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Abstract

Oncologic imaging is an important facet of abdominal
imaging that radiologists encounter nearly every day.
Many oncology clinical trials utilize response evaluation
criteria in solid tumors (RECIST) version 1.1 which di-
vides tumor sites into target and non-target lesions. Al-
though RECIST vl.1 provides clear instructions
regarding the use of imaging in clinical trials, errors in
response assessment still occur using these criteria. This
is especially true of response assessment with regards to
non-target lesions which involve rules which are less well-
defined and somewhat subjective. This pictorial essay
will review RECIST vl.1 guidelines and common non-
target lesion errors which can occur at baseline and fol-
low-up response assessment.
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In 1981 the World Health Organization published crite-
ria to standardize tumor measurements using imaging to
assess tumor response in clinical trials [1]. Response
Evaluation Criteria in Solid Tumors (RECIST) was
developed in 2000 to address shortcomings with WHO
criteria and better standardize response assessment [2—5].
The development of RECIST resulted in objective crite-
ria to determine response to therapy and allowed com-
parison of data obtained at multiple sites and in different
trials [6]. RECIST underwent several modifications and
in 2009 the revised version (RECIST vl.1) was pub-
lished. RECIST vl1.1 provides a standardized process to
assess therapy response that requires mastery of specific
criteria and definitions [7].
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The baseline assessment for a clinical trial using
RECIST vl.1 requires that all sites of tumor are ac-
counted for using a combination of target and non-target
lesions. Target lesions must be measurable in at least one
dimension. The longest diameter of tumor must be
greater than or equal to 1 cm and for metastatic lymph
nodes the short axis must equal or exceed 1.5 cm. There
is a limit to the number of target lesions which may be
selected at baseline. Target lesions should not exceed 5
total and no more than 2 lesions per organ. If there are
excess lesions after the maximum number of target le-
sions has been reached, these excess lesions should be
assigned as non-target lesions. Non-target lesions also
include sites of tumor too small to qualify as target le-
sions and non-measurable metastatic disease (ascites,
leptomeningeal disease, etc).

Specific RECIST vl1.1 criteria are applied at follow-up
time points after the baseline exam to evaluate the re-
sponse to therapy (Table 1). For target lesions, this in-
volves the sum of diameters of the various selected
lesions. This numerical approach provides an unam-
biguous assessment, although there are certainly issues
relying on size alone to assess therapy response (e.g.,
tumor may show necrosis which indicates response but
the size is unchanged). Non-target lesions do not require
measurements but they should be described using stan-
dardized language so the RECIST vl.1 response is clear.
At our institutions, radiologists describe each non-target
lesion as being present (corresponding to non-complete
response (CR)/non-progressive disease (PD), absent
(corresponding to CR) or unequivocal progression
(corresponding to PD). The overall responses of the
target and non-target lesions are combined to give an
overall response rate (Table 2). Figure 1 shows a RE-
CIST vl.1 worksheet used by radiologists and clinical
trial staff to track lesions over time and assess response.
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Table 1. RECIST vl.1 response evaluation categories for target and non-target lesions [7]

Target lesions

Non-target lesions

Complete response (CR)

Disappearance of all target lesions, pathologic lymph nodes must measure

short axis < 1 cm

Partial response (PR)

At least 30% decrease in sum of diameters of target lesions (relative to
baseline sum)

Stable disease (SD)

Not enough tumor shrinkage to qualify as PR, not enough tumor growth

to qualify as progression
Progressive disease (PD)
At least 20% increase in sum of diameters of target lesions (relative to

smallest sum), sum must show absolute increase of at least 5 mm, or any

new lesions

Complete response (CR)

Disappearance of all non-target lesions, all lymph nodes must
measure short axis < 1 cm

Non-CR/Non-PD

Persistence of one or more non-target lesions

Progressive disease (PD)
Unequivocal progression of existing non-target lesions or any
new lesions

Table 2. Time point overall response, patients with target and non-
target lesions [7]

Target lesions Non-target lesions Overall responses

CR CR CR
CR Non-CR/non-PD PR
PR Non-PD PR
SD Non-PD SD
PD Any PD
Any PD PD

CR Complete response, PR partial response, SD stable disease, PD
progressive disease

A worksheet like this can be an invaluable tool to ensure
RECIST vl1.1 rules are followed and it also provides a
quick overview of the response to therapy over time.

