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ABSTRACT 
We observed lack of clarity and c onsist ency in end point definitions of large randomized clinical trials 
in diffuse large B-cell lymphoma. These inc onsist encies are such that trials might, in fact, address 
different clinical questions. They c omplicat e int erpretation of results, including comparisons across 
studies. Pr oblems arise fr om differ en t w ay s t o ac c oun t for even ts occur r ing after randomization 
including absence of impr ov ement in disease status, treatment discontinuation or the initiation of 
new therapy. We call for more dialogue between stakeholders to define with clarity the questions of 
interest and corresponding end points. We illustrate that assessing different end point rules across 
a range of plausible pa tien t journeys can be a powerful tool to facilitate such a discussion and 
c ontribut e t o bett er understanding of pa tien t-relev an t end poin ts. 

Plain language summary: 
W ha t is this article about?: This article talks about the lack of clarity and c onsist ency in the 
definitions of out c omes used in clinical trials that investigate new treatments for diffuse large B- 
cell lymphoma. This is mainly due to how these different out c ome definitions handle events such as 
absence of impr ov ement in disease status, treatment discontinuation or initiation of new treatment. 
The authors discuss how these inc onsist encies make it hard to interpret the results of individual 
clinical trials and to compare results across clinical trials. 
Why is it important?: Defining the above events and consequently defining out c omes affects what 
we can learn from the trials and can lead to different results. Some approaches may not reflect 
good and bad out c omes for pa tien ts appropria t ely. This makes it challeng ing for pa tien ts , physicians , 
health authorities and payors to understand the true benefit of trea tmen ts under investiga tion and 
which one is better. 
W ha t ar e the k ey tak e-a wa ys?: This article serves as a call-to-action for more dialogue among 
all stakeholders inv olv ed in drug dev elopment and the decision-making pr ocess r elat ed t o drug 
ev alua tions. There is an urgent need for clinical trials to be designed with more clarity and 
c onsist ency on what is being measured so that relevant questions for patients and prescribing 
physicians ar e addr essed . Understanding pa tien t journeys will be key to successfully understand 
what truly matters to pa tien ts and how to measure the benefit of new trea tmen ts. Such discussions 
will c ontribut e t owar d mor e clarity and c onsist ency in the ev alua tion of new trea tmen ts. 

TWEETABLE ABSTRACT 
Time for more dialogue to harmonize end point definitions in lymphoma! Use pa tien t journeys to 
br ing more clar ity, c onsist ency and pa tien t-relev anc e! Learn about key c onsiderations for the choic e 
of end points and why PFS is not always meaningful! 

CONTACT Evgeny Degtyarev evgeny.degty arev@nov artis.com 
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. Background 

n impr ov ement in ov erall survival (OS) has been the ulti-
ate objective in oncology trials. How ev er, in diseases
ith extended survival duration and multiple therapeu-

ic in terven tions throughout the pa tien t’s life, OS as the
rimary end point in c onfirmat ory clinical trials has prac-

ical limita tion tha t can delay pa tien ts’ ac c ess t o effica-
ious trea tmen t options [ 1 ]. Considering these points, the
S FDA guidance on end points for cancer trials sug-
ests that end points based on tumor assessments, such
s pr ogr ession-fr ee survival (PFS) and ev ent-fr ee survival
EFS), can be used as primary efficacy end points in con-
r matory tr ials, since tumor measures commonly trig-
er trea tmen t decisions in clinical practic e [ 2 ]. A sig nifi-
ant impr ov ement in PFS or EFS with an ac c eptable side
ffects profile, demonstrates a clinically relev an t bene-
t for many indications. The disappearance, shrinkage or
tabilization of a tumor can also be associated with a
irect benefit to the pa tien t , for e xample, based on reduc-

ion of tumor-related symptoms and delaying potential
ubsequen t trea tmen ts, with their own additional side
ffects [ 3 ]. Additionally, a pa tien t’s perception of their
isease and trea tmen t is captured in that are typically
ssessed as secondary end points in clinical trials. 

The In terna tional Council for Harmoniza tion of Tech-
ical Requirements for Pharmaceuticals for Human Use

ICH) aims t o alig n the development of new medicinal
r oducts in Eur ope, North America and Asia. The ICH
uideline on ‘General considerations for clinical studies’
mphasizes that good planning and implementation of
 clinical study derive from a tten tion to study design
lements such as end points that are well-defined, mea-
urable, clinically meaningful and relev an t to pa tien ts [ 4 ].
hus, end points and data handling should appropriately
eflect good and bad out c omes for pa tien ts as the basis
or characterizing trea tmen t effects. Well-defined end
oints and clarity on what is being estimated is critical

or trialists and regulatory reviewers when interpreting
he r eported differ ences betw een tw o tr ea tmen ts or
ommunicating these differences to others in publi-
ations or drug labels. With clarity on an appropriate
nd point, c onsist ency across tr ials might not be cr itical
er se, but can be helpful when out c omes on different

n terven tions need to be compared by prescribers,
a tien ts, payors and regulators (e.g., by Euro-
ean Medicines Agency when determin-

ng significant benefit for maint enanc e of
rphan drug designation or major therapeutic
dv an tage in respect of Conditional Marketing Autho-
ization). 

In this article, we review the definitions of OS, PFS, EFS
nd PRO end points from large randomized clinical trials
 

in diffuse large B-cell lymphoma (DLBCL), the most com-
mon subtype of non-Hodgkin lymphoma and highlight
the prevailing lack of clarity and c onsist ency. We discuss
which factors in the pa tien t journey might impact the
appropriateness of the end point definition and methods
of data handling. We call for a dialogue between physi-
cians, pa tien ts, regula tors, payers and sponsors, which
is r equir ed to addr ess the challeng ing aspects of int er-
pretation and the questions related to clinical meaning-
fulness and relevance to pa tien ts. We would hope that
such discussion among all stakeholders will ensure more
transparency on the out c ome being measured, harmo-
nized end point definitions and also a more objective
and pa tien t-focused assessmen t of efficacy for new ther-
apies. This will have a large impact on the desig n, analy sis
and in terpreta tion of future phase III trials in DLBCL. This
article is inspired by the estimand framework which was
introduced by the ICH in 2017 and provides a structured
approach to transparently discuss and ac c ount for patient
journeys in the definition of the r esear ch question consid-
ering multiple attributes such as popula tion, trea tmen t
strategy and post-randomization events that affect the
in terpreta tion of clinical outcomes. This structured frame-
work for clinical researchers aims at bett er alig nment of
trial objectives, design, conduct, analysis and interpre-
tation, and has been recently adopted by major health
authorities [ 5 , 6 ]. 

