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  Purpose: This study compared the W HO criteria with 
the response evaluation criteria in solid tumors (RECIST) 
in the same patients with metastatic colorectal cancer 
in order to determine the significance of the RECIST. In 
addition, this study compared the estimations of medical 
oncologists with those of a radiologist.
  Materials and Methods: Between 2002 and 2005, a total 
of 48 patients (male: female ratio, 29:19; median age, 58  
years) with measurable lesions receiving chemotherapy 
for metastatic colorectal carcinoma were enrolled in this 
study. Two medical oncologists and one radiologist, who 
were blinded to the patients' condition, independently 
reviewed all the CT images. The results were compared 
using a kappa test.

 Results: The kappa test for concordance between the 
W HO and RECIST criteria of the medical oncologists and 
the radiologist were 0.908 and 0.841, respectively. The 
level of concordance between the investigators using the  
W HO and RECIST were 0.722 and 0.753, respectively.
  Conclusion: The RECIST criteria are comparable to the  
W HO criteria in evaluating the response of colorectal 
carcinoma, but have simple and reproducible guidelines. 
The use of RECIST is recommended for evaluating the  
treatment efficacy in clinical trials and practice. (Cancer 
Res Treat. 2005;37:290-293)
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INTRODUCTION

  An evaluation of the tumor response to treatment is important 
in clinical trials for new drugs as well as the routine manage-
ment of advanced malignancies. Since the early 1980s, the 
WHO response criteria were adopted as the standard method for 
evaluating the tumor response (1). According to the WHO 
criteria, the total tumor size is determined by bidimensional 
measurements e.g. the sum of the products of the two longest 
diameters in the perpendicular dimensions of all tumors. The 
tumor response to treatment is divided into four categories. 
However, some problems have arisen when using these criteria 
and a new methodology is required (2). Recently, the RECIST 
(Response Evaluation Criteria in Solid Tumors) was proposed 
as a new guideline for evaluating the response using unidimen-
sional measurements instead of bidimensional measurements, a 
lower number of measured lesions, the withdrawal of the 
progression criteria based on the isolated increase in a single 
lesion, and a different shrinkage threshold for defining the 
tumor response and progression (3). In order to clarify the 

significance of these new guidelines, the WHO and RECIST 
criteria were compared in the same patients with metastatic 
colorectal cancer, and the estimations by medical oncologists 
were compared with those of a radiologist.

MATERIALS AND METHODS

    1) Patients

  Between March 2002 and March 2005, a total of 48 patients, 
who received chemotherapy as the first or second line treatment 
for metastatic colorectal carcinoma at Hanyang University 
Hospital, were enrolled in this study. There were 29 males 
(60.4%) and 19 females (39.6%), with a median age of 58.0 
years (range: 31～76 years). Thirty-five patients were treated 
with FOLFIRI (irinotecan, leucovorin, 5-fluorouracil), nine 
patients were treated with XELOX (capecitabine, oxaliplatin), 
and four patients received FOLFOX (oxaliplatin, leucovorin, 
5-fluorouracil). All the patients had at least one bidimensionally 
measurable lesion ＞ 10×10 mm, as assessed by the CT scan. 

    2) Tumor measurement 

  The CT scans were obtained at the metastatic sites using a 
standardized contrast enhanced imaging protocol. All the CT 
scans used a spiral CT (Siemens Medical Systems, Erlangen, 
Germany). The CT image data were reconstructed with a 5 mm 
thickness and were displayed on the monitors of a picture 
archiving and communications system (PACS). The tumor size 
was measured from digitalized images with electronic calipers. 
The tumor response was assessed using the WHO and RECIST 
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Table 1. The WHO and RECIST* criteria
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

WHO RECIST*
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Method Sum of products of the two longest diameters in Sum of longest diameters (unidimensional)

  perpendicular dimensions (bidimensional)

No. of measured lesion All lesions Target lesion: maximum 5 per organ, 10 in total

Response   

CR† Disappearance of all known disease, confirmed at Disappearance of all known disease, confirmed at 

  4 wks   4 wks

PR‡ ≥50% decrease, confirmed at 4 wks ≥30% decrease, confirmed at 4 wks

SD§ Neither PR nor PD criteria met Neither PR nor PD criteria met

PD∥ ≥25% increase, no CR, PR, or SD documented ≥20% increase, no CR, PR, or SD documented 

  before increased disease, new lesion (s), ≥25%   before increased disease, new lesion (s)

  increase in 1 lesion
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*response evaluation criteria in solid tumors, †complete response, ‡partial response, §stable disease, ∥progressive disease.

Table 2. Comparison of the WHO and RECIST criteria estimated 
by the medical oncologist (A) and radiologist (B).

A
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

WHO criteria  
RECIST criteria 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

CR PR SD PD Total
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
CR 1 0 0 0 1

PR 0 15 2 0 17

SD 0 1 15 0 16

PD 0 0 0 14 14

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Total 1 16 17 14 48

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
B
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

WHO criteria  
RECIST criteria 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

CR PR SD PD Total
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
CR 1 0 0 0 1

PR 0 13 2 0 15

SD 0 1 19 2 22

PD 0 0 0 10 10

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Total 1 14 21 12 48

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

criteria. Table 1 gives the definition of the best response 
according to the WHO or RECIST criteria. Two medical oncol-
ogists reviewed CT images together and one radiologist 
separately reviewed all the CT images without any information 
of the patients. The tumor measurements were performed two 
times for each lesion. The results were compared using the 
kappa test for the concordance of the response. If the kappa 
value was ＞ 0.8, the concordance was considered to be excel-
lent and a kappa value ranging from 0.60 to 0.80 was con-
sidered to be good.

