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Abstract

This case-control study investigated the absence of
metabolic response to oxaliplatin-based therapy in
progressive metastatic colorectal cancer as a possible risk
factor. Ten patients were selected: five cases (metastatic
colon cancer patients with disease progression at 6
months of receiving oxaliplatin-based therapy) and five
controls (metastatic colon cancer patients with stable
disease, disease with partial remission or disease with
complete remission at 6 months of receiving oxaliplatin-
based therapy). The results showed that the cases had
significantly more exposure to absence of metabolic
response compared to controls. Using Cox proportional
hazards regression model, metastatic colon cancer
patients exposed to metabolic response were found to
have longer time to disease progression compared to
metastatic colon cancer patients exposed to absence of
metabolic response.

Keywords: Oxaliplatin-based therapy; Metastatic
colorectal cancer; Metabolic response; Adenocarcinoma

Introduction
Adenocarcinoma of the colon and rectum is one of the most

common human malignancies. It is a major public health issue
in developing and underdeveloped countries [1]. In terms of
incidence, colorectal cancers rank fourth in frequency in men
and third in women worldwide. In 2002, colorectal cancers
accounted for about 1 million new cases. Prevalence is second
only to that of breast cancer worldwide, with an estimated 2.8
million persons alive with colorectal cancer diagnosed within 5
years of diagnosis. Overall, the prognosis is relatively good
with mortality about one half that of incidence (about 529,000
deaths in 2002) [2].

Surveillance, Epidemiology and End Results (SEER) showed
that from 2004-2008 the median age at diagnosis for
colorectal cancer was 70 years of age. The age-adjusted
incidence rate was 47.2 per 100,000 men and women per year.

From 2003-2007, the median age at death for cancer of the
colon and rectum was 75 years of age. The age-adjusted death
rate was 17.6 per 100,000 men and women per year. The
overall 5-year relative survival for 2001-2007 was 64.3%. Based
on rates from 2005-2007, 5.12% of men and women will be
have lifetime risk of developing colorectal cancer [3].

Compared to the American SEER, the European and Indian
tumour registries reported a significantly lower 5-year survival
rate of 54% in Western Europe, 34% in Eastern Europe, and
30% in India respectively [2].

Oxaliplatin (trans-l-1, 2-diaminocyclohexane oxaloplatinum)
is a cell-cycle phase-non-specific alkylating agent. A novel 3rd

generation platinum coordination compound in which a
platinum atom is complexed with an oxalate leaving ligand and
trans-l-1, 2-diaminocyclohexane (DACH) carrier ligand. After
displacement of the oxalate leaving ligand, active oxaliplatin
derivatives, such as monoaquo and diaquo DACH platinum,
alkylate DNA forming platinum-DNA adducts. In addition,
oxaliplatin induces intra-strand DNA crosslinks, DNA-protein
crosslinks and, to a lesser extent, inter-strand DNA crosslinks.
The resulting DNA adducts and crosslinks inhibit DNA
replication and transcription and induce apoptosis. Oxaliplatin
is FDA approved to be used with other drugs for treatment of
metastatic colorectal cancer. The benefit of FOLFOX4 (biweekly
bolus 5-fluorouracil/leucovorin and 5-fluorouracil continuous
infusion plus oxaliplatin) was initially established in the pivotal
North Central Cancer Treatment Group (NCCTG)/US Intergroup
trial N9741, which incorporated different treatment arms
comparing FOLFOX4 to IFL (weekly bolus 5-florouracil/
leucovorin plus irinotecan for four of every six weeks) and to a
combination of irinotecan plus oxaliplatin without 5-
florouracil. All efficacy parameters as well as the toxicity
profile favoured the FOLFOX4 regimen with a significant time
to progression of 8.7 months versus 6.9 months for the IFL
regimen (p=0.0014), response rates were 45% versus 31% and
survival advantage was 19.5 months versus 15 months
(p=0.0001) [4].

A series of combinations of oxaliplatin on the background of
de Gramont bolus and infusions of 5-florouracil/leucovorin
have been published, referred to collectively as FOLFOX 1-7
[1].
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Oxaliplatin has also been combined with capecitabine, an
oral prodrug producing 5-florouracil intracellularly. Oxaliplatin
(130 mg/m2 on day 1) and capecitabine (1250 mg/m2 twice
daily on days 1-14 every 3 weeks) produced a partial response
rate of 49% in 42 patients without prior therapy and 15% in 26
patients with prior 5-fluorouracil. Borner et al. recommended
a reduced dose of capecitabine (to 1000 mg/m2 twice daily)
for patients with prior therapy. In another phase II study,
oxaliplatin and capecitabine were given to 43 patients, with a
response rate of 44%, median overall survival of 20 months
and dose limiting diarrhoea occurring in 28% of the patients
[5]. Two- and three-week courses of oxaliplatin and
capecitabine combinations were explored in a randomized
trial. The bi-weekly regimen had a higher response rate (54.5%
vs. 42.2%) and a longer progression-free survival (10.5 months
vs. 6 months, p=0.013) [6].

