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Abstract— Lung cancer is a widely spread disease that is 

really wreaking havoc these days. Therefore, clinicians should 

find efficient solutions to prevent the lung tumor from growing or 

traveling to other parts of the body. To do so, it’s important to 

use the imaging modalities in the interest of disease evolution 

assessment, as time goes by. This article is concerned with an 

overview of the major existing anatomic criteria used over the 

time for response evaluation in lung tumor. In addition, this 

paper summarizes the concepts of RECIST, revised RECIST, 

and the WHO guidelines. Added to that, an examination of the 

correlation between the various set of criteria is presented and 

the shortcomings and advantages of each one are highlighted. 

Further, the usefulness of these guidelines for the image 

processing community is also studied. We aim by this paper to 

help the oncology community develop the treatment procedure, 

forecast whether a treatment has enough merit to be used by 

larger numbers of patients and provide a more efficient care for 

the patient. 
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I.  INTRODUCTION  

Imaging represents 90% of the arguments for the 

therapeutic choice, and indicates the therapeutic evaluation of 

the tumor. Assessment of the change in tumor burden is an 

important feature of the clinical evaluation of cancer 

therapeutics: both tumor shrinkage (objective response) and 

disease progression are useful endpoints in clinical trials. For 

this purpose, many definitions and assumptions of tumor 

response criteria have been explored over the years. In order to 

tell whether cancer patients improve (“respond”), stay the 

same (“stable”) or worsen (“progression”) during the 

treatment, different sets of published rules were defined. 

Early attempts to define the objective response of a tumor to 

anticancer agent or drugs, were made in the early 1960‟s and 

were developed over the years. Lung cancer is the leading 

cause of cancer death for men and women all over the world 

[1]. In fact, according to the World Health Organization 

(WHO) rankings, lung cancer is the most commonly 

diagnosed cancer worldwide (1.8 million,13.0% of total) [2] 

and accounts for more deaths annually than breast, prostate 

and colon cancer combined [3]. These statics were not always 

so. About 150 years ago, lung cancer was a rare disease. In 

1878, malignant lung tumors represented only 1% of all 

cancers. By 1918, the percentage has increased to almost 10% 

and by 1927 to more than 14% [4]. When radiation and x-ray 

[5] were discovered at the end of the 19
th

 century, physicist 

took advantage of these discoveries to probe the human body 

and non-surgical cancer treatment approaches came along [6]. 

Surgeons and hospital radiologists started to work together. In 

1968, a large amount of cancer data started to be compiled 

with the use of computers. Great efforts have been spent over 

the past 50 years.  

The imaging modalities or tests that are commonly 

performed [7], [8] in order to determine the stage of lung 

cancer are: CT scan of the chest and abdomen [9] [10] which 

provides detailed pictures of lung tumor and anatomy and is 

important for staging and treatment planning. PET scan [11] 

[10] that uses radioactive sugar because cancer cells use sugar 

rapidly and is important for identifying spread to lymph nodes 

or other organs. MRI scan of the brain which is also one of the 

best currently available and reproducible methods to measure 

target lesions selected for response assessment. MRI scan of 

the brain may be necessary to determine if the tumor has 

spread to the brain.  

II. QUANTITATIVE IMAGING BIOMARKERS  

In order to determinate the effectiveness of new oncology 

drugs, a number of sets of rules and morphological criteria 

were developed over the years: The World Health 

Organization (WHO) criteria that were published since 1981 

by Miller et al. [12] and continues to be used [13] even more 

than a decade after the introduction of Response Evaluation 

Criteria In Solid Tumors version 1.0 (RECIST 1.0) criteria 

that were published in 2000 by Therasse et al. [14] and the 

revised in 2009 as version 1.1 (RECIST 1.1) [15]. These sets 



of criteria were developed to estimate response to cytotoxic 

chemotherapeutic agents [16] and to observe change in tumor 

size during treatment [17]. 

The World Health Organization (WHO) criteria are based 

on a two-dimensional measurement as shown in Figure 1 and 

the sum of the products of the longest diameters (LD) with its 

greatest perpendicular in the target lesion, or in other terms the 

surface of the rectangle that englobes the target. The objective 

response of a measurable disease [18] can be confirmed 4 

weeks [19] after the beginning of the treatment and is 

depending upon the percentage of the evolution in the product 

of the longest diameters, four response types were identified: 

Complete response (CR)-The disappearance of all known 

disease [12] and all signs of cancer in response to treatment. 

