
E U R O P E A N J O U R N A L O F C A N C E R 4 2 ( 2 0 0 6 ) 1 0 3 1 – 1 0 3 9

. sc iencedi rec t . com
ava i lab le a t www
journal homepage: www.ejconl ine.com
Review

RECIST revisited: A review of validation studies on
tumour assessment
P. Therasse*, E.A. Eisenhauer, J. Verweij

EORTC Data center, Avenue E. Mounier, 83 Box 11, 1200 Brussels, Belgium
A R T I C L E I N F O

Article history:

Received 22 January 2006

Accepted 24 January 2006

Available online 17 April 2006

Keywords:

RECIST

WHO

Literature review

Clinical trials
0959-8049/$ - see front matter � 2006 Elsevi
doi:10.1016/j.ejca.2006.01.026

* Corresponding author: Tel.: +32 2 774 16 14
E-mail address: patrick.therasse@eortc.be
A B S T R A C T

The response evaluation criteria in solid tumours (RECIST) was developed in the late 1990s

to replace the WHO criteria for response evaluation. The new criteria included important

changes such as unidimensional tumour measurement, selection of target lesions with a

minimum size, details concerning imaging modalities and a new threshold for assignment

of objective progression.

RECIST was published in February 2000 and very quickly came into operation first in

clinical trials performed under the auspices of EORTC, US NCI or NCI Canada Clinical Trials

Group but was adopted quickly thereafter by the entire cancer clinical research community.

As several key features of RECIST were based on analysis of retrospective clinical data, it

was felt important to carefully monitor the implementation of the guidelines and stimulate

prospective validation studies. This paper reviews the literature that has been published on

RECIST from 2000 up to November 2005. In total 60 papers and ASCO, abstracts directly

refer to research studies or reviews related to RECIST and its implementation. Amongst

the 60 references identified for this review, 11 papers refer to validation studies (seven pro-

spective and four retrospective), six papers refer to the comparison of unidimensional mea-

surements versus bi or tri-dimensional measurements, 12 papers address issues raised

with the implementation of RECIST in Mesothelioma and Gastro-Intestinal Stromal

Tumours and four papers report on an adaptation of RECIST for specific tumour types.

In general, RECIST has been well received by the scientific community and most valida-

tion studies fully support the implementation of the new criteria. As expected, however,

some issues have been identified. In keeping with the mathematical differences in defini-

tion of progression, RECIST delays the identification of progression as compared to WHO

criteria in some instances. RECIST criteria are not easily applicable in some types of trials

such as those in paediatric tumours and in mesothelioma. Furthermore, anatomical

changes in the tumour as described by RECIST may be detected later than functional

changes in some circumstances, as for example in Gastro-Intestinal Stromal Tumours trea-

ted with Imatinib. However, there is no other universal method of tumour assessment as

yet and functional imaging methods have not been validated and will not be widely avail-

able for some time. The findings of this review, together with experience acquired thus far

and the results of some ongoing research projects, have paved the way for RECIST 2.0 to be

hopefully announced later this year.

� 2006 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.

; fax: +32 2 772 61 97.
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1. Introduction

Response evaluation criteria in solid tumours (RECIST) was

introduced by a small international working group in Febru-

ary 2000 to facilitate, improve and standardize the evaluation

and the reporting of objective tumour outcomes in early clin-

ical trials investigating new anti-cancer agents.1 In compari-

son to earlier response assessment systems, the new

criteria gave much more detailed recommendations on how

to assess tumour lesions, how to report responses, and also

took into account recent developments in medical imaging

techniques. RECIST uses a unidimensional measure (the lon-

gest diameter) to quantify measurable tumour lesions as op-

posed to the bidimensional product (longest diameter

multiplied by its perpendicular), which was commonly em-

ployed by earlier iterations of response criteria.2–4 Building

on the work of others,3,5 RECIST defines measurable lesions

as those with a minimum size depending on the method of

investigation. Following a principle already implemented in

the SWOG response criteria,3 the threshold for defining objec-

tive progression was arbitrarily increased as compared to the

WHO criteria, i.e., the increase in measurable overall tumour

burden required for progression was greater in RECIST (20% in

one dimension being approximately equivalent to a 44% in-

crease in bidimensional product) than in the WHO criteria

(25% increase in product).