Materials and Methods

Study design
An observational single center study conducted with an

unblinded case-control design. Two groups, metastatic colon
cancer patients with disease progression at 6 months after
receiving oxaliplatin-based therapy (cases) and metastatic
colon cancer patients with stable disease, disease with partial
remission or disease with complete remission at 6 months
after receiving oxaliplatin-based therapy (controls) were
compared. Two endpoints are addressed in this cohort of
metastatic colon cancer patients. The primary endpoint
addressed is disease progression at 6 months after receiving
oxaliplatin-based therapy, while the secondary endpoint
addressed is the time to disease progression.

Settings
The study recruited metastatic colon cancer patients from

Saad Specialist Hospital’s cancer registry in AlKhobar, Eastern
province, Saudi Arabia. The patients were diagnosed with the
disease and received oxaliplatin-based therapy from
November 2009 to April 2010. Ten patients with histologically
proven metastatic colorectal cancer (6 female patients, 4 male
patients; mean age 51.4 years, range 33-72 years) underwent
baseline PET-CT before exposure to cycle 1 of the oxaliplatin-
based therapy and re-evaluation PET-CT after exposure to
cycle 3 of the oxaliplatin-based therapy. The baseline is
exposure to cycle 1 of the oxaliplatin-based therapy. The
predictor variable that is expected to predict the end point is
the absence of metabolic response. The patients who didn’t
reach the primary endpoint at 6 months of receiving
oxaliplatin-based therapy were followed up every 3 months
until disease progression. The data collection started long after
the exposure of interest existed, and its source was the
patients’ medical records.

Participants
The participants (both the cases and the controls diagnosed

and treated in late 2009 and early 2010) were identified and
selected based on the following eligibility criteria:

Inclusion criteria:

• Patients to be given oxaliplatin-based therapy
• Patients having histopathologically confirmed metastatic

colon cancer
• Prior adjuvant chemotherapy for non-metastatic colon

cancer completed more than 4 weeks before enrolment
and the patient has disease recurrence identified on CT

• Objectively measurable disease on CT
• Eastern Cooperative Oncology Group performance status

score 0 to 2
• Adequate bone marrow (granulocytes ≥ 1,500/µL, platelets

≥ 100,000/µL), renal (Creatinine ≤ 1.5 mg/dL or Creatinine
clearance ≥ 60 mL/min), and hepatic function (total
bilirubin ≤1 × upper limit of normal, AST ≤ 2.5 × upper limit
of normal)

• Patients were at least 18 years old and had a life
expectancy of at least 12 weeks.

Exclusion criteria:

• Prior palliative chemotherapy for metastatic colon cancer
• History of Inflammatory diseases because inflammatory

diseases may lead to misinterpretation [False Positives] of
FDG-PET scans secondary to increased FDG uptake at sites
of inflammation [7].

• History of radiation therapy in the last 6 months because
FDG uptake immediately following radiation may be due to
inflammatory changes and isn’t always associated with
residual tumour and thus may lead to false positives [8].

• Poorly controlled Diabetes Mellitus requiring Insulin
• Pregnancy
• History of contrast allergy (relative contraindication)

Disease response assessment
The predictor variable included in the analysis was the

absence of metabolic response. Less than 30% reduction in the
re-evaluation PET-CT SUV compared to the baseline PET-CT
SUV was considered absence of metabolic response while
more than 30% reduction in the re-evaluation PET-CT SUV
compared to the baseline PET-CT SUV was considered
metabolic response. PET-CT SUV depends on the time interval
between injection and scanning, duration of scanning, plasma
clearance of 18F-FDG, plasma glucose concentration, and
method of image reconstruction [9].

According to Turku PET Centre (2010), SUV (g/mL) is
calculated as the ratio of tissue radioactivity concentration (C)
at time (T) (kBq/mL) to the injected dose (MBq) divided by
body weight (kg) [10].

SUVbw = CPET(T)/(Injected dose/Patient's weight)
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Calculation of SUV does not require blood sampling or
dynamic imaging. The imaging must take place at a late time
point, and always at the same time point, if results are to be
compared [11].

