Radiology:Imaging Cancer

A Primer on RECIST 1.1 for Oncologic Imaging in Clinical
Drug Trials

Kathleen Ruchalski, MD * Marta Braschi-Amirfarzan, MD * Michael Douek, MD, MBA e Victor Sai, MD
Antonio Gutierrez, MD * Rohit Dewan, DO ® Jonathan Goldin, MD, PhD

From the Department of Radiological Sciences, David Geffen School of Medicine at UCLA, 757 Westwood Plaza, Suite 1621, Los Angeles, CA 90095-1721 (K.R., M.D.,
VS., A.G.,R.D,, ].G.); and Department of Radiology, Beth Isracl Lahey Health, Burlington, Mass (M.B.A.). Received January 14, 2021; revision requested February 24; revi-
sion received March 17; accepted March 30. Address correspondence to K.R. (e-mail: kruchalski@mednet.ucla.edu).

K.R. supported by an AUR-GE Radiology Research Academic Fellowship.
Conflicts of interest are listed at the end of this article.

Radiology: Imaging Cancer 20215 3(3):¢210008 ® htps://doi.org/10.1148/rycan. 2021210008 ® Content codes: (01](5Q]

Drug discovery and approval in oncology is mediated by the use of imaging to evaluate drug efficacy in clinical trials. Imaging is
performed while patients receive therapy to evaluate their response to treatment. Response criteria, specifically Response Evaluation
Criteria in Solid Tumors version 1.1 (RECIST 1.1), are standardized and can be used at different time points to classify response into
the categories of complete response, partial response, stable disease, or disease progression. At the trial level, categorical responses for all
patients are summated into image-based trial endpoints. These outcome measures, including objective response rate (ORR) and pro-
gression-free survival (PFS), are characteristics that can be derived from imaging and can be used as surrogates for overall survival (OS).
Similar to OS, ORR and PFS describe the efficacy of a drug. U.S. Food and Drug Administration (FDA) regulatory approval requires
therapies to demonstrate direct evidence of clinical benefit, such as improved OS. However, multiple programs have been created to
expedite drug approval for life-threatening illnesses, including advanced cancer. ORR and PFS have been accepted by the FDA as ad-
equate predictors of OS on which to base drug approval decisions, thus substantially shortening the time and cost of drug development
(1). Use of imaging surrogate markers for drug approval has become increasingly common, accounting for more than 90% of approvals

through the Accelerated Approval Program and allowing for use of many therapies which have altered the course of cancer.
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easuring changes in tumor size with imaging can help
Mdetermine if patients are responding to therapy, as well
as if and when disease progression occurs. In the clinical trial
setting, there is blending of patient care and scientific dis-
covery. Quantification of radiologic changes in tumor size
extends beyond contributing to individual patient treatment
decisions. It can also provide a method to perform statisti-
cal analyses and attain regulatory drug approval of prom-
ising investigational therapeutic agents by objective clinical
trial endpoints. Image-based treatment outcome measures
are commonly used to assess if treatments are effective and,
in the past few decades, have played an increasing role in
the regulatory drug approval of a growing number of onco-
logic therapies. Therefore, it is imperative that the imaging
community understands the application of these rule-based
response criteria during image interpretation and how re-
ported findings inform clinical trial results.

Oncology Innovation: Drug Development
Process

The drug discovery and approval paradigm is a very time-
and resource-intensive process. For U.S. Food and Drug
Administration (FDA) approval of one therapy, typically
anywhere between 5000 to 10000 initial compounds are
rigorously investigated in a structured process that usually
takes more than $1 billion and 10 years to complete (2—4).
Beyond the initial concept and basic drug development,
promising agents must undergo extensive preclinical evalu-
ation and endure multiple phases of clinical trials to ensure
safety and efficacy. Preclinical testing is performed both in

vitro and in vivo to evaluate a drug’s mechanisms of action,
therapeutic index, and drug dosing (5).

