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Abstract

The Response Evaluation Criteria in Solid Tumors (RECIST) were developed and published in
2000, based on the original World Health Organization (WHQO) guidelines first published in 1981.
In 2009, revisions were made (RECIST 1.1) incorporating major changes, including a reduction in
the number of lesions to be assessed, a new measurement method to classify lymph nodes as
pathologic or normal, the clarification of the requirement to confirm a complete response (CR) or
partial response (PR) and new methodologies for more appropriate measurement of disease
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progression. The purpose of this paper is to summarize the questions posed and the clarifications
provided as an update to the 2009 publication.

Keywords

RECIST; clarifications; tumor response

Introduction

World Health Organization (WHO) response guidelines were first published in 1981 [1,2].
The RECIST criteria were based on those criteria, and were themselves updated in a 2009 in
the European Journal of Cancer (RECIST 1.1) [3]. The revised guidelines incorporated
major changes to the original RECIST criteria [2], including a reduction in the number of
lesions to be assessed, a new measurement method to classify lymph nodes as pathologic or
normal, the clarification of the requirement to confirm a complete response (CR) or partial
response (PR) and new recommendations for the assessment of disease progression.
Supplementary information provided included imaging guidelines, which better defined
image acquisition and interpretation.

The RECIST criteria have gained widespread adoption and are widely used in oncology
clinical trials. The RECIST 1.1 paper has been cited 3881 times as of December 2015 Web
of Science. Endpoints categorized by the RECIST criteria have been used as either primary
or supportive data for regulatory approval of new therapeutics by both the FDA and EMA
[4]. RECIST provides a standardized set of rules for response assessment using tumour
shrinkage, based upon imaging modalities that are globally available and interpretable by
most clinicians. This standardisation, and the rules and criteria established, provide a
framework for reproducible analysis and reporting of changes in tumour size. The
reproducibility of these criteria and the correlations with historical trial results serve an
important purpose in drug discovery.

Despite the widespread acceptance of RECIST, the RECIST Working Group continues its
work. RECIST and RECIST 1.1 were developed and tested using data from clinical trials
testing cytotoxic drugs. In the last decade, there have been substantial changes in the
mechanism of action of cancer therapeutics (targeted agents, immunotherapies), as well as
advances in imaging and clinical trial design and endpoints. Although the majority of
clinical trials continue to use RECIST as an adjunct to the gold standard endpoints of
survival and quality of life, the RECIST Working Group continues to build data warehouses
(e.g. data from clinical trials involving targeted agents and immunotherapies, FDG PET/CT
data) to review the criteria, update them periodically as required and validate any changes in
a standardized, methodical manner in response to both therapeutic and imaging technology
advances. Critically, the global oncology community must be able to implement and adopt
any changes proposed to RECIST in a timely and cost effective manner.

Since the original publication, users have submitted questions on the use and interpretation
of the guidelines through the RECIST website (http://www.eortc.org/recist/). These
questions are reviewed by the Steering Committee and replies provided based on the 2009
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publication. If not addressed in the publication, the Working Group is consulted to prepare
appropriate replies. Relevant and/or frequently asked questions (FAQs) are posted on a
regular basis on the RECIST website.

Here we summarize the questions and clarifications posed as an update to the 2009
publication.

Commonly asked questions regarding RECIST 1.1

1.

What is the frequency of tumour evaluation?

The schedule and frequency of tumour response re-evaluation is protocol-
specific and is based on the therapeutic, the disease, the anticipated time to
response and progression as well as practical considerations such as cost and
patient convenience.

However, in the context of phase 11 studies where the beneficial effect of therapy
is not known, follow-up every 6-8 weeks (timed to coincide with the end of a
cycle) is reasonable. Shorter or longer time intervals than these could be justified
in specific regimens or circumstances. The protocol should specify which areas
(chest, abdomen) and organs are to be evaluated at baseline (usually those most
likely to be involved with metastatic disease for the tumour type under study)
and how often evaluations should be repeated [2]. The method of assessment
should be stated and, ideally, repeated using the same imaging technique,
equipment and assessor each time. Additional assessments should be performed
if there is suspicion of new site of metastasis, or of disease progression based
upon clinical symptoms. The presence of a new lesion(s) should be documented
on an imaging study. All potential sites of metastases should be evaluated at each
time point rather than following only sites of disease identified at baseline.