SUV calculation assumes that 18F-FDG uptake has reached
steady state and that dephosphorylation of FDG-6-phosphate
is negligible, so that net accumulation of FDG-6-phosphate is
proportional to the rate of glycolysis thus giving a simple semi
quantitative measure of tumour metabolism [9].

Positron Emission Tomography Response Criteria in Solid
Tumours (PERCIST), based on PET measurements of changes of
tumour metabolism, defines the four metabolic response
categories of complete metabolic response (CMR), partial
metabolic response (PMR), stable metabolic disease (SMD)
and progressive metabolic disease (PMD). Criteria for CMR are:
complete resolution of 18F-FDG uptake within measurable
target lesion so that it is less than mean liver activity and
indistinguishable from surrounding background blood-pool
levels; disappearance of all other lesions to background blood-
pool levels; and no new 18F-FDG avid lesions in pattern typical
of cancer. Criteria for PMR are: reduction of minimum of 30%
in target measurable tumour 18F-FDG standardized uptake
value corrected for lean body mass (SUL) peak; absolute drop
in SUL must be at least 0.8 SUL units, as well; target
measurable lesion is the same lesion as baseline but can be
another lesion if that lesion was previously present and is the
most active lesion after treatment; and region of interest (ROI)
does not have to be in precisely same area as baseline scan,
though typically it is. SMD isn’t CMR, PMR, or PMD. Criteria for
PMD include: more than 30% increase in 18F-FDG SUL peak,
with more than 0.8 SUL units increase in tumour SUV peak
from baseline scan in pattern typical of tumour and not of
infection or treatment effect; or visible increase in extent of
18F-FDG tumour uptake (75% in total lesion glycolysis (TLG)
volume with no decline in SUL); or new 18F-FDG avid lesions
typical of cancer and unrelated to treatment effect or infection
[12]. Response Evaluation Criteria in Solid Tumours (RECIST),
based on CT measurements of changes of tumour size in one
dimension, define the four therapeutic response categories of
complete response (CR), partial response (PR), stable disease
(SD) and progressive disease (PD). RECIST specified the
number of target lesions to assess (up to 10, maximum 5 per
organ). RECIST also specified the minimum size of the lesions
to be assessed, typically 1 cm using modern CT with 5 mm or
thinner slices. Lesions of adequate size for measurement are
described as ‘‘measurable”. There are also designations of
‘‘target’’ and ‘‘non-target’’ lesions. All target lesions are
measurable. Some non-target lesions are measurable. Both
can contribute to disease progression and to complete
response. CR is disappearance of all target lesions, confirmed
at or more than 4 weeks later. PR is more than or equal to 30%
decrease in the sum of longest diameter (LD) of all target
lesions from baseline, confirmed at 4 weeks later. SD isn’t CR,
PR, or PD. PD is either more than or equal to 20% increase in
the sum of LD of all target lesions from baseline, or
appearance of new lesions. A newer version of RECIST, RECIST
1.1, reported in January 2009, includes several updates and
modifications to refine the prior RECIST criteria. In RECIST 1.1,

the number of target lesions to assess is up to 5, maximum 2
per organ. Also the overall definition of progressive disease
has changed in RECIST 1.1 by requiring an absolute increase in
the sum of LD of all target lesions from baseline of at least 5
mm. This requirement prevents a minimal (less than 5 mm
sum of LD of all target lesions from baseline) 20% increase
from being categorized as progressive disease. RECIST 1.1 dealt
with lymph nodes differently than did the original RECIST
criteria. In the original RECIST, the longest axis of lymph nodes
was to be measured and the lymph nodes had to disappear
completely to secure a complete response. In RECIST 1.1, the
short axis of lymph nodes is measured and nodes with short
axes under 1 cm are considered normal [9,12].

Study size
The number of metastatic colon cancer patients diagnosed

and treated during the study period determined the sample
size.

Quantitative variables
Metastatic colon cancer patients who received oxaliplatin-

based therapy and had less than 30% reduction in the re-
evaluation PET-CT SUV (after exposure to cycle 3 of the
oxaliplatin-based therapy) compared to the baseline PET-CT
SUV (before exposure to cycle 1 of the oxaliplatin-based
therapy) were considered non-metabolic responders. More
than 30% reduction in the re-evaluation PET-CT SUV compared
to the baseline PET-CT SUV was considered metabolic
response. The case-control study examined the absence of
metabolic response as a predictable variable for the
occurrence of disease progression at 6 months of receiving
oxaliplatin-based therapy

Statistical methods
The incidence rate of disease progression at 6 months of

receiving oxaliplatin-based therapy in both the group with
absent metabolic response and the group with metabolic
response can be estimated. Also, the incidence rate of stable
disease, disease with partial remission or disease with
complete remission at 6 months of receiving oxaliplatin-based
therapy in both the group with absent metabolic response and
the group with metabolic response can be estimated.