The three main phases of clinical trials in drug develop-
ment occur sequentially. Phase I is primarily designed to
evaluate drug safety and dosing in a small number of pa-
tients but may also provide early insight into pharmacoki-
netics and antitumor effect (5). Promising therapies that
emerge from phase I clinical trials will advance to phase II.
Phase II clinical trials are generally small nonrandomized
studies used to screen new agents for preliminary evidence
of treatment efficacy. Objective measures of tumor response
rate are commonly used to measure efficacy in phase II stud-
ies and determine if the potential treatment should move
forward to the next phase of evaluation (5,6). Phase I1I clini-
cal trials are commonly designed as large double-blinded
and randomized studies with a main objective of rigorously
evaluating a drug’s clinical benefit, such as improved survival
(7,8). Imaging is often incorporated into all phases of drug
development, with changes in tumor size measured over
time while undergoing treatment to evaluate treatment ef-
ficacy or complement and support other clinical outcomes.

Imaging Treatment Response Assessment

Use of imaging has become integral to oncology clinical
trial design and treatment response assessment. The World
Health Organization criteria was the first consensus guide-
line established to standardize imaging interpretation in the
oncology clinical trial setting, with a mission to ensure ob-
jective and uniform reporting of changes in tumor burden
while receiving therapy. Since its inception in 1981, numer-

This copy is for personal use only. To order printed copies, contact reprints@rsna.org


mailto:reprints%40rsna.org?subject=
mailto:kruchalski@mednet.ucla.edu

ARECIST 1.1 Primer for Oncologic Imaging in Clinical Drug Trials

Abbreviations

FDA = Food and Drug Administration, mNSCLC = metastatic
non-small cell lung carcinoma, ORR = objective response rate,
OS = overall survival, PFS = progression-free survival, RECIL =
Response Evaluation Criteria in Lymphoma, RECIST = Response
Evaluation Ciriteria in Solid Tumors, TTP = time to progression

Summary

Oncologic imaging in clinical drug trials provides acceptable markers
of future response to treatment, which allows shortening the clinical
trial length compared with use of standard measures of survival.

Essentials

» The Response Evaluation Criteria in Solid Tumors version 1.1 is
the most commonly used imaging response assessment criteria that
is used in oncology clinical trials.

= Clinical trial outcome measures that can be extracted from imag-
ing include progression-free survival, time to progression, objective
response rate, complete response, and best overall response.

= Radiologic clinical trial outcome measures are surrogate endpoints
that predict a clinical benefit before direct measures, such as sur-
vival, are assessed.

= Expedited programs at the U.S. Food and Drug Administration
commonly use radiologic clinical trial outcome measures to evalu-
ate cancer drugs for regulatory approval in the setting of unmet
needs.
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ous adaptions have been made to these initial “rules” and have
allowed for the creation of multiple additional response assessment
criteria (9). Modifications have been made to customize interpre-
tations to specific tumor types and/or classes of therapies.

Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST 1.1) is currently the most widely accepted and applied
imaging response assessment criteria in oncology clinical trials for
solid tumors (10). Adapted from the original RECIST criteria in
2009, this evidence- and consensus-based guideline provides guid-
ance for image acquisition and systematic rules for the assessment
of anatomic tumor burden change during study (10,11). Base-
line imaging is performed just prior to initiating systemic therapy,
and all anatomic sites of tumor involvement are identified and
then categorized as either measurable or nonmeasurable disease
(10,12). A maximum of five measurable target lesions (maximum
of two lesions per organ) can be selected and measured. Measur-
able lesions must be 10 mm in the longest dimension for solid
lesions and 15 mm in short axis for lymph nodes, with preference
given to those lesions that are largest in size and most reproduc-
ible in measurement. Each target lesion’s relevant diameter will be
added together as the “sum of diameters” and represent a surrogate
for “overall tumor burden” (10) (Fig 1, A).