The complete response does not always mean the cancer has 

been cured and is also called complete remission and that‟s the 

positive response that the treatment aims to give [20]. Partial 

response (PR)-A decrease of at least 50% from baseline (BL) 

in the size of a tumor [19]. Stable disease(SD)-Cancer that is 

neither decreasing nor increasing in extent or severity. 

According to the WHO criteria the stable disease is a decrease 

of lower than 50% or increase of lower than 25% with regard 

to the previous test [19]. Progressive disease (PD)-Cancer that 

is growing, spreading or getting worse. It is an increase of 

greater than 25% of one or more lesions or appearance of new 

lesions [19].  

WHO criteria were progressively abandoned because of its 

lack of standardization over time. The Response Evaluation 

Criteria in Solid Tumor (RECIST) [21] [14] are based on the 

measurement of the longest diameter of lesions as shown in 

Figure 1; unidimensional rather than bi-dimensional measures 

for evaluating the tumor burden. It introduces the notion of the 

measurable minimal size, and the maximal number of lesions 

that will be taken into account (up to 10, a maximum of 5 per 

organ), thus, the notion of target and non-target lesion. 

 CT scans presented in Figure 1 are provided by Radiology 

service of Salah Azaiez Institute in Tunisia. The revised 

RECIST guideline version 1.1 (RECIST 1.1) [22] was 

presented by the RECIST Working Group, based in part on 

investigations using a database consisting of more than 6,500 

patients with about 18,000 target lesions [23]. Major changes 

in RECIST 1.1 included lymph node LN measurement, the 

maximum number of target lesions, and the definition of 

disease progression [24].  

Fig. 1.  A: RECIST unidimensional and B: WHO two-dimensional 

 

The maximum number of target lesions have been reduced 

from ten to fine in total, and from five to two per organ. 

Disease progression have been clarified [25]. RECIST 1.1 

showed almost perfect agreement with RECIST 1.0 in tumor 

response assessment of patients with non-small cell lung 

cancer (NSCLC) [23]. 

III. RECIST 1.1 

Currently, the standard metric, by which disease 

progression is measured, is the set of guidelines RECIST 

(version 1.1). 

Initially, there are two types of tumor lesions: Measurable 

lesions-  that can be accurately measured in at least one 

dimension with longest diameter ≥ 20 mm using conventional 

techniques or greater than 10 mm by spiral CT scan. Non-

measurable lesions-  all other lesions, including small lesions 

where longest diameter < 20 mm with conventional techniques 

or <10 mm with spiral CT scan. Only patients with measurable 

disease at baseline should be included in protocols where 

objective tumor response is the primary endpoint [26]. 

All measurable lesions up to a maximum of two lesions per 

organ and five lesions in total, representative of all involved 

organs should be identified as target lesions and recorded and 

measured at baseline [27]. Target lesions should be selected 

on the basis of their size (lesions with the longest diameter 

LD). A target lesion is a measurable lesion whose longest 

diameter is greater than 10 mm if it is clinically assessed or 

with CT, and greater than 20 mm if it is radiographically 

assessed. If the target lesion is a LN, the short-axis 

measurements should be used and recorded ≥ 15 mm. 

 All lesions not identified as target lesions, including 

pathological lymph nodes and all non-measurable lesions, 

should be identified as non-target lesions and be recorded at 

baseline [28]. Lymph nodes, if considered as a non-target 

lesion, should be used and recorded < 15 mm. 

All lesions (or sites of disease) not identified as target lesions, 

including pathological lymph nodes and all non-measurable 

lesions, should be identified as non-target lesions and be 

recorded at baseline [28]. Measurement of these lesions are 

not required and they should be followed as „present‟, „absent‟ 

or in rare cases „unequivocal progression‟. Lymph nodes, if 

considered as a non-target lesion, should be used and recorded 

< 15 mm. 

The response quantification criteria of target lesions can be: 

Complete response(CR)-Disappearance of all target lesions. 

Partial Response (PR)-At least a 30% decrease in the sum of 

the longest diameter of target lesions, taking as reference the 

baseline sum of the longest diameter. Stable Disease (SD)-

Neither sufficient shrinkage to qualify for PD nor sufficient 

increase to qualify for PD, taking as reference the smallest 

sum LD since the treatment started. Progressive Disease 

(PD)-At least a 20% increase in the sum of the LD of target 

lesions, taking as reference the smallest sum LD since the 

treatment started or the appearance of one or more new 

lesions. Figure 2 below depicts the response quantification of 

target lesions. 