The PET-CT data of the 10 patients with metastatic
colorectal cancer who have previously received oxaliplatin-
based therapy was collected and analysed retrospectively and
accordingly the patients were classified into non-metabolic
responders (patients who responded to the oxaliplatin by PET-
CT criteria, defined as having less than 30% reduction in the
re-evaluation PET-CT SUV) versus metabolic responders
(patients who responded to the oxaliplatin by PET-CT criteria,
defined as having more than 30% reduction in the re-
evaluation PET-CT SUV).

Using the MedCalc software version 11.5.1.0, the Cox
proportional hazards regression survival curve was computed
as follows:
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Required data input to the Cox proportional hazards
regression model: The sample size is 10, survival time is the
time (months) to reach the event of interest, which is disease
progression, endpoint is disease progression at 6 months of
receiving oxaliplatin-based therapy. This variable contains code
1 for the cases that were with disease progression at 6 months
of receiving oxaliplatin-based therapy, or code 0 for the
controls that were with stable disease, disease with partial
remission or disease with complete remission at 6 months of
receiving oxaliplatin-based therapy. The predictor variable that
is expected to predict survival is the absence of metabolic
response and it is coded 1 in case of non-metabolic response,
or 0 in case of metabolic response.

The nominal categorical variable identified is the absence of
metabolic response. Absence of metabolic response is also
selected to identify graph subgroups.

The results are computed using the software and the graph
displayed shows the difference in the survival curves between
the non-metabolic response group and the metabolic response
group. The graph shows that the metabolic response group is
more likely to have longer time to disease progression than the
non-metabolic response group.

The best strategy to deal with missing data is maximizing
data collection, determining the type of missing data and
considering multiple imputations for replacement [13]. To deal
with missing data in this case-control study, the analysis was
restricted to participants with complete data on all required
variables.

Results

Participants
Of the 25 participants assessed for eligibility, only 18 were

found to be eligible, matching the inclusion criteria and lacking
the exclusion criteria. The 18 eligible participants were
included in the study and the remaining participants were not
selected because either their eligibility was unable to be
determined or wasn't met.

Of the recruited 18 participants, 10 participants continued
their follow up until 14 months after study inclusion. Reasons
for dropouts include withdrawal of the participants,
chemotherapy adverse event, treatment or non-treatment
related death and lost to follow up. The clinical and PET-CT
data of those 10 participants only were analysed
retrospectively.

Descriptive data
The ten participants whose clinical and PET-CT data were

analysed at the end of the study were 60% females and 40%
males, mean age was 51.4 years (range 33-72 years), mean
body weight was 78.8 kg (range 55-114 kg) and mean blood
glucose level was 107.9 mg/dL (range 56-175 mg/dL). The
standardized uptake values were corrected for lean body mass
(SUL) or body surface area (BSA).

The ten participants whose clinical and PET-CT data were
analysed at the end of the study were 60% females and 40%
males, mean age was 51.4 years (range 33-72 years), mean
body weight was 78.8 kg (range 55-114 kg) and mean blood
glucose level was 107.9 mg/dL (range 56-175 mg/dL). The
standardized uptake values were corrected for lean body mass
(SUL) or body surface area (BSA).

Patient 1:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver, bones and ovaries on November
7, 2009

• Baseline PET-CT before cycle 1 day 1 of FOLFOX 4 on
November 10, 2009

• Received Cycle 1 Day 1 of biweekly FOLFOX 4 regimen on
November 14, 2009

• Re-evaluation PET-CT after cycle 3 day 15 of FOLFOX 4 on
January 30, 2010 showed 17.6% reduction in SUV and CT
abdomen after cycle 5 day 1 of FOLFOX 4 on March 13,
2010 (because of progressive abdominal pain) showed
development of new lesions and disease progression

• Changed the chemotherapy regimen to IFL on March 20,
2010

• Time to disease progression was 4 months.