A key point with regards to accurate selection of
target and non-target lesions is the concept of ‘measur-
able’ tumor. Sites of tumor chosen as target lesions
should be those which can be measured repeatedly in a
reproducible fashion. Poorly defined masses should not
be used as target lesions because this could lead to sig-
nificant measurement variability from scan to scan. This
concept of measurable tumor can be a helpful distinction
because radiologists tend to pick the largest tumors as
target lesions regardless of how ‘“measurable” they are
(Fig. 2). The assessment of measurability also introduces
a level of subjectivity with non-target lesions (i.e., there
can be disagreement about whether a lesion is non-
measurable or not).

Since non-target lesions do not require measurements
over time, response assessment is a more subjective
process, especially the concept of ‘unequivocal progres-
sion’. RECIST vl.1 guidelines point out that progression
by non-target lesions alone (i.e., without concomitant
progression by target lesions) should be an uncommon
occurrence. When the patient only has non-measurable
disease (a situation sometime encountered in phase III
trials), the guidelines suggest target lesion criteria for
progressive disease should be applied to non-target le-
sions; there should be a subjective increase in overall
non-target tumor volume of 73%, which corresponds to

increase in diameter of 20% [7]. No specific objective
guidance is given with regards to patients with both
measurable and non-measurable disease. However, one
must remember that if PD is assigned based on non-
target lesions, it may lead to discontinuation of therapy.
Therefore, PD by non-target lesions should only be as-
signed if there is a significant increase in non-target tu-
mor bulk to the point that progression is obvious to all
observers (thus the terminology ‘unequivocal progres-
sion’).

In the authors’ experience, errors with non-target le-
sions are encountered more frequently than errors
involving target lesions. These non-target lesion errors
occur in two settings: baseline lesion assignment and
response assessment. Common errors at baseline lesion
assignment include: not accounting for all sites of tumor,
classifying benign lesions as tumor, grouping incorrectly
or lack of non-target lesion grouping, and assigning
small (< 1 cm short axis) lymph nodes as non-target
lesions. Common response assessment errors include
incorrectly classifying lymph node response when short
axis decreases to < 1 cm, and classifying progression
with only limited size change of non-target lesions.

Baseline errors
Not accounting for all sites of tumor

The principal point in RECIST v1.1 guidelines is that all
sites of tumor must be accounted for using target and
non-target lesions. In spite of this, it is not an infrequent
occurrence that some sites of tumor are not accounted
for at baseline assessment, usually secondary to incorrect
assignment of non-target lesions. For example, when a
patient has multiple pulmonary metastases (Fig. 3), a
common mistake is to measure two nodules as target
lesions and ignore the rest or select 1-2 nodules to serve
as non-target lesions. This causes problems with response
assessment over time. If only target lesions are selected,
there is no standardized way to account for the response
of the other pulmonary metastases over time (i.e., as they
are not delineated as non-target tumor they are not ac-
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Target Lesions:

All measurable lesions up to a maximum - two_
lesions per organ and five lesions in total
representative of all organs

Non-target Lesions

All lesions or sites of disease not identified as target

lesions should be identified & followed as 'present’,

‘absent’, or "'unequivocal progression'

» small lesions with longest diameter < 1 cm (10 mm)

= pathological lymph nodes with short axis 1.0 to < 1.5 cm (10 to < 15)

Measurable Lesions:
Longest diameter > 1 cm (10 mm)
Lymph nodes 2 1.5 cm (15 mm) in short axis

