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Abstract 

Background: Despite RAS selection, one third of patients with metastatic RAS wild-type 

colorectal cancer (mCRC) do not benefit from anti-EGFR inhibitors. Additional or more accurate 

predictive biomarkers are needed to identify patients with primary resistant mCRC. 

Methods: In the IMPACT-CRC trial (NCT02117466) patients with chemotherapy refractory 

mCRC received 500 mg/m2 cetuximab every 2 weeks. Before the first dose and just before the 

second dose, patients underwent a [18F]FDG PET/CT. PET scans were quantitatively assessed by 

semiautomatic tumor delineation of ≤5 lesions (≤2 per organ). Metabolic data was expressed 

in total lesion glycolysis (TLG), defined as metabolic tumor volume times SUVmean. A data-driven 

threshold of <15% decrease in TLG was defined to assess metabolic response. Quantitative data 

were correlated with CT evaluation after 8 weeks of treatment (RECISTv1.1), progression-free 

and overall survival. 

Results: The mean change in sum TLG after one dose of cetuximab (500mg/m2) was -59.9% (SD 

16.4%) for patients with treatment benefit versus -2.9% (SD 42.3%) for patients without 

treatment benefit (p=0.001). A ROC-curve demonstrates an area under de curve of 0.89. Out 

of the 9 patients with right-sided primary tumors, one had clear treatment benefit, this patient 

had a decrease 60% in sum TLG. Using a data-driven threshold of 15% decrease in sum TLG, 

[18F]FDG PET/CT evaluation had a negative predictive value (NPV) of 100% (95%CI 84–100%) 

and a positive predictive value (PPV) of 84% (95%CI 70-92%). Metabolic non-responders had a 

shorter PFS and OS compared to metabolic responders (1.8 versus 5.5 months (p<0.001), 3.1 

versus 9.4 months (p=0.002), respectively). In univariable and multivariable analysis (corrected 

for BRAF mutation, sidedness and treatment dose) change in sum TLG remained correlated to 

PFS and OS. 

Conclusions: [18F]FDG PET/CT response evaluation after a single dose of cetuximab (500mg/m2) 

is a good discriminator between patients with and without treatment benefit. Using a 15% 

decrease in sum TLG as threshold, the NPV is 100%. We will validate early [18F]FDG PET/CT 

response evaluation with a <-15% sum TLG threshold in part 2 of the IMPACT-CRC trial.  
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Introduction 

It is well established that cetuximab, a chimeric monoclonal antibody (mAb) directed to the 

epidermal growth factor receptor (EGFR), is an effective systemic agent for patients with RAS 

wild-type metastatic colorectal cancer (mCRC). However, approximately one third of this 

patient population does not benefit from treatment with anti-EGFR mAb.1 To identify patients 

with intrinsically resistant mCRC additional or more accurate predictive biomarkers are 

needed. A promising imaging biomarker is early [18F]fluorodeoxyglucose positron emission 

tomography / computed tomography ([18F]FDG PET/CT) evaluation. It is known that changes 

in tumor metabolism occur relatively fast, whereas anatomical change (the golden standard) 

can take ≥2 months.2 In a previous prospective clinical study, a promising correlation between 

treatment benefit and reduction of metabolic activity on early 18F]FDG PET/CT evaluation was 

observed in a small cohort of patients with KRAS wild-type mCRC treated with cetuximab 

monotherapy.3 Based on these results the IMPACT-CRC study was designed (NCT02117466). 

Here we will focus on the interim analysis results of the early [18F]FDG PET/CT evaluation after 

inclusion of 35 patients. 

 

Methods 

Study 

The IMPACT-CRC is a phase I – II multicenter interventional study (NCT02117466). Patients 

underwent [89Zr]Zr-cetuximab PET/CT with the first therapeutic dose (500mg/m2 every other 

week as pre-dose. Based on visual tumor uptake on [89Zr]Zr-cetuximab PET/CT patients 

continued with the standard therapeutic cetuximab dose or underwent a dose escalation 

(750-1250 mg/m2) in case of absent tumor uptake (data described separately in chapter 6). 

An interim analysis was performed after the inclusion of 35 patients. 

Within 2 weeks prior to the first treatment cycle with 500mg/m2 cetuximab and 4 to 0 

days prior to the second cetuximab treatment cycle (with standard or escalated dose) 

patients underwent a [18F]FDG PET/CT. Quantitative assessment of [18F]FDG PET/CT was done 

at the time of the interim analysis.  

