
Abstract. Background/Aim: To evaluate the role of
densitometric criterion using the Choi Criteria in the
assessment of the response to antiangiogenic treatments of
metastatic colorectal cancer (mCRC) compared to the RECIST
criteria. Patients and Methods: Fifty-four patients (mean
age=50.6 years ) affected by advanced colorectal cancer and
with hepatic and possibly peritoneal and pulmonary
metastases, that can be treated with bevacizumab, were
prospectively evaluated by computerized tomography (CT)
scan. Metastases were also evaluated by CT in one-
dimensional form according to RECIST. Results: Results show
that in 58% of analyzed cases, stable disease according to
RECIST coincided with stable disease according to the CHOI
criteria, whereas in 42% of analyzed cases disease progression
according to RECIST corresponded to stable disease or even
partial response according to CHOI criteria. Conclusion: By
using the densitometric criterion with CHOI criteria, the
evaluation of the response to antiangiogenic treatment of
mCRC is partially different compared to RECIST criteria.

The discovery and use of new target therapies in oncology
revolutionized the treatment of solid tumors, allowing
oncologists to tailor cancer therapies on patients and, above
all, tumor’s intrinsic characteristics, thus maximizing their
therapeutic effects through a precise selection of responder
patients and avoiding useless toxicities in non-responder
patients (1, 2).

However, target therapies’ mechanism of action is totally
different from traditional cancer treatments because they are
cytostatic rather than cytotoxic. Thus, response to these
treatments is totally different (3). Since 2001 response to
cancer therapies is evaluated through the Response
Evaluation Criteria in Solid Tumors (RECIST), which are
based on dimensional changes of tumor lesions after
treatments (4). RECIST presupposes the distinction of tumor
lesions into measurable and not measurable ones. According
to RECIST, measurable lesions are those lesions that may be
faithfully defined in at least one dimension (largest diameter
in a single lesion, sum of largest diameters in multiple
lesions) which has to be equal to or larger than 10 mm in
computerized tomography (CT). After detecting measurable
lesions, we have to identify target lesions. They are all
measurable lesions up to a maximum of two lesions per
organ and five lesions in total that should be representative
of all involved organs. Tumor lesions with the longest largest
diameter should be chosen and evaluated at baseline (5). 

However, the target therapies mechanism of action is
completely different from traditional cancer, causing the
reduction of the tumor cellularity and density without change
of size.

CHOI criteria were developed in 2007 in order to assess
response of gastrointestinal stromal tumors (GISTs) to
imatinib. CHOI criteria were also proved as better predictors
of long-term prognosis than RECIST in GIST (6). However,
what has been shown for first-line treatment with imatinib
hasn’t been confirmed for second-line treatment with
sunitinib (7, 8). On the basis of what has been shown for the
treatment of GISTs, CHOI were also studied as criteria for
assessing response to therapies of HCC and kidney cancers,
getting encouraging results (only when best response to the
treatment of kidney cancer with sunitinib was assessed,
predictive value of CHOI criteria was similar to RECIST’s)
(9, 10). Even CHOI criteria were better than RECIST in
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assessing HCC’s response to trans arterial radio-embolization
(11). Even in treatment of metastatic colorectal cancer
(mCRC) the role of biological therapies has become more
and more considerable over the years, especially in patients
now defined as all RAS Wild Type, but also in those defined
as all RAS mutated too. Anti-epithelial growth factor
receptor (EGFR) and antiangiogenic therapies allowed
researchers to get important results in terms of progression-
free-survival (PFS) and overall-survival (OS) (12, 13), but
offered again for this condition the problem of the evaluation
of response. This question occurred especially for
antiangiogenic therapies. In fact, anti-EGFR target therapies
are characterized by a high “tumor shrinkage” and then a
high dimensional response rate, so that they are used in
clinical practice as a gold standard in the so-called
conversion therapies, that is when the purpose of treatment
is to make resectable liver metastases which are first
unresectable or when patients are highly symptomatic.
Antiangiogenic therapies, instead, have a significantly lower
ability to cause “tumor shrinkage”, and the response to them
is usually long-lasting stable disease (14, 15). This
underlines the need to have some assessment criteria suitable
to properly evaluate this kind of response.