Table 1 summarizes the choice of primary end points,
PFS and EFS definitions in c omplet ed and ongoing global
randomized phase III trials in first- and second-line DLBCL
starting with the trial of R-CHOP vs CHOP that changed
the standard of care in lymphoma after many decades.
For ongoing studies, the information was r etriev ed fr om
the clinicaltrials.gov websit e. We not e that in contrast to
some other oncology indications with a single primary
end point c onsist ently used across all randomized tri-
als, PFS, EFS and OS are all frequently used as primary
end point in DLBCL trials. In first-line trials both PFS and
EFS hav e been used , although the definitions of both
end points differ across trials and sometimes overlap. All
three trials in the tr ansplant -elig ible sec ond-line popula-
tion used EFS as the primary end point, each with differ-
ent definitions. By contrast, six of eight ongoing trials in
the tr ansplant -ineligible population do not consider EFS
even as a secondary end point. In the following sections
we discuss the definitions of end points and their inter-
pretation in the light of the variety of patient journeys that
are illustrated in Figure 1 . 

2. Overall survival 

OS is defined across all studies in Table 1 as time from ran-
domiza tion un til dea th. OS is reported mainly as a sec-
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Table 1. Primary end points, pr ogr ession-fr ee survival and even t -free survival definitions as primary end points in completed and ongoing 
randomized phase III diffuse large B-cell lymphoma trials. 

Trial name/ 
Treatment arms 

Year of 
reporting 

Primary end 
point 

PFS defined as time from 

randomization to …
EFS defined as time from 

randomization to …
Ref. 

1st line trials 
R-CHOP vs CHOP 2002 EFS Disease pr ogr ession, start of new 

therapy, treatment or disease-related 
death 

Disease pr ogr ession, start of new 

therapy or death 
[ 7 , 8 ] 

Phoenix trial, 
Ibrutinib + R-CHOP vs 
R-CHOP 

2019 EFS Disease pr ogr ession or death Disease pr ogr ession, start of new 

therapy for PET–positive or 
biopsy-pr ov en r esidual disease after six 

or more cycles of R-CHOP, death 

[ 9 ] 

DA-EPOCH-R vs R-CHOP 2019 EFS ( = PFS †) Disease pr ogr ession or death Disease pr ogr ession or death [ 10 ] 
Zuma-23 trial 
Axicabtagene Ciloleucel 
vs R-CHOP or 
DA-EPOCH-R 

Ongoing EFS Disease pr ogr ession, death Disease pr ogr ession, dea th, initia tion 
of any non-protocol specified 

subsequent new lymphoma therapy 
for the treatment of residual disease or 
Biopsy-pr ov en r esidual disease at the 
month 6 disease assessment or later, 

r egar dless of whether subsequent new 

lymphoma therapy is initiated or not 

[ 11 ] 

Bevacizumab-R-CHOP vs 
R-CHOP 

2014 PFS Disease pr ogr ession, death Not used [ 12 ] 

Epcoritamab-R-CHOP vs 
R-CHOP 

Ongoing PFS Disease pr ogr ession, death Disease pr ogr ession, start of new 

therapy or death 
[ 13 ] 

R-CHOP vs G-CHOP 2017 PFS Disease pr ogr ession or death Disease pr ogr ession, start of new 

therapy or death 
[ 14 ] 

Robust trial, 
Lenalidomide + R-CHOP 
vs R-CHOP 

2021 PFS Disease pr ogr ession or death Disease pr ogr ession, start of new 

therapy or death 
[ 15 ] 

Polarix trial, 
Pola-R-CHP vs R-CHOP 

2022 PFS Disease pr ogr ession or death EFSeff (key secondary end point): 
disease pr ogr ession, death, primary 
efficacy reason determined by the 

investigator other than disease 
pr ogr ession/r elapse, that leads to 

initiation of start of new antineoplastic 
therapy; if biopsy is obtained after 

trea tment c ompletion, and is positive 
for residual disease 

EFSall (secondary end point): disease 
pr ogr ession, death, start of new 

therapy 

[ 16 ] 

Polar Bear trial, 
Pola-R-mini-CHP vs 
R-mini-CHOP 

Ongoing PFS Disease pr ogr ession, lack of r esponse 
or death 

Unknown (no secondary end points 
reported) 

[ 17 ] 

fr ontMind trial , 
Tafasitamab-Lenalidome- 
R-CHOP vs 
R-CHOP 

Ongoing PFS Disease pr ogr ession or death Disease pr ogr ession, start of new 

therapy or death 
[ 18 ] 

2nd line trials in transplant-eligible patients 
Belinda trial, 
Tisa-cel vs transplant 
strategy 

2021 EFS Not used Stable or pr ogr essiv e disease at or after 
the week 12 assessment or death at 

any time 

[ 19 ] 

†Per protocol in the Supplementary Material , EFS was the primary end point. How ev er, as EFS was defined in the same way as traditional PFS, the reporting of the 
trial refers to PFS as primary end point. 

‡HSCT after CAR-T infusion was not considered an event in Zuma-7 trial. 
Search was performed on 21 November 2022 on clintrials.gov website applying the filters ‘Phase III’, ‘Interventional Studies (except withdrawn and unknown 

sta tus)’, ‘Adult , older adult’ and using the follo wing search t erms: 
- relapsed refractory lymphoma: 85 studies found. 
- untreated lymphoma: 89 studies found. 
- newly diagnosed lymphoma: 78 studies found. 
- first-line lymphoma: 49 studies. 
Subsequently, trials w er e excluded f or f ollowing r easons: not a global trial , other popula tions than DLBCL, maintenanc e trials in pa tients without measurable 

disease, no details reported on end points for an ongoing or terminated trial, trial investigated new formulation or a biosimilar. 
CR: Complete Response; DLBCL: Diffuse large B-cell lymphoma; EFS: Even t -free Survival; HSCT: Haemat opoietic st em cell transplantation; PFS: Pr ogr ession-fr ee 

Survival; OS: Overall Survival, PET: Positron emission tomog r aphy.. 
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Table 1. Primary end points, pr ogr ession-fr ee survival and even t -free survival definitions as primary end points in completed and ongoing 
randomized phase III diffuse large B-cell lymphoma trials (c ont .). 

Trial name/ 
Treatment arms 

Year of 
reporting 

Primary end 
point 

PFS defined as time from 

randomization to …
EFS defined as time from 

randomization to …
Ref. 

