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Imaging plays a major role in objectively 
assessing response to therapy during anti-
cancer treatment. In 1979, the World Health 
Organization (WHO) proposed uniform cri-
teria, known as the WHO criteria, to report 
the results of cancer treatment [8, 9]. Subse-
quently, the Response Evaluation Criteria in 
Solid Tumors (RECIST) guidelines were in-
troduced to unify the various modifications 
of the WHO criteria and to provide standard-
ized and simplified criteria that allow mean-
ingful comparison among studies [10]. The 
RECIST guideline, published in 2000 and 
revised in 2009, has become the most widely 
accepted criteria for response evaluation for 
clinical trials and practice in most solid tu-
mors [10–12], with the exception of malig-
nant lymphoma. For malignant lymphoma, 
the International Working Group response 
criteria (also known as the Cheson criteria), 
introduced in 1999 and revised in 2007, have 
been widely adopted [13, 14].

Although RECIST provides a standardized 
and practical method to assess response and 
define progression in solid tumors in general, 
pitfalls and limitations of RECIST have been 
noted in various clinical scenarios. Some of 
the pitfalls and limitations are cancer and 
therapy specific and are observed in patients 
with specific genomic mutations treated with 
specific targeted therapies [15, 16]. Such 
clinical observations indicate that tradition-
al RECIST-based criteria, originally devel-
oped to assess response to cytotoxic chemo-
therapeutic agents, may not be sufficient to 
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R
ecent advances in molecular bi-
ology have elucidated the differ-
ent molecular mechanisms of can
cer development and progression, 

which are specific to certain types of cancer. 
New anticancer therapeutic agents have been 
developed to target the specific genomic ab-
normalities and have been used to treat genom-
ically characterized subsets of patients with 
specific types of cancer. One of the representa-
tive examples is imatinib, a tyrosine kinase in-
hibitor that inhibits the product of the C-KIT 
protooncogene and that has been shown to be 
effective in patients with advanced gastrointes-
tinal stromal tumor (GIST) driven by a mutated 
KIT receptor tyrosine kinase (CD117) [1, 2]. 
Other examples include gefitinib and erlotinib, 
epidermal growth factor receptor (EGFR) tyro-
sine kinase inhibitors that are associated with 
dramatic clinical response in patients with 
non–small cell lung cancer (NSCLC) whose 
tumors harbor somatic activating mutations of 
the EGFR tyrosine kinase domain [3–5]. The 
discovery of genomic abnormalities specific to 
certain types of cancer and the clinical applica-
tion of such discoveries for the selection of 
therapy have transformed the way oncologists 
approach cancer and plan treatment. Genomic 
characterization of tumors from either surgical 
or biopsy specimens allows oncologists to se-
lect the therapeutic regimen best suited for in-
dividual patients to target the specific underly-
ing pathways driving their tumors, enabling 
truly personalized cancer treatment in the era 
of molecular medicine [6, 7].
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OBJECTIVE. The purpose of this article is to review cancer- and therapy-specific tumor 
response assessment criteria used in clinical trials and in practice, with illustrative case ex-
amples, and to discuss future directions toward “personalized” tumor response assessment.

CONCLUSION. Although Response Evaluation Criteria in Solid Tumors will remain as 
the primary generalized criteria for response assessment, newer cancer- and therapy-specific 
criteria will play an important role in providing state-of-the-art response assessment of tumor 
following molecular targeted therapy and will contribute to personalized cancer care in the 
era of molecular medicine.
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fully characterize tumor response and pro-
gression in genomically defined subsets of 
patients treated with specific targeted thera-
pies. To complement such pitfalls and lim-
itations of RECIST, several newer response 
criteria are being proposed for patients with 
specific types of cancer treated with specific 
therapeutic agents, and some of these crite-
ria have been applied in oncology trials and 
practice. In this article, we review cancer- 
and therapy-specific limitations of RECIST, 
as well as new criteria proposed and used in 
clinical oncology practice with illustrative 
case examples, to provide a summary guide 
of these criteria for radiologists. We also dis-
cuss future directions toward “personalized” 
tumor response assessment, by which radiol-
ogists can meaningfully contribute to cancer 
patient care in the era of molecular medicine.

