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Abstract 

Guideline recommendations for diffuse large-B-cell lymphoma treatment are shifting from long to short treat- 
ment duration. Using a Markov model, we evaluated the cost-effectiveness of this shortening in treatment 
duration, separately in I-PET positive and I-PET negative patients. We showed that this shift is justified for 
I-PET negative patients, but not for I-PET positive patients as shortening treatment duration in these patients 

has harmful consequences. 
Background: Guideline recommendations for diffuse large-B-cell lymphoma (DLBCL) treatment are shifting from long 

to short treatment duration, although it is still unclear whether shortening treatment duration does not cause any harm. 
As interim PET (I-PET) has high negative predictive value for progression, we evaluated the cost-effectiveness of short- 
ening treatment duration dependent on I-PET result. Materials and Methods: We developed a Markov cohort model 
using the PET Re-Analysis (PETRA) database to evaluate a long treatment duration (LTD) strategy, ie 8x R-CHOP 

or 6x R-CHOP plus 2 R, and a short treatment duration (STD) strategy, ie 6x R-CHOP. Strategies were evaluated 

separately in I-PET2 positive and I-PET2 negative patients. Outcomes included total costs and quality-adjusted life- 
years (QALYs) per patient (pp) from a societal perspective. Net monetary benefit (NMB) per strategy was calculated 

using a willingness-to-pay threshold of €50,000/QALY. Robustness of model predictions was assessed in sensitivity 
analyses. Results: In I-PET2 positive patients, shortening treatment duration led to 50.4 additional deaths per 1000 

patients. The STD strategy was less effective (-0.161 [95%CI: -0.343;0.028] QALYs pp) and less costly (- €2768 [95%CI: 
- €8420;€1105] pp). Shortening treatment duration was not cost-effective (incremental NMB - €5281). In I-PET2 negative 

patients, shortening treatment duration led to 5.0 additional deaths per 1000 patients and a minor difference in effective- 
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ness (-0.007 [95%CI: -0.136;0.140] QALY pp). The STD strategy was less costly (- €5807 [95%CI: - €10,724;- €2685] pp) 
and led to an incremental NMB of €5449, indicating that it is cost-effective to shorten treatment duration. Robustness of 
these findings was underpinned by deterministic and probabilistic sensitivity analyses. Conclusion: Treatment duration 

should not be shortened in I-PET2 positive patients whereas it is cost-effective to shorten treatment duration in I-PET2 

negative patients. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 22, No. 6, 382–392 © 2021 The Author(s). Published by Elsevier Inc. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Introduction 

Non–Hodgkin lymphoma (NHL) is a heterogeneous disease with
diffuse large B-cell lymphoma (DLBCL) accounting for around
one-third of all NHLs. 1 First-line treatment of DLBCL generally
consists of R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisone) chemotherapy. 2 A recent trial reported
that 3-year progression-free-survival (PFS) in DLBCL patients
undergoing R-CHOP treatment was 67% whereas 3-year overall
survival was 81%. 3 Although R-CHOP treatment cures 60%-70%
of patients, 4 it is considered as burdensome. Patients experience
side-effects such as fatigue and nausea and are at increased risk for
infections. 5 

The Dutch guideline recommends 8x R-CHOP for patients aged
≤ 60 years and 6x R-CHOP plus 2 R in patients aged > 60 years. 2

The latter recommendation is based on the RICOVER-60 trial
that compared 6x R-CHOP plus 2 R to 8x R-CHOP in elderly
patients. 5 Several studies have assessed the potential of a shorter
treatment duration to reduce treatment burden. For example, the
MInT trial, which compared 6x R-CHOP to 6x CHOP, showed
excellent health outcomes for patients receiving 6x R-CHOP. 6 In
addition, the FLYER trial showed that 4x R-CHOP plus 2 R was
non–inferior to 6x R-CHOP. 7 However, these studies only included
young patients with a good prognosis and did not compare short to
long treatment duration. 