Following the publication of RECIST, standard case report

forms (CRFs) and protocol sections were created by the work-

ing group and made available on the web. A special email ad-

dress was created to receive and answer questions related to

the implementation of the criteria. A website was created to

host the Questions and Answers to facilitate the implementa-

tion of the criteria (www.eortc.benrecist). Although the last

comment on the website was posted in 2003, the RECIST

working group continues (weekly) to answer questions and

provide support for the interpretation of the criteria in spe-

cific situations.

After the publication of RECIST, some investigators raised

concerns about the interest, the pertinence and the applica-

bility of the new criteria. The main purpose of this paper is

to review the work performed and published by other col-

leagues on the usefulness of the criteria in general and their

validation in specific tumour types when available.

2. Review methodology

The search strategy was simple and made through PUBMED

using the word RECIST as keyword to identify titles and ab-

stracts published between February 2000 and November

2005. This search strategy identified 99 referenced papers.

Only those manuscripts reporting on original work focused

on the methodology of response evaluation and RECIST were

retained for detailed review. Also excluded were editorial

comments and non-English literature. Ultimately 43 papers

satisfied these criteria. A second search was undertaken of

abstracts published in the American Society of Clinical Oncol-

ogy (ASCO) annual conference proceedings between 2001 and

2005. This identified a further nine abstracts (and related data

in oral presentations or posters) that had not yet been fol-

lowed by a full paper. Finally, examination of the reference
lists in the 43 full papers yielded another eight additional pa-

pers which met the review criteria. Thus in total, 60 studies

(51 papers and nine ASCO abstracts) were identified for inclu-

sion in this review.

3. Results

The studies included focused either on general principles

relating to the implementation of RECIST (or tumour evalua-

tion) or on a prospective or retrospective attempt to validate

the utility of RECIST in certain tumour types. Accordingly,

the results of this review have been divided into general

and tumour specific considerations.

3.1. General considerations

One of the first papers to refer to RECISTwas a commentary of

Padhani and Husband.6 The authors outlined the problems

inherent to the morphological assessments of tumours inde-

pendently of the number of dimensions being measured and

briefly explored the development of functional imaging as a

tool for the future. However, their conclusion was crystal

clear: ‘‘current criteria should remain unchallenged until bet-

ter functional parameters emerge’’. One year later the same

first author7 analysed RECIST and its impact on radiology

departments highlighting the possibility that the implemen-

tation of RECIST could translate into increased workload.

The paper concluded that, while the issue of workload re-

quired careful monitoring, this factor alone should not be

an argument to be less stringent in response assessment in

the performance of clinical trials. Institutions that could not

provide this service should be considered incapable of per-

forming studies where response assessment is crucial. In

2004, the International Cancer Imaging Society (ICIS) pub-

lished a consensus statement about the evaluation of the re-

sponse to treatment of solid tumours,8 including a number of

issues related to the implementation of RECIST (Table 1). An-

other paper9 published almost simultaneously but in another

journal identified very similar issues. It is interesting to note

that on one hand these authors cite concern about the poten-

tial increase in workload created with the application of RE-

CIST (specifically the requirement to measure up to 10

lesions if multiple measurable lesions are identified), while

on the other hand advise consideration for the use of 3D mea-

surements. Three dimensional measurements to date have

not been shown to be more useful than 1D measurements

(for the purpose of response evaluation), but is certainly much

more complex and time consuming.

The general concordance between RECIST and WHO crite-

ria was tested retrospectively in a cohort of 130 patients with

different tumour types and entered into different protocols.10

In line with the larger increase in lesion size required for def-

inition of progressive disease (PD) found in RECIST , it was

shown that about 1/3 of patients normally identified as PD

with WHO criteria would still be classified as having stable

disease (SD) with RECIST. The authors also used this dataset

to create multiple simulations to artificially change tumour

shape to demonstrate that increasing the irregularity of le-

sions may decrease the concordance rate of partial response

(PR) and SD categories between the two methods.

http://www.eortc.be/recist
http://www.eortc.be/recist


Table 2 – Main concerns raised by paediatricians
regarding the implementation of RECIST in paediatric
studies

