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J. MONTEIL!, N. MAHMOUDI?, S. LEOBONZ, P.Y. ROUDAUT?, A. EL BADAOUI!,
S. VERBEKE!, L. VENAT-BOUVET?, J. MARTINZ, V. LE BRUN-LY?2, S. LAVAU-DENESZ,
A. MAUBONZ, P. BOUILLET?, M. POUQUET?, J.C. VANDROUX! and N. TUBIANA-MATHIEU?2

Departments of ' Nuclear Medicine, >Medical Oncology,
3Radiology and Medical Imaging, University Hospital of Limoges, France

Abstract. Background: [18F]-fluorodeoxyglucose with
positron-emission tomography (PET) and computed
tomography (CT) scans were used to assess morphological
and metabolic tumour response after chemotherapy in
metastatic colorectal cancer. Patients and Methods: Twenty-
five patients were evaluated after 4 courses of chemotherapy
(+target therapy), and among them 20 patients after 2
courses. Response Evaluation Criteria In Solid Tumors
(RECIST) and European Organisazion for Research and
Treatment of Cancer (EORTC) criteria were used to evaluate
CT and PET respectively. Results: Discrepancies between the
two procedures were noted after 4 courses of chemotherapy
in patient-based analysis. Two morphologically complete
responses (CR) were correlated with metabolic response.
Seven morphological partial responses (PR) were evaluated
as 3 metabolic PR, 2 CR and 1 progressive disease (PD).
Seventeen cases of morphologically stable disease (SD) were
evaluated as 3 metabolic CR, 13 PR and 1 PD. These
discrepancies were confirmed in lesion-based analysis.
Perfect concordance was noted between metabolic responses
obtained after 2 and 4 cycles. Conclusion: Morphological and
metabolic imaging does not permit concordant therapeutic
assessment in metastatic colorectal cancer.

One of the major challenges in the treatment of metastatic
colorectal cancer is the assessment of tumour response after
chemotherapy. Positron-emission tomography (PET) with
the glucose analogue 2-(F-18) fluoro-2-deoxy-D-glucose
([18F]-FDG) has emerged as a method for staging and
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monitoring the response to treatment in a variety of cancer
types. Increased glycolysis is one of the characteristics of
tumour tissue (1). The enhanced uptake of [18F]-FDG is
used for diagnosis, staging of cancer and detection of
residual cancer.

In colorectal cancer, PET has a higher sensitivity and
specificity than computed tomography (CT) and is
recommended before surgical resection mainly for metastatic
liver lesions (2). PET modifies surgical indication in 20 to
30% of patients with colorectal cancer (3, 4), and 30 to 40%
globally in the management of cancer regardless of origin (5).
Within the last five years, PET/CT has nearly replaced stand-
alone PET for imaging cancer patients due to its higher staging
accuracy than PET or CT alone (6). PET allows for response
assessment early after the beginning of chemotherapy, at the
second course (7) and, in malignant lymphoma, even at the
first course (8).

In the majority of studies, no significant difference
between the [18F]-FDG uptake of responding tumours and
that of non-responding tumours was observed in the baseline
scans, but most responding tumours show a decrease of FDG
uptake early, after beginning chemotherapy or radio
chemotherapy (9). Today, except for the European
Association for Research and Treatment of Cancer (EORTC)
recommendations, there are no generally accepted criteria for
a metabolic response in [18F]-FDG PET studies (10). The
EORTC published preliminary criteria for the assessment of
tumour response in 1999 (7), however at that time, limited
data on the use of [18F]-FDG PET for treatment monitoring
were available. Since then, a large number of studies using
different technologies and materials in treatment monitoring
with [18F]-FDG PET have been published. Furthermore,
targeted therapies used in colorectal cancer modify the
response assessment. Morphological imaging modalities are
not well suited compared to metabolic imaging to evaluating
targeted therapy in cancer.

The purpose of this study was to compare the evaluation
of response after chemotherapy using FDG PET and
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helicoidal CT in patients with metastatic colorectal cancer
principally for liver metastases. RECIST (11) and EORTC
criteria were used for CT and PET evaluation respectively.
Thus, we analyzed standard uptake value (SUV) max
parameter, SUV mean and metabolic tumour volume, to be
compared with RECIST criteria.