The Conventional Criteria for  
Tumor Response to Therapy: WHO, 
RECIST, and Cheson Criteria

Before the discussion of the newer criteria, 
familiarity with the conventional response as-
sessment methods, including RECIST, WHO, 
and Cheson criteria, is important. The outline 

of these three criteria are summarized in Ta-
bles 1 and 2. The key features of the original 
RECIST (RECIST 1.0) included definitions of 
minimum size of measurable lesions, instruc-
tions on the number of lesions to follow, and 
the use of unidimensional measurement of 
tumor size to provide a simple and practical way 
to assess response to therapy [10, 11] (Table 
1). In 2009, the revised RECIST (RECIST 
1.1) introduced several changes, including 
the reduction of number of target lesions, as-
sessment of pathologic lymph nodes, clarifi-
cation of disease progression, and inclusion 
of FDG PET scan in detection of new lesions, 
to further simplify, optimize, and standardize 
the assessment of tumor burden [11] (Tables 
1 and 2).

Choi Response Criteria for GIST 
Treated With Imatinib

The Choi response criteria, which incor-
porate tumor density and use small chang-
es in tumor size on CT [15, 16], have been 
proposed and used in assessing the response 
of metastatic GIST treated with imatinib and 
represent one of the first and most represen-
tative examples of cancer- and therapy-spe-

cific criteria for response assessment in sol-
id tumors that has replaced RECIST. In the 
Choi criteria, response is defined as a 10% 
decrease in unidimensional tumor size or a 
15% decrease in CT attenuation, as opposed 
to a 30% decrease in unidimensional tumor 
size defined by RECIST [15, 16] (Figs. 1A 
and 1B). The Choi criteria also define tumor 
progression on the basis of CT findings, in-
cluding the appearance of new lesions or me-
tastasis, the appearance of new intratumoral 
tumor nodules or an increase in the size of 
existing intratumoral tumor nodules, or an 
increase in overall tumor size by more than 
20%, in the absence of posttreatment hypo-
dense change [15, 16] (Figs. 1C and 1D).

The development of these new criteria 
dedicated for GIST treated with imatinib 
originated with the clinical observations 
that the most dramatic changes in respond-
ing GISTs are seen within individual tumor 
masses, which becomes homogeneous and 
hypodense on CT, and that decreases in tu-
mor size are minimal at an early posttreat-
ment time point in many tumors, therefore 
failing to meet the conventional response 
criteria of 30% decrease in size by RECIST 

TABLE 1:	Outline of Response Evaluation Criteria in Solid Tumors (RECIST), World Health Organization (WHO), 
and Cheson Criteria: Imaging Modality and Guidelines for Measurement and Response Assessment

Criterion RECISTa WHO Cheson (Revised in 2007)

Imaging modality CT, MRI, and chest radiography are 
recommended modalities. FDG PET scan 
is included in detection of new lesions by 
RECIST 1.1.

No particular mention of imaging 
modality.

CT scan is used to assess lymph node 
size. PET is strongly recommended 
before treatment of patients with 
routinely FDG-avid potentially 
curable lymphomas in revised 
Cheson criteria. Gallium scan, 
initially encouraged in 1999, is not 
considered state-of-the-art by 
revised Cheson criteria.

Measurable lesions A longest diameter of ≥ 10 mm on CT with a 
slice thickness of ≤ 5 mm; a longest 
diameter of ≥ 20 mm on nonhelical CT with 
a slice thickness of > 10 mm; a longest 
diameter of ≥ 20 mm on chest radiography; 
short axis ≥ 15 mm for lymph nodes by 
RECIST 1.1.

No mention of minimal size of the 
lesion.

Abnormal lymph nodes or nodal 
masses or hepatic or splenic nodules 
that are clearly measurable in at 
least 2 perpendicular dimensions, 
selected from disparate regions of 
the body, including mediastinal and 
retroperitoneal areas if these sites 
are involved.

Measurement and response 
assessment

Target lesions include all measurable 
lesions up to 5 per organ and 10 in total by 
RECIST 1.0; up to 2 per organ and 5 in total 
by RECIST 1.1. All other lesions or site of 
disease are recorded as nontarget 
lesions.b A sum of the longest diameter for 
all target lesions is used for assessment.

No mention of the number of lesions to 
be selected. Bidimensional 
measurement (product of the longest 
diameter and the greatest perpen-
dicular diameter) is used for 
assessment.

Up to 6 lesions representing abnormal 
lymph nodes or nodal masses or 
hepatic or splenic nodules are 
included in measurement. The sum 
of the products of the greatest 
diameters is used for response 
assessment.