Should lesions smaller than 5 mm be reported as the actual size or reported as a
default value of 5 mm?

All lesions, both nodal and non-nodal, must be evaluated, accurately measured
(if measurable/target) and recorded at all timepoints. If a lesion is no longer seen,
it should be recorded as zero (or absent if non-measurable /non-target). If a
lesion is smaller than 5 mm and the radiologist believes the lesion can be
accurately measured then the actual size should be recorded.

It is recognized that lesions become small and ill-defined on a CT scan such that
the radiologist cannot accurately measure them. Some radiologists use the term
“too small to measure” to describe this phenomena. When this occurs, the
radiologist may decide that the lesion is present but he/she does not feel
comfortable providing the oncologist with a precise measurement. If this occurs,
the radiologist may assign the lesion a value of 5 mm by default. This default
value is nominally derived from the 5 mm CT slice thickness (but should not be
changed with varying CT slice thickness). The measurement of this type of
lesion is potentially non-reproducible, and providing this default value will
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prevent a false assessment of response or progressive disease due to
measurement error.

3. If there are three or more measurable lesions in one organ, and we select two of
them as target lesions, how should the third lesion be considered?

The third lesion should be considered a non-target lesion and should be recorded
and followed as part of the non-target disease.

4, Is a single target lesion measurable if a patient has multiple non-target non-
measurable disease?

Yes, a single target lesion is considered measurable disease provided the lesion
meets the definition of measurability as described in RECIST 1.1.

5. How should the limitation of two target lesions per organ be applied to lymph
nodes? Can individual chains/regions be considered one organ or are lymph
nodes (all locations included) a single organ?

Lymph nodes are considered one organ. Only two lymph nodes should be
measured per patient as target lesions. Other involved lymph nodes should be
assessed and followed as non-target lesions. The analysis of data from the
RECIST warehouse was performed in this manner.

6. Should double the slice thickness/interval be applied to lymph nodes as well
when a CT slice thickness of 10 mm is used?

It is strongly recommended that CT slice thickness of 5 mm be used. Although
RECIST 1.1 (2009) recommends the following: “As is described in Appendix II,
when CT scans have slice thickness greater than 5 mm, the minimum size for a
measurable lesion should be twice the slice thickness”, in 2016 contemporary CT
scanners globally should be able to acquire images with a slice thickness of 5
mm or less. This is recommended by the Quantitative Imaging Biomarkers
Alliance (QIBA) guidelines for standardizing image acquisition for CT (http://
rsna.org/QIBA_.aspx) [5]. There are many disadvantages and no real advantages
in obtaining 10 mm slices. Not only are lesions more difficult to measure, but
new lesion conspicuity is significantly less at 10 mm [6, 7].

7. When lymph nodes coalesce forming a conglomerate mass, which axis should be
measured to assess the response: short or long axis?

The short axis of lymph nodes should always be measured. As nodal lesions
coalesce, a plane between them may be maintained that would aid in obtaining
maximal short axis diameter measurements of each individual lesion. If the nodal
lesions have truly coalesced such that they are no longer separable, the vector of
the longest diameter in this instance should be used to determine the
perpendicular vector for the maximal short axis diameter of the coalesced lesion
(Fig. 1). Non-nodal lesions that coalesce should similarly be assessed by the
longest diameter.

8. Clarification of the definition of Stable Disease (SD).

Eur J Cancer. Author manuscript; available in PMC 2017 December 20.


http://rsna.org/QIBA_.aspx
http://rsna.org/QIBA_.aspx

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Schwartz et al.