Thus, the question remains whether shortening treatment
duration in DLBCL does not cause any harm. As interim
18 F-fluorodeoxyglucose positron emission tomography computed
tomography (I-PET) has high negative predictive value for progres-
sion, 8 it may be a suitable tool to differentiate between patients
who will benefit from shortening treatment duration and patients
that do not. This is underpinned by findings of the PETAL trial
in which patients with a negative I-PET after 2 treatment cycles (I-
PET2) were randomized to either short (6x R-CHOP) or long (6x
R-CHOP plus 2 R) treatment duration. 9 Study findings indicated
no significant difference in event-free survival between these treat-
ment arms (HR 1.048, 95% CI: 0.684;1.606). It should be noted
that the confidence interval was rather wide because the analysis was
based on only 255 patients, indicating considerable uncertainty. In
addition, it remains unclear if treatment duration can also be short-
ened in I-PET2 positive patients. Therefore, we aimed to assess the
cost-effectiveness of shortening treatment duration in both I-PET2
positive and I-PET2 negative DLBCL patients using the PET Re-
Analysis (PETRA) database. 10 
Materials and Methods 

Model 
We constructed a Markov cohort model with a 5-year time

horizon, which predicts disease progression in patients with
DLBCL. Health states in the model were “diagnosis,” “progression”
and “death.” Figure 1 shows a flowchart of the model. 

Data from the PETRA database was used for model quantifi-
cation. This database consisted of individual patient level data
from 8 high quality clinical studies which conducted I-PET in
NHL patients. 10 Individual study protocols had been approved by
local institutional review boards, with written informed consent by
all participants in each study. To inform the model, we selected
studies that conducted I-PET after 2 treatment cycles (I-PET2)
and prescribed either 6 cycles of R-CHOP, 6 cycles of R-CHOP
plus 2 R or 8 cycles of R-CHOP. 9 , 11–14 From these studies, we
selected DLBCL patients aged > 18 years without missing values
on relevant covariates. Furthermore, among patients receiving long
treatment duration only those patients treated according to current
Dutch guideline recommendations were included, ie 8x R-CHOP
for patients aged ≤ 60 years and 6x R-CHOP plus 2 R in patients
aged > 60 years. 2 Our final selection consisted of 809 patients
(Appendix 1). Of these patients, 29% had progression of disease
and 20% had died within 2 years of follow-up. 

Each transition to another health state in the Markov model was
parameterized using parametric survival models including relevant
prognostic and predictive covariates. Appendix 2 provides a detailed
description of the Markov model, its parameterization and model
parameters. The model included 16 subgroups based on age ( ≤ 60
and > 60 years), Ann Arbor stage (I & II and III & IV), treatment
duration (long and short) and I-PET2 result (positive and negative).
Subgroups were weighted such that the distribution of age and stage
was comparable to that of the studies on which the survival analyses
were based. 

Strategies 
We evaluated a long and short treatment duration strategy. The

long treatment duration (LTD) strategy, which was considered
as the reference strategy, consisted of treatment according to the
current Dutch guideline. 2 Patients aged ≤ 60 were treated with
8 cycles of R-CHOP21 followed by an end-of-treatment (EoT)
PET scan whereas patients > 60 received 6 cycles of R-CHOP21
followed by 2 cycles of R and an EoT PET scan. In the short treat-
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Figure 1 Flowchart of the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

384 
ment duration (STD) strategy, all patients received 6 cycles of R-
CHOP21, followed by an EoT PET scan. In both strategies, patients
entered surveillance consisting of a 3-monthly consult and physi-
cal examination in the first year after treatment has ended. 15 This
sur veillance inter val was gradually increased over time. Patients with
progression were referred to second-line treatment, as described in
more detail in Appendix 3. 

Both strategies were evaluated for I-PET2 positive and I-PET2
negative patients separately. The I-PET result was based on the
Deauville 5-point scale for which we defined DS4-5 as I-PET
positive. 16 

Quality of Life and Costs 
We used data from the PETAL study and the literature to incor-

porate quality of life (QoL) estimates in the model, as explained
in more detail in Appendix 4. 9 , 17 , 18 Costs were based on standard
costs, tariffs and the literature using a societal perspective. Costs
included, amongst others, first-line treatment, PET scans, serious
adverse events, surveillance and second-line treatment ( Table 1 ).
The costs of serious adverse events were included as hospital admis-
sion costs. 19 We assigned end-of-life care costs for patients with
progression who are not eligible for R-DHAP and/or autologous
stem cell transplantation. 20 We also included patient’s travel costs
and costs due to productivity losses. All costs were converted to 2020
Euros using the consumer price index. 21 