Note—Criteria summarized here have been published elsewhere [8–14].
aThe original RECIST (RECIST 1.0) was published in 2000 [10], and the revised RECIST (RECIST 1.1) was published in 2009 [11].
bNonmeasurable lesions by RECIST include other lesions that do not meet the criteria as measurable lesions, such as small lesions with a longest diameter of < 10 mm, 
skeletal metastases without a soft-tissue component, ascites, pleural effusion, lymphangitic spread of tumor, leptomeningeal disease, inflammatory breast disease, 
cystic or necrotic lesions, lesions in an irradiated area, and an abdominal mass not confirmed by imaging, are recorded as “non-target lesions” [10]. Lymph node 
measuring ≥ 10 mm but < 15 mm in short axis is considered “non-measureable” and therefore recorded as “non-target lesions” by RECIST 1.1 [11].
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[15–17] (Fig. 1). On the basis of these obser-
vations, Choi et al. [16] studied 172 lesions in 
40 patients with metastatic GIST treated with 
imatinib, who had pretreatment and 2-month 
follow-up CT and FDG PET examinations, 
with multivariate analysis using tumor size 
and density (Hounsfield units) on CT as well 
as maximum standardized uptake value on 
FDG PET. The study found that a decrease in 
tumor size of more than 10% or a decrease in 
tumor density of more than 15% on CT (now 
known as Choi response criteria) had a high-
er sensitivity in identifying PET responders 
than did standard RECIST (97% by Choi cri-
teria vs 52% by RECIST) [16]. 

Subsequently, Benjamin et al. [18] showed 
the prognostic value of the Choi response cri-

teria by studying 58 patients with imatinib-
treated GIST who were evaluated by con-
trast-enhanced CT before treatment and at 
a 2-month follow-up examination, and who 
were followed up for 60 months for survival 
analysis. In that study, responders by Choi cri-
teria on CT after 2 months of imatinib therapy 
had significantly longer time to progression 
than those who did not (p = 0.0002), where-
as responders by RECIST did not show sig-
nificant correlation with time to progression 
(p = 0.74). In addition, disease-specific sur-
vival was also significantly correlated with 
responders by Choi criteria (p = 0.04), but 
not with responders by RECIST (p = 0.45) 
[18]. Since the publication of these findings 
in 2007, the Choi response criteria have been 

widely used as a method for response assess-
ment in GISTs and have been used in clinical 
trials and practice [19, 20]. The use of Choi 
criteria or similar modified criteria incorpo-
rating CT attenuation changes have also been 
studied and proposed in other solid tumors 
treated with targeted therapies, including oth-
er sarcomas, as well as renal cell carcinomas 
and hepatocellular carcinomas treated with 
antiangiogenic therapy [21–23].

The introduction of the Choi response 
criteria in GISTs treated with imatinib was 
groundbreaking in tumor response assess-
ment in many ways: first, the criteria dedi-
cated for a specific type of tumor treated 
with a specific targeted therapy were pro-
posed for the first time; second, the criteria 

TABLE 2:	Response Category by Response Evaluation Criteria in Solid Tumors (RECIST), World Health Organization 
(WHO), and Cheson Criteria

Response Category RECISTa WHO Cheson (Revised in 2007)

Complete response Disappearance of all target and nontarget 
lesions. All lymph nodes must be < 10 mm 
short axis by RECIST 1.1.

Disappearance of all known disease. Disappearance of all evidence of disease. 
Nodes: For FDG-avid lymphoma, mass of any 
size permitted if PET negative; for variably 
FDG-avid lymphoma or FDG avidity unknown, 
regression to normal size on CT.b Spleen and 
liver: Not palpable, nodules disappeared.  
Bone marrow: Infiltrate cleared on repeat 
biopsy; if indeterminate by morphology, 
immunohistochemistry should be negative.

Partial response ≥ 30% decrease in the sum of the longest 
diameters of target lesions compared 
with baseline.

≥ 50% decrease in target lesions, 
without a 25% increase in any one 
target lesion or the appearance.

Regression of measurable disease and no new 
sites. Nodes: ≥ 50% decrease in sum of the 
products of the greatest diameters of up to 6 
largest dominant masses with no increase in 
size of other nodes. For FDG-avid lymphoma, 
PET positive in one or more at previously 
involved site. For variably FDG-avid lymphoma 
or FDG avidity unknown, ≥ 50% decrease in 
sum of the products of the greatest diameters 
on CT is used. Liver and spleen: ≥ 50% 
decrease in sum of the products of the greatest 
diameters of nodules with no increase in size of 
liver or spleen. Bone marrow: Irrelevant if 
positive before therapy.

Stable disease Neither partial response nor progressive 
disease.

Neither partial response nor 
progressive disease.c

Failure to attain complete or partial response or 
progressive disease.

Progressive disease ≥ 20% increase in the sum of the longest 
diameter of target lesions compared with 
the smallest sum of longest diameter 
recorded (5 mm absolute increase in size 
is also required by RECIST 1.1), or the 
appearance of one or more new lesions, 
or unequivocal progression of nontarget 
lesions.

≥ 25% increase in the size of 
measurable lesions, appearance of 
new lesions, or unequivocal 
progression of nontarget lesions.