Patient 2:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver, peritoneum and para aortic lymph
nodes on January 5, 2010

• Underwent baseline PET-CT before cycle 1 of CAPOX-
Bevacizumab combination regimen on January 9, 2010

• Received cycle 1 of CAPOX-Bevacizumab regimen on
January 12, 2010

• Underwent re-evaluation PET-CT after cycle 3 of CAPOX-
Bevacizumab regimen on March 6, 2010 which showed
55% reduction in SUV

• CT abdomen after cycle 6 of CAPOX-Bevacizumab regimen
on June 5, 2010 showed 30% increase in lesion longest
diameter and disease progression

• Started a new regimen (IFL) on June 18, 2010
• Time to disease progression was 5 months.

Patient 3:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the peritoneum on December 17, 2009

• Underwent baseline PET-CT before cycle 1 day 1 of
biweekly FOLFOX 6-Bevacizumab combination regimen on
December 22, 2009

• Received cycle 1 day 1 of FOLFOX 6-Bevacizumab on
December 26, 2009

• Re-evaluation PET-CT after cycle 3 day 15 of FOLFOX 6-
Bevacizumab regimen on March 15, 2010 showed 14.5%
increase in SUV and CT abdomen after cycle 6 day 15 of
FOLFOX 6-Bevacizumab regimen on June 16, 2010 showed
57% increase in lesion longest diameter and disease
progression
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• Started a new regimen (Capecitabine single agent) on June
27, 2010

• Time to disease progression was 6 months.

Patient 4:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the lungs on November 17, 2009

• Baseline PET-CT before cycle 1 day 1 of FOLFOX 4 on
November 22, 2009

• Received cycle 1 day 1 of biweekly FOLFOX 4 regimen on
November 25, 2009

• Underwent re-evaluation PET-CT after cycle 3 day 15 of
FOLFOX 4 regimen on February 11, 2010 which showed
51.4% reduction in SUV

• Underwent CT thorax after cycle 6 day 15 of FOLFOX 4
regimen on May 9, 2010 which showed disappearance of
lesion and complete remission

• Underwent a follow up CT thorax every 3 months until
disease recurrence was shown by CT thorax done on
December 18, 2010

• Underwent metastatectomy followed by starting a new
regimen (IFL) on December 23, 2010

• Time to disease progression was 13 months

Patient 5:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver, peritoneum and ovaries on March
16, 2010

• Baseline PET-CT before cycle 1 day 1 of FOLFOX 4 on March
20, 2010

• Received cycle 1 day 1 of biweekly FOLFOX 4 regimen on
March 24, 2010

• Underwent re-evaluation PET-CT after cycle 3 day 15 of
FOLFOX 4 regimen on June 15, 2010 which showed 44.85%
reduction in SUV

• Underwent CT abdomen after cycle 6 day 15 of FOLFOX 4
regimen on September 7, 2010 which showed 43%
decrease in lesion longest diameter and partial remission

• Follow up CT abdomen on November 10, 2010 showed
disease progression

• Started a new regimen (CAPOX-Bevacizumab) on
November 24, 2010

• Time to disease progression was 8 months

Patient 6:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the lungs on January 20, 2010

• Underwent baseline PET-CT before cycle 1 of CAPOX on
January 24, 2010

• Received cycle 1 of CAPOX regimen on January 28, 2010
• Underwent re-evaluation PET-CT after cycle 3 of CAPOX

regimen on March 21, 2010 which showed 45% reduction
in SUV

• Underwent CT thorax after cycle 6 of CAPOX regimen on
May 27, 2010 which showed 71% decrease in lesion
longest diameter and partial remission

• Underwent a follow up CT thorax every 3 months until
disease progression was shown by CT thorax done on
September 14, 2010

• Started a new regimen (Irinotecan-Bevacizumab) on
September 25, 2010

• Time to disease progression was 8 months

Patient 7:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver on April 5, 2010

• Underwent baseline PET-CT before Cycle 1 Day 1 of FOLFOX
4 on April 8, 2010

• Received Cycle 1 Day 1 of the biweekly FOLFOX 4 regimen
on April 13, 2010

• Underwent re-evaluation PET-CT after cycle 3 Day 15 of
FOLFOX 4 regimen on July 1, 2010 which showed 49%
reduction in SUV

• CT abdomen after cycle 6 Day 15 of FOLFOX 4 regimen on
September 23, 2010 showed disappearance of lesion and
complete remission

• Underwent a follow up CT abdomen every 3 months until
disease recurrence was shown by CT abdomen on
December 9, 2010

• Started radiofrequency ablation on December 15, 2010
• Time to disease progression was 10 months

Patient 8:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver on February 11, 2010

• Underwent baseline PET-CT before Cycle 1 of CAPOX on
February 14, 2010

• Received Cycle 1 of CAPOX regimen on February 21, 2010
• Re-evaluation PET-CT after cycle 3 of CAPOX regimen on

