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Abstract

[18F] fluorodeoxyglucose (FDG) — positron emission tomography (PET)/computed tomography
(CT) is used to stage and assess response in DLBCL, though the prognostic value of tumor metrics
calculated from interim scans remains unsolved. We investigated the predictive value of interim
and end-of-treatment (EOT) metabolic tumor volume (MTV) and total lesion glycolysis (TLG) on
progression-free survival (PFS) at 24 months in patients with DLBCL treated with R-CHOP.
Controlling for pre-treatment MTV, a positive interim MTV was highly correlated with (0.86) and
a significant predictor of a positive EOT MTV (p = 0.03). Interim MTV >0 (HR 5.51, CI 1.13,
26.79) and EOT MTV > 4.68 (HR 10.75, Cl 1.31, 105.48) were significant predictors of PFS24.
Our data shows PET-derived metrics of pre-treatment and interim MTV offer significant predictive
value for EOT response and PFS, and can guide future response-adapted treatment approaches for
DLBCL patients that build on the R-CHOP backbone.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is an aggressive non-Hodgkin lymphoma with
heterogeneous clinical outcomes following treatment with standard rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP). Currently, DLBCL
initial staging utilizes [18F] fluorodeoxyglucose (FDG) — positron emission tomography
(PET)/computed tomography (CT) imaging to define a modified Ann Arbor stage. PET/CT
imaging can provide valuable measurements of tumor metabolism and activity both prior to
and during treatment. Developing tools to identify patients who could benefit from alternate
or response-adapted therapies addresses an unmet need for improving DLBCL patient
outcomes?. PET-derived metrics include: tumor maximum standardized uptake value (SUV);
metabolically active tumor volume (MTV), calculated as the total volume of tumor with
FDG uptake; and total lesion glycolysis (TLG), the sum of tumor volume weighted by the
intensity of FDG uptake. Several existing data sets indicate pre-treatment PET-derived tumor
metrics may be valuable in guiding clinical and therapeutic decisions -4, though the value
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of intra-treatment PET-derived tumor metrics remains less clear. We performed a
retrospective analysis to assess the prognostic value of PET/CT-derived metrics measuring
tumor burden and metabolism, specifically metabolic tumor volume (MTV) and total lesion
glycolysis (TLG), for predicting progression-free survival (PFS) in patients with DLBCL
treated with R-CHOP chemotherapy.

Materials and Methods:

Study population

After approval by the Emory University Institutional Review Board, we utilized published
methods, pathology and medical records to identify patients who were diagnosed with
DLBCL as defined by the World Health Organization classification system®. Patients
diagnosed with biopsy-proven DLBCL at Emory University between 2005-2016 were
eligible. Patients who received R-CHOP chemotherapy as first line treatment were included
if there was available information for date of last contact or date of death, LDH at time of
diagnosis, and the patient had PET/CT scans performed pre-treatment, during treatment at
any time point after cycle 2 until after cycle 4, and at end of treatment after cycle 6 of R-
CHOP.

PET/CT Parameters and molecular analysis

All patients underwent FDG-PET from mid-thigh to the base of the skull according to
Emory University protocols. DICOM images were transferred to MIM, medical imaging
software for manipulation of PET, CT, PET/CT and SPECT/CT images ©. Using this
software, a region of interest was drawn over lesions exhibiting SUV threshold greater than
4, as suggested in previous literature demonstrating that this approach increased specificity
for tumor and yielded high interobserver reproducibility.”.8 MTV was calculated as the
volumetric sum of nodal and extranodal regions of interest. TLG was also obtained using
MIM software, calculated as the sum of MTV weighted by intensity of SUV uptake. Bone
marrow, spleen and liver involvement were included only if there was focal uptake. Cell of
origin and LDH at diagnosis were recorded when available in biopsy reports and laboratory
data review. PFS was chosen as the endpoint to evaluate the prognostic significance of
PET/CT tumor metrics, calculated from pre-treatment to the first recording of disease
progression or death from any cause. Patients treated with rituximab containing
anthracycline-based regimen who are alive without progression at 24 months from the
initiation of therapy were recently demonstrated to experience survival that is similar to age
and sex-matched controls.® PFS at 24 months (PFS24) was examined as a secondary
endpoint.

Statistical Analysis

Univariate analysis was used to examine the relationship between interim MTV and end of
treatment MTV and LDH (defined as high > 200 or normal < 200) at time of diagnosis.
Logistic regression was used to examine the predictive value of pre-treatment and interim
MTYV on EQT PET results as well as the relationship between LDH and pre-treatment MTYV.
The Kaplan—Meier estimator and Cox proportional hazard models were used to estimate
hazard ratios (HR) and 95% confidence intervals (ClI) for positive pre-treatment MTV,
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interim MTV, EOT MTYV, subtype and LDH at diagnosis. Receiver operating characteristic
(ROC) curves were constructed examining pre-treatment, interim, and post-treatment MTV
as predictors of PFS24.