Zuma-7 trial, 
Axi-cel vs transplant 
strategy 

2021 EFS Disease pr ogr ession or death Disease pr ogr ession, start of new 

antineoplastic therapy ‡, death, best 
response of stable disease up to and 

including the response on the day 150 
assessment after randomization 

[ 20 ] 

Transform trial, 
Liso-cel vs transplant 
strategy 

2021 EFS Disease pr ogr ession or death Disease pr ogr ession, death, failur e to 
achieve CR or PR by 9 weeks 

post-randomization, start of new 

antineoplastic therapy due to efficacy 
c onc erns 

[ 21 ] 

2nd line trials in transplant-ineligible patients 
Pix-R vs Gem-R 2016 PFS Disease pr ogr ession, death Not used [ 22 ] 
Lotis-5 trial, 
Lonca-R vs R- Gem- Ox 

Ongoing PFS Disease pr ogr ession or death Not used [ 23 ] 

SUNMO trial, 
Mosunetuzumab + 

Polatuzumab 
vs R- Gem- Ox 

Ongoing PFS Disease pr ogr ession or death Not used [ 24 ] 

Seline xor -R-GDP v s R-GDP Ongoing PFS Disease pr ogr ession or death Not used [ 25 ] 
B-MIND trial, Tafasitamab- 
Bendamustine vs 
BR 

Ongoing PFS Disease pr ogr ession, unac c eptable 
toxicity, death or discontinuation for 

any other reason 

Not used [ 26 ] 

R-InO vs BR or RG 2018 OS Disease pr ogr ession (including 
investigator’s claim of clinical 

pr ogr ession), death, start of new 

therapy 

Not used [ 27 ] 

EPCORE-DLBCL-1 trial, 
Epcoritamab vs 
R- Gem- Ox 

Ongoing OS Disease pr ogr ession or death Not used [ 28 ] 

POLARGO trial, 
Pola-R- Gem- Ox vs 
R- Gem- Ox 

Ongoing OS Disease pr ogr ession or death Disease pr ogr ession, death, start of 
new therapy 

[ 29 ] 

Glofitamab- Gem- Ox vs 
R- Gem- Ox 

Ongoing OS Disease pr ogr ession or death Not used [ 30 ] 

Pola-R-ICE vs R-ICE Ongoing EFS Disease pr ogr ession or death Disease pr ogr ession, death, start of 
new therapy, failure to achieve 

metabolic CR at end of study treatment 

[ 31 ] 

†Per protocol in the Supplementary Material , EFS was the primary end point. How ev er, as EFS was defined in the same way as traditional PFS, the reporting of the 
trial refers to PFS as primary end point. 

‡HSCT after CAR-T infusion was not considered an event in Zuma-7 trial. 
Search was performed on 21 November 2022 on clintrials.gov website applying the filters ‘Phase III’, ‘Interventional Studies (except withdrawn and unknown 

sta tus)’, ‘Adult , older adult’ and using the follo wing search t erms: 
- relapsed refractory lymphoma: 85 studies found. 
- untreated lymphoma: 89 studies found. 
- newly diagnosed lymphoma: 78 studies found. 
- first-line lymphoma: 49 studies. 
Subsequently, trials w er e excluded f or f ollowing r easons: not a global trial , other popula tions than DLBCL, maintenanc e trials in pa tients without measurable 

disease, no details reported on end points for an ongoing or terminated trial, trial investigated new formulation or a biosimilar. 
CR: Complete Response; DLBCL: Diffuse large B-cell lymphoma; EFS: Even t -free Survival; HSCT: Haemat opoietic st em cell transplantation; PFS: Pr ogr ession-fr ee 

Survival; OS: Overall Survival, PET: Positron emission tomog r aphy.. 
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ndary end point in randomized trials in DLBCL, how-
v er, thr ee ongoing trials in the relapsed or refractory
r ansplant -ineligible population use OS as the primary
nd point. 

We note that the above definition combines the effect
n OS of both the initial and any subsequent therapies
 eceiv ed until death. This allows the opportunity to cap-
ure potential effects of initial therapy on the choice,
afety and efficacy of subsequent therapies. How ev er, it
an also c omplicat e the interpretation of OS effects, in
particular in settings with rapidly changing trea tmen t
options such as DLBCL. Furthermore, multiple potentially
curativ e tr eatments, such as autologous stem cell trans-
plan ta tion or CAR-T can be r eceiv ed by DLBCL pa tien ts in
sec ond- or lat er-lines. Ther efor e, if, for example, Pa tien t 1
discon tinues study trea tmen t aft er disease prog ression in
a clinical trial in first-line, they may subsequently r eceiv e
cur ative ther apies. In such scenario, OS would include the
benefit of a potentially very effective subsequent therapy
and not reflect the benefit of the randomized trea tmen t.
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Patient 1

R PD New Therapy

Patient 2

R SD PDNew Therapy

Patient 3

R SD CRNew Therapy

Patient 4

R
Discontinuation
due to toxicities

New Therapy

Patient 5

R
Discontinuation
due to toxicities

New Therapy

Patient 6 (CAR-T arm)

R
CAR-T

manufacturing failure
New Therapy

Patient 7 (Transplant arm)

R

PR and
discontinuation

of salvage
chemo due to

intolerable toxicity

New salvage chemo
CR
and

transplant

PD

CR

Figure 1. Examples of patient journeys in diffuse large B-cell lymphoma trials. 
PD: Pr ogr essiv e disease; R: Randomization; SD: Stable disease; CR: Complete Response. 
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ta tistical methods a tt empting t o exclude the impact
f certain subsequent therapies e xist , usually relying on
omplex assumptions which cannot be v erified fr om the
ata. How ev er, if these subsequent therapies reflect clin-

cal practice such analyses are of limited relevance for
rescribers and pa tien ts who are in t erest ed in OS effects

n real life [ 6 , 32 ]. Supplementary Table S1 in the supple-
entary appendix describes the different OS definitions

sing the terminology introduced by the estimand
ramework. 

. Pr ogr ession-fr ee survival 

FS is traditionally defined in oncology trials as the time
rom randomiza tion un til tumor pr ogr ession or death,

hichever occurs first. Tumor progression in clinical tri-
ls enrolling pa tien ts with DLBCL is typically determined
sing Lugano response cr iter ia [ 33 ], although one trial
ith the investigational therapy epcoritamab applied

he lymphoma response t o immunomodulat ory therapy
LYRIC) cr iter ia accounting for the possibility of pseudo-
r ogr essions [ 34 ]. Pseudo-pr ogr ession, in other w or ds,

nitial increase in tumor siz e follo wed b y decrease, is a
ecently described phenomenon observed after the intro-
uction of checkpoint inhibitors in approximately 5%
f cancer pa tien ts receiving these therapies [ 35 ]. This
emonstrates the need for treatment modality-specific
efficacy cr iter ia in order t o ac curat ely capture pa tien t’s
benefit from trea tmen ts received. 

3.1. The role of stable disease & subsequent new 

therapies 

T he abo ve definition of PFS does not consider stable dis-
ease as a bad out c ome. This can be r easonable fr om the
pa tien t’s perspective in many oncology settings including
early lines of trea tmen t in indolen t follicular lymphoma,
another subtype of non-Hodgkin lymphoma. How ev er,
clinical guidelines define ‘refractory DLBCL’ based on a
best response to previous therapy of stable disease or
pr ogr essiv e disease, and recommend to initiate a new
therapy for such pa tien ts with refractory DLBCL [ 36 , 37 ]
This would support considering stable disease as a bad
out c ome, which is not reflected in the PFS definition.
Ther efor e, despite its wide use as primary or secondary
end point in DLBCL trials, it is unclear whether tradition-
ally defined PFS r epr esen ts a pa tien t-relev an t end poin t
in this setting. Mor eov er, the interpr etation of this new
PFS definition is c omplicat ed if patients with stable dis-
ease start a new therapy, for example, Pa tien ts 2 and 3 in
Figure 1 . 