April 17, 2010 which showed 26.8% increase in SUV and CT
abdomen after cycle 6 CAPOX on June 17, 2010 showed
development of new lesions and disease progression

• Started a new regimen (Irinotecan-Bevacizumab) on June
25, 2010

• Time to disease progression was 4 months

Patient 9:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver, hepatic, hilar and peripancreatic
lymph nodes on November 22, 2009

• Baseline PET-CT before cycle 1 day 1 of FOLFOX 4 on
November 26, 2009

• Received cycle 1 day 1 of biweekly FOLFOX 4 regimen on
November 30, 2009

• Underwent re-evaluation PET-CT after cycle 3 day 15 of
FOLFOX 4 regimen on February 18, 2010 which showed
42.8% reduction in SUV

• CT abdomen after cycle 6 day 15 of FOLFOX 4 regimen on
May 15, 2010 showed 65% decrease in lesion longest
diameter and partial remission
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• Underwent a follow up CT abdomen every 3 months until
disease progression was shown by CT abdomen on
November 16, 2010

• Started a new regimen (IFL) on November 23, 2010
• Time to disease progression was 12 months

Patient 10:

• Diagnosed with histopathologically confirmed metastatic
colon cancer to the liver, peritoneum and ovaries on
December 9, 2009

• Baseline PET-CT before cycle 1 of CAPOX-Bevacizumab
combination regimen on December 14, 2009

• Received cycle 1 of CAPOX-Bevacizumab on December 17,
2009

• Re-evaluation PET-CT after cycle 3 of CAPOX-Bevacizumab
on February 6, 2010 showed 9.2% reduction in SUV and CT
abdomen after cycle 6 of CAPOX-Bevacizumab on April 10,
2010 showed development of new lesions and disease
progression

• Started a new chemotherapy regimen (IFL) on April 20,
2010

• Time to disease progression was 4 months
• Cases with disease progression at 6 months of receiving

oxaliplatin-based therapy are coded 1 while controls with

stable disease, disease with partial remission or disease
with complete remission at 6 months of receiving
oxaliplatin-based therapy are coded 0

• Non- metabolic responders are coded 1 while metabolic
responders are coded 0

Outcome data
• Incidence rate of disease progression in non-metabolic

responders =4/4=100%
• Incidence rate of disease progression in metabolic

responders =1/6 17%
• Relative risk of disease progression in non-metabolic

responders =6.0

Main results
The PET data of the study are presented according to

Positron Emission Tomography Response Criteria in Solid
Tumours (PERCIST), version 1.0.

The CT measurements of the study are presented according
to Response Evaluation Criteria in Solid Tumours (RECIST),
version 1.1 (Tables 1-6 and Figures 1 and 2).

Table 1 Patient characteristics.

Patient number Sex Age Body Weight Blood glucose level

1 Female 33-years-old 60 kg 90 mg/dL

2 Female 53-years-old 85 kg 165 mg/dL

3 Male 40-years-old 108 kg 127 mg/dL

4 Female 72-years-old 55 kg 65 mg/dL

5 Female 47-years-old 66 kg 79 mg/dL

6 Male 58-years-old 114 kg 175 mg/dL

7 Male 52-years-old 78 kg 92 mg/dL

8 Male 53-years-old 62 kg 56 mg/dL

9 Female 43-years-old 67 kg 82 mg/dL

10 Female 63-years-old 93 kg 148 mg/dL

Table 2 Descriptive PET data.

Patient
number

Base line no
of organs
involved

Base line
no of
lesions

Base line
SUV

Re-
evaluation
no of
organs
involved

Re-
evaluation
no: of
lesions

Re-evaluation
SUV

Metabolic
response status

Time to disease
progression

1 3 6 10.8 3 24 8.9 Non-responder 4 months

2 3 9 17 3 7 7.6 Responder 5 months

3 1 2 6.2 1 2 7.1 Non-responder 6 months

4 1 1 3.5 1 1 1.7 Responder 13 months
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5 3 7 13.6 3 6 7.5 Responder 8 months

6 1 1 7.1 1 1 3.9 Responder 8 months

7 1 1 4.7 1 1 2.4 Responder 10 months

8 1 8 9.3 1 10 11.8 Non-responder 4 months

9 2 4 5.6 2 2 3.2 Responder 12 months

10 3 5 7.6 3 8 6.9 Non-responder 4 months

Total No of Patients Total No

of Organs

Total No

of Lesions

No of
Responders

No of Non-
Responders

10 19 67 6 4

Table 3 Therapeutic response at 6 months of receiving oxaliplatin-based therapy and time to disease progression by metabolic
response group.