These selected target lesions are followed and remeasured at
all imaging time points while a patient is receiving therapy. The
change in the sum of diameters from baseline or nadir (smallest
sum during study) primarily determines the imaging response
category assigned for a given time point (Fig 1, B). All nontarget
sites of disease will also be qualitatively assessed for unequivo-
cal worsening or complete resolution at each time point (10).

A single categorical response is reported as a summarization of
changes in tumor burden by target and nontarget disease and
presence of new lesions for each imaging time point (Figs 2 and
3). Radiologic findings related to target and/or nontarget, as
well as new lesion responses and overall categorical response, are
commonly documented and followed by tumor tracker and case
report forms (Fig 4). The categorical responses and duration of
the responses are what inform image-based outcome measures in
oncology clinical trials.

Defining Clinical Trial Qutcome Measures

When designing a clinical trial, it is essential to understand the
primary goal of therapy and the clinical benefit which is most de-
sired. In the setting of advanced cancer, the primary desire of the
patient is to live longer with improved quality of life. Therefore,
clinical endpoints are used as surrogate endpoints to predict how
a patient feels, functions, and/or survives (13,14). When assessing
drug efficacy, the main purpose is to evaluate for a substantial im-

provement in overall survival (OS) and/or quality or life (6,13,14).

OS Measures

In oncology, the reference standard of clinical trial endpoints
is OS, defined as the time from trial enrollment until death
from any cause (15). This preferred outcome measure is con-
sidered the most precise, reliable, and unambiguous given
its independence from investigator assessment and potential
bias. However, OS analysis requires enrollment of a large
number of participants and requires long-term follow-up
(8,15). Additionally, trial-related confounders often limit ex-
tracting direct survival benefits from a particular treatment.
Increasingly complex clinical trial designs, such as treatment
crossover, prevent measuring direct effects on OS when a pa-
tient receives more than one therapy. Similarly, expanding
treatment options and lines of therapy after progression di-
lute direct survival effects from the initial treatment (Fig 5)

(8,13,15).

Biomarkers and Rationale for Surrogate Outcome Measures

While OS remains the clinical trial endpoint of choice for assess-
ing therapeutic agents for advanced cancer, additional outcome
measures can be used in place of or in addition to OS as a more
efficient method for outcome assessment (8). These endpoints are
collected in place of more direct measures of how a patient feels,
functions, or survives and is instead used to predict an expected
clinical benefit (16).

Surrogate endpoints are also commonly a subset of biomarkers
(14). A biomarker is defined as an objective measure that can be
used as a predictor of a normal or pathologic process or response.
These are commonly molecular, histologic, radiologic, or physi-
ologic characteristics (14,17). To be an effective marker, any ef-
fect on the surrogate endpoint should also result in a clinically
meaningful effect on additional clinical endpoint(s) (13). In the
noncancer setting, a common biomarker that has been validated
and widely accepted in medicine is the reduction of elevated blood
pressure, which is used as a substitute for incidence of stroke, con-
gestive heart failure, and cardiovascular death (14). With cancer,
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A. Baseline B. Response at 9 months

Figure 1: Baseline and follow-up CT images in a 55-year-old man with metastatic melanoma. CT imag-
ing of the chest, abdomen, and pelvis was from A (left column), clinical trial enrollment and, B {right column),
evaluation for treatment response at @ months. At each fime, the following were assessed: left lower lobe mass
([row 1, top), right lower lobe nodule (row 2, middle), and subcarinal lymph node (row 3, bottom). The sum of
diameters at baseline was 89 mm and at follow-up was 45 mm (a decrease of 49%), which was categorized
as partial response. Dotted line represents the measured longest diameter of a lymph node. Solid line represents
short-axis measurement.
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cancers have been shown to directly corre-
late with other direct measures of clinical
benefit, including survival (6,8,10,19,20).
These measurements are also already com-
mon practice in the standard clinical set-
ting, where alterations in tumor size by
imaging commonly impact treatment de-
cisions (8). By indirectly measuring clini-
cal benefit, use of image-based biomark-
ers as surrogate endpoints for survival can
reduce the time- and resource-intensive
process of a clinical trial (6). Commonly
assessed radiologic image-based surrogate
outcome measures include: progression-
free survival (PES), time to progression
(TTP), objective response rate (ORR),
and complete response (Fig 6).