Harms 
We accounted for serious adverse events (SAEs), toxicities due

to treatment and treatment drop-out as these affect costs and/or
quality of life ( Table 1 ). The probability of a SAE per treatment
cycle, ie 11%, was based on the HOVON-84 and PETAL studies
(N = 1037). 9 , 22 On average, patients were admitted for ten days
to the hospital. The proportion of patients with severe toxicities
per cycle (scores 3 or 4 on the common terminology criteria for
adverse events) was based on the PETAL study (N = 539). 9 For
treatment cycles 7 and 8, we differentiated between R treatment and
R-CHOP treatment. Treatment drop-out, defined as the proportion
of patients that stop treatment due to unacceptable toxicities, was
Clinical Lymphoma, Myeloma and Leukemia June 2022 
based on the HOVON-84 study 22 (N = 497). We assumed that
these patients received an EoT PET scan after treatment was ended.

Base-Case Analysis 
For each strategy, for I-PET2 positive and I-PET2 negative

patients separately, we determined the number of patients with
progressive disease, the number of deaths, life-years (LYs), quality-
adjusted life-years (QALYs) and costs. Costs and effects (LYs and
QALYs) were discounted at 4.0% and 1.5%, respectively. 23 Subse-
quently, we compared the STD strategy to the LTD strategy by
calculating the incremental net monetary benefit (iNMB) as follows:
(incremental QALYs x willingness-to-pay) – incremental cost), using
a willingness-to-pay value of €50,000 per QALY. A strategy was
considered as cost-effective when the iNMB was greater than zero. 

Threshold Analyses 
As there were only limited data available for estimating QoL

scores, we conducted 2 threshold analyses. In the first threshold
analysis, we systematically decreased the QoL estimates of treatment
cycle 7 and 8 with steps of 0.01 until the STD and LTD strategy led
to equal QALYs. In the second threshold analysis, we systematically
increased the QoL estimate of progression with steps of 0.05 until
the STD and LTD strategy led to equal QALYs. 

Sensitivity Analyses 
To assess the robustness of our results, we performed 3 deter-

ministic sensitivity analyses in which one parameter was changed
compared to the base-case analysis. First, we conducted a sensitiv-
ity analysis in which the costs of rituximab were lowered by 50%
as there are also cheaper biosimilars available. Secondly, we based
the probability of severe toxicities in treatment cycles 1-6 solely on
cycle 3 of the PETAL study as treatment cycle 2 was the only cycle
consisting of R-CHOP21. All other cycles consisted of R-CHOP14.
Thus, patients got 1 additional week to recover in cycle 2, leading
to fewer toxicities in cycle 3. In the third sensitivity analysis, we
changed the definition of a positive I-PET from DS4-5 to a reduc-
tion of the standardized uptake value ( �SUV) by 66% as previous
studies indicated that �SUV may have higher predictive value to
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Table 1 Model Parameters Regarding Treatment, Quality of Life Estimates and Costs 

Model parameter Value Reference 
Stage and age distribution in I-PET2 negative patients 9 , 11–14 

Stage I & II ≤ 60 y 
Stage I & II > 60 y 
Stage III & IV ≤ 60 y 
Stage III & IV > 60 y 

24% 

19% 

26% 

31% 

Stage and age distribution in I-PET2 positive patients 9 , 11–14 

Stage I & II ≤ 60 y 
Stage I & II > 60 y 
Stage III & IV ≤ 60 y 
Stage III & IV > 60 y 

22% 

13% 

31% 

34% 

Proportion of patients with severe toxicities 9 

Cycle 1-6 
Cycle 7 (R-CHOP treatment) 
Cycle 7 (R treatment) 
Cycle 8 (R-CHOP treatment) 
Cycle 8 (R treatment) 

9.6% 

a 

10.8% 

5.8% 

12.5% 

3.0% 

Treatment drop-out 22 

Cycle 1 b 

Cycle 2 b 

Cycle 3 
Cycle 4 
Cycle 5 
Cycle 6 
Cycle 7 
Cycle 8 

0% 

0% 

0.2% 

0.4% 

1.2% 

1.8% 

6.7% 

7.2% 

Serious adverse events 9 , 22 

Probability SAE per treatment cycle 
Number of days of hospital admission per SAE 