= all non-measurable lesions

Date of Evaluation: DATE: DATE: DATE: DATE: DATE:
| Baseline | [ TimePoint1]| [ TimePoint2]| | | |
Target Lesions:
Imaging Series/ | Measurement Series/ | Measurement Series/ | Measurement Series/ | Measurement Series/ | Measurement
Lesion No. |Site of Lesion Description Modality Slice (cm) Slice (cm) Slice (cm) Slice (cm) Slice (cm)
1 Rt up lobe Nodule CT 1/40 1.8 2/41 1.2 1/36 0.9
2 Liv seg 2 Mass cT 1/130 3.0 2/141 1.2 1/135 0.9
3 Liv seg 3 Mass CcT 1/149 1.4 2/160 0.5 N/A 0.0
4
5
Sum of the Diameters 6.2 2.9 1.8
NADIR (the smallest sum of diameters on study) 6.2 29 1.8
% change from baseline sum of diameters BL -53.2% -71.0%
% change from NADIR (smallest sum of diameters on study) BL 0.0% 0.0%
Difference in cm (compared with NADIR) BL 0.0 0.0
TARGET LESION RESPONSE ASSESSMENT: BL | PR | | PR | 1 | | |
Non-Target Lesions: * Measurements of non-target lesions are not required and they should be followed as 'present’, ‘absent’,
or 'unequivocal progression'
Imaging Series/ Series/ Series/ Series/ Series/
Lesion No. [Site of Lesion Description Modality Slice Status Slice Status Slice Status Slice Status Slice Status
1 Liv seg 6 Masses CT Present Absent
3
4
5
NON-TARGET LESION RESPONSE ASSESSMENT: BL [ NonCRiNonPD | [ Complete Response | [ ] [ ]
New Lesions: (a new lesion of any size equals progression) Designate: Target (1) Non-Target (NT)
Imaging « | Series/ | Measurement Series/ | Measurement Series/ | Measurement Series/ | Measurement Series/ | Measurement
Lesion No. |Site of Lesion Description Modality Slice (cm) Slice (cm) Slice (cm) Slice (cm) Slice (cm)
1
2
3
Overall Response Assessment:
CR = Complete Response | | ol B | | ol PR | Response PR | Response | Response | |
PR = Partial Response
SD = Stable Disesase
PD = Progressive Disease
NE = Not Evaluable Date:
Reviewed by Investigator: . i
. . Signature:
(sign & date for each evaluation)

Fig. 1. A Clinical trial worksheet using RECIST v1.1 criteria.
B Target lesion 1, right upper lobe nodule, C Target lesion 2,
segment 2 liver mass, D Target lesion 3, segment 3 liver
mass, E Non-target lesion 1, segment 6 liver masses. Target
lesions are assessed by summing the diameters at baseline
and follow-up time points. In this case, the shrinkage of target

counted for with RECIST and do not factor into the
overall response rate). Similarly, selecting one or two
non-target nodules out of many pulmonary metastases
does not account for the bulk of the tumor in the lungs.

It is important to remember that once the maximum
number of target lesions are assigned (5 total lesions or 2
per organ) the remainder of measurable tumor sites

lesions results in a partial response at both follow-up time
points. Since two target liver lesions are assigned, the
maximum number of target lesions in the liver has been
reached. Therefore, the remaining liver lesions are assigned
as non-target lesion 1.

should be assigned as non-target lesions. This can be
confusing since measurable tumor is being classified as a
non-target lesion, however, if one is familiar with the
relevant rules of RECIST vl.1 (account for all sites of
tumor, do not exceed target lesion number limits) the
reasoning for this becomes clear. Since these lesions are
followed as non-target lesions, they only require subjec-
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Baseline Time Point 1 Time Point 2

Fig. 1. continued.

tive assessment at follow-up imaging time points, even
though they are measurable. However, in the setting of
progression solely by non-target lesions, some trials or
sponsors may require measurements of relevant non-
target lesions to prove there is a significant increase over
time.

Classifying benign lesions as tumor

Patients on clinical trials frequently have fairly wide-
spread metastatic disecase. In those cases, pitfalls that
might not normally be problematic can cause issues since
radiologists can be more focused on tumor identification
(for appropriate target and non-target delineation), ra-
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Fig. 2. Axial post-contrast CT image from a patient with
metastatic breast cancer. The metastases are poorly defined
and while they could be measured it is doubtful the
measurements would be reproducible from scan to scan
and radiologist to radiologist.