Concerns

General • Problems related to disseminated disease with

diffuse infiltration

• The minimum size of target lesions should

be smaller than 10 mm with current

available techniques (multislice CT)

Imaging • The need for repetitive exposure to radiation

burden when multiple CT should be

performed, hence ultrasonography avoids

unnecessary radiation exposure and

ensures much better compliance for children

• Bone lesions should be acceptable as they

can be evaluated by MRI

• All radiological plans should be considered

to measure tumour lesions and not the axial

plane only

• Functional imaging should also be considered

as a possible modality for tumour

evaluation in some instances

Table 1 – Main concerns expressed by the International
Cancer Imaging Society concerning RECIST

Concerns

General RECIST is a first step in the good

direction but requires well trained

radiologists who should also be

involved in the planning of trials

WHO vs. RECIST Several studies have shown a good

concordance between RECIST and WHO

for response but less good concordance

for time to progression. This should be

taken into account for planning of

future trials

One dimension vs.

three dimensions

Three-dimensional imaging is available

in many centers and should be

considered in the guideline

Specific issues • Lymph-node should be measured

in the short axis

• Changes in tumour consistency

(calcification, necrosis. . .) should

also be reported for accurate

evaluation of tumours

• Cystic lesion should not be

systematically excluded

• Why 10 target lesions?

No scientific rationale

• Appendix concerning imaging

technology should be updated

• MRI could be used to measure

bone disease (breast, prostate)

• More information should be given

on the use of contrast for imaging
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In an analysis of 32 North Central Cancer Treatment Group

(NCCTG) trials including 2374 patients,11 it was suggested that

two lesions were sufficient to provide a reliable tumour

assessment. However only 23% of the patients studied had

more than two lesions at baseline. Schwartz and colleagues12

used the data of 36 patients with multiple target lesions to

simulate hundreds of possible groupings between target le-

sions and suggested that when six lesions were measured

bidimensionally and four lesions were measured unidimen-

sionally, the average variance was decreased by 90%. The

same authors subsequently developed a mathematical

model13 which could in theory enable physicians to calculate

the optimal number of lesions to follow to decrease the vari-

ance to an acceptable level, for patients with a large number

of lesions at baseline. Although this concept is certainly inter-

esting, it could increase the workload for response assess-

ment so it would be strengthened if it underwent further

testing on a large database generated on prospective studies.

Perez-Gracia and colleagues14 analysed nine phase II trials

(same drug but different tumour types) including 416 patients

amongst which 97 responses were first recorded and 81 were

later confirmed. Most unconfirmed responses were due to pa-

tients lost to follow-up. Because of the high correlation coef-

ficient between the rate of confirmed and non-confirmed

responses, the authors suggest that confirmation of response

may not be necessary and should be studied in a larger set-

ting. The relevance of response confirmation is part of an

ongoing debate. The need for confirmation of response
should be discussed as an approach for further simplifying

the RECIST.

Three papers from the same group of authors addressed

the problems of the implementation of RECIST in paediatric

oncology. Two papers15,16 focussed on technical problems

while the third paper17 provided a short illustrative descrip-

tion of 10 cases and the issues raised by attempting to mea-

sure the tumour response according to RECIST. A summary

of the most important points raised is presented in Table 2.

There are very few studies with a focus on the methodology

of response assessment in paediatric solid tumours and the

problems reported by the authors seem to relate more to

the application of RECIST in clinical practice than to the use

of RECIST for screening potential new anti-cancer agents in

clinical trials. It is not uncommon that individual patients

(adult and paediatric) in oncology practice cannot have re-

sponse assessed according to RECIST if they do not have mea-

surable disease: these cases would not normally be eligible for

inclusion in phase II trials where response is the endpoint.

In summary, the major issues identified in these reports

were related to the need for measurement of 10 lesions, the

fact that some patients with progression by WHO were con-

sidered to have stable disease by RECIST, proposals for differ-

ent approaches to lesion measurement, and the minimal

impact in terms of overall response rate of the requirement

for response confirmation.

3.2. Tumour specific considerations

3.2.1. Lung cancer
Three papers compared RECIST and WHO criteria for the

assessment of response in Non-Small Cell Lung Cancer.18–20

The results of the three studies are summarized in Table 3.