Information on how r esear chers ac c ount for these sce-
narios is reported only in a few publications across the
studies listed in Table 1 . In the Polar ix tr ial , pr ogr ession



6 E. DEGTYAREV ET AL. 

o  

a  

i  

q  

i  

c  

a  

O  

t  

o  

c  

n  

K  

c  

t  

c  

w  

u  

l  

t  

w  

a  

a  

o  

n  

i  

t  

p  

u  

e  

t  

s  

H  

a  

i

3

S  

c  

r  

P  

m  

a  

e  

t  

r  

f  

3  

d  

i  

a  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r death after start of a new therapy was c ount ed as
n event, in other words, Pa tien t 2’s disease progression

s a PFS event, but for Patient 3 the response to subse-
uent therapy c ontribut es t o prolongation of PFS. Sim-

larly to OS, the question of interest in this case is the
ombined effect on PFS of both the initial therapy and
ny new therapy r eceiv ed befor e pr ogr ession or death.
n the other hand, disease assessments after start of new

herapy w er e not consider ed for ev alua tion of the sec-
ndary end point PFS in the Zuma-7 trial, and the statisti-
al translation was that PFS duration for patients starting
ew therapy without pr ogr ession w er e censor ed in the
aplan–Meier analysis. Data for Patients 2 and 3 would be
ensored at the time of SD in such case. How ev er, one of
he key assumptions of the Kaplan–Meier method is that
ensored pa tien ts have iden tical prog nosis t o pa tien ts
ho did not r eceiv e new therapy and continued follow-
p for PFS [ 38 ]. This is a strong assumption, in particu-

ar, in the DLBCL setting as pa tien ts with SD with refrac-
ory DLBCL have worse prognosis, on average, compared
ith pa tien ts who did not start new therapy (and who

re mostly in response). Ignoring progressions and deaths
fter the start of a new therapy also excludes the impact
f subsequent therapies, i.e., the question of interest is
ot anymore the combined effect on PFS of both the

nitial therapy and any subsequent therapy, rather, it is
he effect on PFS if no alternative therapy existed and
a tien ts, hypothetically, w ould hav e continued in follow-
p without receiving any other therapies. If it is difficult to
nvisage it happening in real life, which in statistical terms
ransla tes in to a viola tion of censoring assumption, other
tatistical methods can be used to address this question.
ow ev er, the choice of statistical method is a minor point
nd only a c onsequenc e of the question whose relevance

tself remains debated in the community. 

.2. Considerations for interpretation of 
progression-free survival end point 

uch differences in end point definitions r equir e various
onsiderations and influence the in terpreta tion of trial
esults. For example, if PFS is analyzed as it was in the
olar ix tr ial and Pa tien t 4 discon tinues randomized trea t-
ent due to toxicities and responds to subsequent ther-

py, the PFS will potentially reflect the benefit of a highly
ffective subsequent therapy rather than of the initial
rea tmen t. On the other hand, the in terpreta tion of PFS
esults as ev alua ted in Zuma-7 is also not alw ays straigh t-
orward as described in the above section. In that trial
4% of pa tien ts in the standard of care arm w er e censor ed
ue to start of new therap y. T her efor e, good understand-

ng of the reasons for discon tinua tions of study trea tmen t
nd start of new therapy is critical in order to understand
the PFS trea tmen t effect. Importan tly, the choice of the
question of interest and PFS definition also drives data
collection and the duration of follow-up. Tumor assess-
ments w er e not perfor med in the Zuma-7 tr ial following
the start of new therapy, and, therefore, it is unknown
how many of the censored pa tien ts responded or pro-
g ressed aft er the start of new therapy. In such case, the
combined trea tmen t effect on PFS of both initial and an y
subsequent therapies r eceiv ed prior to pr ogr ession can
only be estimated with models and strong assumptions.
The limitation in data collection means that some ques-
tions of interest cannot be well answered. Supplementary
Table S2 in the supplementary appendix describes the dif-
ferent PFS definitions using the terminology introduced
by the estimand framework. 

An alternative definition of PFS considering lack of
response (i.e. stable disease or progressive disease) as an
event is used in the ongoing Polar Bear trial. Another
option could be to consider start of new therapy as a
PFS event as reported by Coiffier et al. [ 7 , 8 ]. As these
appr oaches hav e been used mor e oft en t o define the EFS
end poin t ra ther than PFS, they will be discussed in the
following section dedicated to EFS. 

3.3. Determining the date of progression-free 
survival event 

Lastly, the definition of time-to-event end poin t alw ays
r equir es not only clarity in what c onstitut es an event, but
also in how the date of the event is defined. In the tradi-
tional PFS definition the date of death or pr ogr ession is
directly used as the event date. The Polar Bear study rep-
resents an exception, in which the PFS event is assigned
to the day of randomization for pa tien ts who during the
study had experienced no better response than progres-
sive disease. Such an approach may be justified from a
pa tien t’s perspective. For example, if the assigned treat-
ment did not ev en achiev e disease stabilization, only
induc ed t oxicities and pr ev ent ed the use of alt ernative
therapies, then no benefit was derived by the patient
and no time post -r andomization should be c ount ed as
pr ogr ession fr ee. The decision t o start assig ned treat-
ment is per se considered a bad out c ome. Further dia-
logue between all stakeholders may be needed to discuss
whether backdating observed progression to the day of
randomization is a meaningful approach to reflect the
lack of benefit post -r andomization. Of note, the concept
of assigning the day of randomization as the event date
has been applied in other settings, e.g., it is proposed in
case of induction trea tmen t failure in the FDA guidance
for drug development in acute myeloid leukemia [ 39 ]. 
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. Event-free survival 

FS typically refers to time-to-event end points that con-
ider not only death and pr ogr ession as events, but also
 type of ‘trea tmen t failure’. In DLBCL trials EFS has been
sed as a primary or secondary end point often consider-

ng start of new therapy and/or lack of response as treat-
ent failure events. 
Pr ev enting or delaying the start of new therapy seems

o be a relev an t trea tmen t goal for lymphoma trea tmen ts,
.g., to pr ev ent or to delay the exposure to new risks and
ncertain ties associa ted with a new trea tmen t course,
nd time to new therapy is a secondary end point in some
tudies in Table 1 . Ther efor e, considering start of new
herapy as an event jointly with pr ogr ession and death
an r epr esen t a meaningful w ay t o det ermine the bene-
t of investigational anticancer tr eatment. How ev er, is the
tart of new therapy alw ays informa tive with regard to the
fficacy of the assigned ther apy? W hat if a pa tien t with
esponding tumor receives new therapy outside of a clin-
cal trial with the in ten t to consolida te the response? Wha t
f a pa tien t is randomized in an open-label study to the
tandar d of car e arm and decides to discontinue immedi-
t ely aft er randomization in order to r eceiv e a pr omising

nvestigational therapy in another trial? What if a patient
ith responding tumor discontinues study trea tmen t due

 o t oxicities and starts a new therapy? 