 

 

 
 

      
 



Fig. 2.  Schematic representation of response quantification 

 

The response quantification criteria of non-target lesions can 

be: Complete response (CR)-Disappearance of all non-target 

lesions [29] and normalization of tumor marker level. 

Incomplete response/ Stable Disease (SD)-Persistence of one 

or more non-target lesion(s) or/and maintenance of tumor 

marker level above the normal limits. Progressive Disease 

(PD)-Appearance of one or more new lesions and/or 

unequivocal progression of existing non-target lesions. 

IV. CRITICS 

The table 1 summarizes the advantages and the drawbacks 

that WHO criteria, RECIST criteria and RECIST 1.1 criteria 

present in the evaluation of the tumor response to treatment of 

patients with lung cancer. 

V. IMAGE PROCESSING COMMUNITY AND RECIST CRITERIA 

RECIST criteria have been of use for the image processing 

community in terms of tumor measurement and growth rate 

computation. Levine et al. [30] used geometrical 

considerations from synthetic tumor data embedded in CT 

data to prove that RECIST criteria give relatively better results 

for union of ellipsoids than realistic lung tumors. Bevilacqua 

et al. [31] proposed a technique for measuring and classifying 

lung nodules. Starting with a framework that fully and 

automatically segment the respiratory system and semi-

automatically segment pulmonary nodules using a set of 

synthetic data [32]. These first two steps have been established 

for accurate assessment of tumor progression and its 

classification according to its malignancy. Prescott et al. [33] 

emphasizes in their study that WHO and RECIST criteria are 

the only two quantitative imaging biomarkers for solid tumor 

and discuss their challenges. Emaminjad et al. [34] used chest 

CT scans of NSCLC patients for lung tumor segmentation, 

tumor-related image features measurement and cancer 

recurrence risk prediction. Their study highlights the difficulty 

faced by radiologists in interpreting a large number of CT 

scans and subjectively measuring tumors longest diameter and 

the unreliability of RECIST criteria due to the inter-reader 

variability. Diciotti et al. [35] proposed an estimation on 

nodule size that doesn‟t need tumor segmentation. Their 

method comprises a scale-space representation where lung 

nodules are analyzed by Laplacian of Gaussian kernels. Using 

a set of CT scans, RECIST criteria where utilized to prove the 

high correlation between the characteristic scale computed in 

the Laplacian of Gaussian scale-space and the diameter of the 

sphere that have the same volume. Brown et at. [36] presented 

a Computer Aided lung nodule Detection system, with a law 

false positive rate and a measurement system that generates 

RECIST criteria reports. Paskin et al. [37] modeled a set of 

clinical tumors that cover various geometries and locations 

within the lung. The set of tumor models are meant to be used 

as ground truth data for volumetric methods comparison and 

volumetric RECIST application. Beaumont et al. [38] 

proposed a method to predict the reliability of assessment of 

lung tumor volume changes on CT scans using RECIST 

criteria. 

CONCLUSION 

We provide in this paper an exhaustive summary of lung 

cancer and the imaging modalities that are commonly used for 

its diagnosis. An overview of the various morphological 

criteria used for cancer response evaluation is presented 

followed by a comparative study between them. We described 

then the existing works of the literature that are concerned 

with the usefulness of the guideline for the image processing 

community. One can foresee the role of quantitative imaging 

biomarkers will not only continue to grow, but will also 

benefit significantly, in terms of accuracy, from the future 

advancements in medical image processing techniques. 
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TABLE I.  SUMMARIZATION OF ADVANTAGES AND DRAWBACKS OF TUMOR RESPONSE EVALUATION CRITERIA TO LUNG CANCER TREATMENT. 

  
Method Ref. Advantages Ref. Limitations  

WHO [39] 

 

[20] 
 

[39] 

 
[39] 

 

[20] 
[40] 

 

 
[41] 

[42] 

-Relatively easy and fast to do (4 mouseclicks, 

one multiplication). 

-It‟s possible to determine the quantity of the 
effect the treatment upon the tumor. 

-The distance calculation between two points is 

generally available. 
-Better detection of the change in tumor than 

RECIST. 

-It‟s possible to compare drugs occording to their 
effectivity. 