Any new lesion or increase by ≥ 50% in sum of 
the products of the greatest diameters of 
previously involved sites from nadir. Nodes: 
Appearance of a new lesion > 1.5 cm in any 
axis, ≥ 50% increase in sum of the products of 
the greatest diameters of more than one node, 
or ≥ 50% increase in longest diameter of a 
previously identified node > 1 cm in short axis; 
PET-positive lesions for FDG-avid lymphoma. 
Liver and spleen: ≥ 50% increase from nadir in 
the sum of the products of the greatest 
diameters of any previous lesions. Bone 
marrow: New or recurrent involvement.

Note—Criteria summarized here have been published elsewhere [8–14]. 
aThe original RECIST (RECIST 1.0) was published in 2000 [10], and the revised RECIST (RECIST 1.1) was published in 2009 [11].
bNormal size on Cheson criteria: ≤ 1.5 cm in the greatest transverse diameter for nodes > 1.5 cm before therapy; previously involved nodes that were 1.1–1.5 cm in their 
long axis and more than 1.0 cm in their short axis before treatment must have decreased to ≤ 1.0 cm in their short axis after treatment [13, 14].

cThe category was called “No change (NC)” in the WHO criteria [8].
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were based on clinical observations in the 
specific subset of patients for whom conven-
tional RECIST failed to provide adequate as-
sessment; third, the criteria included an ad-
ditional CT parameter, tumor density or CT 
attenuation, in addition to tumor size; and 
fourth, the criteria have been shown to be a 
better prognostic indicator than convention-
al RECIST on the basis of patient survival 
data. The introduction and successful appli-
cation of the Choi criteria opened a door to a 
new era of response assessment in personal-
ized cancer treatment by providing a strategy 
to overcome the limitations of RECIST in a 
subset of patients receiving molecular target-
ing therapy. As a consequence, several newer 
criteria have been proposed and investigated 
in tumors other than GIST, to optimize re-
sponse assessment and treatment course and 
to predict prolonged survival in specifically 
defined patient populations.

Morphology, Attenuation, Size,  
and Structure Criteria for Renal  
Cell Carcinoma Treated With  
Antiangiogenic Targeted Therapy

Recent advances in the understanding of 
genomic abnormalities in metastatic clear cell 
renal cell carcinoma (RCC), which accounts 
for 85% of all RCC, have led to the develop-
ment and approval of molecular targeted anti-
angiogenic therapies using tyrosine kinase in-
hibitors, such as sunitinib and sorafenib [24, 
25]. Clear cell RCC has a high frequency of 
mutations in the von Hippel–Lindau gene, 
which results in up-regulation of receptor and 
cellular tyrosine kinases responsible for tumor 
proliferation and angiogenesis [26]. Therapy 
using multitargeted tyrosine kinase inhibitors, 

including sunitinib and sorafenib, has been 
shown to improve progression-free survival in 
patients with metastatic RCC [27–31]. Given 
the advances in therapeutic strategy based on 

the molecular background in metastatic RCC, 
several investigations have been performed 
to optimize the assessment of therapeutic re-
sponse to antiangiogenic targeted therapy in 

A

A

C

Fig. 1—58-year-old man with advanced gastrointestinal stromal tumor with liver metastasis, treated with imatinib mesylate.
A, Baseline contrast-enhanced CT of abdomen before therapy shows heterogeneously enhancing mass in liver representing metastasis, measuring 10 cm in longest 
diameter and 50 HU in CT attenuation (circle).
B, Follow-up CT scan obtained 8 weeks after initiation of imatinib mesylate therapy shows significant decrease in CT attenuation of tumor (circle; 25 HU), meeting criteria 
for response by Choi criteria, with minimal decrease in size (9.5 cm in longest diameter).
C, Patient continued receiving imatinib mesylate therapy. Follow-up CT scan at 2 years revealed new intratumoral tumor nodule (arrow), meeting criteria for progression 
by Choi criteria. Note measurement of longest diameter alone by Response Evaluation Criteria in Solid Tumors (7.5 cm) fails to detect progression. Adjacent small lesion in 
anterior segment of liver remained unchanged since baseline, most likely representing benign lesion.