11% 

10 

Quality of life estimates c 9 , 17 , 18 

At baseline: 
Diagnosed with stage I & II 
Diagnosed with stage III & IV 

After 2 treatment cycles: 
No severe toxicities 
With severe toxicities d 

At the end-of-treatment PET scan: 
No severe toxicities 
With severe toxicities d 

Under surveillance: 
1-36 months after treatment has ended 
Three years after treatment has ended onwards 
Progression 

0.61 
0.53 

0.53 
0.49 

0.51 
0.42 

0.59 
0.85 
0.39 

Costs e 

PET scan 1117 31 

PET-CT scan 1307 31 

Outpatient visit 96 19 

Day care treatment 319 19 

R-CHOP medication (per cycle) f 3581 32 , 33 

R medication (per cycle) f 1626 32 , 33 

( continued on next page ) 

Clinical Lymphoma, Myeloma and Leukemia June 2022 385 
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Table 1 ( continued ) 

Model parameter Value 
Reference 

Intravenous administration 16 34 

Hospital admission (per d) 501 19 

R-DHAP medication f , g 1923 32,33 

Autologous stem cell transplantation h 51,102 35 

End-of-life care 26,034 20 

Travel costs per hospital visit 3 19 

Average costs per patient per cycle due to productivity losses i 1914 21 

a This proportion applies per cycle. 
b In this study, patients who stopped treatment before I-PET2 were excluded. 22 

c A detailed explanation on the implementation of these quality-of-life estimates in the model is provided in Appendix 4. 
d We assumed that this quality of life estimate also applies to patients who stopped treatment due to unacceptable toxicities. 
e Costs are in 2020 Euros. 
f To determine costs of medication administered based on body size, we assumed that each patient has a body surface of 1.7 m2. R-CHOP is intravenously administered in the outpatient clinic. For 
R-DHAP, 5 days of hospital admission are required 2 
g Only individuals aged < 70 years with progression are referred to second-line treatment with R-DHAP. Of the cohort aged ≥ 60 years, 35% is aged between 60 and 70 years and is thus eligible for 
R-DHAP. 36 

h 60% of individuals that underwent R-DHAP treatment will be eligible for autologous stem cell transplantation. 37 

i Costs due to productivity losses for patients below the retirement age, ie < 65 years, 21 was calculated using the friction cost approach assuming a friction period of twelve weeks 19 
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discriminate responders and non–responders at I-PET. 24 , 25 Further-
more, as treatment in the long treatment duration strategy differs
for patients ≤ 60 and > 60 years, we repeated the base-case analysis
separately for each age category. 

To assess joint parameter uncertainty, we conducted a probabilis-
tic sensitivity analysis (PSA) using Monte Carlo simulation. We
randomly sampled 1000 parameter sets by assigning a distribution
to all model parameters. Subsequently, all strategies were evaluated
in each parameter set. Results were depicted in cost-effectiveness
planes and cost-effectiveness acceptability curves (CEAC) 26 and
were also used to calculate 95% credibility intervals (CI) around
the base-case costs and effects estimates. 

Results 

Table 2 shows the base-case results for each strategy separately for
I-PET2 positive and I-PET2 negative patients. In I-PET2 positive
patients, shortening treatment duration led to 89.6 additional
patients with progression and 50.4 additional deaths per 1000
patients. In addition, the STD strategy led to -0.161 (95%CI: -
0.343;0.028) QALYs per patient (pp). On the other hand, this
strategy was less costly (- €2768 [95%CI: - €8420; €1105] pp). The
iNMB for the STD versus the LTD strategy was - € 5281 (95%CI:
-17,854;8663), indicating that shortening treatment duration is not
cost-effective for I-PET2 positive patients. 

In I-PET2 negative patients, shortening treatment duration led
to 8.9 additional patients with progressive disease and 5.0 additional
deaths per 1000 patients. The difference in effectiveness between the
STD and LTD strategies was -0.007 (95%CI: -0.136;0.140) QALY
pp and the difference in costs was - €5807 (95%CI: - €10,724;-
€2685) pp. The iNMB was €5449 (95%CI: -3900;15,689), indicat-
ing that it is cost-effective to shorten treatment duration in I-PET2
negative patients. Note that in I-PET positive as well as in I-PET
negative patients, the lower costs for the STD strategy were mainly
due to a decrease in first-line treatment costs. 
Clinical Lymphoma, Myeloma and Leukemia June 2022 
Threshold Analyses 
Figure 2 shows the results of the threshold analyses. In I-PET2

positive patients, decreasing the QoL estimate for treatment cycles
7 and 8 never led to equal QALYs for the STD and LTD strategies,
not even when the QoL estimate was set to zero. Similarly, increasing
the QoL estimate for progression never led to equal QALYs for the
STD and LTD strategies. 