-Even though the WHO criteria are old, they are 

still beeing practiced and are effective in many 
clinical response evaluation.  

-WHO criteria shows progression of tumor more 

rapidly than RECIST. 
-WHO criteria are more sensitive then other sets 

of criteria to changes in tumor volume. 

[14] 

 

[14] 
 

[14] 

 
 

[14] 

 
 

 

[43] 
 

 

[7] 
[20] 

-The integration of the change in size of measurable lesions into response 

assessment vary among research groups. 

-The minimum lesion size and number of lesions per organ to be 
measured differ from a research group to another. 

- The progressive disease is defined as the considerable variation in only 

one lesion by some researcher groups and defined as the considerable 
variation of overall tumor load by others. 

- The integration of three-dimensional measures into response assessment 

became confusing since the arrival of new imaging modalities like 
computed tomography CT and magnetic resonance imaging MRI. 

-The volume measurements are not included in the WHO criteria partly 

because of the limitation of the imaging techniques as well as the 
restriction of available measurement methods. 

-Instable results when acquisition of slice angle and assessment of tumor 

cavitation. 
-The planning of such studies required too much time. 

RECIST 
1.0 

[23] 
 

  

 
[40] 

[44]  

 
[45] 

[40] 

[46] 
 

[47] 

[48] 

-RECIST 1.0 has been widely accepted as a 
standardized measure of tumor response,  

particularly in oncologic clinical trials with 

objective response or time to progression as 
primary endpoints. 

-The application of RECIST criteria is simpler 

and more convenient than the WHO criteria as 
well as its calculation. 

-The response evaluation is standardized. 

-There is no major discrepancy with the WHO 
criteria (especially for NSCLC patients) which 

makes it easier for clinicians in the application of 

response evaluation criteria. 
-It‟s an earlier endpoint than survival. So it‟s 

really a surrogate. 

[49] 
 

 

[43] 
 

[50]  

[51] 
[10] 

 

[52] 
 

[53] 

 
[54] 

-The issues that were raises on RECIST 1.0 includes the total number of 
lesions to be assessed, the assessment of LNs and the utility of newer 

imaging technologies such as multi-detector computed tomography 

(MDCT) and positron emission tomography (PET).  
-The number of target lesions to be treated is quite big. 

-The step of confirmation can waste a lot of time. 

-Lymph nodes are not adquatly assessed. 
-The imaging guidance is missing ( ei .what imaging modalities should 

be uses? Functional imaging   such as PET, SPECT,etc .. or anatomical 

imaging such as CT, MRI,etc ..) 
-Uni-dimensional RECIST criteria does not help predict overall survival 

as accurately as volumetric measurements. 

-RECIST is not the most sensitive set criteria to detect complete 
remission (e.g. PERCIST is a better detector of complete response). 

-Non applicability of RECIST in certain disease types (e.g. brain tumor, 

lymphoma, bone lesions). 

RECIST 

1.1 

[46] 

 

[55] 
 

 

 
[41] 

 

 
[56] 

 

 
[57] 

[48] 

-Its major advantage over earlier methods of 

response was simplifying the number of lesions 

that had to be measured and types of 
measurement she took: one measurement instead 

of two measurements and two lesions in each 

organ instead of up to ten. In brief, RECIST 1.1 
were published to simplify, optimize and 

standardize the original criteria.  

-Since RECIST 1.1 assess a maximum of 5 
tumors (vs. 10 in RECIST), they result in a 

higher complete response rate than the original 

RECIST criteria (at least in lymph nodes). 

-RECIST 1.1 relatively performs the best 

prediction of overall survival  

[58] 

 

[59] 
 

[46] 

[60] 
 

[46] 

[61] 
 

[62] 

[63] 
[64] 

-One of the several weaknesses that RECIST has is that it‟s only for solid 

tumors. As a matter of fact, there is no criteria for non-solid tumors, 

especially that, in some cancers, tumors can change from solid to non-
solid. 

- RECIST also does not treat the case where the tumor growth is non-

spherical or asymmetric. 
-RECIST 1.1 can be misleading in some cases 

-RECIST 1.1 can generate a mixed response (i.e. some lesions become 

bigger and others become smaller and sometimes there is a new lesion) 
especially when immune treatments are being used. However, if you wait 

long enough, the tumor may disappear and thus the response may even be 

complete. 
-RECIST criteria use single 2D slice plane, ignoring the fact that tumors 

are non-homogenous and are 3D structures. 

 


