
Tumor metabolic heterogeneity in post-chemotherapy PET scans 
is a predictor of early relapse in primary large mediastinal B-cell lymphoma
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Clinical risk models in primary mediastinal large B-cell lymphoma (PMBCL) have 
limited application and have yielded inconsistent consults [1,2]. 

Hence, there is a need for novel biomarkers that can robustly predict disease failure, 
guide treatment approaches, and facilitate study comparisons. 

Tumor heterogeneity, and in particular metabolic heterogeneity (MH) assessed from 
pre-treatment FDG PET scans, has emerged as a significant predictor of early 
relapse [3]. 

In this study, we hypothesized that MH quantification may also be helpful in the 
post-treatment evaluation, and investigated the prognostic utility of MH computed 
from PET scans after the initial course of chemotherapy.

STUDY OBJECTIVE: to evaluate the significance of metabolic heterogeneity 
computed from post-chemotherapy PET scans for predicting early PMBCL 
relapse.
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• The study included 52 subjects, 11 of whom had early progression of disease (PD).
• All subjects were treated with curative intent with R(rituximab)-CHOP.
• PET/CT images with 18F-FDG were acquired after 3-6 chemotherapy cycles.
• FDG-avid lesions were manually segmented by a nuclear medicine physician.
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• Tumor metabolic heterogeneity, assessed on post-chemotherapy FDG PET 
images, is an independent and highly significant prognosticator of early disease 
progression and length of progression-free survival in PMBCL.

• Our findings are in agreement with similar results reported with pre-treatment PET 
scans. 

• The dichotomized CSH metric to quantify metabolic heterogeneity has a 
comparable strength to dichotomized SUVmax, while being independent.

• Clinical management of lymphoma can benefit from routine CSH quantification, to 
identify subjects at high risk of relapse and for whom a more aggressive or 
alternative therapy is advised. 
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Ceriani et al. baseline
Median IQR

SUVmax 18.8 15.5 23
CSH 0.49 0.43 0.54
TLG 4261 2363 6398
MTV 406 267 641

Ours, post-treatment
Median IQR

SUVmax 3.63 2.94 5.37
CSH 0.68 0.54 0.74
TLG 19.11 7.76 43.88
MTV 7.36 3.15 16.27

p
p corrected 

(BH)
SUVmax 1.7 x 10-4 6.9 x 10-4

CSH 7.1 x 10-6 2.9 x 10-5

TLG 2.4 x 10-4 9.6 x 10-4

MTV 7.4 x 10-3 2.9 x 10-2

AUROC 95% CI

SUVmax 0.85 0.75,  0.92
CSH 0.90 0.83,  0.93
TLG 0.84 0.77,  0.91
MTV 0.76 0.71,  0.88

CCR (N=41)

PD (N=11)

** p < 0.01
*** p < 0.001

Mann-Whitney test

HR HR 95% CI p
Median survival (y)
High risk/low risk

SUVmax 16.6 2.99826      91.8765 1.16 E-08 0.67 / n.r.
CSH 17.45 4.03688      75.4197 4.19 E-07 0.76 / n.r.
MTV 4.72 1.08573      20.5522 4.60 E-03 n.r. /  n.r.
TLG 6.94 1.59034      30.3121 3.00 E-04 0.67 / n.r.

DS > 3 8.96 2.74208       29.258 1.10 E-02 n.r. / n.r.
DS > 4 14.89 2.86938      77.2459 8.06 E-08 0.51 / n.r.

ROC-determined cutoff values were used for variable dichotomization. HR = hazard ratio.

Multivariate Cox proportional hazards regression
Continuous variables

SUVmax CSH MTV TLG AGE SEX
p value 0.41 0.012* 0.13 0.064 0.61 0.81

b -0.09 -12.33 -0.047 0.0080 0.016 -0.19

Likelihood ratio test = 30.38, p = 3.324 x 10-5

Stepwise selection => CSH TLG

p value 0.004** 0.02*
b -8.52 0.0023Likelihood ratio test = 27.71, p = 9.60 x 10-7

Dichotomized variables

SUVmax CSH MTV TLG DS=5 AGE (cont) SEX
p value 0.06 0.03* 0.53 0.33 0.84 0.82 0.9

b 1.969 -2.257 -0.49 1.124 0.272 0.007 -0.088

SUVmax CSH

p value 0.0075** 0.0073**
b 2.01 -2.28

Likelihood ratio test = 29.51,   p = 4 x 10-7

Likelihood ratio test = 31.3, p = 5.4 x 10-5

In multivariate stepwise Cox regression analysis with continuous variables, only 
the CSH term was found to be statistically significant.

In multivariate Cox regression with dichotomized variables, likewise only the CSH 
was found to be statistically significant.

In univariate group discrimination analysis, CSH for the PD group was significantly 
lower compared to CCR group (p<0.0001). In other words, lesions in subjects with 
progressive disease were significantly more heterogeneous.

Other metrics (SUVmax, TLG, MTV) were also found to be significant 
discriminators.

CSH had the highest area under the ROC (AUROC) of 0.90 among all imaging 
metrics (second best SUVmax, AUC = 0.85). 

In univariate survival analysis with dichotomized variables, CSH was highly 
significant, with a hazard ratio (HR) of 17.45 between the low-CSH and high-CSH 
groups. In comparison, the HR for the Deauville score of 5 vs. <5 was 14.89.
The table below shows data for 6 different univariate models.

In keeping with previous work on pre-treatment PET [ref], the following metrics were 
computed: 

• SUVmax
• total lesion glycolysis (TLG)

• metabolic tumor volume (MTV) 
• cumulative SUV histogram (CSH)

CSH was used as a measure of metabolic heterogeneity. Feature values for post-
chemotherapy PET were found to be substantially different from those computed at 
baseline by Ceriani et al. [3].

The following analysis steps were performed:
• Univariate discrimination analysis between the continuous complete remission 

(CCR) and PD groups
• Receiver operating characteristic (ROC) analysis
• Univariate survival analysis and multivariate Cox proportional hazards regression 

with continuous and dichotomized variables
Deauville scores, sex, and age were used as covariates.

With added stepwise variable selection, only lower CSH and elevated TLG remained 
independently associated with shorter progression-free survival.

DS = Deauville score

Stepwise selection =>

With stepwise selection, only CSH and SUVmax remained in the final model; The 
terms for Deauville scores, age and sex were eliminated.
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