Page 5

The definition of stable disease is clarified as follows: “Neither sufficient
shrinkage (compared to baseline) to qualify for partial or complete response (CR
or PR) nor sufficient increase (taking as reference the smallest sum of diameters
at baseline or while on study, whichever is smallest) to qualify for progressive
disease (PD)”.

It is important to recognize that the classification of a response (either CR or PR)
occurs in comparison to the sum of diameters at baseline, while progression is
based on a comparison to the smallest of the sum of diameters at baseline or the
smallest sum of diameters during the trial (nadir). Most protocols require the
criteria for SD for a specified period (for example at least 4 weeks) before SD
can be concluded. Thus, if imaging is conducted at 2 weeks and 4 weeks on-
study, and at 2 weeks the criteria for CR, PR or PD are not met, but at 4 weeks
meets the criteria for PD, the best overall response is PD, not SD as the subject
was not on-study long enough to qualify for SD.

9. If an abnormal lymph node (or non-nodal disease) ‘disappears’ but then
‘reappears’ should this considered to be PD?

In general, significant lesions that completely regress and then reappear are
indicative of PD. However, it is important to consider the patient's entire tumor
burden in order to make certain that the patient is not falsely classified as having
PD based upon a single measurement or lesion, especially when those lesions are
small or there is a change in optimal imaging assessment. This holds true for all
types of metastases (Fig 2)

If the response was previously considered to be CR, with resolution of all sites of
disease, then the reappearance of any lesion, or the development of a new lesion
considered to be malignant, would generally be considered PD (see comments
below regarding lymph nodes).

In the case of PR or SD, if a previously resolved lesion reappears, then PD
should not be assigned purely based on the reappearance of the lesion; rather,
other criteria for PD must be met as well, such as the appearance of new lesions
or a sum measurement of target lesions that has increased more than 20%.

It is important to remember that lymph nodes must meet the criteria for
malignancy (defined pragmatically as = 10mm) in order to be considered to have
reappeared. A node which is less than 10 mm is considered benign and is not PD.
In a subject with CR, a new node that meets the size criteria for a pathologic
node is considered a new site of disease and is therefore consistent with PD. In
subjects with PR or SD:

a. A previously abnormal target node that became normal and
subsequently enlarged in size meeting the criteria for a pathologic and
measurable node (a short axis of = 15 mm) should be added to the Sum
of the Diameters (SOD) to determine if the criteria for PD are met
based on target lesions.
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b. A previously abnormal non-target node that became normal and
subsequently recurred must meet the criteria for PD based on NT
lesions to call progression.

c. A normal node at baseline that subsequently becomes pathologic is
considered a new lesion and results in PD.

In the circumstances illustrated above, where a single pathologic node is driving
the progression event, continuation of treatment/follow-up and confirmation by a
subsequent exam should be contemplated. If it becomes clear that the “new
node” has not resolved, or has significantly increased in size, and truly represents
PD, the date of PD would be the date the new node was first documented.

How should patients be classified who have had surgery/radiotherapy during
trials for which they are being followed by RECIST?

For most clinical trials using RECIST, surgery or radiotherapy after trial
inclusion and prior to disease progression is a protocol deviation, and if a target
lesion has been surgically removed or treated with radiotherapy, then the patient's
response is not evaluable. If surgery or radiotherapy is part of the clinical trial,
then the protocol must define in advance how response and progression will be
handled and ‘censored’ in the analyses. If the treatment has resulted in
inoperable lesions being suitable for resection, the researcher may wish to
capture that separately as an indicator of ‘activity’.

The section on FDG-PET mentions that correlation with CT is warranted for new
lesions, and that PD should be declared if the hot spot on PET corresponds to a
progressing lesion on CT. How should this correlation be made if the hot spot on
PET corresponds to a target lesion that has increased in size but the sum of the
measurements does not show an increase that is sufficient for PD (other target
lesions have not enlarged or have actually decreased). Is this PD?