RESULTS

  Table 2 and Fig. 1 show a comparison of the WHO and 
RECIST criteria estimated by the two medical oncologists and 
the radiologist. When the medical oncologists performed the 
tumor measurements, the overall response and progression rates 
according to the WHO criteria were 35.4% (1 CR and 16 PR) 
and 29.2% (14 PD), respectively. Using the RECIST criteria, 
two patients with SD based on the WHO criteria were reclassif-
ied as PR, and one patient with PR was downgraded to SD. 
The overall response rate was then 37.5% (1 CR, 17 PR). The 
kappa test for the concordance of the medical oncologists using 
the WHO and RECIST criteria was 0.908. When the radiologist 
performed the tumor measurements, there were 1 CR, 14 PR, 
21 SD, and 12 PD according to the WHO criteria, and 1 CR, 
15 PR, 22 SD, and 10 PD according to the RECIST criteria. 
The overall response rate according to the WHO criteria was 
31.3%. Five patients were reclassified using the RECIST 
criteria, and the overall response rate was 33.3%. The kappa 
test for the concordance of the overall response was 0.841. 
  The treatment response using WHO were concordant in 39 
patients (81.3%) between the two investigator groups, and those 
using the RECIST criteria were concordant in 40 patients 
(83.3%). The level of concordance between the investigators 
using the WHO and RECIST were 0.722 and 0.753, respec-
tively.

DISCUSSION

  A standardized approach to measuring a tumor and deter-
mining the response criteria is important for making appropriate 
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Fig. 1. Change in the response between the WHO and 

RECIST criteria estimated by the medical on-

cologist (A) and radiologist (B).

medical decisions. In order to prevent an inappropriate designa-
tion of a tumor response, the tumor measurements should be 
standardized and be accurate, with a low intra-and inter-obser-
ver variability. For more than 2 decades, the WHO response 
criteria have been standard method for making a radiological 
tumor evaluation. However, these criteria are quite complex. 
Measuring all visible lesions in two dimensions is considerably 
time-consuming and has a risk of error. In 1994, a large inter-
national working group was established to review the guide-
lines. After several years of intensive discussion and an analysis 
of 14 large clinical trials, which included more than 4,500 
patients, the working group concluded that unidimensional 
tumor measurements provide results equivalent to those obtained 
using the bidimensional criteria and finally recommended the 
simpler new guidelines, the RECIST criteria (3).
  The theoretical background for the RECIST criteria is that 
the sum of the largest diameters of the individual tumors is 
more linearly related to the level of cell death than the sum 
of the bidimensional products (4). In the RECIST criteria, a PR 
is defined as at least a 30% reduction in the sum of the longest 
diameter of the target lesions, and a PD is defined as at least 
a 20% increase in the sum of the longest diameter. Assuming 
that tumors are spherical, a 30% decrease in the sum of the 
diameters, which corresponds to a 65% decrease in the tumor 
volume, is equivalent to a 50% reduction in the sum of the 
bidimensional products. Accordingly, the threshold of a PR 
using the two criteria is almost identical. However, the limit 
of PD is higher in the RECIST criteria, a 20% increase in the 
largest diameter represents a 73% increase in the tumor volume 
versus a 40% increase in the tumor volume when there is a 
25% increase in the bidimensional product. One of the new 
concepts of the RECIST is the documentation of the target and 
non-target lesions. A maximum of five lesions per organ and 
10 lesions in total should be identified as target lesions, and 
the sum of the longest diameter for all the target lesions will 
be calculated.
  After the proposal of the RECIST criteria, several studies 
were carried out to validate this new guideline in various solid 
tumors (5～7). These analyses concluded that the RECIST 
criteria are as effective as the WHO criteria in terms of the 
response rate. However, inter-observer and intra-observer varia-
tions are still an unsolved problem in the RECIST criteria, and 
this method is not suitable for several tumors such as a pleural 
mesothelioma (8). Erasmus et al reported that the measurements 
of the lung tumor size on a CT scan using bidimensional and 
unidimensional methods are often inconsistent. This can lead 

to an incorrect interpretation of the tumor response and a 
greater inter-observer variability than intra-observer variability. 
Moreover, the measurement differences are greatest when the 
edge of the lesion is irregular or speculated (9).
  This study showed excellent agreement between the WHO 
and RECIST criteria estimated by two medical oncologists and 
one radiologist, respectively. The results of the kappa test for 
concordance in the overall response were ＞ 0.8. A discordant 
result is usually obtained when a tumor has an irregular or 
asymmetric shape or when the calculated sum is close to the 
threshold level. There might be discrepancies in measuring the 
tumor response rate between an oncologist and radiologist due 
to errors in the tumor measurements and errors in selecting the 
target lesions. It is believed that the inter-observer variability 
using the RECIST criteria may be lower than when using the 
WHO criteria because the RECIST criteria are simpler to apply. 
Therefore, the estimations of medical oncologists were com-
pared with those of a radiologist. However, both results using 
the RECIST and WHO criteria showed good agreement between 
the two investigator groups. Therefore, it is essential that 
medical oncologists and radiologists work in unison when 
evaluating the tumor response.

CONCLUSIONS

  These results suggest that the RECIST criteria are com-
parable to the WHO criteria in evaluating the response in a 
colorectal carcinoma using simple and reproducible guidelines. 
Although the use of the RECIST criteria is useful for evaluating 
the treatment efficacy in clinical trials and practice, the limita-
tion of the RECIST criteria highlight the need for additional 
response analysis techniques.
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