.1. Reasons for start of new ther ap y & its impact on
interpretation of event-free survival 

e note tha t discon tinua tion of trea tmen t f or an y reason,
ncluding disease pr ogr ession, toxicity or death, is consid-
r ed an ev ent in the time to trea tmen t failure end poin t,
ut, this end point is generally not ac c ept ed from a regu-

a tory poin t of view as discon tinua tion can be influenced
y other factors not related to efficacy [ 2 , 40 ]. The regula-

ory position likely explains why time to trea tmen t failure
nd point has not been used in any of the r eview ed DLBCL
rials. How ev er, most of the studies using EFS as primary
r secondary end point do not distinguish between rea-
ons for starting a new therapy. For example, in the recent
uma-7 trial, six pa tien ts were randomized to standard
f care arm, but never rec eived prot oc ol-specified treat-
ent and started a new therapy outside of the trial – these
 er e consider ed as EFS ev ents [ 41 ]. In these cases, the
iscon tinua tion and subsequen t initia tion of new thera-
ies w er e not r elat ed t o efficacy and w er e r eported in the

egula tory -approved drug label as events in the definition
f the primary end point [ 42 ]. 

In contrast, in the Polarix and Transform trials, the
 esear chers consider ed only the start of a new therapy
or efficacy -rela ted r easons as ev ents. Each appr oach esti-

a tes differen t effects of in vestigational therapies and
addr ess differ ent questions. The former describes the
effect of prolonging time to death, pr ogr ession or start
of new therapy for any reason, i.e. also implicitly consid-
ering as a bad out c ome t oxicities resulting in study drug
discon tinua tion and start of a new therapy, or even the
perception of a less effective therapeutic option leading
pa tien ts to refuse the contr ol gr oup tr ea tmen t and start a
new therapy, as likely illustrated by the six patients from
the Zuma-7 trial mentioned abo ve. T he latter targets the
effect of prolonging time to death, pr ogr ession or start
of new therapy for efficacy reasons, i.e., focusing on anti-
tumor activity of the drug. How ev er, it also may introduce
some subjectivity dependent on how efficacy reasons are
defined, c ollect ed and report ed by investigators. Further
discussion among all stakeholders may be w arran t ed t o
clarify first, in which circumstances one or the other of
those different definitions of trea tmen t effect is better for
addressing the scientific question targeted by the study.
This would facilitate subsequent discussion about precise
and c onsist ent definitions of efficacy r easons as w ell as
best practices for the definition of event dat e. Int erest-
ingly, while the start of a new therapy is often directly
used t o det ermine the c orr esponding EFS ev en t da tes,
other appr oaches hav e been r ecently r eported [ 16 , 20 ].
For example, the date of the efficacy reason tr igger ing the
start of new therapy was used in the Polar ix tr ial , wher eas
in the Zuma-7 trial, pa tien ts who started new therapy
prior to first disease assessment w er e consider ed an event
on the date of randomization. Supplementary Table S3 in
the supplementary appendix describes the different EFS
definitions using the t erminology introduc ed by the esti-
mand framework. 

4.2. Event-free survival in studies with treatment 
strategies 

The start of a new therapy r equir es additional considera-
tions when ev alua ting the effect of trea tmen t stra t eg ies,
where multiple in terven tions c ombined c onstitut e the
therapeutic approach of interest. Three second-line tri-
als compared autologous CAR-T trea tmen t stra tegies with
the standard of care trea tmen t stra t egy, c onsisting of sal-
vage chemotherapy followed by high-dose chemother-
apy and autologous stem cell transplan ta tion in respond-
ing pa tien ts ( Figure 2 ). Autologous CAR-T therapies are
not readily available at the time of randomization and
r equir e personalized manufacturing. Time to CAR-T infu-
sion is impacted by manufacturing time and various logis-
tical factors such as shipment of apheresis material prior
to manufacturing and of the product after manufactur-
ing. Bridging chemotherapy may be administered during
this time, until lymphodepleting chemotherapy is pro-
vided before the CAR-T infusion. W hile real- world data
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CAR-T treatment strategy

Leukapheresis
Optional bridging

chemotherapy
Lymphodepleting

chemotherapy
CAR-T infusion

Transplant treatment strategy

Salvage
 chemotherapy

If responder: High-dose
chemotherapy

Autologous stem
cell transplant

Figure 2. Scheme of CAR-T and transplant treatment str ateg ies. 
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uggests that bridging chemotherapy is used for the
ajority of pa tien ts dur ing the manufactur ing per iod

 egar dless of the CAR-T product [ 43–45 ], different bridg-
ng strat eg ies w er e studied in these three clinical trials.
n the Zuma-7 trial, only c ortic ost eroid bridg ing ther-
py was allowed per investigator discretion. In contrast,

mmunochemotherapy bridging was allowed in Trans-
orm (one cycle) and Belinda (at least one cycle). 

The study design and in terpreta tion of the trial results
n this setting r equir e considerations r elat ed t o the vari-
ty of pa tien t journeys and the reasons for starting new
herapies. The r esear chers need t o c onsider the role of
dministered therapies in the planned trea tmen t arms
rior to observ ed pr ogr essions. The in ten t of new thera-
ies may also differ between and within trea tmen t arms,
hich makes it challenging to define a general rule. For

xample, Pa tien t 6 in Figure 1 receives new therapy fol-
owing manufacturing failur e. Fr om a pa tien t perspec-
iv e, manufacturing failur e for CAR-T therapy is undoubt-
dly pr ev en ting the pa tien t fr om r eceiving the main ben-
fit of a CAR-T based trea tmen t stra tegy, and in tha t
ense, r epr esents a bad out c ome. On the other hand, non-
rot oc ol specified bridging therapy may not be a detri-
en tal even t for a pa tien t if in the end it allows the pa tien t

 o ultimat ely rec eive CAR-T infusion. For the standard of
ar e tr ea tmen t stra tegy, pa tien ts may r eceiv e new ther-
py in the absence of disease pr ogr ession after observ-

ng insufficient response to transplant, or due to toxi-
ities of initial salv age chemotherapy. Pa tien t 7 experi-
nc es PR aft er the first cycle of salvage chemotherapy,
c c ompanied by int olerable t oxicity and then changes
he salvage regimen and proceeds to transplant after
chieving CR. The start of new therapy in such cases
oes not r epr esent failur e of assigned tr ea tmen t stra tegy
nd considering it as an event will not reflect the real
enefit that the patient r eceiv es fr om it (namely to be
ble t o rec eive the intended and possibly curative ther-
peutic in terven tion of transplan t). How ev er, in a simi-

ar situation after the first cycle with intolerable toxic-
ty, it could also be decided that the patient will toler-
 te neither salv age chemother apy nor any other ther -
py. In such a scenario, an EFS event would only be
eported if disease progression or death is observed at
a later timepoint and not after the first cycle of salvage
chemotherapy when it was determined that the patient
will not be able t o c ontinue rec eiving the assig ned treat-
men t stra tegy. This would also not be an ac curat e reflec-
tion of the clinical status of the patient at the time it is
determined. 