Image-based Surrogate Outcome
Megsures

PFS Measures

PFES is defined as the time from random-
ization until objective tumor progression
or death (10). Tumor progression is deter-
mined by the response assessment criteria
selected for the clinical trial, most often
being RECIST 1.1 for solid tumors. As
the most commonly used surrogate end-
point for OS, PES is often used for drug
approval (8,10,13). Given that OS is the
summation of PFS and survival after
progression, statistical models and prior
analyses have shown that PFS demon-
strates reasonable concordance with OS
when median survival after progression is
short (ie, 12 months or less) (13,21).
Evaluation of PFS may be a prefera-
ble measure when compared with OS, as
it requires a smaller sample size to assess
for a meaningful therapeutic response
when compared with OS (8). Another
advantage of PFS is that it is not affected
by subsequent treatments, thus evaluat-
ing a direct effect of the treatment at
hand (13). However, subsequent treat-
ments after initial disease progression
will also decrease the concordance be-
tween PFS and OS by lengthening sur-
vival after initial progression (13,22).
Another limitation in using PES is that

this is commonly a predictor of clinical benefit, which is possible  radiologic changes in tumor size resulting in disease progres-
to measure earlier than irreversible morbidity or mortality (18). sion may not necessarily result in a similar effect in OS (13).

Surrogate endpoints used to assess therapeutic efficacy in  Thus initial selection of the surrogate biomarker requires a
clinical trials for advanced cancer are often radiologic biomark-  priori knowledge of the natural disease course and molecu-
ers. Imaging assessments such as tumor shrinkage in certain  lar characteristics of the therapeutic agent of interest.
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TTP Measures

Similar to PFS, TTP is defined

as the time from randomization 0
until the time of disease progres- 5

sion; however, it is different as it
does not include deaths (Fig 7)
(13). PES still remains the pre-
ferred surrogate endpoint for
drug approval, as by including
deaths, it can be better correlated
to OS (8). TTP is therefore a sur-
rogate endpoint solely based on
imaging findings and an imaging
definition of disease progression.
PES and TTP are commonly
used endpoints in randomized
trials (15).

ORR Measures

ORR is defined as the propor-
tion of patients who experience
a prespecified degree of tumor
shrinkage for a predefined or lon- < a
ger duration of time (8). These
predetermined measures are com-
monly elicited from prior histori-
cal results. For solid tumors evalu-

ated with RECIST 1.1, ORR is Baseline
the summation of those patients

with complete response or partial (Week O)
response (Fig 8) (8). Evaluation of ~ Figure 2:

Time (weeks)

827 36 45 54

ol
Nadir

(week 27)

Progression
(week 54)

Longitudinal response categorization. At each imaging fime point, the patient will receive a single categorical

ORR in phase II clinical trials has
been shown to successfully select
those therapies worth continuing

response. When there is a partial reatment response (PR), the fime point with the smallest tumor burden is the nadir (green
arrow). Provided there are no changes in nontarget lesions and no new lesions, when the smallest tumor burden increases
by more than 20% from nadir (or baseline [yellow arrow], if no nadir), this is the date of disease progression (PD) (red ar-
row). Lines on bottom images indicate tumor diameter.

forward for investigation in larger

phase III clinical trials, deemed

the “go, no-go” decision (6,23). In addition, ORR has been
shown to be a robust endpoint for regulatory approval of post-
first-line therapies (13,24). Duration of response is commonly
reported with ORR, which is the time from initial response
(complete or partial response) to the time of disease progression
(Fig 9) (8).