The RECIST 1.1 guidelines state “a. Negative FDG-PET at baseline, with a
positive FDG-PET at follow-up is a sign of PD based on a new lesion. b. No
FDG-PET at baseline and a positive FDG-PET at follow- up: If the positive
FDG-PET at follow-up corresponds to a new site of disease confirmed by CT,
this is PD. If the positive FDG-PET at follow-up is not confirmed as a new site of
disease on CT, additional follow-up CT scans are needed to determine if there is
truly progression occurring at that site (if so, the date of PD will be the date of
the initial abnormal FDG-PET scan). If the positive FDG-PET at follow-up
corresponds to a pre-existing site of disease on CT that is not progressing on the
basis of the anatomic images, this is not PD”.

Therefore, the scenario is not PD. Currently PET scanning is considered a
complementary modality primarily to assess for new tumor lesions. Therefore, if
a target lesion is FDG avid and even if the standardized uptake value (SUV) on
PET has increased, the patient would only be considered to be PD if the CT
metrics for progression were met, including a greater than 20% increase in the
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sum measurement of lesions, non-target unequivocal PD or new lesions on CT
(regardless of their presence or SUV on PET).

If there is a hot spot on FDG-PET (baseline PET is not available) that is not
associated with a new CT (or MRI) lesion, the article states that PD should not
be declared. What should the response be, not evaluable (NE)?

FDG-PET is a complementary modality and should be used in adjunct to the CT
or MRI. Therefore, in this example, the patient's response should be based solely
upon the measurements and findings on CT and/or MRI. Since there is no PET at
baseline and no corresponding new lesion on CT or MRI then the patient can
only be assessed on the existing lesions and their change from baseline to follow-
up on CT or MRI. Providing the scan was evaluable and all lesions visible/
measurable, the response would therefore be CR, PR or SD as no new lesions
were seen on CT/MRI.

Can the CT information from PET-CT be used as the basis of CT assessments? Is
the technical quality of such images sufficient for quantification as required in
RECIST?

At present, the low dose or the attenuation correction CT portion of a combined
PET-CT is not of optimal diagnostic CT quality for use with RECIST
measurements. However, if the site has documented that a CT with appropriate
radiation dose for diagnostic quality and IV and oral contrast was used (if not
medically contraindicated) the CT portion of the PET-CT can be used for
RECIST measurements.

Can we use coronal or sagittal imaging to measure lesions in CT if the largest
diameter is in a plane other than axial?

It is recommended that the axial imaging plane be used in all cases on CT scans
for consistency and for ease of measurement especially since reconstructions or
advanced workstations are not always available globally. It is recognized that the
other planes may represent the true long axis of the tumor but depending on the
CT acquisition parameters across timepoints this may be difficult to consistently
and reproducibly measure.

The RECIST Working Group is currently testing the Criteria for their applicability with
modern therapeutics, imaging techniques and trial endpoints. The current RECIST 1.1
criteria remain widely used. A number of users have asked questions regarding the
interpretation of the 2009 Criteria and we have attempted to summarize those questions, and
the answers, in this update. For further updates on the criteria, please visit the RECIST
website at http://www.eortc.org/recist/
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Highlights

. Clarification on how to select target lesions and what to do with measurable
lesions which are not selected for target disease response assessment

. Clarification on the definition of stable disease

. Clarification on the role of FDG-PET/PET-CT in the context of RECIST 1.1
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Fig 1.

Ngte optimal manner for measuring the short axis of coalescing lymph nodes (blue arrow).
At baseline, there are two distinct nodes, therefore the short axis is measured for each (red
and yellow lines) and at cycle 6 the single short axis of the coalesced node is now measured
as a single line (red).
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Baseline

Fig. 2.

Pa%ient with colorectal cancer. Liver metastases at baseline (red circle) appear to resolved at
cycle 3 with “reappearance” at cycle 5 (red circle). However, notice that the imaging
techniques are different and the cycle 3 is of poor image quality to visualize these
metastases. Therefore, these lesions have not truly reappeared and the patient should not be
considered to have progressive disease at cycle 5. There is true progression at cycle 7.
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