The aim of this prospective study was to evaluate the role
of densitometric criterion using the Choi Criteria in the
assessment of the response to antiangiogenic treatments of
mCRC compared to RECIST criteria. 

Patients and Methods

Participants. All patients affected by chemo naïve advanced
colorectal cancer, not susceptible to potentially curative therapies
such as surgery, radiotherapy or others, distant metastases, evaluable
by CT scan in one-dimensional form according to RECIST (liver
metastases necessary inclusion criterion) and eligible for treatment
with antiangiogenic treatment with bevacizumab because of failure
of previous therapies and with good hepatic, cardiac and renal
function were included. Exclusion criteria were contraindication to
CT as kidney failure (serum creatinine >2 mg/dl), pregnancy and a
documented allergy to iodinated contrast. Thus, 54 patients aged
between 64 and 54 years (mean age 50.6 years; 27 males and 27
females) were included (Table I).

Procedure. All patients were prospectively studied with 64 slices -
MDCT scanner (Brilliance 64, Philips Medical System, Cleveland,
Ohio, USA) by using following parameters of expansion:
collimation, 64×0.5 mm, gantry’s rotation time, 420 ms, slice
thickness 1.5 mm; increase 0.7 mm, 120 kV, 250 mAs e
reconstruction interval 1 mm. We used an automatic method of dose
reduction in all examinations. Examinations were carried out 70
seconds after the administration of 120 ml of non-ionic iodinated
contrast (Iodixanol, Visipaque 320, GE Healthcare Srl Milano,
Italia) through a peripheral vein at a speed of 3 ml/sec using a
double-syringe power injector. CT scans were performed in the
supine position and we obtained a scan volume from the diaphragm
to pubic symphysis, during a single apnea. Patients were submitted

to a CT scan at baseline before treatment and a second CT scan six
months after the beginning of treatment. Lesions’ size and density
were determined. In the CT images, lesions’ density was measured
in Hounsfield Unit (HU) in the portal venous phase. Lesions’
density was measured through a region of interest (ROI), delimiting
the entire lesion including the hypervascularised board, if present.
We alternately used an ellipsoid or circular ROI that included the
entire target lesion. HU changes during the follow up were
evaluated according to RECIST: HU measurements of all lesions
were estimated as the average in every follow up and the resulting
HU average value was compared to nadir of HU average values.
Thereafter response to treatment was determined according to
RECIST and CHOI criteria as shown in Table II.

Evaluation on the response to treatment. The assessment of the
response to therapy in patients affected by metastatic colorectal
cancer and treated with Bevacizumab is based on the evaluation of
tumor lesions’ size and density changes and possible appearance of
new lesions. Tumor lesions’ size should be generally measured
according to RECIST. According to RECIST, complete response
(RC) is defined as the disappearance of all lesions and the reduction
of the smallest diameter of the lymph nodes under 10 mm while a
partial response (RP) is defined as a reduction of at least 30% of
the sum of the maximum diameters of target lesions from baseline.
Stable disease (SD) is a reduction below 30% or an increase below
20% of the sum of the maximum diameters of the target lesions.
The detection of new tumor lesions or the increases of at least 20%
of the sum of the maximum diameters of target lesions define a
progression disease (PD).

Choi criteria define complete response (RC) as the disappearance
of all lesions and absence of new ones. Partial response (RP) is
defined as a reduction of at least 10% of tumor lesions’ size or at
least 15% of tumor lesions’ density, measured in HU, in the absence
of new lesions and clear progression of non-measurable lesions.
Increase of at least 10% of tumor lesions’ size, without signs of
response about their density, and/or the appearance of new lesions
configure a progression disease (PD). All cadres of disease that are
not covered are defined as stable disease (SD) (Table II).

The data we collected were analyzed using an advanced
computer system (Elefante. NET Suite. Agfa HealthCare NV), not
only on axial images, but also using multiplanar images (MPR),
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Table I. Baseline demographic and clinical characteristics (n=54).