Fifty-five patients met inclusion criteria and had clinical characteristics distributed as shown
in Table 1. Mean values and ranges for pre-treatment and interim and end of treatment MTV
and TLG are shown in Table 2. The mean pre-treatment MTV was 261 ml (range 4.26 —
1,327 ml) and mean TLG was 2033.768 mI*SUVy,, (range 24.48-8,783 mI*SUVy,,) for
GCB DLBCL and were 383 ml (range 12.82 — 1,488 ml) and 4344.058 (range 85.29 —
16,180 mI*SUVy,,) for non-GCB DLBCL, respectively. Receiver operating characteristic
curve analysis determined optimal cutoffs of pre-treatment MTV at 121 ml, interim MTV at
0 ml and EOT MTV at 4.68 ml for predicting PFS24 (Figure 1). Univariate analysis of pre-
treatment MTV revealed non-GCB DLBCL and LDH > 200 were associated with higher
pre-treatment MTV. Figure 2 plots pre-treatment MTV values by DLBCL subtype and
baseline LDH.

Interim MTV was highly correlated with EOT MTV (r=0.86). After controlling for pre-
treatment MTV, interim MTV > 0 was a significant predictor of a EOT MTV > 0 (OR 9.07,
Cl 1.26, 88.55) p = 0.03). In contrast, pre-treatment MTV, pre-treatment TLG and interim
TLG were not significant predictors of positive interim or EOT scans.

Kaplan-Meier survival curves and Cox regression analyses demonstrated that positive
interim MTV and positive EOT MTV were associated with a significant difference in PFS
(Figure 3). In separate multivariable regression models controlling for pre-treatment MTV,
Interim MTV >0 (HR 5.51, CI 1.13, 26.79) and EOT MTV > 4.68 (HR 10.75, CI 1.31,
105.48) were significant predictors of PFS. Similar findings were observed for interim and
EOT TLG (Figure 4).

Discussion:

Standard clinical prognostication of DLBCL relies on the international prognostic index
(IP1) and its improved successors, R-1P1 and NCCN-IPI 1011 However, due to the high
heterogeneity of this disease, the IPI system has functional limitations in predicting survival
for all patients, and there is an urgent need for more accurate and dynamic prognostic
markers. Risk stratification by cell of origin, double hit, double expressor, and genomic
prognostic factors have been developed 12-16 but have not been adopted broadly in clinical
medicine and are static factors identified at diagnosis that do not address the changes in
outcomes that can be influenced by ongoing treatment. In this study, we have shown that
PET-CT derived tumor metrics allow dynamic reassessment of tumor response to therapy
beyond a static pre-treatment model, offering prognostic information that can alter treatment
regimens in a response-adapted manner.

A retrospective study comparing the prognostic value of pre-treatment MTV to NCCN-IPI
score found NCCN-IPI to be the only significant independent predictive factor of PFS and
0S 17719, concluding that PET-CT derived tumor metrics did not offer prognostication
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beyond that which is provided by the NCCN-IPI at time of diagnosis. Interestingly, the
current study also demonstrates that baseline metrics of tumor volume and metabolic activity
do not hold prognostic value; however, these findings run contrary to previous reports in the
literature 42021 Xje et al performed a metaanalysis on the predictive value of PET-CT
derived metrics, including seven studies totaling 702 patients. The analysis concluded high
pre-treatment MTV was significantly associated with inferior survival in DLBCL patients
treated with first-line R-CHOP and was the only independent predictor for PFS and OS as
compared to SUV and TLG20. However, several methodological limitations of the included
studies may make interpretation of these results difficult. Individual studies were not always
adequately powered; the lowest number of patients included was 20 in one trial20.
Additionally, disease characteristics were heterogeneous, with some studies excluding high
risk patients, or including primarily low-risk patients as designated by IPI at time of
diagnosis20. Additionally, for most studies, users were not blinded to outcomes when
defining regions of interest on PET-CT.

In contrast, Jiang et al demonstrated in a retrospective study that interim PET-CT scans
provided prognostic information for PFS and OS in DLCBL patients treated with R-
CHOPZ’_ Interim PET-CT scans were obtained after cycle 4 of R-CHOP chemotherapy and
assessed for FDG avidity as a surrogate of metabolic tumor activity using the standardized
5-point Deauville criteria, and classified as either positive (scores 4-5) or negative (scores
1-3)27. For most groups and particularly for high-IPI score patients, a positive interim PET-
CT portended poorer PFS and OS than for patients with negative interim PET-CT scans in
the same IPI score category, thus improving risk stratification into treatment beyond that
seen at diagnosis?’.

