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More than 100 therapeutic antibodies and a steady stream of small molecules, antibody-drug conjugates and
immunotherapies have reached the market since the first monoclonal antibody was approved in 1986.1

Nearly every one of them was judged, at least in part, by how tumors on imaging responded. The criteria
used to make that judgment have evolved from the WHO handbook of 1981 through RECIST, its 2009 revision,
immune-specific criteria, liver-specific criteria for hepatocellular carcinoma and the PET-based Lugano
classification for lymphoma. Each was created to fix a weakness in its predecessor, and each has limitations
of its own. This issue traces that evolution and offers practical guidance on choosing and applying criteria in
a trial.

WHO to RECIST: Simplifying Measurement
The WHO criteria of  1981 were the first  widely adopted
standard.  They  measured  lesions  bidimensionally,
summed  the  products  of  perpendicular  diameters  and
defined  partial  response  as  a  50  percent  decrease  and
progression as a 25 percent increase. They left many de‐
tails,  such  as  how  many  lesions  to  measure  and  what
counted as measurable, to the investigator, and results di‐
verged across trials.

RECIST,  published  in  2000,  replaced  bidimensional  with
unidimensional measurement, set a 30 percent decrease
for partial response and a 20 percent increase for progres‐
sion, and fixed a minimum lesion size. RECIST 1.1 in 2009
reduced the number of target lesions from ten to five (two
per  organ),  defined  lymph  node  measurement  on  the
short axis with a 15 mm threshold for target status, re‐
quired a 5 mm absolute increase in addition to the 20 per‐
cent for progression, and clarified the handling of new le‐
sions and FDG-PET.2 It  remains the default  standard for
solid  tumor trials  and the one regulators  expect  unless
there is a scientific reason to depart from it.3

Immunotherapy and iRECIST
Checkpoint  inhibitors  exposed  a  weakness:  tumors  can
enlarge or new lesions can appear through immune infilt‐
ration before responding.  The immune-related response
criteria (irRC) of 2009 and later irRECIST attempted to ad‐
dress this using total tumor burden, but their definitions
varied  between  trials.  The  RECIST  Working  Group  pub‐
lished  iRECIST  in  2017  to  provide  a  single,  consistent
framework. Its key feature is the category of unconfirmed
progressive disease (iUPD), which must be confirmed on a
repeat scan at least four weeks later before progression is
declared, and which allows a patient who subsequently re‐
sponds to be reset.4 iRECIST is  intended for exploratory
endpoints and for guiding treatment beyond progression
within trials; RECIST 1.1 still typically governs the regulat‐
ory primary endpoint.

Hepatocellular Carcinoma: EASL and mRECIST
Hepatocellular  carcinoma  (HCC)  is  treated  largely  with
therapies that kill  tumor without shrinking it:  chemoem‐
bolization, radioembolization, ablation and antiangiogenic
drugs. Size criteria therefore understate their effect. The
European Association for the Study of the Liver (EASL) pro‐
posed in 2000 that response be judged by the reduction in
enhancing,  viable  tumor.  mRECIST,  introduced  in  2010,
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formalized this by measuring the longest diameter of the
enhancing  portion  of  each  target  lesion  in  the  arterial
phase,  and it  has been shown to predict  survival  better
than RECIST after locoregional and systemic therapy. The
2020 update by Llovet and Lencioni clarified its application
in systemic therapy trials, including the handling of lesions
with atypical enhancement, and reinforced its role as the
recommended criterion in HCC trials.5 EASL's 2018 clinical
practice  guideline  endorses  mRECIST  for  assessing  re‐
sponse to  locoregional  therapies  and for  systemic  ther‐
apies.6 Response assessment in HCC has grown in import‐
ance since combination immunotherapy became first-line
standard: atezolizumab with bevacizumab in IMbrave150
was evaluated with both RECIST 1.1 and mRECIST, and the
two criteria produced different response rates in the same
patients.7

Lymphoma: From Cheson to Lugano
Lymphoma  response  criteria  developed  separately  be‐
cause nodal disease does not shrink to nothing: residual
masses  of  fibrosis  persist  after  cure.  The  International
Working Group criteria of  1999 introduced the category
'complete response unconfirmed' for exactly this reason.
The 2007 revision led by  Cheson incorporated FDG-PET,
which could distinguish viable tumor from scar, and elim‐
inated the unconfirmed category.8 The Lugano classifica‐
tion of 2014 completed the transition: PET-CT is the stand‐
ard for  FDG-avid histologies,  response is  graded on the
Deauville  five-point  scale  relative  to  mediastinal  blood
pool and liver uptake, CT-based criteria are reserved for
non-avid  lymphomas,  and  the  unconfirmed  category  is
gone entirely.9 Lugano is  now the expected standard in
lymphoma trials and provides the template for how a re‐
sponse criterion can be built around metabolic rather than
anatomic imaging.

Choosing and Applying Criteria
The practical choice is now rarely about which criterion ex‐
ists but about which one fits the tumor, the therapy and
the regulatory question.  Three principles help.  First,  an‐
chor the primary endpoint in the criterion regulators ex‐
pect for the indication: RECIST 1.1 for most solid tumors,
Lugano for lymphoma, with mRECIST acceptable in HCC.
Second,  pre-specify  secondary  and  exploratory  criteria

that fit the mechanism, such as iRECIST for checkpoint in‐
hibitors  or  PERCIST  for  metabolic  response,  and  define
them  in  the  imaging  charter  rather  than  adding  them
after the fact. Third, recognize that every criterion is only
as good as the consistency of its application: the same le‐
sions,  the same sequence, the same slice thickness and
the same trained readers  at  every  timepoint.  The FDA's
imaging endpoint guidance describes the documentation
expected to show that this consistency was achieved.3

Guidance for Sponsors

Selecting response criteria

Match the criterion to the indication and regu‐
lator. RECIST 1.1 for solid tumors, Lugano for
lymphoma, mRECIST in HCC.2,5,9

Add mechanism-specific criteria as secondary
endpoints. iRECIST for immunotherapy, PERCIST
for metabolic response.4

Define every rule in the charter. Target lesion se‐
lection, confirmation requirements, new-lesion
handling and missing data.3

Train and test readers. Document reader qualific‐
ation and inter-reader agreement before the first
read.
Keep acquisition constant. Same modality, con‐
trast phase, slice thickness and timing across all
visits.
Use blinded independent central review. Espe‐
cially for open-label trials and progression-based
endpoints.3

Summary
Each generation of response criteria was built to solve a
problem the last one created or ignored, from bidimen‐
sional arithmetic to pseudoprogression, viable tumor and
metabolic  scar.  The  criteria  available  today  are  mature,
well validated and increasingly specific to tumor type and
therapy.  Choosing them deliberately  and applying them
consistently is what allows a trial's imaging to speak with
authority.
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