In I-PET2 negative patients, the QoL estimate for treatment
cycles 7 and 8 had to be decreased by 0.07 to lead to equal QALYs
for both strategies. The QoL estimate for progression had to be
increased by 0.45 to lead to equal QALYs for both strategies. 

Sensitivity Analyses 
Appendix Table A3 shows the results of the deterministic sensitiv-

ity analyses and the analysis in which we stratified by age category.
Decreasing the costs of rituximab, lowering the probability of severe
toxicities and repeating the analysis for patients ≤ 60 and > 60
separately led to similar results as the base-case analysis. When
applying �SUV response criteria for I-PET, the number of patients
with progressive disease increased by more than 50% in I-PET2
positive patients, both in the LTD and STD strategies, compared to
the base-case analysis. Therefore, shortening the treatment duration
was not cost-effective in this patient group, which is in agreement
with the base-case result. In I-PET2 negative patients, the number of
patients with progressive disease in the LTD group was similar to the
base-case analysis but increased in the STD group, leading to 45.0
additional patients with progression in the STD group versus the
LTD group. Also, the difference in effectiveness increased consider-
ably to -0.074 QALYs pp, compared to the base-case results. Despite
the lower effectiveness of the STD strategy, it was still considered
cost-effective to shorten treatment duration with an iNMB of €765.

Figures 3 and 4 show the results of the PSA. In I-PET2 positive
patients, the majority of PSA runs (85%) indicated that shortening
treatment duration is less effective and less costly, which is consis-
tent with the results of the base-case analysis. The CEAC indicated
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Table 2 Results of the Cost-Effectiveness Analysis Separately for I-PET2 Positive and I-PET2 Negative Patients. Costs (in Euros) Were Discounted at 4.0% Whereas Effects Were 
Discounted at 1.5% 

23 

Strategy Number of 
patients with 
progressive 

disease a 

Number 
of 

deaths a 

LYs QALYs (95%CI) Costs of 
first-line 
treatment 

Costs of PET 
scans during 

first-line 
treatment 

Costs of 
progres- 

sion 

Total costs (95% 

CI) 
iNMB 

b 

I-PET2 positive patients 
Long treatment duration 
Short treatment duration 
Difference c 

213.0 
302.6 
89.6 

215.6 
266.0 
50.4 

4.223 
4.063 
-0.160 

2.743 (2.475;2.993) 
2.582 (2.344;2.794) 

-0.161 (-0.343;0.028) 

27,845 
22,350 
-5495 

3510 
3491 
-19 

8993 
12,789 
3796 

52,904 (43,726;74,786) 
50,136 (42,283;66,612) 
-2768 (- €8,420; €1105) 

Reference 
-5281 (-17,854;8663) 

NA 

I-PET2 negative patients 
Long treatment duration 
Short treatment duration 
Difference c 

146.5 
155.4 
8.9 

182.3 
187.3 
5.0 

4.326 
4.311 
-0.015 

2.859 (2.600;3.096) 
2.852 (2.619;3.074) 

-0.007 (-0.136;0.140) 

28,018 
22,801 

783 

3542 
3555 
13 

6114 
6487 
733 

50,320 (41,448;70,759) 
44,513 (37,114;60,856) 

-5807 (- €10,724;- €2685) 

Reference 
5449 (-3900;15,689) 

NA 

a In a cohort of 1000 patients in 5 years since diagnosis. 
b The iNMB was calculated as follows: (incremental QALYs x willingness-to-pay) – incremental cost), using a willingness-to-pay value of €50,000 per QALY. Incremental benefit was defined as incremental QALYs. 
c The long treatment duration strategy was considered as the reference strategy when calculating the difference between strategies. Abbreviations: iNMB = incremental net monetary benefit; LY = life-years; NA = not applicable; QALYs = quality-adjusted life-years. 
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Figure 2 Results of the threshold analyses in which the QoL estimate for treatment cycle 7 and 8 (A and B) or the QoL estimate 
for progression (C and D) was changed. The gray symbol indicates the result of the base-case analysis. In the first 
threshold analysis, the QoL estimate for treatment cycle 7 and 8 ∗ was decreased with steps of 0.01. To increase 
visibility, only results for a change in quality-of-life estimate with steps of 0.10 are depicted in Figure A. For the second 
threshold analysis, the QoL estimate for progression # was increased with steps of 0.05. Note that the scale differs 
between graph A and B and between C and D. 