CB

B

D
Fig. 2—57-year-old man with metastatic renal cell carcinoma treated with antiangiogenic therapy using 
multitargeted receptor tyrosine kinase inhibitor, sunitinib malate.
A, Baseline contrast-enhanced CT of abdomen before therapy shows heterogeneously enhancing mass (arrow) 
in posterior segment of liver with similar adjacent lesions, representing vascularized metastasis.
B, Follow-up CT scan 12 weeks after initiation of sunitinib malate therapy shows significant decrease in CT 
attenuation of mass (arrow) to near fluid attenuation due to necrosis, showing “marked central necrosis” by 
morphology, attenuation, size, and structure (MASS) criteria and therefore “favorable response.”
C and D, Follow-up CT scans at 20 weeks of sunitinib malate therapy show new enhancement in peripheral rim 
of mass (arrowheads, C), as well as new adrenal lesion (arrow, D), representing “unfavorable response” by 
MASS criteria.
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patients with metastatic RCC [31–34]. Ob-
servations of patients with metastatic RCC 
treated with antiangiogenic tyrosine kinase 
inhibitors suggested that RECIST-based size 
criteria alone may not be adequate, because 
these therapies may not always produce tu-
mor shrinkage [29]. Moreover, similar to 
GIST treated with imatinib, metastatic RCC 
treated with antiangiogenic tyrosine kinase 
inhibitors has decreased attenuation of the 
tumor on contrast-enhanced CT, which has 
been correlated with pathologic evidence of 
necrosis on resection of the mass, with mini-
mal size change [31–34].

In January 2010, Smith et al. [35] pro-
posed new imaging criteria, the size and at-
tenuation CT criteria, which include long-ax-
is measurements and volumetric mean tumor 
attenuation of target lesions on contrast-en-
hanced CT images for metastatic RCC treat-
ed with antiangiogenic targeted therapy. 
Soon after, the same investigators proposed 
further modified criteria—morphology, at-
tenuation, size, and structure (MASS) cri-
teria—to overcome limitations of size and 
attenuation CT and include specific morpho-
logic or structural changes in treated metas-
tases [36]. Although they use the size mea-
surements described in RECIST (i.e., the 
sum of the longest diameters of the target 
lesions) and CT attenuation, MASS criteria 
also use morphologic or structural changes, 
including “marked central necrosis,” which 
is defined as greater than 50% of the enhanc-
ing central portion of a predominantly sol-
id enhancing mass subjectively changing to 
near-fluid attenuation (necrosis) after treat-
ment (Figs. 2A and 2B), and “marked cen-
tral fill-in,” which is defined as a subjective 
change from marked central necrosis to com-
plete or nearly complete central intratumoral 
enhancement on contrast-enhanced CT [36]. 

 MASS criteria classify objective re-
sponse into three categories, which include 
“favorable response,” “indeterminate re-
sponse,” and “unfavorable response” [36]. 
Favorable response is defined as a decrease 
in tumor size of 20% or more, or as one or 
more predominantly solid enhancing lesions 
with marked central necrosis or marked de-
creased attenuation (≥ 40 HU), without new 
lesions (Figs. 2A and 2B). Unfavorable re-
sponse is defined as an increase in tumor size 
of 20% or more in the absence of marked 
central necrosis or marked decreased attenu-
ation or as new metastases, marked central 
fill-in, or new enhancement of a previously 
homogeneously hypoattenuating nonenhanc-

ing mass (Figs. 2C and 2D). Indeterminate 
response is used when the changes do not fit 
criteria for favorable response or unfavorable 
response [36]. In a retrospective review of 84 
patients with metastatic clear cell RCC treat-
ed with first-line sunitinib or sorafenib ther-
apy (n = 84), a favorable response defined by 
MASS criteria had a sensitivity of 86% and 
specificity of 100% in identifying patients 
with a good clinical outcome (progression-
free survival of > 250 days) versus 17% and 
100%, respectively, for partial response de-
fined by RECIST [36]. 

Although the MASS criteria remain to 
be validated in a larger prospective cohort 
of patients, an important aspect of imaging-
based response assessment is illustrated in 
the criteria. Because “criteria” for response 
assessment aim for “objective” evaluation of 
tumor response to therapy, they tend to have 
clear-cut numeric definitions for response 
and progression (i.e., > 20% increase in the 
sum of the longest diameters of target lesions 
for progression by RECIST). However, im-
aging provides significantly more informa-
tion than the numeric parameters, and some 
of the information can only be qualitative-
ly defined and therefore subjectively evalu-
ated. Although it is often difficult to include 
the qualitative findings into response assess-
ment criteria, such findings may truly reflect 
the changes of tumor in response to thera-
py that cannot be captured with numeric pa-
rameters. By defining the morphologic and 
structural changes as objectively as possible, 
MASS criteria present one of the solutions 
for this dilemma that is inherent in imaging-
based response assessment.