They report a good correlation between unidimensional mea-

surements and sum of bidimensional products in keeping

with the data supplied in the RECIST paper. The application

of RECIST translated into an ineligibility rate of 5% because
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of the requirement for a minimum size of the target lesion,20

a factor on which WHO is silent. Three other papers21–23 ana-

lyzed the intra- and inter-observer variability in tumour re-

sponse evaluation using either RECIST or RECIST and WHO

criteria but did not make a comparison in terms of response

and progression rates between the two sets of criteria. In all

three papers, the unidimensional approach reduced the in-

ter-observer variability of the measurements and the mis-

classification of some patients. This is further supported by

the observation that the inter-observer variability improves

when minimum lesion size criteria are used.20 Interestingly,

the papers were almost unanimous in recommending RECIST

for tumour evaluation in future trials in NSCLC.

3.2.2. Mesothelioma
Tumour evaluation in mesothelioma has always been a diffi-

cult problem, with the original WHO criteria being modified

in 199724 to enable the use of unidimensional measurements

for response assessments. Despite this adaptation, the modi-

fied WHO criteria still do not seem optimal given the frequent

discordance between the evaluation of bidimensionally mea-

sured lesions and unidimensionally measured lesions.25 One

might have expected that RECIST, focusing only at unidimen-

sional measurement, would be less confusing.26 Yet, in two

small studies (34 patients and four patients, respectively),27,28

there was considerable discordance between the evaluation

performed according to either RECIST or WHO criteria, both

for objective response and progression. Byrne25 proposed

modified RECIST criteria for mesothelioma (using the longest

perpendicular diameter to chest wall or mediastinum mea-

sured at two sites at three different levels on CT scan). He

tested these modified RECIST criteria against the more com-

plex WHO modified criteria retrospectively with data from

two trials and found a good correlation between them. Re-

sponses reported with the modified criteria were associated
Table 3 – Prospective and retrospective studies comparing WH

Author Tumour type P/Ra Sample size RR (%

Werner18 Locally advanced lung P 22

Cortes19 Metastatic R 164

NSCLCb

Watanabe20 Metastatic R 120

NSCLC

Trillet Lenoir30 Metastatic P 91

Colorectal

Prasas31 Metastatic P 86

Breast

Choi32 Metastatic P 41

Colorectal

Muro33 Metastatic P 52

Esophageal

Therasse42 Metastatic P 49

STSb

Negrier51 Metastatic P 61

RCCb

Schwartz49 Metastatic R 53

RCC

Park60 Mix of tumours R 79

a P, prospective; R, retrospective.

b STS, soft tissue sarcoma; RCC, renal cell cancer; NSCLC, non-small ce
with longer survival and improved lung function. Similar out-

comes had been reported by others.29 Further testing in rea-

sonably sized prospective trials is encouraged for the

definitive validation of the modified RECIST for

mesothelioma.

3.2.3. Breast and colorectal cancer
Four studies30–33 have compared the response rates observed

with WHO criteria and RECIST in metastatic breast or colorec-

tal cancer (Table 3). Interestingly, the study by Trillet-Lenoir30

has investigated the original WHO criteria (as published) as

well as a modified version (no progression declared when only

one lesion is progressing and no more than five lesions mea-

sured per organ) which correlated very well with RECIST both

for response and progression. In a second study,31 although

the overall response rates were identical between RECIST

and WHO criteria, four patients were recorded with a worse

response and four with a better response with RECIST. These

were all patients with irregularly shaped tumours. Tran34

compared the change in lung metastases measurements in

15 patients using WHO criteria (2D), RECIST (1D) and a 3D

measurement system (3D). The author reported that the 1D

and 3D measurements were concordant in 29 of 30 classifica-

tions, the 2D and 3D measurements were concordant in 23 of

30 classifications and 1D and 2D were concordant in 24 of 30

classifications. Despite the good concordance between 1D and

3D assessments, the level of agreement (measured with

Kappa statistic) did not reach significance and the overall cor-

relation between the various methods was considered fair to

poor. The author acknowledged that many tumours were

irregularly shaped and thus presented challenges in correctly

calculating the 3D measurements which might in part explain

the results. Kimura and colleagues35 retrospectively assessed

50 breast cancer patients comparing RECISTwith the standard

criteria used by the Japanese Cancer Society for breast cancer
O criteria with RECIST