Patients and Methods

The study was performed from September 2006 to December 2007.
Twenty-five patients were included in our study, and a total of 90
metastatic lesions were selected on the basis of RECIST criteria. All
the patients were treated for metastatic colorectal cancer. Patient
characteristics are listed in Table I. Patients included 10 females and 15
males with a median age of 64 years (range 36-77 years). The primary
tumour was located in the colon in 19 patients and in the rectum in 6
patients. The median delay between metastases and primary diagnosis
was 13 months (range 0-66 months). The sites were principally
hepatic, but many patients presented multiple sites (Table I).

Twenty patients received chemotherapy for first-line therapy, and 5
patients for second- or third-line. The chemotherapy protocols were 5-
FU, leucovorin, irinotecan (FOLFIRI) (13 patients); 5-FU, leucovorin,
oxaliplatin (FOLFOX) (12 patients); and chemotherapy associated with
targeted therapy (bevacizumab in 9 and cetuximab in 1 patient).

The patients were systematically evaluated with CT and PET
before and after chemotherapy, principally after the fourth course.
Evaluations performed with over 5 weeks between CT and PET
imaging and/or less than 10 days between chemotherapy and PET
imaging were excluded from the analysis. Some patients were also
evaluated earlier (after the second course) to analyse early metabolic
response (7). FDG-PET was performed using Biograph 6 PET/CT
(Siemens Medical Imaging Systems, Knoxville, USA). Patients were
injected with [18F]-FDG (5.5 MBq/kg). All patients had fasted for at
least 6 hours before the examination. PET was performed only when
the blood glucose level did not exceed 7.8 mol/l. After 60 to 115
minutes of uptake (mean=80 min + 11), patients were scanned from
neck to pelvis. All PET scans were blindly analysed by the same
experienced nuclear medicine physician.

PET analysis. As recommended by the EORTC PET study group,

the tumour area defined on the pre-treatment PET was drawn on the

region of high [18F]-FDG uptake, representing viable tumour. A

lesion was considered malignant, if its glucose uptake was found to

be above levels of the surrounding tissue, with a SUVmax higher
than 2.5 (3.5 for the liver) supporting the diagnosis of malignancy.

The SUV was calculated using the tumour radiotracer concentration

(MBg/l), body surface area and injected activity SUV normalised

for body surface area. SUVmean, SUVmax and metabolic volume

of the viable tumour were systematically evaluated.
EORTC response assessment criteria were used defined as follows:

— Progressive metabolic disease (PMD): an increase in [18F]-FDG
tumour SUV of 25% within the tumour region defined on the
baseline scan, visible increase in the extent of [18F]-FDG tumour
uptake (20% in the longest dimension) or the appearance of new
[18F]-FDG uptake in metastatic lesions.

— Stable metabolic disease (SMD): an increase in tumour [18F]-
FDG SUV of less than 25% or a decrease of less than 15% , and
no visible increase in the extent of [18F]-FDG tumour uptake
(20% in the longest dimension).
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— Partial metabolic response (PMR): a reduction of a minimum of
15+25% in tumour [18F]-FDG SUV after one cycle of
chemotherapy, or greater than 25% after more than one treatment
cycle. A reduction in the extent of the tumour [18F]-FDG uptake
is not a requirement for partial metabolic response.

— Complete metabolic response (CMR): complete resolution of
[18F]-FDG uptake within the tumour volume so that it was
indistinguishable from surrounding normal tissue.

CT analysis. CT scans were performed with a helical
multidetector CT (Light Speed Ultra and Light Speed VCT,
General Electrics, Fairfield, USA). All patients were
intravenously injected with contrast material. Tumour size was
evaluated for each lesion in the longest cross sectional dimension.

Based on RECIST, the sum of the longest dimensions of selected

lesions in each patient was computed, and the percentage change

of the sum pre-treatment and after 4 cycles of treatment was
calculated.

The assessment of response evaluated by CT was performed
according to RECIST criteria:

— Complete response (CR): disappearance of all target lesions.

— Partial response (PR): at least a 30% decrease in the sum of the
longest diameters (LD) of target lesions, taking the baseline sum
LD as a reference.

— Progressive disease (PD): at least a 20% increase in the sum of
the LD of target lesions, taking as reference the smallest sum LD
recorded since the treatment started or the appearance of one or
more new lesions.

— Stable disease (SD): neither sufficient shrinkage to qualify for PR
nor sufficient increase to quality for PD.

CT scans were reviewed by a radiologist with a clinician blinded to

patient outcome and results of PET scan.