This raises a number of questions in settings with com-
plex trea tmen t stra t eg ies, and highlights the importanc e
to carefully review a wide range of possible pa tien t jour-
ney sc enarios t o define the relev an t end poin t char acter -
istics. What is the most meaningful way to reflect an unfa-
vorable out c ome from a pa tien t perspectiv e, and still r ely
on objective assessments to do so? How should failure to
r eceiv e the potentially curative component of the treat-
men t stra tegy, CAR-T infusion or transplan t, be taken in to
ac c ount when defining the primary question of interest?
And what if patients r equir e new therapies, but in the end
can proceed to CAR-T infusion or transplant? 

4.3. Short-term versus long-term effects & EFS 

definition 

Another important question for understanding the EFS
end point is the timeframe to be considered before
declaring a trea tmen t failur e and an EFS ev ent. Should
potential delay in CAR-T infusion or transplant be
reflected in the end point, if it is eventually administered?
For example, in the B elinda tr ial, all pa tien ts with SD or
PD at week 12 were considered EFS events, although six
of them responded later due to delayed CAR-T infusion.
By contrast, such patients w er e not consider ed as ev ents
in the Zuma-7 trial as long as their response was observed
prior to day 150. This illustrates that more than one defini-
tion of the end point may be needed to capture all regula-
tory and pa tien t-relev an t aspects. B oth phar mac olog ical
effects (short term) and overall outcome (long-term) can
be relev an t f or differen t stakeholders dependen t on their
question of interest. This also exemplifies the challenges
in interpr eting differ ent tr eatment effects acr oss differ ent
trials. 
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. Pa tient-r eport ed out comes 

a tien t-report ed out c omes (PRO) aim t o capture the
a tien t’s own perception of their health condition and are
ften included as a secondary objective in randomized
linical trials. Typically, quality of life (QoL) questionnaires
uch as the European Organization for Research and
rea tmen t of Cancer Quality of Life Core 30 (EORTC QLQ-
30) or the Functional Assessment of Cancer Therapy –
 ymphoma (FACT-L ym) are used for this purpose [ 46 , 47 ]

n a recent paper, FDA authors acknowledged that it has
een challeng ing t o appropriat ely int erpr et the r esults,
r imar ily because of the absence of clear, well defined
RO r esear ch objectiv es in pr ot oc ols and sta tistical analy -
is plans [ 48 ]. Indeed, the same questions raised in previ-
us sections ar e r elev an t for PRO end points. For example,

t is important t o differentiat e between short-term and
ong-term effects on QoL. Pa tien ts’ QoL may deteriora te
n the first weeks of trea tmen t due to newly experienced
 oxicities. Such det erioration w ould be captur ed in a time
 o first det eriora tion end poin t or in change from baseline
t an early timepoint. How ev er, as acut e t oxicities r esolv e
r pa tien ts learn t o c ope with adv erse ev ent and c onc omi-

an t medica tions, and the an ti-tumor effect of the ther-
py starts to impr ov e the underlying disease, their QoL
ay impr ov e ov er time. Generally, while it is important to

nderstand the trajectory of Q oL and short-ter m effects,
ong-term impr ov ements r epr esen t the ultima te goal for
ew therapies. Time to definitive deterioration end points
onsider such impr ov ements as benefit for a pa tien t and
nly include definitive worsening in QoL without fur-

her impr ov ement as ev en ts. Alterna tively, such long-
erm effects could be reflected in changes from baseline
 t la ter timepoin ts. 

.1. Role of subsequent ther ap y in the 
interpretation of quality of life 

hen defining the questions of interest for the PRO end
oints clarity is needed whether the r esear chers ar e inter-
sted in a combined effect of the assigned therapy and
ny subsequent new therapies on QoL, or only in the
ffect of the assigned therapy until its discon tinua tion or
he start of new therapy. For example, for Pa tien ts 1–5,
onsidering assessments after disease pr ogr ession, sta-
le disease or trea tmen t discon tinua tion due to toxici-

ies may allow capturing potential further worsening of
 oL pr ior to starting a new therap y. Ho w ev er, any disease
ssessment after the start of a new therapy would reflect
oL of both the assigned therapy and the new therapy.
 he new therap y c ould have a g reat er impact on QoL and
ither further worsen or improve it. 
5.2. Time to deterioration end point of quality of life
& death 

QoL assessments cannot be c ollect ed aft er patient death.
Differ ent appr oaches t o ac c oun t for dea th are possible
and result in different questions of interest [ 48 , 49 ] In the
B elinda tr ial , the time to definitiv e deteriora tion end poin t
considered death as an event, i.e., the researchers were
int erest ed in the effect of prolonging of time to deteri-
oration of QoL or death. Alt ernatively, c ensoring deaths
in Kaplan–Meier analysis rather than counting them as
events has been used in other oncology trials [ 48 ]. This
approach can be used to ev alua te the effect on QoL
while aliv e, how ev er, Kaplan–Meier estimates in such situ-
ations are biased and an alternative statistical methodol-
ogy is more appropr iate [ 50 ]. Further more, the results of
an analysis in which deaths are censored can also be inter-
preted as the effect on QoL in the hypothetical scenario if
deaths had not occurr ed , how ev er, its r elevance for clini-
cians, pa tien ts and regulators is debatable. We note that
time to deterioration is also reported as a secondary end
point in other trials in Table 1 [ 9 , 16 , 29 , 30 ], but without
describing how they ac c ount for deaths. 

5.3. Change in quality of life from baseline at a 

pre-spe cifie d timepoint 

The change in QoL from baseline is another secondary
end point used in c omplet ed and ongoing DLBCL tri-
als [ 10 , 19 , 22 , 29 ]. This end point r equir es car eful selec-
tion of timepoints for communication of PRO effects. As
Figure 3 illustra tes, QoL a t e.g., 6 months after random-
ization can have a very different meaning dependent on
how r esear chers ac c oun t for pa tien t journeys. For exam-
ple, if the r esear chers ar e inter ested in QoL until treat-
men t discon tinua tion, the 6-mon th assessmen t of Pa tien t
2 (i.e., after start of new therapy) will not c ontribut e t o
the ev alua tion. In fact, as DLBCL pa tien ts in SD or PD are
expect ed t o start new therapy, the results of such analy-
sis will likely implicitly reflect only the QoL of responding
pa tien ts a t 6 mon ths and should be in t erpret ed ac c ord-
ingly. If the r esear chers c onsider assessments aft er start of
a new therapy, Pa tien t 2’s 6-mon th da ta will be included
in the analysis and the results will also reflect the effect
of subsequent therapies. In such cases, it is relev an t to
know the number of discon tinua tions and new therapies
for the in terpreta tion of reported results. We note that,
as discussed above, assessment of QoL is c omplicat ed by
the oc currenc e of deaths. Ther efor e, it is also important
t o c onsider how many pa tien ts are expect ed t o be alive
when selecting a clinically meaningful timepoint for QoL
assessment. 