Fig. 3. Axial post-contrast CT image from a patient with
metastatic sarcoma and multiple pulmonary metastases. In
this case only two target lesion pulmonary nodules were
measured with no non-target lesions delineated. This does
not account for the patient’s tumor burden. The lung nodules
not used as target lesions should be accounted for as a single
non-target lesion and described as “multiple lung
metastases”.

ther than lesion characterization. Remember, not every
tiny pulmonary nodule is a metastasis, nor is every drop
of fluid (pleural/pericardial effusions, ascites) malignant.
One must resist the tendency to assign every
detectable lesion as tumor without affording it the same
scrutiny that might be applied in a case not on a clinical
trial. If a benign lesion is assumed to be tumor and as-
signed as a non-target lesion (or target lesion for that
matter) the patient will never achieve a complete re-
sponse because that lesion will never resolve. If a lesion is
indeterminate at baseline assessment prior imaging
should be reviewed to see if it can be definitively char-

acterized (Fig. 4). Consultation with the oncologists and
clinical trial staff involved with the trial can be very
helpful in problematic cases. For example, an indeter-
minate lesion could be left unassigned and then reana-
lyzed at follow-up imaging. The etiology might become
apparent over time and relevant revisions could be made
to baseline target/non-target lesions. Alternatively, all
involved in the trial might determine it is critical to
characterize a lesion and the radiologists’ expertise can
be important to recommend appropriate further imaging
or determine the feasibility of image-guided biopsy.

Grouping incorrectly or lack of non-target lesion
grouping

All tumor sites must be accounted for when using RE-
CIST vl.1. Although there are limits to the maximum
number of target lesions (5 overall; 2 per organ), there
are no specific limits for the number of non-target le-
sions. This leads to a potential dilemma since there could
be large numbers of non-target lesions. How can
numerous sites of tumor be documented and followed in
an efficient manner? To alleviate this issue, RECIST v1.1
guidelines dictate that lesions in single organs or lymph
node chains can be grouped as a single non-target lesion.
For example, if there are multiple liver metastases which
are smaller than 1 cm they could be followed as a single
non-target lesion. At follow-up imaging the liver lesions
are analyzed and a global assessment is assigned for that
non-target lesion using the proper RECIST vl.1 termi-
nology (CR, non-CR/non-PD, PD). Likewise, lymph
nodes in specific anatomic regions can be grouped as one
non-target lesion, e.g., mediastinal nodes, axillary nodes,
etc (Fig. 5).

Assigning small lymph nodes (< 1 cm short
axis) as non-target lesions

RECIST vl1.1 guidelines dictate that complete response
for a metastatic lymph node occurs when the short axis
measurement falls below 1 cm. Therefore, lymph nodes
should not be assigned as non-target lesions unless the
short axis is 1 cm or greater. This is a potential weakness
of RECIST vl.1 since small nodes can certainly harbor
tumor (Fig. 6). However, the guidelines provide a way to
recognize that tumor in lymph nodes may be eradicated
and the lymph node will still be visualized on computed
tomography. This is different from a liver metastasis or a
lung nodule, which may completely resolve and thereby
indicate that a complete response was achieved. If a
lymph node with a short-axis less than 1 cm is erro-
neously listed as a non-target lesion, response criteria
cannot be accurately applied because by definition a non-
target lymph node achieves CR with short axis less than
1 cm (Fig. 7).
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Fig. 4. A, B Axial post-contrast images from a patient with
endometrial cancer at different time points. A shows a lesion
which initially was diagnosed as a metastasis (arrow).
However, a CT scan from a year before was available
B which was acquired with different contrast timing. The
lesion (arrow) on the prior exam shows the peripheral,
interrupted, nodular enhancement of a cavernous
hemangioma. C, D, E Axial images from contrast-enhanced

T

Fig. 5. Axial post-contrast CT images from a patient with
metastatic colon cancer. A shows multiple pulmonary
metastases and B shows hepatic metastases and
gastrohepatic ligament lymphadenopathy. If these were all

abdomen CT and a PET/CT in a different patient with
metastatic lung cancer. The left adrenal nodule which was
called a metastasis on contrast-enhanced abdomen CT (C;
oval). However, it is relatively low density even after contrast.
A subsequent PET/CT D, E confirmed this is an adenoma (no
hypermetabolic activity, density (HU=0.0) on non-contrast CT
compatible with adenoma).

accounted for as non-target lesions proper assignment would
be: (1) Multiple lung metastases, (2) Hepatic metastases, and
(3) Gastrohepatic nodes (assuming short axis measures >1
cm).
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Fig. 6. Axial images from an FDG PET/CT in a patient with
metastatic lung cancer. Non-contrast CT image A shows a
0.8 cm short axis mediastinal lymph node which is
hypermetabolic on fused axial PET/CT (B; arrow) and

1.18cm.
093cm

probably a metastatic lymph node. Although this is a site of
disease it does not qualify as a non-target lesion because the
short-axis is less than 1 cm.