∗In the base-case analysis, these estimates were 0.514 and 0.510 for cycle 7 and 8, respectively, in patients without severe toxicities. For patients with severe 
toxicities, these QoL estimates were 0.434 and 0.420. #In the base-case analysis the QoL estimate of progression was set at 0.39. 
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that up to a willingness-to-pay threshold of €16,000/QALY, the
STD strategy has the largest proportion of PSA samples with
the highest NMB. From €16,000/QALY onwards, the LTD strat-
egy has the highest NMB in the largest proportion of PSA
samples. 

In I-PET2 negative patients, 52% of PSA runs indicated that
shortening treatment duration is less effective and less costly, ie
similar to the base-case result. Moreover, almost half of the PSA
runs (48%) indicated that shortening treatment duration was more
effective and less costly, ie cost-saving. The CEAC indicated that for
all considered willingness-to-pay thresholds, the STD strategy has
the largest proportion of PSA samples with the highest NMB. At a
willingness-to-pay threshold of €50,000/QALY, the probability that
the STD strategy has the highest NMB was 87%. 

Discussion 

This study evaluated the cost-effectiveness of shortening treat-
ment duration dependent on I-PET result in DLBCL patients.
Clinical Lymphoma, Myeloma and Leukemia June 2022 
Our model-based analysis showed that for I-PET2 positive patients,
a short treatment duration is considerably less effective (89.6
additional patients with progression per 1000 patients and 0.161
less QALYs pp) compared to a long treatment duration. Although
the total costs per patient were lower in the STD strategy compared
to the LTD strategy ( €2768 difference), shortening treatment
duration was not considered cost-effective in this patient group at a
willingness-to-pay threshold of €50,000/QALY. In contrast, short-
ening treatment duration was cost-effective for I-PET2 negative
patients given a willingness-to-pay threshold of €50,000/QALY. In
these patients, shortening treatment duration led to a minor differ-
ence in effectiveness (8.9 additional patients with progression per
1000 patients and 0.007 less QALYs pp). The STD strategy was
also less costly compared to the LTD strategy ( €5807 difference).
Given a willingness-to-pay threshold of €50,000/QALY, shortening
treatment duration was cost-effective for I-PET2 negative patients.
Robustness of these findings was underpinned by deterministic and
probabilistic sensitivity analyses. 
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Figure 3 Incremental cost-effectiveness plane depicting the incremental discounted quality-adjusted life-years (QALYs) and 
incremental discounted costs ( €) for the short treatment duration strategy compared to the long treatment duration 
strategy in I-PET2 positive patients (A) and I-PET2 negative patients (B) for the base-case analysis and probabilistic 
sensitivity analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the subset of the PETRA database that was used for model
development, 59% of patients had a negative I-PET2. As DLBCL
treatment, and especially the last 2 treatment cycles, is considered
burdensome, 27 this raises the question whether a higher propor-
tion of patients can potentially be treated with a short treat-
ment duration. Eertink et al. (2021) indicated that the �SUV
response criteria at I-PET2 have a positive predictive value (PPV)
of 45.7% for progression-free survival whereas the currently used
DS4-5 response criteria have a PPV of 30.5%. 24 Therefore, we
conducted a sensitivity analysis in which we changed the defini-
tion of a positive I-PET from DS4-5 to �SUV with 66% cut-
off. Applying �SUV response criteria increased the percentage
of I-PET2 negative patients in the PETRA subset from 59%
to 88%. Results did not change for I-PET2 positive patients
compared to the base-case analysis. However, in I-PET2 negative
patients shortening treatment duration became considerably less
effective; prescribing a short treatment duration instead of a long
treatment duration led to 45 additional patients with progres-
sion and 25 additional deaths per 1000 patients. On the other
hand, it was still cost-effective to shorten treatment duration
in this patient group due to a reduction in treatment costs.
Although decreasing treatment duration was cost-effective using
either DS4-5 and �SUV as response criteria, decision makers
should take into account that the chosen I-PET response crite-
Clinical Lymphoma, Myeloma and Leukemia June 2022 389 
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Figure 4 Cost-effectiveness acceptability curves for I-PET2 positive (A) and I-PET2 negative (B) patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

390 
rion has consequences for the health effects in the popula-
tion. 