 Clinical outcome was defined in 3 measures. First, treatment benefit, defined 

as patients without progressive disease on first CT evaluation (according to RECISTv1.1) after 

8 weeks of treatment.4 Second, progression-free survival (PFS), defined as the period 

between the first treatment cycle until progressive disease. To evaluate PFS, patients 
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underwent a CT every 2 months during treatment and at clinical progression if that occurred 

in between. Third, overall survival (OS), defined as the period between the first treatment 

cycle until death.  

 

Population 

Patients were eligible for inclusion if they had unresectable RAS wild-type mCRC, refractory to 

or contra-indications for standard chemotherapy (fluoropyrimidine, irinotecan and 

oxaliplatin) and naïve for anti-EGFR mAb. Patients had ≥1 extra-hepatic metastasis, since 

hepatic metastasis could not be evaluated on [89Zr]Zr-cetuximab PET/CT due to the high 

tracer uptake in healthy liver tissue. Additionally, at least one lesion must have had a 

diameter of ≥20 mm (tumor volume ≥ 4.2 cc) to circumvent partial volume effects, which 

hamper representative quantification of PET-tracer uptake. Other inclusion criteria included 

ECOG performance status ≤2 and adequate renal and liver functions. The study was 

performed at the Amsterdam University Medical Center (location VUmc), Radboud University 

Medical Center and University Medical Center Groningen. The Medical Research Ethics 

Committee of the Amsterdam University Medical Center approved the study. All patients gave 

written informed consent prior to any study procedure. Follow-up was done until February 

2019. 

 

[18F]FDG PET/CT 

Within 2 weeks before the first treatment with cetuximab [18F]FDG-PET/CT was performed 

according to the EANM guidelines.5 Briefly, patients fasted 6 hours before tracer injection, 

with a target serum glucose of ≤7mmol/l. Mid-femur-skull vertex PET-CT was performed 60 

minutes (±5 min) after injection of [18F]FDG (3-4 MBq/kg), combined with low-dose CT (120 

kVp, 50 mAs). PET data were normalized and corrected for scatter and random, attenuation 

and decay.5 

Tumor volume of interest (VOI) were semiautomatically delineated on PET images 

using a 50% SUVpeak-threshold corrected for local background (≤SUV 4).6 Per patient a 

maximum of 5 lesions (≤ 2 per organ) per patient, the largest and most circumscript lesions 

were delineated.7 Metabolic data was expressed in total lesion glycolysis (TLG), defined as 

metabolic active volume (or VOI) times SUVmean. 
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Statistics  

To compare TLG (normally distributed) between patients with and without treatment benefit 

we used a unpaired T-test. A p-value < 0.05 was defined as significantly different. A receiver 

operating characteristic curve was created to evaluate the diagnostic ability of change in TLG 

for treatment benefit. Using Kaplan-Meier curves and Log Rank test differences in survival of 

metabolic responders and non-responders were evaluated. Multivariable analyses were 

performed using Cox regression (backward Wald selection). 

 

Results 

Patient characteristics 

Between May 2014 and August 2017, 35 patients were included in the study. One patient was 

excluded from the study due to a severe infusion reaction to cetuximab. The majority of 

patients were male (74%), median age was 64 years, all patients were heavily pre-treated. All 

patients characteristics are listed in table 1. 

At the time of the interim analysis, all had progressive disease and 97% had died. Of 34 

patients, 64% had treatment benefit. Only one out of nine patients with right-sided disease and 

none of the for patients with histological proven BRAF V600E mutation had treatment benefit.  

 

[18F]FDG PET/CT results 

Treatment benefit 

Baseline mean sum TLG was 1252 for patients with treatment benefit and 1010 for patients 

without benefit (p=0.51). The mean change in sum TLG after one dose of cetuximab 

(500mg/m2) was -59.9% (SD 16.4%) for patients with treatment benefit versus -2.9% (SD 42.3%) 

for patients without treatment benefit (p=0.001, Figure 1 and 2A). A ROC-curve demonstrates 

an area under de curve of 0.89, which implicates that change in sum TLG is a good predictor for 

treatment benefit (Figure 2B).  
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Total Right-sided Left-sided 

 No. of patients 34 9 25 

 WHO status ≤ 1 31 (91%) 8 (89%) 23 (92%) 

 Median age 64 years  68 years 63 years 

 Male gender 25 (74%) 6 (67%) 19 (76%) 

 Prior treatment 
   

     CAPOX/ FOLFOX 34 (100%) 9 (100%) 25 (100%) 