) RECIST RR (%) WHO PD (%) RECIST PD (%) WHO

87 87 NA NA

52 52 26 26

19.3 20 13 17.5

25 20 41 43

50 50 NA NA

36 32 NA NA

20 24 39 43

6.1 4.1 32.6 34.7

14.7 11.4 44.3 57.3

5.6 3.7 11.3 17

30.4 31.6 30.4 38

ll lung cancer.
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evaluation. As the Japanese criteria are different from that of

WHO, the meaning of the comparison with RECIST is not par-

ticularly clear. However, the author noted that 32% of patients

would have been ineligible for studies had RECIST been used

because of the minimum size for target lesions and the exclu-

sion of patients with bone metastases only.

3.2.4. Gastro-intestinal stromal tumour (GIST) and soft tissue
sarcoma
GIST is a relatively rare disease as compared to other cancers

and until recently there has been no effective systemic ther-

apy available. Imatinib, an oral tyrosine kinase inhibitor, has

proven to be very effective to treat GIST. Early metabolic re-

sponses can be observed with 18Fluorodeoxyglucose (FDG)

positron emission tomography (PET), a technique that as-

sesses metabolic activity in tissues. The FDG PET responses

usually precede objective response by several weeks.36 Many

investigators have reported problems with the evaluation of

GIST based on changes in tumour size.37–41 GISTs can some-

times increase in size as a result of the metabolic response

(intratumoural haemorrhage or mixoid degeneration) or int-

ratumoural nodules can be reactivated showing an increased

metabolic activity (translating early resistance to treatment)

while the size of the tumour remains globally stable. FDG-

PET has some limitations for evaluating tumour response to

treatment, such as specificity, access, costs and quantitative

measurements. Stroszczynski40 proposes to associate MRI

examinations with changes in tumour size and Choi41 pro-

poses a new set of criteria based both on changes in tumour

size and changes in tumour density measured on CT images.

The criteria proposed by Choi are currently being evaluated in

a multicenter study.

Therasse42 studied the outcome of 49 non-GIST soft tissue

sarcoma patients treated for metastatic disease with ET-743.

The response rates reported using RECIST and WHO based cri-

teria were 6% and 4%, respectively, for partial response, 61%

for no change (stable disease) using both methods and 33%

and 35%, respectively, for progression. The outcome of the

study would have been the same regardless of the criteria

used. RECIST may correlate much less favourably with histo-

logical response in locally advanced high-grade soft tissue

sarcoma treated with neoadjuvant doxorubicin and ifosfa-

mide. In a total of 41 patients, 11 had good histologic

response while only one patient had a response by RECIST.43

Similar lack of correlation has also been observed with

WHO criteria, so it may be that the neoadjuvant approach

in soft tissue sarcomas is not suited for any size-related

assessment of response.

3.2.5. Prostate cancer
Prostate cancer metastases are well known to be difficult to

measure by imaging. Tombal44 reported that only 11 (29%) of

38 consecutive metastatic hormone refractory prostate can-

cer patients had measurable disease according to RECIST.

Twenty-five patients had focal metastatic bone lesions identi-

fied and potentially measurable on axial-skeleton MRI (see be-

low). In another study,45 two cohorts of patients with

hormone refractory prostate cancer (HRPC) (31 patients) and

hormone sensitive prostate cancer (HSPC) (124 patients),

respectively, were analysed for eligibility to enter clinical tri-
als in which RECIST criteria were to be used. Thirty-nine

percent of HRPC patients and 51% of HSPC would have qual-

ified on the basis of having at least one measurable lesion,

while 13% and 44%, respectively, had bone-only disease

(which is non-measurable). In this prostate study, most of

the visceral measurable lesions were in lymph-nodes for

which the evaluation by RECIST may also be difficult. Clearly,

the evaluation of prostate cancer in screening phase II studies

may require different tools, to determine outcome measures

for clinical benefit defined according to stage of the disease

and/or composite endpoints that include the various clinical

dimensions of the disease (including measurable disease,

QOL, PSA, Bone and pathology).45

3.2.6. Brain tumours
While in the past, brain tumours were thought to be difficult

to assess for response, this currently seems less of an issue.

