauville 5PS of 5) and the semiquantitative SUVmax reflective of 

metabolically active disease experienced poor outcomes irrespective of time to first relapse. 

The quantitative metric of TMTV was not as prognostic as SUVmax. This finding could be 

explained by bias inherent in patient selection; with few exceptions, only patients with low 

volume residual disease would be considered for ASCT, and the distribution of TMTV (and 

TLG) values in this cohort reflects this bias. Without enough variation in volume of disease 

between patients, TMTV may be less useful for risk stratification. Studies demonstrating 

the utility of TMTV analyzed PET scans performed before initiation of anti-lymphoma 

therapy,18–21 but our study focused on the PET scan performed after salvage therapy for 

rrLBCL. In comparison, SUVmax values were more evenly distributed. Thus, in the setting 

of most patients harboring low volume disease, metabolic activity on PET may be a better 

discriminatory parameter compared to measuring tumor volume. An analysis performed by 

Brown and colleagues26 found that TMTV was associated with PFS and OS but included 

patients in a CR before ASCT.

Other limitations of our study stem from its single-institution retrospective nature; there 

was heterogeneity in patient management surrounding conditioning regimens which was 

influenced by clinician perception of individual patient risk. Conditioning type was not 

significantly associated with survival by multivariate analysis; it appears that the worse 

outcomes experienced by patients receiving intensive conditioning was driven by high-risk 

disease characteristics such as high SUVmax. Though year of transplant was not associated 

with survival outcomes, there may have been shifts in patient selection for ASCT starting 

in 2017 after the approval of CART19 for rrLBCL. A cohort size of 92 patients precluded 

using statistical methods to identify and validate optimal cutoffs in SUVmax, TMTV, or 

TLG. Our chosen threshold of 75th percentile identified a high-risk subset of patients, 

but the lower 3 quartiles experienced similar outcomes. Without validation with a larger 

independent cohort, use of specific PET-derived metric cutoffs for clinical decision-making 

is not supported. There were only 26 patients with late first relapse included in that subset 

analysis, so outcomes analyses lacked statistical power. Though the semiautomated approach 
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using a cutoff of 41% SUVmax to identify regions of interest is widely used in the research 

setting,27–29 calculation of TMTV and TLG is not standardized nor widely available in 

routine clinical practice as standard of care.

Reports from 3 randomized studies represent the first time the platform of salvage 

chemotherapy plus ASCT has been compared to CART19 in the prospective second-line 

setting,30–32 though in all cases, patients randomized to the control arm only received ASCT 

if they were responsive to salvage therapy. The ZUMA-7 trial of axicabtagene ciloleucel 

(axi-cel) and TRANSFORM trial of lisocabtagene maraleucel (liso-cel) versus salvage 

chemotherapy and ASCT has led to the recent Food and Drug Administration approval of 

axi-cel and liso-cel in the second-line setting for patients with disease that is refractory to or 

relapsing within one year of initial therapy; optimal therapy for transplant-eligible patients 

with more chemosensitive disease and late first relapse is still unclear.

With the advent of CART19, patients with rrLBCL after frontline therapy now have multiple 

treatment options that can lead to cure. Several novel agents have also been approved in 

the last several years,33–35 adding to the chemotherapy-free options for patients. Gaining an 

understanding of which patients should be prioritized for ASCT versus non-chemotherapy 

treatments is critical; this is particularly true for patients with late first relapse ineligible 

for axi-cel or liso-cel in the second line setting who may be attractive candidates for 

salvage chemotherapy given their prior chemosensitivity. Furthermore, despite the approval 

of CART19 in the second line, in routine practice many patients could still receive at least 

one cycle of salvage chemotherapy to “bridge” them while being referred to a cellular 

therapy center. If those patients demonstrate a significant response on restaging, then ASCT 

should still be considered as a consolidative treatment option.

The strong association between Deauville 5PS and SUVmax in our cohort with PFS 

(including for late relapsers) and ease of interpretation suggests they are useful parameters 

for determining suitability for ASCT in patients with rrLBCL and residual disease. There 

was a high degree of overlap between 5PS of 5 and high SUVmax within this cohort, so 

5PS may serve a similar purpose to SUVmax in risk-stratifying patients particularly if the 

latter is unavailable. Patients with a 5PS of 5 and/or high SUVmax after salvage therapy are 

likely better served with non-chemotherapy treatments such as CART19. Conversely, there 

are clearly some patients who still benefit from ASCT consolidation if they have a 5PS 

of 4 after salvage, even if their disease response is only SD. Without a prospective study 

randomizing patients who have responded to salvage chemotherapy to CART19 or ASCT, 

the optimal approach for said patient population is unclear. Thankfully, CART19 remains an 

effective treatment option for patients who relapse after ASCT.

In summary, a significant proportion of patients with rrLBCL with residual disease after 

salvage chemotherapy can still experience durable remissions after ASCT consolidation. 