An advantage in using ORR as an outcome measure is that
it can be assessed by a single-arm study, as any reduction in tu-
mor size is a direct measure of the antitumor effect of treatment
(8,25). However, given that this is a direct measure of change
in tumor burden while receiving treatment, only those patients
with measurable disease at baseline should be included in clini-
cal trials in which ORR is a primary endpoint of interest (10).
This results in exclusion of some patients from trial enrollment if
disease at baseline is not measurable.

ORR may not be the ideal surrogate outcome measure
of OS in some cases. For example, biologic mechanisms of
cytostatic agents may dampen the degree of tumor shrink-
age, thus eliciting only stable disease in a larger proportion of
patients. While certain targeted treatments, such as sorafenib

for metastatic renal cell carcinoma, result in clinically mean-
ingful improvements in OS, they may have a low ORR (13).
Without inclusion of other outcome measures in the phase 11
trial setting, these therapies could inadvertently be deemed
ineffective and thus not move forward for further evaluation
of efficacy. This concept of minor response, in which tumor
shrinkage does not meet the 30% threshold to be captured by
ORR but still results in a meaningful clinical benefit and/or
long-term disease control, has also been previously described
in immunotherapy (26). For lymphoma, the International
Working Group consensus response criteria, Response Evalu-
ation Criteria in Lymphoma (RECIL), acknowledges that
stable disease represents a wide range of tumor change (+20
to —30% change in size), and these thresholds may be too
broad, as prior studies had found meaningful treatment re-
sponse before the partial response threshold. Therefore RE-
CIL has introduced minor response as a categorical treatment
response, defined as a 10% or greater decrease in the sum
of the longest diameters of target lesions but not a partial
response (< 30%) (27).

radiology-ic.rsna.org ® Radiology: Imaging Cancer Volume 3: Number 3—2021
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RECIST 1.1 Categorical Responses: time point response for patients with
target and nontarget disease

Target lesions Nontarget New lesions Overall response
lesions

CR CR No CR

CR Non-CR/non-PD No PR

CR Not evaluated No PR

PR Non-PD ornotall No PR
evaluated

SD Non-PDornotall  No SD
evaluated

Not all evaluated Non-PD

NE

Figure 3: Overall response is the sum of the categorical responses of the target lesions, nontarget lesions, and presence
or absence of new lesions. CR = complete response, NE = inevaluable, PD = progressive disease, PR = partial response,
RECIST 1.1 = Response Evaluation Criteria in Solid Tumors version 1.1, SD = stable disease.
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Figure 4:  Tumor tracker. Target lesion measurements and nontarget responses are collected in tumor trackers longitudinally to allow comparison of imaging response

assessment for each patient over time.

Accurate and reproducible tumor measurements must be
ascertained while receiving treatment to determine objective re-
sponse. ORR may not extrapolate to clinical outcomes in certain
primary tumors with indistinct margins and reduced reproducibil-
ity in measurement, such as pleural or peritoneal mesothelioma,
pancreatic cancer, and certain brain tumors (8).

Radiology: Imaging Cancer Volume 3: Number 3—2021 = radiology-ic.rsna.org

Complete Response

Complete response, as assessed by imaging or histopathologic
assessment, is defined as resolution of all detectable tumor
(8). In certain circumstances, complete response rates can
be used for drug approval (8,15). For example, therapies for
acute leukemia that result in durable complete response are
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associated with longer OS and would also likely =~ Therapy 1

improve quality of life through both a reduc-

tion in infection rates and decreased need for

Progression-free survival

blood product support (15).

Of note, complete response by RECIST 1.1
may still include a measurable sum of diam-

Time to 1%t subsequent therapy

Therapy 2

eters greater than 0 when lymph nodes are in-
cluded as target lesions. Complete response of
lymph nodes (targeted and nontargeted) is de-
fined as a decrease in size of pathologic lymph
nodes to a short axis of less than 10 mm (10).