Immune-Related Response Criteria 
for Advanced Melanoma Treated 
With Immunotherapeutic Agents

Metastatic melanoma has limited options 
for effective treatment, and the median sur-
vival of patients with melanoma with distant 
metastases is less than 1 year [37, 38]. Un-
til recently, no therapy has been shown in a 
phase 3 randomized controlled trial to im-
prove overall survival in patients with meta-
static melanoma [38–41]. Increasing under-
standing of regulatory pathways that limit 
the immune response to cancer has led to the 
development and application of immunother-
apeutic agents. Ipilimumab is a fully human 
monoclonal antibody (IgG1) that promotes 
antitumor immunity by blocking cytotoxic 
T lymphocyte–associated antigen 4, an im-
mune checkpoint molecule that down-regu-

lates pathways of T cell activation [42, 43]. 
Ipilimumab has shown activity in patients 
with metastatic melanoma as monotherapy in 
phase 2 studies and has recently been shown 
to significantly improve overall survival of 
patients with metastatic melanoma in a ran-
domized double-blind phase 3 trial that in-
volved 125 centers in 13 countries [43–46]. 
On the basis of those results, the Food and 
Drug Administration approved ipilimumab 
for the treatment of advanced melanoma as a 
second-line therapy in March 2011.

In patients with metastatic melanoma 
treated with immunotherapeutic agents such 
as ipilimumab, which work by enhancing 
antitumor immune responses rather than di-
rectly inducing cytotoxicity to tumor cells, 
clinical observations suggested that “stable 
disease” by RECIST or WHO criteria may be 
an indicator of meaningful therapeutic effect 
[43]. Furthermore, response to immunothera-
py was noted to occur after an increase in tu-
mor burden characterized as progressive dis-
ease by RECIST or WHO criteria [43]. These 
observations raised concern for relying sole-
ly on these conventional criteria in patients 
treated with immunotherapy [47]. Given this 
background, approximately 200 oncologists, 
immunotherapists, and regulatory experts 
held a series of workshops in 2004–2005 to 
discuss their experience with immunother-
apeutic agents in patients with cancer [43]. 
As a result, a novel set of criteria were devel-
oped to capture additional response patterns 
observed in advanced melanoma treated with 
immunotherapy that are not described by RE-
CIST or WHO criteria and were designated 
as “immune-related response criteria” [47]. 
The immune-related response criteria were 
evaluated in a series of large multinational 
studies, representing a clinical trial program 
of 487 patients with advanced melanoma 
who received ipilimumab [47].

The immune-related response criteria de-
scribe four distinct patterns of tumor re-
sponse to ipilimumab observed in patients 
with advanced melanoma treated in the tri-
al: response in baseline lesions evident by 
12 weeks since the initiation of therapy, with 
no new lesions (pattern A); “stable disease,” 
which in some patients was followed by a 
slow steady decline in total tumor burden 
(pattern B); responses after an initial increase 
in total tumor burden (pattern C) (Fig. 3); and 
a reduction in total tumor burden during or 
after the appearance of new lesions at time 
points later than 12 weeks since the initiation 
of therapy (pattern D) [47] (Fig. 4). Although 
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patterns A and B would be captured by con-
ventional RECIST or WHO criteria, patterns 
C and D would be classified as progression 
by conventional criteria, instead of response.

To systematically characterize these addi-
tional response patterns, the immune-related 
response criteria use the sum of the products 
of the two largest perpendicular diameters of 
all index lesions at the baseline assessment. 
At each subsequent follow-up assessment, 
the sum of the products of the two largest per-
pendicular diameters of the index lesions as 
well as that for new measurable lesions (≥ 5 × 
5 mm) are included to reflect the total tumor 
burden, in distinct contrast to WHO or RE-
CIST criteria, which do not require measure-
ment of new lesions and which score progres-
sion if a new lesion is present [10–12, 47]. The 
threshold of response for the immune-related 
response criteria remains the same as for the 
WHO criteria (Table 2). Overall response as-
sessment by the immune-related response cri-
teria includes complete response, which re-
quires complete disappearance of all lesions, 
no new lesions, and confirmation by a repeat 
consecutive assessment within 4 weeks; partial 
response, which requires the decrease in tumor 
burden 50% or higher relative to baseline, con-
firmed by a consecutive assessment within 4 
weeks; stable disease, not meeting criteria for 
a complete response or partial response in the 
absence of progression; and progressive dis-
ease, which requires the increase in tumor bur-
den 25% or greater relative to the minimum 
recorded tumor burden, as confirmed by a re-

peat consecutive assessment no less than 4 
weeks from the date first documented [47]. 
The immune-related response criteria are dis-
tinct from the conventional criteria in that pa-
tients are considered to have partial response 
or stable disease even if new lesions are pres-
ent, if they meet the thresholds of response. 
In addition, patients are not assessed as hav-
ing progression even if new lesions are pres-
ent, as long as the tumor burden of all lesions 
does not increase by 25% or more [47]. The 
criteria also require confirmation of progres-
sive disease by a second scan in the absence 
of rapid clinical deterioration, to capture late-
responding patients with a trend toward re-
sponse within 4 weeks after initial progressive 
disease (pattern C).