Carcinoembryonic antigen (CEA) and CA19-9 marker analysis.
Markers were measured in serum with an automated immuno-
fluorescent assay (Brahms CEA Kryptor and Brahms CA19-9
Kryptor). Kryptor is based on TRACE Technology (time-resolved
amplified cryptate emission), which measures the signal that is
emitted from an immunocomplex with time delay (Brahms
Aktiengesellschaft, Hennigsdorf, Germany).

Statistical analysis. Statistical analyses were performed with the
Stat View system for Windows, version 9.1.3 (SAS Institute, Cary,
NC, USA). Quantitative values were expressed as mean (range) and
qualitative values as percentage.

Results

All 25 patients were evaluated by CT and PET, before
chemotherapy and after the fourth course, with a median
delay between the two procedures of 14 days (range 0-37)
and 4 days (range 0-9) respectively. Twenty patients were
evaluated earlier, after the second course, by PET, with
a median delay of 11 days (range 4-18) between
chemotherapy course and PET.

The total number of targets was 90 with PET and 76 with
CT. Discordances were noted in 15 patients. In eleven
patients, more sites were noted on PET than on CT: 2
peritoneal localizations, 5 in liver, 3 in nodes and 1 in pelvis.
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Table 1. Patient characteristics.

Variable N=25

Age (years)

Median 64 (range 36-77)
Gender

Female/male 10 (40%)/15 (60% )
Location of primary tumour, n (%)

Colon/rectum 19 (76% )/6 (24% )
Histology: adenocarcinoma, n (%)

Mucinous 2(8%)

Non-mucinous 21 (84%)

Unknown 2(8%)
Differentiation of primary tumour, n (% )

Poor 2(8%)

Intermediate 9 (36%)

Well 12 (48%)

Unknown 2(8%)
Location of metastases, n (%)

Liver 17 (68%)

Lung 14 (56%)

Nodes 5(20%)

Peritoneum 5(20%)

Pelvis 3(12%)

Other (bone, surrenal) 3(12%)

Number of metastatic sites/patient
Median 2
Mean (range) 2 (1-5)

Four patients had more sites in CT than in PET: 2 liver
localizations (around 1cm), 1 node and 1 lung target.

Table II shows the treatment responses obtained on CT in
the 25 patients: 8 patients were classified as responders (2
CR, 6 PR) and 17 presented SD. No patient presented PD
during this study. We defined 3 groups of patients using
RECIST criteria: groups I (CR), II (PR) and III (SD).

PET analysis (patient-based). PET quantitative image analysis:
Evaluation response by PET quantitative analysis using SUV
max criteria is shown in Table II. In group I, the 2 patients were
also considered to be in metabolic CR. In group II, 3 results
were concordant and patients were considered to be in PR
(with a median decrease in SUVmax of 70% (range 69-74));
of 2 patients considered to be in morphological PR, 1 was
considered by PET to be in CR, and 1 to be in PD (SUVmax
increase of 89% ). In group III, all 17 patients were classified
otherwise by PET: 1 was progressive (increase in SUVmax of
118%), 13 were considered in PR (decrease in SUVmax of
60% (range 22-89), and 3 in CR.

Correlation between different parameters obtained with
PET: Three other parameters were studied in PET analysis:
volume, largest diameter and SUVmean. As shown in Table
III, a good correlation was obtained between these three
parameters and SUVmax. In CR and PR patients, the 3

Table II. Comparison between morphological RECIST and metabolic
EORTC criteria.

N=25 Morphological RECIST criteria
CR PR SD  Total
Metabolic EORTC criteria CR 2 2 3 7
PR 0 3 13 16
SD 0 0 0 0
PD 0 1 1 2
Total 2 6 18 25

CR: Complete response; PR: partial response; SD: stable disease; PD:
progressive disease.

parameters showed the same variations of response.
Discordances were described in one patient classified in PD
by a 118% increase of SUVmax analysis. This patient
presented a 41% decrease of the metabolic volume and a
stable diameter evaluation. Notably, this patient was
considered as partial responder with CT.

Evaluation by PET after the second course of chemotherapy:
Twenty patients were evaluated after the second course.
Fourteen patients presented the same response after the second
and the fourth course. Four patients were PR after C2 and CR
after C4, and two patients were stable after C2 and PR after C4.