     Irinotecan 30 (88%) 8 (89%) 22 (88%) 

     Bevacizumab 23 (68%) 22 (88%) 6 (67%) 

 Mean no. metastatic sites 2.4 2.7 2.4 

Dose escalation after cycle 1 8 0 8 

 BRAF mutated 4 (12%) 4 (44%) 0 (0%) 

 Treatment benefit 21 (62%) 1 (11%) 20 (80%) 

 PD at time of analysis 34 (100%) 9 (100%) 25 (100%) 

 Dead at time of analysis 33 (97%) 9 (100%) 24 (96%) 

Table 1. Patient characteristics 

 

 

 

 

 

 

 

 

 

Figure 1. [18F]FDG PET/CT fusion images demonstrating uptake in a rib metastases at baseline (top left 

picture) and the decrease in uptake after one dose of cetuximab in a patient with treatment benefit 

(500mg/m2, bottom left picture). On the right side images of a peritoneal lesion (with central necrosis), 

where there was no decrease in uptake after one dose of cetuximab, in a patient without treatment 

benefit.  
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Figure 2A. Predictive value of early [18F]FGD-PET/CT. Percentage change in sum TLG after 1 cycle of 

cetuximab versus PFS. Blue indicates patients with and blue patients without treatment benefit at first 

CT evaluation. 2B. ROC curve of change in sum TLG and treatment benefit. 

 

Out of the 9 patients with right-sided primary tumors, one had extensive treatment benefit, 

with a PFS of 14 months. On early [18F]FDG PET evaluation this patient was a responder (-60% 

change in sum TLG). 

A data driven threshold of 15% decrease in sum TLG resulted in a negative predictive 

value (NPV) of 100% (95%CI 84–100%) and a positive predictive value (PPV) of 84% (95%CI 70-

92%) (Fig 2A).  

 

Progression-free and overall survival 

Change in sum TLG correlated negatively with PFS and OS with a Hazard Ratio of 1.02 for both, 

implicating a 1.02 higher change on progressive disease or death per percentage increase in 

sum TLG on the on-treatment [18F]FDG PET/CT. Additionally, the presence of a BRAF V600E 

mutation resulted in a shorter PFS and OS. Patients with a primary tumor originating from the 

right hemicolon had a worse PFS, OS was not significantly shorter. A poor WHO performance 

and dose escalation (after cycle 1) did not correlate with survival. With multivariable analysis, 

change in sum TLG remained significantly correlated to PFS and OS (Table 2).  
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Univariable Progression-free survival Overall survival 
 

HR (95%CI) p-value HR (95%CI) p-value 

 Change in TLG 1.02 (1.01-1.04) < 0.01* 1.02 (1.01-1.03) <0.01* 

 BRAF status 11.5 (2.9-45.1) < 0.01* 3.4 (1.1-10.2) 0.03* 

 Right sidedness 2.3 (1.04-5.27) 0.04* 2.0 (0.9-4.5) 0.07 

 WHO 0 versus 2 1.2 (0.6-2.7) 0.60 0.86 (0.4-1.9) 0.71 

 Dose escalation 0.48 (0.2-1.2) 0.09 0.48 (0.18-1.29) 0.15 

Multivariable HR (95%CI) p-value HR (95%CI) p-value 

 Change in TLG 1.02 (1.01-1.04) <0.01* 1.02 (1.01-1.032) 0.04* 

 BRAF status 3.5 (0.7-18.0) 0.134 1.9 (0.46-7.9) 0.37 

 Right sidedness 1.18 (0.4-3.5) 0.77 0.82 (0.22-3.0) 0.77 

 WHO 0 versus 2 1.7 (0.68-4.1) 0.26 0.81 (0.4-3.1) 0.48 

 Dose escalation 0.45 (0.17-1.19) 0.11 0.63 (0.2-1.8) 0.4 

Table 2. Uni and multivariable survival analyses. 

Using 15% decrease in sum TLG as data driven threshold based on treatment benefit, 

patients were categorized in metabolic responders versus metabolic non-responders. Median 

PFS was 1.8 (95%CI 1.5-2.1) versus 5.5 months (95%CI 4.1-6.9, p<0.001) and median overall 

survival (OS) was 3.1 (95%CI 0.98-5.2) versus 9.4 months (95%CI 6.0 -12.1, p=0.002) for 

metabolic non-responders versus responders (Figure 3A and B).  