Patient
number

Time to disease progression (months) Disease progression at 6 months of receiving
oxaliplatin-based therapy

Metabolic response

1 4 1 1

2 5 1 0

3 6 1 1

4 13 0 0

5 8 0 0

6 8 0 0

7 10 0 0

8 4 1 1

9 12 0 0

10 4 1 1

Table 4 Incidence rates and relative risk of disease progression.

Variables Disease progression at 6 months of receiving oxaliplatin-based therapy

Positive Negative Total

Absence of metabolic
response

Present 4 0 4

Absent 1 5 6

Total 5 5 10

Table 5 PET data according to PERCIST, Version 1.0.

Patient
number

Measurable target lesion
baseline SUV (g/mL)

Measurable target lesion Follow up SUV
(g/mL)

Objective
metabolic
response

Overall metabolic
response

Duration of
metabolic
response

1 10.8 8.9 SMD SMD 4 months

2 17 7.6 PMR PMR 3 months

3 6.2 7.1 SMD SMD 6 months
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4 3.5 1.7 PMR PMR 10 months

5 13.6 7.5 PMR PMR 5 months

6 7.1 3.9 PMR PMR 6 months

7 4.7 2.4 PMR PMR 5 months

8 9.3 11.8 SMD SMD 4 months

9 5.6 3.2 PMR PMR 9 months

10 7.6 6.9 SMD SMD 4 months

Table 6 CT measurements according to RECIST, Version 1.1.

Patient number Measurable target lesion
baseline longest
diameter (mm)

Measurable target
lesion Follow up
longest diameter
(mm)

Objective anatomic
response

Overall anatomic
response

Duration of anatomic
response

1 32 29 PD PD 4 months

2 53 69 PD PD 5 months

3 21 33 PD PD 6 months

4 17 0 CR CR 13 months

5 35 20 PR PR 8 months

6 24 7 PR PR 8 months

7 15 0 CR CR 10 months

8 29 33 PD PD 4 months

9 26 9 PR PR 12 months

10 45 281 PD PD 4 months

Figure 1 Cox proportional hazards regression model.

Figure 2 Cox proportional hazards regression survival curves
for the non-metabolic response group (1) and the metabolic
response group (0).
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Discussion

Key results
This case-control study hypothesized that:

• Absence of metabolic response to oxaliplatin-based
therapy is a possible risk factor for progressive metastatic
colorectal cancer

• Metastatic colon cancer patients exposed to metabolic
response have longer time to disease progression
compared to metastatic colon cancer patients exposed to
absence of metabolic response

Analysis of the PET data and CT measurements of the study
participants was according to Positron Emission Tomography
Response Criteria in Solid Tumours (PERCIST), version 1.0 and
Response Evaluation Criteria in Solid Tumours (RECIST), version
1.1 respectively. Correlation of the analysed PET data and CT
measurements showed that non-metabolic responders had
higher incidence rate of disease progression at 6 months of
receiving oxaliplatin-based therapy compared to metabolic
responders. Using the MedCalc software version 11.5.1.0, the
Cox proportional hazards regression survival curve was
computed showing the metabolic responders more likely to
have longer time to disease progression compared to the non-
metabolic responders. Being a case-control study makes it the
first step in testing the two previously mentioned hypotheses
that can be validated in a cohort study.

The consequence (effect) of the exposure (risk factor) was
observed without trying to influence what happened.
Interpretation of the study results and explanation of the
exposure-consequence relationship was according to Bradford-
Hill criteria for causation [14].

The strength of the association between the exposure
(absence of metabolic response to oxaliplatin-based therapy)
and the consequence (disease progression at 6 months of
receiving oxaliplatin-based therapy) was confirmed in different
studies. Bender, et al. concluded that all metastases
responding to therapy (n=6) exerted a statistically significant
decrease of FDG uptake (-22 ± 10%), metastases showing a
short-term effect (duration of tumour reduction <3 months)
(n=2) had a slightly diminished decrease of FDG uptake, and
progressing metastases (n=3) had an enhanced FDG uptake (13
± 17%; p ≤ 0.01) [15]. Calvo et al. studied 25 patients with
locally advanced colorectal cancer in Spain and showed that
post-treatment SUV was smaller in the patients who
responded [16]. Capirci, et al. conducted a study on 81
patients in Italy. PET was used to restage patients with stage
II–III adenocarcinoma who had received neoadjuvant
chemoradiotherapy and were to undergo surgery 8-9 weeks
later. In terms of clinical response 10 out of 12 clinical
responders were PET negative. In terms of pathological
response, 22 out of 28 complete responders were PET
negative [17].