PET visual image analysis (lesion-based). Only 50 locations
detected with the 2 modalities were compared. As shown in
the patient-based analysis, all morphological CR were
concordant with PET (3 targets). CT and PET discrepancies
were noted for morphological PR and SD in 34/50 locations.
In the liver, 11 morphological PR were considered as 9
metabolic CR and 2 PR; 9 morphological SD as 2 metabolic
CR,5 PR, 1 SD and 1 PD. In the lung, 16 morphological SD
were considered as 4 metabolic CR, 8 PR and 4 SD.

ACE and CAI9-9 markers. Serum markers were
systematically assessed prior to chemotherapy and when
abnormal (13 patients) after the 4 courses of chemotherapy.
Evaluation of tumour marker changes is presented in Table
IV. Variations of only 7 markers were concordant with CT
results and 11 with PET results. Variations of 6 markers were
discordant with CT and 2 with PET evaluation.

Follow-up. The median follow-up between first imaging and
last contact was 20 months (range 6-29 months). Seven
patients died in a median of 12 months. All patients in
metabolic CR were alive with a median progression-free
survival of 20 months (range 19-27 months). Survival
analysis has not been performed because of the small number
of patients and the different lines of treatment.
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Table III. Correlation between different PET parameters.

SUVmax SUVmean Metabolic volume Metabolic diameter
Decrease Increase Decrease Increase Decrease Stable Increase
n n n n n n n
(%) (%) (%) (%) (%) (%) (%)
CR (n=7) 7 7 7
(100% ) (100% ) (100% )
PR (n=16) 16 16 16
(14% -84% ) (7% -96% ) (15% -78% )
PD (n=2) 2 1 1 1 1
(20%-93% ) (41%)* (60% ) (0% )* (74% )

n: Number of patients and (% ) is the percentage of variation. *Patient evaluated as partial responder by CT.

Discussion

Therapeutic response assessment in metastatic colorectal
cancer is fundamental in order to change an ineffective but
possibly toxic chemotherapy protocol or to decide surgical
resection. Our study shows great discrepancies between CT
and PET. CT is the gold standard procedure for diagnosis
and chemotherapy response evaluation in this pathology
(11). Metabolic response evaluation by FDG PET appears
promising (10), but needs to be defined precisely. The aim
of this study was the evaluation of our medical practices in
metastatic colorectal cancer. Our study is considered
retrospective, but all the data were prospectively registered
as is usually performed in our institution.

All patients’ tumours were metastatic, but differences were
noted in locations, therapeutic lines and protocols (with or
without target therapies). Discordant results obtained in our
study could be related, in part, to these heterogeneities.
However, our study reflects daily problems in the therapeutic
management of metastatic patients.

The two imaging modalities differ in their evaluation: CT
determines tumour size, while PET assesses metabolic
activity in whole-body scanning. Therapy response in solid
tumours is currently assessed by measuring change in tumour
size. RECIST defines standard measurement methods to
evaluate response therapy by CT (11). But CT does not
permit characterization of tumour heterogeneity and its
change over time. CT measurements are dependent on the
expertise of the observer, and discrepancies among observers
have been described to be as high as 15 to 40% (12).

FDG PET reflects glucidic metabolism of the tumor and
FDG uptake clearly depends not only on the size and shape
of the lesion, but also on the biological activity. Metabolic
response criteria described by EORTC (7) have been
developed from a great number of small studies, performed
on multiple types of tumours (including metastatic colorectal
cancer) prior to 2000. However, over the last decade, many
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Table IV. Markers and treatment response evaluation by CT compared
to PET.

Metabolic
EORTC criteria

Serum markers Morphological

RECIST criteria

Normalized (n=7) 2 RP 1 RP, 1 PD*

5 SD* 2 RC, 3 RP
Decrease from 36 to 50% (n=5) 1 RC 1 RC

2 RP 2 RP

2 SD 2 RP
Progression (n=1) 1 SD* 1 RP*

*Discordant result between marker evolution and imaging evaluation.

improvements were reported in machine performance and in
therapy introducing targeted therapies.