The analysis of a total of 227 patients with 
advanced melanoma treated with ipilimum-
ab in the phase 2 randomized clinical trial 
identified 22 patients (9.7%) who were ini-
tially classified as progression by WHO cri-
teria but who showed evidence of efficacy 
consistent with response to ipilimumab by 
the immune-related response criteria (partial 
response or stable disease) [47]. More im-
portant, the Kaplan-Meier analysis for over-
all survival indicated that these patients have 
survival comparable to that for patients with 
complete response, partial response, or sta-
ble disease by WHO criteria, suggesting that 
the immune-related response criteria can 
identify at least an additional 10% of patients 
who will benefit from ipilimumab therapy in 
survival prolongation [47].

The immune-related response criteria pres-
ent a novel way of evaluating the response to 
immune therapy in patients with advanced 
melanoma and enable capturing patients who 
show response patterns that are not detected in 
the conventional criteria but still benefit from 
therapy. The additional patterns described in 
the immune-related response criteria are also 
supported by histologic findings. The initial 
apparent increase in tumor burden preceding 
response can be due to either tumor growth 
until a sufficient immune response devel-
ops, or transient immune cell infiltrate with or 
without edema on tumor biopsies [48, 49]. In 
addition, apparent new lesions may be due to 
T cell infiltration into radiographically unde-
tectable tumor deposits that are already pres-
ent at baseline [47]. Although the develop-
ment of the immune-related response criteria 
are based on patients with advanced mela-
noma treated with ipilimumab, it is expected 
that the criteria will have broad applicability 
to assessing response to immunotherapeutic 
agents. The criteria are currently being pro-
spectively evaluated in phase 3 clinical trials 
with ipilimumab to determine their association 
with the survival [47].

Alternate Method Incorporating 
Cavitation in Response Assessment 
for NSCLC Treated With 
Antiangiogenic Therapy

Lung cancer is the leading cause of can-
cer death in the United States and world-
wide, accounting for nearly 160,000 deaths 

A

Fig. 3—56-year-old woman with metastatic melanoma treated with ipilimumab.
A, Baseline contrast-enhanced CT scan before ipilimumab therapy shows metastatic nodule (double-ended arrow) in left upper thigh, measuring 1.5 cm in longest 
diameter.
B, Follow-up CT scan after 12 weeks of ipilimumab therapy reveals increase in size of nodule (double-ended arrow), measuring 2.0 cm in longest diameter.
C, Follow-up CT scan after 24 weeks of ipilimumab therapy shows complete disappearance of nodule, representing response pattern C in immune-related response 
criteria.
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per year in the United States [50, 51]. Re-
cent investigations of the molecular basis of 
lung cancer have enabled clinical applications 
of targeted therapeutic agents, including the 
EGFR tyrosine kinase inhibitors and antian-
giogenic agents, such as vascular EGFR in-
hibitors [3–5, 52]. Tumor cavitation of pul-
monary lesions is commonly observed in 
NSCLC treated with vascular EGFR inhibi-
tors [53, 54]. Because the cavitary portion of 
the tumor filled with air does not contribute 
to the tumor volume, the assessment of tu-
mor burden may be improved by incorporat-
ing the cavitation into the measurement. On 
the basis of these observations, Crabb et al. 
[54] proposed an alternate method incorpo-
rating cavitation in response assessment for 
NSCLC treated with vascular EGFR inhibi-
tors. In this method, the central cavity diam-
eter is subtracted from the overall longest di-
ameter of the lesion (Fig. 5). All other details 
for response assessment are identical to RE-
CIST [54]. In a retrospective review of 33 
patients treated with vascular EGFR inhibitor 
combined with platinum-based chemother-
apy, tumor cavitation was observed in 24% 
of the patients. However, the alternate meth-
od for response assessment resulted in an al-
teration of response assessment, time to best 
response, duration of response, and time of 
disease progression in only a minority of pa-
tients compared with RECIST [54].

More recently, Lee et al. [55] proposed an-
other set of criteria for NSCLC treated with 
EGFR tyrosine kinase inhibitors, which in-
clude tumor constituents such as solid and 
ground-glass opacity components, tumor cav-
itation, and CT attenuation changes. In their 
analysis of 75 patients with NSCLC treated 
with EGFR tyrosine kinase inhibitors, the 
criteria had a statistically significant associa-

tion with overall survival [55]. Both criteria 
remain to be prospectively tested in a larger 
patient population.