Four separate studies46–49 on a total of 204 patients showed

a high concordance between 1D (RECIST), 2D (WHO) and 3D

(volumetric) measurements in detecting responses both in

childhood and adult brain tumours. For disease progression,

the results were a little less uniform. One study suggested

that progression was detected later with the 1D measure-

ment.46 Although three of these studies have as yet only been

reported in abstract form, the data suggest that RECIST is a

useful tool for brain tumour measurement.

3.2.7. Renal cell carcinoma
In two studies on metastatic renal cancer,50,51 outcome

according to RECIST and WHO criteria correlated extremely

well (Table 3).

3.2.8. Other issues
The issue of functional imaging has already been mentioned.

Gopinath52 assessed functional volume variations against RE-

CIST in 22 patients with neuroendocrine tumours of carcinoid

type in the liver and treated with chemotherapy. He found out

that tumour functional volume assessed by single-photon

emission computed tomography (SPECT) predicted clinical

outcome (as measured by a reduction in pain, flushing or

abdominal symptoms) for 59% of patients and RECIST only

for 36% of patients.

Another problem is the use of a primary tumour for re-

sponse assessment, if the tumour is localized in a hollow or-

gan. Indeed the nature of cancer growth for instance within

the wall thickness of the oesophagus makes measurements

based on RECIST difficult. Response to treatment is even more

difficult to image because of post-treatment fibrous steno-

sis.53 Tahara proposed to incorporate in RECIST a set of simple

criteria based on endoscopic evaluation and histology to val-

idate the complete response. The application of the proposed

criteria correlates well with survival in a cohort of 139 pa-

tients reviewed retrospectively. RECIST was assessed in ad-

vanced gastric cancer by Yoshida54. He compared the

response rate of 161 patients with measurable disease in-

cluded in a phase III trial and concluded that response rates

by the old and new criteria were nearly equal.

Following tumour markers is another possible approach to

assessing change in tumour burden. Successive CA-125 mea-

sures were compared with sequential tumour measurements
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as prognostic factor for survival in 131 patients receiving

second-line chemotherapy for advanced ovarian cancer.55

The study was retrospective and based on patients from a

single institution treated with similar regimen in first and

second-line. In this setting, CA-125 response was 2.6 times

better than clinical response (assessed by RECIST) in predict-

ing survival. However, in this example, the authors have

examined both endpoints in relationship to their predictive

value in survival in individual patients. This is a somewhat

different application than use of the endpoint to screen new

drugs for activity. The authors also confirm the difficulties

in using radiographic techniques for assessing recurrent ovar-

ian carcinoma.

3.2.9. Metastatic site related considerations
Bone metastases represent a frequent problem in breast and

prostate cancer. Approximately 20–30% of these patients will

present with bone metastases as the only metastatic site.

Since RECIST consider bone metastases as non-measurable,

several authors have tried to assess this problem.7,9,35,44,45

While they confirmed the problem, they unfortunately could

not provide alternatives. In contrast, Hamaoka56 proposed a

set of criteria requiring the combination of different imaging

modalities (skeletal scintigraphy, plain radiography, com-

puted tomography and/or magnetic resonance imaging)

depending on the characteristics of the lesions. Tombal44

investigated the possibility of using the axial-skeleton MRI

(AS-MRI) for quantitative imaging of bone metastases of pros-

tate cancer. He prospectively performed AS-MRI in a cohort of

30 patients with HRPCa and a positive Tc-99m bone scan be-

fore and six months after starting chemotherapy, and sug-

gested that the proportion of patients eligible to enter trials

based on RECIST increased from 28.9% to 65.7% with measur-

able lesions on AS-MRI. The feasibility of this approach

should be tested prospectively taking into account technical

issues, cost and time constraints.

Lymph-nodes and nodal masses can be manifestations of

many cancers, but RECIST has yet only been reported com-

pared to WHO in primary lymphomas. Sohaib57 compared

CT assessment in 1D, 2D and 3D for tumour response in 16 pa-

tients with either lymphoma or germ cell tumours. He con-

cluded that whichever method is used, there is limited

influence on the classification of treatment response. Assou-

line58 pooled the data from three phase II lymphoma trials

(115 patients) and compared RECIST with the International

Working Criteria (IWC).59 RECISTwas slightly adapted to make

the criteria relevant for response in lymphoma and the over-

all response rates were 42% and 46% for IWC and RECIST,

respectively, with identical progression rates.