The limitations of PET are well known. The spatial
resolution of PET is limited and lesions smaller than 1 cm
often go undetected. Limitation in PET evaluation has been
described particularly for nodes: false-positive findings in
enlarged inflammatory nodes or false-negative findings in
normalized nodes harbouring micrometastases are usual (13).
This could explain the discrepancies in the number of targets
selected by the two imaging modalities in our study. The SUV
value is dependent on the lesion size: for a tumour smaller
than 1.5 cm, the estimated SUV is 30% of real activity (14).
The delay between injection of [18F]-FDG and imaging is a
classical pitfall: there is an SUV increase of 50% between 40
and 90 min, and a plateau between 90 and 180 min (15); but
in our study, no significant variation in acquisition delay was
noted (80 min + 11). Moreover, histological features could
explain the variation in SUVmax levels (13). In our study, all
tumours were adenocarcinomas (n=25) and only 2 contained
mucinous contingent; regardless, all selected patients had PET-
positive tumours before chemotherapy.
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Assessment of tumour metabolic boundaries is operator
dependent (16). Measurement of the boundaries is
complicated by necroses which cause internal heterogeneity
(12). Another difficulty is the respiratory motion of the
lungs, the thoracic wall and the liver during PET emission
and CT acquisition (17). Chemotherapy may change FDG
tumour uptake by altering cellular metabolism, with a
significantly decrease in tumour cell hexokinase activity. To
limit this effect, delay between chemotherapy and PET
timings was superior or equal to 10 days.

In spite of the technical limitations of PET, this metabolic
imaging modality permits major improvement in tumour
evaluation. PET has shown higher sensitivity than CT in pre-
treatment screening in metastatic colorectal cancer.

In therapeutic evaluation, discordances between metabolic
and morphological imaging have been underlined. In high-
grade lymphoma, therapeutic evaluation by FDG/PET is a
fundamental tool, routinely used (18). For solid tumours,
metabolic imaging has still to confirm its place. In lung
carcinomas, discrepancies have been described in 79 patients
with non-small cell lung cancer treated by radiotherapy or
chemoradiotherapy: 30 were in CR with PET, while only 10
were in CR by CT (19). In colorectal cancer, PET plays an
important role in avoiding surgery in patients for whom
curative surgery is not possible. In rectal cancer, PET
response assessment of preoperative radiochemotherapy
described by Guillem et al. confirmed a pathological
response obtained by chemoradiotherapy in all patients by
PET compared to 78% by CT (20). For the same
assessment, PET was superior to endorectal ultrasound (21).

Assessment of chemotherapy response in metastatic
colorectal cancer is limited to a small series of patients with no
resectable liver metastases. More recently, de Geus-Oei et al.
noted that tumour glucose metabolism, prior and after 2 and 6
months of chemotherapy, was highly predictive of patient
outcome (22). However, in another study performed with or
without neoadjuvant chemotherapy before liver metastatic
surgery, in patients without chemotherapy FDG-PET sensitivity
was 93.3% and CT scan 87.5% . After chemotherapy, FDG-
PET sensitivity was 49% compared to 65.3% for CT (23).
FDG uptake normalisation by colorectal liver metastases has
been described to not usually indicate complete pathological
response (24). Moreover, targeted therapy, major evolution in
metastatic colorectal cancer treatment, is particularly well
evaluated by metabolic imaging as in gastrointestinal stromal
tumour treated by imatinib (25, 26).

Early response evaluation is a challenge to adapt therapy
in these aggressive diseases. To this aim, FDG-PET is more
efficient than CT. In patients with different solid tumours
treated by preoperative chemotherapy, a 35-50% FDG
decrease within the initial weeks of chemotherapy has been
found to provide the highest accuracy for prediction of
histopathological complete or subtotal tumour regression (7).

Our results showed a nearly perfect concordance between
the results obtained after the second and the fourth cycle;
four cases showed a PR that was converted to a CR after the
fourth course and two patients presented response only after
4 courses. These results confirm the feasibility of a very
early evaluation with FDG-PET.

The measurement of the level of serum markers (CA19-9
or ACE) is another conventional tool to evaluate therapeutic
response. In our study, markers were systematically
evaluated and their changes correlated more with PET than
with CT results.

In spite of numerous unsolved problems, the National
Cancer Institute recently highlighted the importance of
[18F]-FDG PET in assessing therapeutic efficacy and has
published recommendations for acquiring PET imaging in
clinical trials (10). Assessment of treatment response is still
challenging and our study confirms the difficulties in
selecting the best approach. At baseline, the best metastatic
colorectal cancer staging should be the association of
morphological and metabolic imaging modalities. Patient
management, with possible metastasis resection or only
therapy monitoring, must lead to the appropriate imaging.
Randomized studies will be required to validate the impact
of treatment monitoring with PET/CT on disease
management.
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