Clinical Scenario Requiring New 
Criteria: Case of Clinical Benefit 
After Progressive Disease

One clinical scenario for which criteria have 
not yet been established is the case of clinical 
benefit even after progressive disease is docu-
mented. This is illustrated in the use of crizo-
tinib, an inhibitor of the anaplastic lympho-
ma kinase tyrosine kinase, which has shown 
striking activity against non–small cell lung 
adenocarcinoma harboring EML4-ALK trans-
location [56]. In the crizotinib development 
plan, patients with RECIST progressive dis-
ease may continue taking crizotinib if they are 
judged by the investigator to still be receiving 

clinical benefit. Among 116 evaluable patients 
in an expanded cohort of the original phase 1 
study, 16 have continued taking crizotinib af-
ter a designation of disease progression. The 
time taking crizotinib after progressive disease 
has ranged from 22 to more than 447 days, 
suggesting that substantial clinical benefit can 
be maintained in some patients [57]. Some of 
the events determining disease progression 
were in the brain, suggesting that CNS pro-
gression may need to be considered separately 
from systemic progression in some instances. 
In other cases, assessment of the overall rate 
of change of tumor burden may be important 
in determining who may still continue to ben-
efit from a kinase inhibitor. These data are pro-
vocative and suggest other instances in which 
new criteria beyond RECIST will be needed to 
guide clinical practice.

A

A

Fig. 4—56-year-old woman with metastatic melanoma treated with ipilimumab.
A and B, Contrast-enhanced CT scans of abdomen before (A) and 12 weeks after (B) initiation of ipilimumab therapy reveal new subcutaneous nodule (arrow, B) 
suspicious for new site of metastasis at 12 weeks.
C, Follow-up CT scan at 24 weeks reveals resolution of nodule. Overall tumor burden also decreased, showing response pattern D in immune-related response criteria

Fig. 5—53-year-old woman with stage IV adenocarcinoma of lung treated with paclitaxel, carboplatin, and 
concurrent vascular epidermal growth factor receptor inhibitor, bevacizumab.
A, Baseline CT scan of chest before bevacizumab therapy shows spiculated mass (double-ended arrow) in left 
upper lobe, which measured 3.6 cm in longest diameter.
B, Follow-up CT after 6 weeks of therapy reveals development of tumor cavitation. Measurement of lesion 
by Response Evaluation Criteria in Solid Tumors would be 3.6 cm (black double-ended arrow), which is not 
different compared with baseline, even though decrease of tumor volume is evident after bevacizumab therapy. 
Using alternate method incorporating cavitation, measurement of lesion would be 1.8 cm (white double-ended 
arrow) because diameter of cavity (1.8 cm) should be extracted from longest diameter of entire lesion (3.6 cm). 
Measurement by alternate method shows 50% decrease compared with baseline, meeting criteria for partial 
response.

CB

B



744	 AJR:198, April 2012

Nishino et al.

Summary and Future Directions
Because the response assessment to anti-

cancer therapy is performed in oncology clini-
cal trials and practice worldwide, the tumor re-
sponse criteria have to be easily performed in 
a standardized fashion across multiple institu-
tions over the world. Therefore, RECIST will 
remain the primary generalized criteria for re-
sponse assessment in solid tumors. Recently, 
newer or modified criteria for response assess-
ment have been proposed and used to comple-
ment pitfalls of RECIST in a cancer- and ther-
apy-specific fashion. Although many of these 
criteria have been developed for specific can-
cers and therapies, they may be found to be 
applicable to different cancers that depend on 
similar genomic drivers, or to other anticancer 
agents that target similar molecular pathways. 
Ultimately, prospective validation of these 
types of criteria will be necessary for patients 
with specific types of cancer treated with spe-
cific targeted agents.

The concept of personalized medicine has 
been well applied in therapeutic decision 
making and patient management in clini-
cal oncology, enabling personalized can-
cer treatment in individual patients. Tumor 
response assessment, which should evolve 
hand-in-hand with the advances in cancer 
treatment, should also incorporate a simi-
lar concept to provide up-to-date response 
evaluation that meets the needs of oncolo-
gists delivering state-of-the-art cancer care. 
We propose future directions toward “per-
sonalized” tumor response assessment by 
applying these cancer- and therapy-specific 
criteria to correct pitfalls of the convention-
al criteria. Therefore, these criteria represent 
a critically important contribution to the as-
sessment of efficacy by novel targeted ther-
apies, allowing the radiology community to 
be part of personalized cancer care in the era 
of molecular medicine.
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