4. Discussion

RECIST has become the most frequently used response cri-

teria for clinical trials investigating new treatments for solid

tumours. The criteria are used to define response rate, pro-

gression rate and/or time to progression irrespective of the

stage of development of new cancer therapeutics. Some

features of the criteria have also been rapidly implemented

in day to day practice of oncologists for standard patient

care.
Overall, many authors agree that the development of RE-

CIST with rigorous evaluation of many underlying aspects of

response assessment has been very valuable. However, RE-

CIST is not the universal panacea that one would like to

have to precisely measure tumour response and progression

in all possible situations and with all types of cancer thera-

peutics. Interestingly, the implementation of RECIST has

also revealed a number of otherwise uncovered problems re-

lated to response evaluation in specific situa-

tions.8,9,17,25,29,35,45 Although RECIST may not have provided

an answer to all problems it has the merit of having stimu-

lated discussion, and therefore improved awareness and

harmonization.

The first objective of this review was to look into all

prospective and retrospective studies attempting to validate

RECIST against the WHO criteria. An overview of all studies

directly comparing the two methods is presented in Table 3.

In keeping with the retrospective data compiled in the RE-

CIST manuscript, none of these studies found major differ-

ences in response rate between the two methods, while

some found a slightly longer time to progression or lower

progression rate for RECIST. The latter was expected and

confirms that the changes in the definition of progression

with RECIST translate into fewer patients being classified

as having progression at a certain time as compared with

WHO criteria. This should be taken into account when time

to progression or progression free survival serve as a

primary endpoint in non-randomized phase II trials where

the primary hypothesis is constructed with reference to

historical controls based on WHO criteria evaluations. This

is of particular importance now that we move towards the

development of drugs which may not induce rapid tumour

shrinkage. Reference matrices for this purpose can be

derived from recent large phase III, which have used RECIST

for response and progression assessment. EORTC is

currently developing such references for several tumour

types.

Apart from directly comparing RECIST to WHO criteria,

several groups have investigated the value of volumetric mea-

surement (3D) as opposed to bidimensional (2D) (WHO crite-

ria) or unidimensional (1D) (RECIST) approaches for

assessing tumour response. There was a belief, particularly

for lung and brain tumours, that volumetric assessment

would be better. In addition, radiologists8,9 and paediatri-

cians15–17 have raised concerns on the deficits of non-volu-

metric measurements. However, in all reported

studies18,34,46,47,49,57 the correlation between 1D and 3D

dimension was quite good, with one possible exception for

classifying progression in childhood cancers which would

have been detected earlier with a 3D assessment.46 However,

the criteria for declaring progression were not proportionally

identical. Apparently, the use of more laborious 3D measure-

ments does not add great value to the much simpler 1D

assessment of RECIST for the purpose of response determina-

tion in clinical trials.

RECIST has been found not optimal for assessment of re-

sponse in mesothelioma and gastro-intestinal stromal tu-

mours (GIST). Mesothelioma because of its specific growth

characteristics deserves specific criteria, and some adapta-

tions of RECIST as proposed by Byrne25 seem an appropriate
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compromise to keep criteria as simple as possible yet keep-

ing a good correlation with clinical outcome. For GIST the

problem is less well elucidated. The implementation of RE-

CIST came in parallel with the clinical development of

Imatinib in GIST and early treatment monitoring of this tar-

geted therapy with FDG-PET identified a metabolic response

much before any morphological response (tumour shrink-

age) could be reported according to RECIST.36–39 However,

this is only a chronology issue and does not yet disqualify

RECIST. And for many different reasons,40,41 not least the

limited availability of the tool, FDG-PET is at present not

yet a universal method to assess tumour response in GIST.