The exposure-consequence relationship is consistently
observed in different studies and settings. Two prognostic
studies addressed the prognostic value of FDG-PET in patients

with metastatic colorectal carcinoma and concluded that pre-
treatment FDG uptake in metastatic colorectal cancer
predicted outcome, irrespective of the subsequent treatment
modality, as patients with FDG avid disease showed reduced
overall survival and patients with low FDG uptake had a
significant survival benefit. The first study by De Geus-Oei, et
al. concluded that SUV in metastases was a significant
predictor for overall survival (hazard ratio 1.17, 95%
confidence interval 1.06-1.30, p= 0.002), independent of the
subsequent treatment. According to the median value of the
patient population a low (SUV<4.26) and high (SUV>4.26)
uptake groups were defined. The median survival and the 2
and 3-year survival rates were 32 months, 59% and 45%,
respectively, in the low-uptake group and 19 months, 37% and
28%, respectively, in the high-uptake group (p=0.017) [18]. The
second study by Riedl, et al. showed that survival was
significantly longer for patients with a low SUV than for
patients with a high SUV, with p values of 0.014, 0.025, and
0.0095 for SUV cut-offs of 5, 7, and 10, respectively [19].

Generalizability
How applicable are the key results of this case-control study

to other metastatic colon cancer patients? Can results from
study participants be extrapolated to patients of the target
population? There is an element of selection bias caused by
enrolling a highly selected cohort of metastatic colon cancer
patients that didn’t receive prior palliative chemotherapy.
Also, the patients who withdrew, discontinued their treatment
because of chemotherapy adverse event, deceased due to
treatment or non-treatment related event, or lost to follow up
were systematically excluded at enrolment and their clinical
and PET-CT data weren’t analysed retrospectively. Only the
participants with complete data on all required variables were
analysed. This strategy for dealing with missing data [per-
protocol analysis] aims at determining the maximum potential
effectiveness of PET-CT as an imaging biomarker for assessing
the absence of metabolic response to oxaliplatin-based
therapy as a possible risk factor for progressive metastatic
colorectal cancer but can lead to loss of efficiency. What
justifies using per-protocol analysis is that being a case-control
study makes it the first step in testing the two previously
mentioned hypotheses that can be validated in a cohort study.

Conclusion
Many malignancies, including colorectal carcinoma, have

increased glucose metabolism. They accumulate the positron
emitting glucose analog FDG and can thus be visualized using
PET. Previous studies clearly indicated that FDG-PET is of value
in the diagnostic work-up of patients with colorectal liver
metastases and that FDG-PET as a complementary staging
method improves the therapeutic management, especially by
detecting unsuspected extrahepatic disease [20-23]. A recent
study reported on therapy response monitoring with FDG-PET
and the biologic basis of the change of tumour FDG uptake in
patients treated with neo-adjuvant chemotherapy [23].
Several investigators have speculated that the amount of FDG
uptake correlated with biologic factors such as Ki-67,
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proliferating cell nuclear antigen, Glut-1 and hexokinase [23],
and that FDG uptake resembles the biological behaviour of the
tumour and might be associated with intrinsic biologic
characteristics, such as hypoxia [24], low apoptosis rate [25],
cell viability [26], proliferative activity [27] and p53
overexpression [28]. These characteristics are all potentially
adverse factors in patients treated with radiotherapy or
chemotherapy, while some of them may also impact
negatively in patients treated surgically. The advantage of FDG-
PET is that it is a non-invasive, in vivo method that can, not
only subjectively, but also quantify FDG uptake to distinguish
metabolically active from less active tumour and depict
therapy-induced changes in tumour, impacting on patient
management. Findlay, et al. showed that, 4-5 weeks after start
of chemotherapy (5-fluorouracil with or without interferon-α),
FDG uptake differentiated responders and nonresponders,
both in a patient-based and in a lesion-based analysis [29].
Furthermore, Dimitrakopoulou-Strauss, et al. reported similar
findings in patients treated with 5-fluorouracil, folinic acid and
oxaliplatin (FOLFOX regimen) [30].

A potential area for further research which hasn’t been
approached and studied in-depth yet is the quantitative
analysis of FDG uptake by the tumour before
chemotherapeutic treatment where the pre-treatment FDG-
PET can be predictive for response. This may enable
appropriate selection of high-risk candidates for aggressive
therapies and treatment combinations and could be useful as
an early indicator of tumour chemosensitivity, helping to
refine therapeutic strategies.
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