Duration of treatment and the frequency of PRO
assessments are also critical factors that need to be con-
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Patient 1

R CR

Patient 2

R SD 6m PRO assessment

6m PRO assessment

Treatment
discontinuation

and new therapy

Patient 3

R Death

Figure 3. Patien t journey s and assessmen t of quality of life at 6 mon ths. 
CR: Complete Response; SD: Stable Disease; PRO: Patient-reported outcomes. 
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idered when defining the PRO end point and interpret-
ng the results. For example, results at different time-
oints can reflect QoL in different trea tmen t periods (on-

rea tmen t vs post-trea tmen t), possibly associa ted with
iffer ent toxicities. Mor eov er, complex CAR-T and trans-
lan t trea tmen t stra t eg ies r equir e additional considera-

ions. For example, in the Transform trial, QoL was com-
ar ed betw een these strat eg ies on da y 29, da y 64, da y
26 and month 6 [ 51 ]. In the C AR-T ar m, Day 29 reflects
he pre-infusion period capturing the effect of possible
ridging and lymphodepleting chemotherapies and day
4 likely reflects the first month post-infusion with possi-
le hospitalizations. On the other hand, for the transplant

rea tmen t stra tegy, da y 29 and da y 64 reflec t the effec t of
alvage chemotherapy prior to transplan t. Assessmen ts
fter day 126 mainly reflect QoL of responding pa tien ts
fter CAR-T infusion and successful transplant in both
rms if data for non-responding patients is not c ollect ed
r used after the start of new therapies. As discussed in

he EFS section above, the complexity in this setting raises
 number of questions when defining the most mean-

ngful way to reflect patients’ benefit and warrants a dis-
ussion with all stakeholders. In addition, new disease-
pecific and trea tmen t-specific PRO instrumen ts may be
 equir ed to assess the impact of novel therapies on QoL. 

. Discussion 

n our r eview w e observ ed lack of clarity and c onsist ency
n end point definitions of large randomized clinical trials
n DLBCL. Clarity in end point definitions is of paramount
mportanc e t o understand what is being estimated and
ow t o int erpr et the tr ea tmen t effects. The diversity of
a tien t journeys raises fundamental questions r egar ding

he ev alua tion of drug effects in clinical trials to inf orm
linical pr actice [ 6 ]. W hen defining the trea tmen t effect
f interest and the corresponding end point in a trial, the
 esear cher needs to account for events occur r ing after
andomiza tion, such as trea tmen t discon tinua tion or the
tart of a new therapy, before observing pr ogr ession or
eath or Q oL deter ioration. Different ways to account for
such events actually address different clinical questions
and result in different estimated effect sizes for summary
measures such as hazard ratio, even if the overall conclu-
sion c onc er ning the super ior ity of investigational therapy
may not change. Ther efor e, when communicating trial
results, it is critical to provide not only what c onstitut es
an event for time-to-event end point such as PFS, but also
whether and how e.g., disease assessments after treat-
men t discon tinua tion and start of new therapy w er e con-
sidered for its ev alua tion. Moreover, inc onsist ent defini-
tions of PFS and EFS further c omplicat e the interpretation
of r esults acr oss trials for pa tien ts , prescribing physicians ,
regulators and payors. Importantly, it is unclear why there
ar e differ en t w ay s t o define end points and rules for dates
of event and c ensoring. For instanc e, some studies c on-
sider all new therapies as events in the EFS or PFS defi-
nition, other studies only consider new therapies started
for efficacy reasons and yet other trials do not consider
new therapies as events. Some elements in end point def-
initions are debatable and may introduce bias in efficacy
assessments. More clarity on the scientific rationale for
the chosen approach, which would clarify the reasons for
the inc onsist encies would help in the design of future tri-
als, and also facilitate a discussion among all stakeholders
that could lead to more harmonization and reduce the risk
of bias. Such discussion should consider the type of sub-
sequent therapy, e.g., in the Zuma-7 trial, pa tien ts receiv -
ing new therapy w er e consider ed an ev ent , e xcept if they
r eceiv ed HSCT after CAR-T infusion. 

The ICH E8 guideline emphasizes that end points
should not only be w ell-defined , but also be clini-
cally meaningful and relev an t to pa tien ts, appropria tely
reflecting good and bad out c omes for pa tien ts. This raises
important questions - how do we define patient-relevant
end points in DLBCL trials and what should be reflected
in the label to infor m prescr ibers? For example, clinical
guidelines for DLBCL recommend starting a new therapy
for pa tien ts with stable disease as these pa tien ts have
similarly poor prog nosis t o prog ressing pa tien ts. There-
for e, the r esponse of stable disease to assigned trea tmen t
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s expected to r epr esent a bad outcome for pa tien ts and
et the PFS end point not counting stable disease as an
vent has been used as primary or secondary end point

n almost all DLBCL trials and has been reported in drug
abels. While pa tien ts with stable disease are expect ed t o
r ogr ess quickly, their pr ogr essions will not be captured
y a traditional PFS end point if observed after starting
f new therapies and thus censor ed . On the other hand,
linical trial prot oc ols that discourage initiating new ther-
py for pa tien ts with stable disease until observed pro-
ression raise ethical issues in this setting. 

T he abo ve considerations cast doubt on the relevance
f the conventional definition of PFS for pa tien ts and pre-
cribers in DLBCL and highlight the need for indication-
pecific discussions about end points, as for example,
table disease can r epr esent a good out c ome in other
ncology indications. Mor eov er, ev en within one indi-
a tion, the relev ance of the end point may depend on
he exact setting, as the meaning of stable disease for
a tien ts may change depending on the line of therapy
s the disease becomes mor e aggr essiv e (e.g. as with fol-

icular lymphoma). Different considerations may also be
 equir ed for one-time trea tmen ts compared with thera-
ies with fixed durations or treatment until pr ogr ession as
.g., discon tinua tions due to toxicities are not possible for
he for mer. Further mor e, with some therapies a delay ed
esponse after initial progression may be observed either
ecause of pseudo-pr ogr ession due to immunomodulat-

ng effects, or, f or CAR-T trea tmen ts because of delayed
nfusions. This suggests that different treatment-specific
nd points may be needed to fully describe short-term
nd long-term benefits for pa tien ts, which makes selec-
ion of an end point t o c ompar e tw o v ery differ ent tr eat-

ents even more challenging. We note that some pay-
rs such as the Federal Joint Committee in Germany
o not consider PFS as a pa tien t-relev an t end poin t in
any oncology settings as it is based on imaging assess-
ent and not relat ed t o patient sympt oms, although this

nd point is ac c ept ed by regulat ors [ 3 ]. Regulat ors, pay-
rs, clinicians and pa tien ts ma y ha v e differ ent perspec-

ives on how to define trea tmen t benefit in the con-
ext of their decision-making and considering different
ffects on tumor size, alleviation of symptoms, reduction
f toxicities and the choice and efficacy of subsequent

herapies. 
Pa tien ts with DLBCL and treating physicians deserve

or e transpar ency and clarity in end point definitions so
ha t relev an t da ta are c ollect ed , clinical trials ar e designed
o address their questions and the results are easier to
nt erpret. Similar inc onsist encies exist in other oncology
ettings. For example, Punt et al. found that the defini-
ion of end points in studies of adjuv an t trea tmen ts in
 olon canc er varied widely and a panel of experts then
reached consensus on the definition of each end point
(see Supplementary Table S4 ) [ 52 ]. A similar overview
could be a starting point for the DLBCL community and
should also reflect the different approaches related to
specific trea tmen t stra t eg ies and pa tien t journeys while
ensuring the objectivity of the end point. 