Number of patients                                                         54

Male                                                                               27
Female                                                                            27
K-RAS state
WT                                                                                  36
Mutated                                                                           18
Metastatic sites
Liver                                                                               54
Liver + lung                                                                    13
Peritoneal carcinomatosis                                               2
First line treatment                                  FOLFIRI + Bevacizumab (45)
                                                                  FOLFOX + Bevacizumab (9)



maximum intensity projections (MIP) and renderings were
visualized. CT images were independently analyzed by two expert
radiologists and thereafter in consensus. Between the two observers,
agreement on identification and delineation of the lesions was
obtained in all cases.

For each patient, three liver metastases were identified as target
lesions and the total lesion was 162.

Data were collected and analyzed in an Excel database
(Microsoft, Redmond, WA, USA).

Results

Results were assessed according to both CHOI and RECIST
criteria (Table II). Median follow-up time of our patients was
6 months and median duration of treatment, at the time of
revaluation, was 4.5 months. We evaluated a total of 162
liver lesions. According to RECIST, no patient had a
complete response, 12 (22.22%) patients had a partial
response, 31 (57.41%) a stable disease and 11 (20.37%) a
disease progression. According to CHOI criteria, the absence
of a complete response according to RECIST was confirmed,
while we had 18 (33.34%) partial responses, 30 (55.55%)
stable diseases and 6 (11.11%) disease progressions. Three
patients had some new lesions according to CHOI criteria,
too (Table III). The median change in tumor size in the
lesions of PR patients was -44.32%, in the lesions of SD
patients was -12.58% and in the lesions of PD was 26.16%.
The median change in tumor density in the lesions of PR
patients was -29.16%, in the lesions of SD patients was 
-6.9% and in the lesions of PD was 8.64% (Tables IV and
V). In support of these results, we conducted a parallel
analysis about biological response through the evaluation of
tumor biomarkers CEA and Ca 19.9. This analysis is
reported below (Table VI).

By analyzing the data we collected and comparing the
assessment of the response to treatment according to
RECIST with the one obtained according to CHOI criteria,
we observed three different scenarios:

- Stable disease according to CHOI criteria and stable
disease according to RECIST: in 58% of analyzed cases we
had a full agreement between RECIST and CHOI criteria
about what has been detected, therefore disease was found
to be stable according to both evaluation criteria and patients
continued their therapy.
- Progression disease according to RECIST vs. stable disease
or partial response according to CHOI criteria: this situation
was observed in 40% of analyzed cases and was the most
interesting one, because it showed how, by using the
densitometric criterion, the evaluation of the response to
antiangiogenic treatment of mCRC may radically change
with inevitable clinical consequences. We still have to learn
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Table II. Evaluation Criteria: RECIST versus CHOI (n=54).

                                                 RECIST criteria                                                                                              CHOI criteria

CR                                   Disappearance of all lesions                                                                        Disappearance of all lesions
PR                                  Tumor’s size reduction ≥30%                              Tumor’s size reduction ≥10% or tumor’s density reduction ≥15% in TC scan
                                                  No new lesions                                                                                             No new lesions
                                           No PD in target lesions                                                                        No PD in not measurable lesions
SD                           No criteria to define CR or PR or PD                                                        No criteria to define CR or PR or PD
               No worsening of symptoms because of tumor progression                       No worsening of symptoms because of tumor progression
PD                                   Tumor’s size increase ≥20%                                                Tumor’s size increase ≥10% and no criteria to define PR 
                                                     New lesions                                                                                                  New lesions

CR=Complete response; PR=Partial Response; SD=Stable Disease; PD=Progression Disease according Recist and Choi criteria.

Table III. MDTC evaluations according to RECIST and CHOI criteria.

Criteria                     CR                    PR                    SD                    PD

RECIST                     0                      12                     31                      11
CHOI                         0                      18                     30                       6

CR=Complete response; PR=Partial Response; SD=Stable Disease;
PD=Progression Disease according Recist and Choi criteria.

Table IV. Average values (%) after 6 months of treatment according to
RECIST and CHOI (n=54).