Best Overall Response

20 PFS >

ime fo 2" subsequent therapy

Therapy 3

3¢ PFS

Best overall response is the best categorical

Overall Survival

treatment response obtained for each patient
while they are participating in the study. Figure 5:
Given such, this outcome measure can only be
calculated once the study has concluded. This
takes into account changes in target and non-
target disease over time as well as development
of new lesions. Best overall response as an outcome measure
is a conclusion made at the patient level, not an analysis at
the study level. If objective response is the primary endpoint
in a nonrandomized clinical trial, best overall response must
be confirmed at the subsequent imaging time point (10).

Regulatory History of Surrogate Outcome
Megasures

To facilitate approval and availability of new therapies, the
FDA has created multiple programs to expedite drug approval.
These include the Accelerated Approval, Priority Review, Fast
Track, and Breakthrough therapy designations and programs
(18,28). The mission of these programs is to expedite treat-
ments that can address currently unmet medical needs of se-
rious or life-threatening diseases (18,29). Through these pro-
grams, imaging-based outcome measures ORR and PFS are
common clinical trial primary endpoints that support the drug
approval process of cancer treatments.

Surrogate imaging endpoints are most commonly mentioned
in conjunction with the Accelerated Approval Program (13). Prior
to its inception, the only option for drug approval was through
the traditional drug approval pathway, which requires a therapy to
demonstrate evidence of a direct clinical benefit, such as improved
OS, quality of life, or symptoms (8). In certain cancers, a surrogate
endpoint could still be applied when it is a well-established predic-
tor of clinical benefit. For example, a large improvement in PES or
appreciably durable ORR could also be used for regular approval
when evaluated in conjunction with a positive benefit-risk profile
of improvements in clinical symptoms and/or low drug toxicity
(8,25,30). The Accelerated Approval Program was created in 1992
in response to the AIDS epidemic and need to bring promising
novel therapies to those in need in a more timely fashion (16).
Unlike regular approval, for those serious conditions with an un-
met need, treatments could be approved on the basis of less well-
established surrogate or intermediate endpoints which are “reason-
ably likely” to correlate with a clinical outcome (8). Given that

Overall survival. A patient receives multiple additional lines of freatment after their first
therapy. In this case, overall survival is not a direct measure of freatment efficacy by therapy 1, as it also
includes effects from therapies 2 and 3. PFS = progression-free survival.

PFS
PD<S T7p

CR/PR-» ORR

Figure 6: Image-based surrogate outcome measures. Response Evaluation
Criteria in Solid Tumors version 1.1 (RECIST 1.1) cafegorical reatment responses
inform several image-based surrogate outcome measures. The time point of pro-
gressive disease (PD) is used to defermine both progression-free survival (PFS) and
time to progression (TTP). Categorical responses of complete response (CR) and
partial response (PR) will determine objective response rate (ORR).

RECIST 1.1

many advanced cancers are serious and life-threatening illnesses,
oncology drugs may also be eligible for accelerated approval (31).
Once accelerated approval has been granted, additional clinical tri-
als must then be performed to confirm the original findings and
clinical benefit (31).

Since the implementation of the FDA’s Accelerated Ap-
proval Program, ORR has been the most commonly used sur-
rogate outcome measure for accelerated approval (8,31). PFS
has also been increasingly used as a surrogate endpoint in the
evaluation of drug efficacy in phase III trials in advanced can-
cer (10,31,32). A review of the Accelerated Approval Program
in 2018 revealed that in its 25 years of existence, 64 cancer
therapies were approved for 93 new indications (31). The ma-
jority of approval endpoints were image-based surrogates, in-
cluding ORR (87%), PES and/or TTP (9%), and disease-free
survival (4%). For drugs approved through the Accelerated
Approval Program, confirmation of clinical benefit and tran-
sition to regular approval commonly also used image-based
surrogate markers the majority of the time, most commonly
PES and/or TTP (39%) (31). In comparison, during this
same time, OS was the most commonly used approval end-
point for traditional approval (35%). However, image-based
surrogate endpoints were still frequently used for traditional
approval, including PFS (34%) and ORR and/or duration of
response (25%) (31).