Fig. 7. Axial post-contrast CT images from a patient with
metastatic lung cancer. A shows a lymph node which was
used as a target lesion. A non-target lesion of “other enlarged

Response assessment errors

Incorrectly classifying lymph node response
when short axis decreases to < 1 cm

RECIST vl1.1 complete response for lymph nodes occurs
when the node short axis falls below 1 cm. This seems like
a simple principle but it can become problematic when
multiple enlarged nodes are accounted for as a single non-
target site of disease (e.g., ‘multiple mediastinal lymph
nodes’). Great care must be taken when grouping lymph
nodes so that only nodes of sufficient size are regarded as
non-target lesions and these nodes must be scrutinized at
follow-up so complete response is appropriately classi-
fied. For example, if there are multiple metastatic lymph
nodes in a certain anatomic region at baseline, it can be
helpful to mark nodes on the scan or list in the report
nodes which exceed lcm short-axis. That way at follow-
up assessment it reminds the next reader to apply the 1
cm short-axis criteria to assign the proper response (CR,
non-CR/non-PD, PD) to those specific nodes.

mediastinal lymph nodes” was also incorrectly delineated for
the trial. The other nodes B, C do not meet size criteria for
non-target lesions—they measure less than 1cm short-axis.

Classifying progression with only limited size
change of non-target lesions

Progression by non-target lesions is more subjective as
threshold size changes are not quantitatively specified (as
they are for target lesions) (Fig. 8), but qualitatively
determined as “‘unequivocal progression”. RECIST vl1.1
points out that progression on the basis of non-target
lesions in the absence of progressive disease by target
lesions is possible but this should be an uncommon
occurrence. It is imperative to properly assess non-target
lesion response because if progressive disease is assigned
for any non-target lesion the overall response becomes
one of overall progression, regardless of the target lesion
measurements. If a patient has measurable disease, RE-
CIST vl.1 states the following regarding progression by
non-target lesions, “In this setting, to achieve ‘unequivocal
progression’ on the basis of the non-target disease, there
must be an overall level of substantial worsening in non-
target disease such that, even in presence of SD or PR in
target disease, the overall tumour burden has increased
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Fig. 8. Axial post-contrast images from a patient with
metastatic melanoma. Initial scan A shows multiple small
nodules which can be accounted for as a non-target lesion of
“multiple small pulmonary metastases”. Follow-up scans
performed at two month intervals B, C, D show gradual

A

increase in size of the nodules. This illustrates a potential
difficulty arising when assessing non-target lesions per
RECIST v1.1, different radiologists may disagree about the
exact time point when “unequivocal progression” occurs.

Fig. 9. Axial post-contrast images from abdomen MRI using
hepatobiliary contrast agent, multiple neuroendocrine tumor
metastases to liver. A depicts a dominant metastasis (circle)
and other smaller metastases (arrows). B shows that the
dominant metastasis (circle) is larger but other smaller
metastases (arrows) show little change. It would be

sufficiently to merit discontinuation of therapy. A modest
‘increase’ in the size of one or more non-target lesions is

incorrect to classify B as unequivocal progression based
solely on the increase in size of one metastasis. When
progression occurs by non-target lesions, it should reflect an
increase in overall non-target tumor volume, not just a change
in size of one isolated metastasis.

usually not sufficient to quality for unequivocal progression
status.” (Fig. 9) [7].
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Summary

RECIST vl.1 provides a standardized approach for
using cross-sectional imaging to evaluate therapy re-
sponse. Radiologists must be familiar with the rules that
govern classification of target vs. non-target lesions, as
well as therapy response assessment using RECIST vl.1
guidelines. Familiarity with these rules and various pos-
sible pitfalls will help radiologists in the accurate analysis
of RECIST vl.1 cases.
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