Mor e r ecen tly, the v alue of the estimand framework to
facilitate the dialogue in such situations has been high-
lighted for the disease-free survival end point for adju-
v an t therapies in renal cell carcinoma [ 53 ]. The DLBCL
community would also benefit from a dialogue between
pa tien ts , physicians , regulators , payors and sponsors to
define more explicitly the scientific questions of interest.
Such discussion could take place, for example, in the form
of sev eral w orkshops co-sponsor ed by medical societies,
regulators and other stakeholders. This would create
opportunities to define better and mor e transpar ent end
point definitions to address these questions. Addition-
ally, we encourage all stakeholders to better justify their
choices for pr eferr ed end point definitions at every step
of drug development, in particular, when discussing clin-
ical trial prot oc ols. A s illustrat ed herein, assessing differ-
en t end poin t rules through a sy st ematic review of c om-
plex plausible pa tien t journeys can be a powerful t ool t o
facilitate such a discussion and to explain the rationale for
end poin t definitions. Regula tory guidelines for develop-
ment of new therapies in DLBCL could contribute to har-
monization and better understanding of pa tien t-relev an t
end points. 

7. Future p ersp ective 

The last few years have seen major advances in the
management of DLBCL with the introduction of CAR-
 therapies and bi-specific antibodies. We applaud the

r esear chers for these scientific br eakthr oughs and bring-
ing these therapies to pa tien ts with DLBCL. How ev er, w e
also rec og nize tha t differen t end poin ts have been chosen
for clinical trials without clear rationale and justification
of their relevanc e t o patients. Importantly, differenc es
ar e observ ed not only in the choice of primary and sec-
ondary end points, but also in the definitions of the same
end point (e.g., PFS) used across different trials. These
subtle differenc es orig inat e in the differen t w ay s t o take
ac c oun t of v arious elemen ts of the pa tien t journey, such
as the start of new therapy prior t o prog ression or death,
implying that these trials address differen t scien tific ques-
tions. 

Curr ently, mor e than ten large randomized phase III tri-
als in first and second-line in DLBCL are ongoing. In the
absence of greater clarity and consistency, the interpre-
tation of these trials risks being compromised and the
impact will not be subtle. This can c omplicat e approval
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nd reimbursement decisions and lead to uninformative
rescr ibing infor mation without clear descr iptions of the
tudied questions and corresponding end points. Cross-
r ial compar isons between these trials will be especially
hallenging and further complicate the selection of treat-
ents by physicians and patients. It also decreases the sci-

n tific v alue of these tr ials, giving little retur n on the par-
icipan ts’ investmen t in contributing to the trial. 

We advocate that all stakeholders rec og nize the need
or change and pick up the challenge to work together to
evelop key questions of interest from regulatory, payor,
hysician and pa tien t perspective. Engaging in such dia-

ogue can assist in establishing consensus on the ratio-
ale and value of existing end points. This can also lead
 o c ollabora tion on the developmen t of novel end poin ts

easuring out c omes of high importanc e for pa tien ts
e.g. disease-burden and Q oL impair ments, symptom-
 elated bur den on healthcar e servic es). Finding a c om-

on language between all stakeholders is the key to the
uc c ess of these discussions, although it has been his-
 orically challeng ing. The review of pa tien t journeys and
he use of estimand thinking to better understand favor-
ble and unfavorable out c omes for pa tien ts and to define
he questions of interest for clinical trials can become an
mportant and regularly used tool to facilitate such dis-
ussions. 

Article highlights 

Background 
• End points in clinical trials should reflect good and bad outcomes 

for patients appropriately. 
• Clarity on end point definitions is critical when interpreting trial 

results. 
• Review of phase III trials in diffuse large B-cell lymphoma (DLBCL) 

highlights the prevailing lack of clarity and consistency in the 
choice of end points and their definitions. 

Overall survival 
• Combines the effect on survival of both the initial and any 

subsequent therapies r eceiv ed until death and captures potential 
effects of initial therapy on the choice, safety and efficacy of 
subsequent therapies. 

• Challenging interpretation of clinical trial results in DLBCL with 
r apidly chang ing treatmen t options and multiple poten tially 
curative subsequent treatments. 

Pr ogr ession-fr ee survival 
• The response of stable disease is a bad outcome for DLBCL 

patients, and as pr ogr ession-fr ee survival (PFS) does not count it as 
event it might not be pa tient-relevant . 

• Differ ent appr oaches to consider the impact of new therapies 
initiated prior to PFS event or to exclude their impact address 
different questions. 

• Good understanding of the reasons for treatment discontinuations 
and start of new therapy critical to interpret PFS results. 

Event-free survival 
• Even t -free survival (EFS) considers not only death and pr ogr ession 

as events, but also a type of ‘treatment failure’. 
• Trea tment disc ontinua tion generally not used in c onfirma tory 

trials as ’treatment failure’ event as it can be influenced by other 
factors not related to efficacy. 
• Start of new therapy often considered as treatment failure event 
r egar dless of the reason, i.e., even if it follows disc ontinua tion due 
t o t oxicities. 

• In some trials, start of a new therapy for efficacy-related reasons is 
defined as an event, showing a focus on the anti-tumour activity of 
the drug. 

• Additional c onsidera tions r equir ed for studies of tr eatment 
str ateg ies with multiple in terven tions such as CAR-T or transplant 
str ateg ies. 

Pa tient-report ed out comes 
• Challenging to interpret the results in the absence of clear, 

w ell-defined r esear ch objectiv es. 
• When defining r esear ch objectiv es, it is important to differ entiate 

between short-term and long-term effects and to consider 
duration of treatment, frequency of patien t -report ed out comes 
(PRO) assessments, the impact of new therapies and deaths and 
whether quality of life (QoL) at later timepoints reflects only the 
results in responding patients. 

Discussion 
• Various elements of patient journey, disease setting and therapy 

type impact the appropriateness of end points. 
• Dialogue between all stakeholders needed to define more 

explicitly the questions of interest and corresponding end points in 
DLBCL and to ensure that relevant data are collected, clinical trials 
are designed to address these questions and the results are easier 
t o int erpret. 
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