radiology-ic.rsna.org ® Radiology: Imaging Cancer Volume 3: Number 3—2021
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Time (weeks)

3 0 9 18 27

36 45 54

-10
15
-20
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-40 T

P =54 weeks
45 ﬁ

Baseline
(week 0)

Figure 7:

Nadir
(week 27)

Time to progression (TTP) is the tofal fime from which the patient starts freatment until radiologic disease pro-

—

Progression
(week 54)

gression. In this example, the patient's tumor grew 20% from nadir, reaching disease progression. TTP was 54 weeks. SOD

= sum of diameters.

Use of image-based surrogate endpoints have led to reg-
ulatory approval of numerous cancer therapies through the
other FDA expedited programs and designations. The Break-
through Therapy Designation is devoted to expediting ap-
proval of promising treatments on the basis of early evidence
of promising therapies that have shown a substantially im-
proved clinical benefit above those already available treatment
options (16,30). For metastatic non—small cell lung cancer
(mNSCLC), PES and ORR were successfully used as ap-
proval endpoints for the approval of crizotinib for anaplastic
lymphoma kinase—positive mNSCLC, as well as erlotinib and
osimertinib in epidermal growth factor receptor L858R and
T790 mutation—positive mNSCLC. ORR and disease-free
survival were also approval endpoints in the release of ima-
tinib for gastrointestinal stromal tumor (30).

Similar early access programs are also available through the
European Medicines Agency, including priority medicines
(PRIME), conditional approval, authorization under excep-
tional circumstances, and accelerated assessment (33—35).

Limitations and Future

Oncologic imaging has proven to play a major role in the
primary analysis of oncology clinical trial results as well as
primary endpoints for drug approval. RECIST 1.1 is most

Radiology: Imaging Cancer Volume 3: Number 3—2021 = radiology-ic.rsna.org

commonly applied as a method to capture both treatment
response, as well as disease progression, and should correlate
with the clinical status of the patient (10,13). Thresholds of
a greater than 30% decrease for partial response and a greater
than 20% increase for disease progression have been retro-
spectively validated by the RECIST working group and well
correlated with OS (36-38). These thresholds provide out-
comes captured at the clinical trial level. At the same time,
these trials provide clinical care to the patients who volunteer
to participate in the studies. Imaging interpretation for clini-
cal trials contributes directly to their clinical care, and when
imaging categorizes response as disease progression, many
protocols require cessation of that therapy. On an individual
level, changes in tumor size of 19% or 21% likely do not
correlate with differences in clinical symptoms but result in
a change of categorical response from stable disease to dis-
ease progression (22). Sole reliance on imaging reduces the
opportunity to consider other meaningful clinical outcomes.
For prostate cancer, a more holistic approach to treatment
response has been proposed by the Prostate Cancer Clinical
Trials Working Group 3, which places greater emphasis on
determining when patients are no longer clinically benefiting
from treatment as opposed to the first evidence of progres-
sion. This consensus guideline proposes future integration of
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serum markers and patient-reported outcomes with imaging-
based markers to better assess disease heterogeneity and tu-
mor resistance (27).