From the pre-ASCT PET scan, qualitative visual assessment with the Deauville 5PS criteria 

and the quantitative variable of SUVmax identified a high-risk subset of patients with 

inferior outcomes after ASCT. Further research is still needed to develop and validate 

functional imaging as a prognostic tool after salvage chemotherapy in rrLBCL to guide 

treatment decision making.
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Figure 1. 
Distribution of quantitative PET-derived parameters. Histograms of maximum standardized 

uptake (A), total metabolic tumor volume (B), and total lesion glycolysis (C) for the entire 

cohort. Vertical dashed lines delineate median values.
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Figure 2. 
Progression free (A) and overall (B) survival for the entire cohort. Dashed line delineates 

median survival time.
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Figure 3. 
Progression free survival for the entire cohort stratified by Deauville 5-point score (A), 75th 

percentile maximum standardized uptake value (B), 75th percentile total metabolic tumor 

volume (C), and 75th percentile total lesion glycolysis (D). Dashed line delineates median 

survival time. Median PFS for 5PS of 5 was 0.4 years (95% CI 0.3–2.4) and for 5PS of 

4 was 4.6 years (95% CI 0.8-NA). Median PFS for high SUVmax was 0.3 years (95% 

CI 0.09–1.1) and for low SUVmax was 3.5 years (95% CI 0.8-NA). Median PFS for high 

TMTV was 0.3 years (95% CI 0.1-NA) and for low TMTV was 2.4 years (95% CI 0.7-NA). 

Median PFS for high TLG was 0.3 years (95% CI 0.1–0.9 years) and for low TLG was 3.5 

years (95% CI 0.8-NA).
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Figure 4. 
Overall survival for the entire cohort stratified by Deauville 5-point score (A) and 75th 

percentile maximum standardized uptake value (B). Dashed line delineates median survival 

time. Median OS for 5PS of 5 was 1.0 years (95% CI 0.6-NA) and 5PS of 4 was 8.0 years 

(95% CI 4.7-NA). Median OS for high SUVmax was 0.9 years (95% CI 0.5-NA) and for 

low SUVmax was 11.3 years (95% CI 6.7-NA).
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Table 1.

Patient, disease, and treatment characteristics (N=92)

Patient and disease characteristics 
a N (%)

 Median age [range] 58.5 [26–77]

 Age > 60 36 (39)

 Male sex 65 (71)

 Ann Arbor Stage

  I 37 (40)

  II 24 (26)

  III 15 (16)

  IV 16 (17)

 Lactate dehydrogenase > ULN 51 (55)

 Extranodal sites > 1 7 (8)

 ECOG performance status

  0 34 (37)

  1 52 (56)

  2 6 (7)

 Karnofsky performance status (N=77)

  100% 24 (31)

  90% 26 (34)

  80% 20 (26)

  70% 7 (9)

 International prognostic index

  0–1 55 (60)

  2 20 (22)

  3 17 (18)

 Tumor bulk > 5 cm (N=70) 47 (67)

 Cell of origin

  GCB 40 (44)

  Non-GCB 17 (19)

  NA 35 (38)

 Histology

  DLBCL 51 (55)

  PMBCL 8 (9)

  TiNHL 33 (36)

Treatment characteristics 
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Patient and disease characteristics 
a N (%)

 Frontline therapy

  R-CHOP-like 64 (70)

  Intensive
b 20 (22)

  Other 8 (9)

 Frontline response

  Early relapse/refractory 66 (72)

  Late relapse 26 (28)

 Prior radiation therapy 17 (19)

 Prior systemic lines of therapy

  2 50 (54)

  3 28 (30)

  4 12 (13)

  5 2 (2)

 Conditioning type

  Standard BEAM 48 (52)

  Reduced intensity BEAM
c 9 (10)

  Intensive 35 (38)

 Transplant year

  2010–2011 23 (25)

  2012–2013 28 (30)

  2014–2015 16 (17)

  2016–2017 8 (9)

  2018–2020 17 (19)

 Consolidative radiation therapy 11 (12)

N, number; GCB, germinal center B-cell; DLBCL, diffuse large B-cell lymphoma; PMBCL; primary mediastinal B-cell lymphoma; TiNHL, 
transformed indolent non-Hodgkin lymphoma; ULN, upper limit of normal; ECOG, eastern cooperative oncology group, R-CHOP; rituximab, 
cyclophosphamide, doxorubicin, vincristine, prednisone; BEAM, carmustine, etoposide, cytarabine, melphalan

a
Characteristics were recorded at time of transplant (when applicable

b
Intensive frontline therapy includes R-EPOCH and R-hyperCVAD based regimens

c
Reduced intensity BEAM dosage was as follows: Carmustine 300 mg/ m2 IV over 1 hour on day −6, cytarabine 100 mg/m2 IV twice a day on 

days −5 through −2 (total 8 doses), etoposide 100 mg/m2 IV twice a day on days −5 through −2 (total 8 doses), and melphalan 140 mg/ m2 IV on 
day −1
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Table 2.

Distribution of patients stratified by pre-ASCT PET response and five-point score

PET 5-point score = 4 PET 5-point score = 5 Total (%)

PET response = PR 55 14 69 (75)

PET response = SD 14 9 23 (25)

Total (%) 69 (75) 23 (25) 92 (100)

PET, positron emission tomography; PR, partial response; SD, stable disease
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Table 3.

PET-derived metrics from patients before transplant

Characteristics Median Range Interquartile range

SUVmax 6.1 2.8–27.0 4.3–11.0

SUVmean 3.4 1.7–17.0 2.7–5.6

TMTV, cc 9.1 0.1–1189.0 3.9–29.5

TLG 33.5 0.5–3945.0 13.0–110.5

PET, positron emission tomography; SUV, standardized uptake value; TMTV; total metabolic tumor volume; cc, cubic centimeters; log, logarithmic 
transformation; N, number; PR, partial response; SD, stable disease
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