                                Diameter (%)                                  HU (%)

PR                                –44.32%                                     –29.16%
SD                               –12.58%                                       –6.9%
PD                                 26.16%                                        8,64%

PR=Partial Response; SD=Stable Disease; PD=Progression Disease
according Recist and Choi criteria.



how to apply the densitometric criterion and actually predict
more accurately prognosis and outcome of the patients.
- Stable disease or partial response according to RECIST vs.
progression disease according to CHOI criteria: this
situation was observed only in 2% of analyzed cases and was
not statistically significant. In fact, it is very rare that a
reduction of the maximum diameter of a lesion is
accompanied by an increase of its density.

Discussion

It is well established that new antineoplastic target therapies
need different criteria for assessing the response from those
used for traditional chemotherapy, because response to these
treatments is very different. First CHOI showed this for
GISTs treatment with Imatinib and second the inclusion of
new criteria for assessing response that consider not only
target lesions’ size but also their density (16). Because
antiangiogenic treatment of mCRC is characterized by a
different response if compared to classic chemotherapy, with
a higher percentage of stable disease and lower tumor
shrinkage (17-19), it seems interesting to evaluate the role
of the densitometric criterion in this group of patients. This
analysis, in fact, shows how the response to antiangiogenic
treatments of mCRC may be totally different if it is assessed
according to the densitometric criteria. Many responses
which according to RECIST are defined as “disease
progression” should be defined as “stable disease” or even
“partial response” according to densitometric criteria.
Clinical consequences could be obviously very important
(20, 21). However, CHOI criteria leave very important
doubts and questions. Many tumor lesions, especially lung
lesions, can be assessed only by RECIST because their
diameters are lower than 15 mm, while hypodense lesions
could be difficult to assess by CHOI criteria regarding the
attenuation (it is difficult to assess a reduction of the
attenuation equal to 15% in a hypodense lesion). Reliability
of CHOI criteria can also be reduced when few lesions are
analyzed or tumor density is very heterogeneous and makes

the assessment of attenuation very difficult (22, 23). We also
have to underline, above all, that CHOI criteria unfortunately
have a high inter-observer variability; the assessment of the
response according to densitometric criteria is overly
dependent on the operator. Therefore, a computerized system
of evaluation of tumor attenuation that could make the
assessment of tumor lesions’ density as objective and
reproducible as possible should be developed. Finally, this
analysis shows how the assessment of the response should
be changed even for antiangiogenic treatment of mCRC, in
order to unequivocally identify responder patients. In 40%
of analyzed cases, patients were found to be in a stable
disease or partial response according to CHOI criteria,
whereas RECIST defined a disease progression. However,
further studies need to investigate these results in order to
understand if there is a prognostic impact of this discrepancy
and if CHOI criteria are actually more effective than
RECIST in the evaluation of the response to antiangiogenic
treatments in mCRC. Next step should be to evaluate if the
difference between responders and non- responders
according to CHOI criteria is really higher, for PFS and OS,
than RECIST.

Conclusion

Our analysis clearly shows that response to antiangiogenic
treatments leads to an important discrepancy in the evaluation
of tumor response to therapy using RECIST and CHOI
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Table V. Median values before and after 6 months of treatment according RECIST and CHOI (n=54).

                                             Median pre-treatment values (range)                                           Median values at evaluation at 6 months (range)

                                  Size (mm)                                  Attenuation (HUs)                             Size (mm)                                      Attenuation (HUs)

PR                           24.42 (12 -51)                                   69.17 (43-91)                                13.58 (8-30)                                         49 (25.8-72)
SD                          60.17 (21-114)                                   68.07 (43-89)                               52.6 (18-101)                                     63.3 (40.5-80.1)
PD                           62.42 (21-90)                                   63.83 (43-78)                              78.75 (28-125)                                   69.35 (51.6-91.2)

PR=Partial Response; SD=Stable Disease; PD=Progression Disease according Recist and Choi criteria.

Table VI. Evaluation of tumor biomarkers CEA and CA 19.9.

Marker                      Average value                          Average value
                               before treatment                Follow-up (reduction %)

CEA                                 384,8                                    124,2 (-78)
CA 19.9                           103,5                                     40.3 (-61)



criteria. However, it is yet to be proven that CHOI criteria
could replace or accompany RECIST in this group of patients. 
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