RECIST 1.1 is applied in oncology to provide objective
measures of change in tumor burden. However, differences in
image interpretation and interreader variation can result from
a multitude of factors, including tumor measurement, target
lesion selection, and qualitative nontarget lesion assessment, as
well as from differences in identifying and interpreting lesions
as new tumor. Tumors that are ill-defined in appearance inher-
ently will have higher variations in inter- and intrareader mea-
surements. The selection of which target lesions are assessed
may itself lead to substantial discrepancies in interreader agree-
ment. A prospective reader study found that discordance in
target lesion selection among readers resulted in a disagreement
in the classification of progressive versus nonprogressive disease
in 45% of patients (39). Similarly, a retrospective review of
combined trials in which dual reader with adjudication para-
digm was used resulted in, on average, 40% reader disagree-
ment (40,41). These discrepancies were most commonly due to
disagreement in presence of new lesion, tumor measurements,
and perception of progression of nontarget lesions (41). While
RECIST disease progression as a result of qualitative nontar-
get disease alone was thought to be rare, an analysis of a large
clinical trial by Coy et al of a cohort of patients with metastatic
renal cell cancer demonstrated that almost 20% of disease pro-
gression was due to nontarget disease alone. This unexpected
result demonstrates a not insubstantial percentage of cases that
rely solely on qualitative assessments to inform outcome mea-
sures such as PFS and TTP (42).

Multiple commercial products are currently available to
assist in radiologic interpretation, standardized response

Figure 8: Objective response rate reflects the degree of
tumor shrinkage and is defined as the proportion of patients who
experience a complete response (CR) or partial response (PR)
while receiving freatment. A, A patient who underwent chest CT
that revealed a single site of disease at baseline experienced, B,
marked decreased size of the right paratracheal lesion, and thus is
an objective responder. C, Objecfive responders are the percent-
age of patients with CR and PR. Arrow indicates the single site of
disease, mediastinal lymphadenopathy. PD = progressive disease,
RECIST 1.1 = Response Evaluation Criteria in Solid Tumors version

1.1, SD = stable disease.

assessment, and data management of imaging performed as
part of an oncology clinical trial. Implementation of elec-
tronic case report forms during RECIST 1.1 interpretation
was previously found to reduce nonconformity errors by
10-fold (43). Artificial intelligence is increasingly embedded
within many of these platforms, including automation for
tumor measurement, target and nontarget location labeling,
tumor localization at follow-up, and response assessment
categorization. A recent study by Smith et al demonstrated
that automation of these processes resulted in a 99% re-
duction in major errors, a 50% reduction in imaging inter-
pretation time, and a 45% increase in total interobserver
agreement (44). Given the above-described discrepancies
in response assessment as a result of different target lesion
selection, future implementation of artificial intelligence
for tumor localization and measurement could also facili-
tate measurement of total tumor burden, a task that would
otherwise be too time-intensive. In doing so, intertumor or
interpatient disease heterogeneity found in mixed response
could be better represented and considered when determin-
ing treatment response.

RECIST 1.1 relies upon unidimensional measurements
for tumor assessment. However, the RECIST Working
Group acknowledges that other imaging biomarkers, in-
cluding functional imaging and tumor volume, could also
provide valuable prognostic information in the future but
currently lack clinical validation and sufficient standardiza-
tion (10). The Quantitative Imaging Biomarkers Alliance
recently released a profile for FDG PET/CT to character-
ize and reduce the variability of standardized uptake values
and provide thresholds of meaningful change. Future mul-
tisite validation of these findings could result in functional
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the time of disease progression. In this example, the sum of diameters was less than 30% of baseline at week 18 (defined as
partial response), and disease progression occurred at week 54. Therefore DOR was 36 weeks.

imaging becoming even more embedded in oncology tri-
als and playing a larger role in response assessment beyond
lymphoproliferative disease (45).

Conclusions

Imaging is deeply woven into the routine practice of oncol-
ogy and treatment response assessment in advanced cancers.
In the clinical trial setting, uniform response criteria are used
at every imaging time point to provide a standardized response
for each patient. These categorical responses can then be used
to compare responses at different time points within the same
patient as well as compare among groups of patients. On a
trial level, these imaging responses can be summated to inform
image-based surrogate outcome measures of survival, includ-
ing PFS and ORR. Imaging surrogate outcome measures have
increasingly been applied not only to clinical trials to evaluate
for clinical benefits but also to support FDA drug approval
through expedited pathways.
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