Our results confirm previous reports of interim PET-derived tumor metrics demonstrating
prognostic value in DLBCL27:28, We identified that interim MTV provides predictive value
for positive EOT MTYV, and furthermore predicts worse PFS (Figure 3). EOT MTV also
predicted worse PFS; taken together, these data suggest that PET/CT at both timepoints can
be useful predictors of PFS (Fig 3). This makes intuitive sense when correlating with the
biology of the disease; namely, that a greater change in metabolically active tumor can serve
as a surrogate marker for tumor sensitivity and improved response rates to chemotherapy.
Because PET-CT derived tumor metrics reflect the metabolic characteristics of individual
disease, they have the potential to improve the accuracy of prognostication beyond a static
model. In contrast, cell of origin did not hold prognostic value in this study. Furthermore,
LDH at diagnosis, though included in the NCCN-IPI for prognostication, did not hold
prognostic value in our study for PFS24; however, a small sample size makes interpretation
of these results difficult.

Several limitations exist in this study, which may affect interpretation of results. Our study
included only fifty-five patients, involved single center bias and was retrospective in nature,
and thus may have been underpowered to detect significant differences in predictors of
interest. As a result, we limited analyses to univariate or simple multiple variable models.
Also due to the retrospective nature of this study, the timing of interim PET/CT scans were
subject to provider variability as observed in clinical practice. Furthermore, our threshold for
disease was an SUV > 4, as determined by previous reports and to improve reproducibility 8;
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however, there is no consensus on appropriate SUV thresholds and several have been
reported in the literature 3421, Determining a standard SUV threshold is difficult, as FDG is
not a tumor-specific substance and may accumulate in inflammatory and physiologic
anatomic sites, leading to false-positive or false-negative interpretations of tumor activity
depending on operator interpretation. Differing thresholds may thus contribute to the
variability and poor reproducibility of these studies. Additionally, users were not blinded to
outcome when defining regions of interest and subsequent MTV calculations. Variability in
user expertise for obtaining regions of interest may have affected data acquisition, though we
attempted to minimize heterogeneity by using a highly reproducible SUV threshold,
program-automated regions of interest based on SUV threshold, and cross-referencing
regions of interest with an experienced nuclear radiologist. Additionally, while all patients
were initially treated with R-CHOP chemotherapy, a few underwent subsequent
modifications in treatment regimens with intensification or transplant, leading to
heterogeneity in treatment among patients that may influence PFS. Notably, this analysis did
not address the value of interim and EOT PET/CT in patient groups with aggressive
lymphomas such as double hit lymphoma. These patients are typically treated with more
intensive regimens rather than R-CHOP based on data from a previous analysis’®.
Additional studies examining the value of interim and EOT PET/CT in these patient groups
are needed. Finally, our statistical analysis used retrospective ROC values to determine
optimal cutoffs for PFS, which may have overestimated prognostic value.

Conclusions:

PET-derived metrics of interim MTV and TLG offer significant predictive value for end of
treatment response and PFS, and can guide future response-adapted treatment approaches
for DLBCL patients that build on the R-CHOP backbone. Interim and EOT MTV and TLG
provide value in DLBCL risk stratification and can be incorporated into updated integrative
prognostic models that provide dynamic prognostication beyond that offered by the current
IP1 system. For example, patients who have positive interim PET-CT scans may have an
indication for earlier treatment interventions, which could include stem cell transplantation,
chimeric antigen receptor (CAR) T-cell based therapies, or intensification of the
chemotherapy regimen, which have been used effectively in high risk DLBCL 1522.23_ Qur
findings can help determine optimal timing of interim PET/CT scans and the magnitude of
effect expected. Interim PET/CT should also be considered in clinical studies evaluating
PET-adapted therapy for DLBCL. Larger outcomes studies based on secondary analyses of
clinical trials data or large observational cohort studies are needed to confirm these findings
and validate them in clinical practice.
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Figure 1: Receiver operating characteristic curvesfor pre-treatment, interim, and end of
treatment metabolic tumor volume (MTV)
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Table 1:
Patient Characteristics (n=55)
Median (Range)
Age 63 (24 - 93)
Number (%)

Male/Female 29 (53) /26 (47)
NCCN-IPI Factors

< 40 years 7(13)

41 - 60 years 14 (25)

61 - 75 years 24 (44)

>75 years 10 (18)

ECOG PS> 1 4(7)

LDH normal 39 (71)

LDH > normal < 3x ULN 13 (24)

LDH > 3x ULN 3(5)

Stage H1/1V 21 (38)

Extranodal involvement * 21(38)
NCCN-IPI score

Low risk (0-1) 6 (11)

Low intermediate risk (2-3) | 34 (62)

High intermediate risk (4-5) | 12 (22)

High risk (> 6) 3(5)
Non-GCB subtype 19 (34)
GCB subtype 18 (33)
Unreported subtype 18 (33)

*
Disease in bone marrow, CNS, liver/GI tract, or lung
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Table 2:
Mean metabolic tumor volume (MTV) and total lesion glycolysis (TLG) pre-treatment,
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interim and end of treatment PET/CT scans

Pre-Treatment

Interim

End of Treatment

Mean MTV (range) ml

304 (4.26 — 1,488)

24.04 (0 - 446)

23.61 (0 - 396)

Mean TLG (range) mI*SUVy,, | 3068 (24.48 — 16,180)

229 (0 - 7362)

191 (0 - 5679)
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