Yet, also in GIST, size changes might be opposite to clinical

benefit observed, and early changes in tumour density with-

out significant size changes may still harbour progression or

response. This renders RECIST (as presently defined) not to-

tally appropriate for use in GIST, and other criteria are cur-

rently being tested.41

The development of Imatinib shows that we have to be

careful with the evaluation of new cancer therapeutics

using standard tools. Evaluation solely based on morpholog-

ical changes can be misleading and an accurate early deter-

mination of response may require functional and molecular

techniques that assess metabolism, growth kinetics, angio-

genesis growth factors, tumour cell markers and in vivo ge-

netic alterations and gene expression. The US National

Cancer Institute therefore has designed a very large

research program to develop imaging in oncologic drug

development.61,62

Other potential refinements and facilitations of the pro-

cess of response evaluation11–14 are as important. In this re-

spect, the projects of Tombal44, Assouline58 and Tahara54 are

worthwhile following. Further large scale validation of some

of these pilot projects is planned and the results should hope-

fully be available for RECIST 2.0.

By virtue of the search system used, it has to be assumed

that this review may be incomplete. Other useful commen-

tary may have been included in the discussion sections of

phase II and phase III trial reports, which we would have

missed by the methods used in searching the literature. How-

ever, we believe, we have captured many important assess-

ments of RECIST in this review.

RECIST was implemented five years ago and since has

been used at a level far beyond expectation. This indicates

that it serves a purpose. The large majority of the validation

studies reported in this review support the use of RECIST as

a tool for tumour evaluation in most common situations.

The review also identified areas requiring specific criteria or

attention. Imaging in oncology, and in drug development in

particular, is rapidly developing and requires continuous re-

search and validation. A revised version of RECIST will take

into account the experience accumulated so far and should

provide guidance informed by the experience of many in

the field to aid in assessment of novel agents.
Conflict of interest statement

The authors declare that they have no conflict of interest in

relation to the work reported in this paper.
R E F E R E N C E S
1. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines
to evaluate the response to treatment in solid tumours. J Natl
Cancer Inst 2000;92:205–16.

2. Miller AB, Hogestraeten B, Staquet M, Winkler A. Reporting
results of cancer treatment. Cancer 1981;47:207–14.

3. Green S, Weiss GR. Southwest oncology group standard
response criteria, endpoint definitions and toxicity criteria.
Invest New Drug 1992;10:239–53.

4. Tumour eligibility and response criteria for phase II and III
studies. EORTC data center manual. Brussels; 1992.
monograph.

5. Van Glabbeke M, van Oosterom AT, Steward W, Verweij J,
Mouridsen H. Selection of large and objectively measurable
target lesions in EORTC phase II trials: impact on recruitment
and response rate. EORTC soft tissue and bone sarcoma group
(STBSG). Eur J Cancer 1993;29:1943–7.

6. Padhani AR, Husband JE. Are current tumour response
criteria relevant for the 21st century? Br J Radiol
2000;73:1031–3.

7. Padhani AR, Ollivier L. The RECIST (response evaluation
criteria in solid tumours) criteria: implications for diagnostic
radiologists. Br J Radiol 2001;74:983–6.

8. Husband JE, Schwartz LH, Spencer J, et al. Evaluation of the
response to treatment of solid tumours – a consensus
statement of the International Cancer Imaging Society. Br J
Cancer 2004;90:2256–60.

9. Bellomi M, Preda L. Evaluation of the response to therapy of
neoplastic lesions. Radiol Med 2004;107:450–8.

10. Mazumdar M, Smith A, Schwartz LH. A statistical simulation
study finds discordance between WHO criteria and RECIST
guideline. J Clin Epidemiol 2004;57:358–65.

11. Hillman SL, Sargent DJ, An MW, et al. Evaluation of
RECIST criteria in determining the response to treatment
in solid tumours: a north central cancer treatment group
(NCCTG) investigation. Proc Am Soc Clin Oncol 2003;22:521.
[abstr 2095].

12. Schwartz LH, Mazumdar M, Brown M, Smith A, Panicek DM.
Variability in response assessment in solid tumours: effect of
number of lesions chosen for measurements. Clin Cancer Res
2003;9:4318–23.

13. Mazumdar M, Smith A, Debroy PP, Schwartz LH. A theoretical
approach to choosing the minimum number of multiple
tumours required for assessing treatment response. J Clin
Epidemiol 2005;58:150–3.
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