Our study confirms the findings of the PETAL trial that showed
no significant difference in event-free survival when treatment
duration was shortened in I-PET2 negative patients. 9 It should be
noted that the PETAL trial was used for model development in the
current study. In addition, our study suggests that a longer treat-
ment duration (ie 8x R-CHOP in patients ≤ 60 and 6x R-CHOP
plus 2 R in patients > 60) should be maintained in I-PET2 positive
patients, a question that was not addressed in the PETAL trial. This
conclusion is in line with the results of a randomized controlled trial
performed in the pre-rituximab era in 69 patients achieving a partial
(not complete) remission at interim staging as judged by computed
tomography. 28 Here, 8 cycles of CHOP tended to perform better
than 4 cycles of CHOP followed by high-dose chemotherapy (4-
year event-free survival: 53% vs. 41%; 4-year overall survival, 85%
Clinical Lymphoma, Myeloma and Leukemia June 2022 
vs. 56%), although these differences did not reach statistical signif-
icance. A substantial proportion of patients failing to achieve a
complete remission after the first few cycles of R-CHOP may be
slow responders who may benefit from systematic continuation of
anthracycline-based chemotherapy. 

Despite limited evidence, guideline recommendations for
DLBCL treatment are currently shifting from long to short treat-
ment duration. 29 , 30 Results of the current study indicated that this
shift is justified for I-PET2 negative patients. However, guideline
recommendations should potentially be reconsidered for I-PET2
positive patients as we showed that it is considerably less effec-
tive and not cost-effective to shorten treatment duration in these
patients. 

In this study, we assumed that patients who stopped earlier
with the assigned treatment regimen had the same progression-
free survival probabilities as patients who completed the full
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treatment regimen. Due to the relatively small number of patients
that dropped-out during treatment, it was not possible to estimate
separate sur vival cur ves for these patients. Nevertheless, the impact
on our results is likely to be small as only a small proportion of
patients drop-out. Note that we did take treatment drop-out into
account when calculating costs and QoL estimates. 

Conclusion 

This is the first study which has evaluated the cost-effectiveness of
a short treatment duration compared to a long treatment duration
in DLBCL patients, dependent on I-PET2 result. Our findings
indicate that treatment duration should not be shortened in I-
PET2 positive patients as this leads to harmful consequences in
these patients. For patients with a negative I-PET2, 6x R-CHOP
is the optimal treatment regimen as it leads to comparable effec-
tiveness at lower costs compared to 6x R-CHOP plus 2 R or 8x
R-CHOP. These findings suggest that the current shift in treat-
ment recommendations from long to short treatment duration for
all DLBCL patients, ie irrespective of I-PET2 result, should poten-
tially be reconsidered. 

Clinical Practice Points 
What is already known about this subject? 
Guideline recommendations for diffuse large-B-cell lymphoma

(DLBCL) treatment are shifting from long to short treatment
duration, although it is still unclear whether shortening treatment
duration does not cause any harm. 

What are the new findings? 
Our results show that in I-PET positive patients, shortening treat-

ment duration was less effective; ie 5 out of 100 I-PET positive
patients were predicted to die due to a shortening of treatment
duration. Furthermore, it was not cost-effective to shorten treatment
duration. For I-PET negative patients, our results show that short-
ening treatment duration led to a minor difference in effectiveness
and reduced total costs. The short treatment duration strategy was
considered cost-effective compared to the long treatment duration
strategy. The robustness of these results was underpinned by deter-
ministic and probabilistic sensitivity analyses. 

How might it impact on clinical practice in the foreseeable future? 
Our results indicate that the current shift in treatment recom-

mendations from long to short treatment duration for all DLBCL
patients, ie irrespective of I-PET result, should be reconsidered. We
show that this shift is justified for I-PET negative patients, but not
for I-PET positive patients as shortening treatment duration in these
patients leads to harmful consequences. These harms can easily be
avoided by elongating the treatment duration. 
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