Figure 3A. Kaplan-Meijer survival curve for PFS for metabolic non-responders (<15% decrease in sum 

TLG) versus metabolic responders (>15% decrease in sum TLG). B. Kaplan-Meijer curve for OS for 

metabolic non-responders (<15% decrease in sum TLG) versus metabolic responders (>15% decrease 

in sum TLG). 
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Discussion 

Based on this interim analysis we can conclude that early [18F]FDG PET/CT response 

evaluation is a potentially effective strategy to identify patients with intrinsically resistant RAS 

wild-type mCRC after a single dose of anti-EGFR mAb. These metabolic changes do not only 

correlate with response after 8 weeks of treatment, but also with long-term follow-up data, 

such as progression-free and overall survival. Identifying patients with anti-ERGF mAb intrinsic 

resistant disease could prevent overtreatment, unnecessary toxicities and offer those patients 

an immediate alternative treatment strategy. This personalized treatment selection will result 

in a more cost-effective strategy. It is of great importance to validate this promising PET 

response evaluation in a second larger cohort. This will be done in part 2 of the IMPACT-CRC 

trial. To identify metabolic non-responders from responders a threshold of -15% in sum TLG 

on [18F]FDG PET/CT after one treatment cycle compared to pre-treatment [18F]FDG PET/CT 

will be used. To test our hypothesis that early [18F]FDG PET/CT response evaluation has an 

estimated actual NPV of 99.9%. 29 correct negative early [18F]FDG PET/CT predictions are 

needed (based on an exact test for a single proportion) to have a power of 97% (one-sided 

type I error <5%). Based on our previous results we estimate that 25% of all patients treated 

with cetuximab or panitumumab monotherapy will be metabolic non-responders. Therefore, 

a total of 116 patients will have to be included. No treatment decisions will be made based on 

the [18F]FDG PET/CT response evaluation, quantification of the PET/CT images will be done 

after a patient has progressive disease. 

A limitation of this interim analyses, besides the small cohort, is that 8 patients 

underwent a dose escalation of cetuximab (based on [89Zr]Zr-cetuximab PET/CT results, 

described in chapter 6) after the early [18F]FDG PET/CT response evaluation (cycle 1 was the 

standard dose of 500mg/m2 for all patients). Although this dose escalation did not 

significantly affect PFS and OS, there was a beneficiary trend in favour of dose escalation. 

However, in the escalated group no patients with BRAF mutated or right-sided tumors were 

included. When excluding BRAF mutated and right sided tumours in the standard treatment 

arm survival was not significantly different. Moreover, with multivariable survival analyses 

including dose escalation, change in sum TLG remained correlated with PFS and OS. 
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Based on current data, a threshold of 15% decrease in sum TLG seems optimal as it 

results in a NPV of 100%. Therefore, early [18F]FDG PET/CT response evaluation with this 

proposed threshold will be validated in a cohort of 116 patients in part 2 of the IMPACT-CRC, 

which is currently open for inclusion. This will be an observational study without treatment 

decisions based on the early response evaluation.  

 The optimal approach for data analyses of early response PET/CT data is not yet 

known. Which lesions and number of lesions that are analysed followed in time varies in 

literature. In this interim analysis we focused on the ≤5 lesions (≤2 per organ) based on previous 

explorative work.3 This method is based on anatomical response evaluation described in RECIST 

version 1.1. In 2009 the evaluation of 5 lesions was compared to 10 lesions in 6.512 patients 

(18.000 target lesions), the reduced number of target lesions led to clinically irrelevant minimal 

differences in response rate and PFS.8 Alternatively, in PERCIST it was proposed to only evaluate 

that one lesion with most intense uptake per PET/CT, thus potentially resulting in a different 

evaluated pre- and on-treatment target lesion.7  

Another important consideration is the quantitative unit to express [18F]FDG tumor 

uptake. Historically, SUVmax was often reported. However, SUVmax is based on just one voxel of 

the tumor, which makes it susceptible for background noise. SUVpeak is an automatically placed 

sphere in the part of the tumor with higest uptake, the larger volume of this sphere limits 

effects of background noise. In this study we focused on total lesion glycolysis (TLG), calculated 

by multiplying SUVmean with metabolically active tumor volume (MATV). By incorporating 

MATV, changes of quantification of pre- and on-treatment [18F]FDG PET/CT are more 

pronounced. Importantly, methodological studies demonstrated a good repeatability with 

semiautomatic tumor delineation.6 Other explorative radiomics indices, such as measures for 

heterogeneity in target uptake, e.g. entropy and area under the curve of the cumulative SUV-

volume histogram.9 It is known that genetic alterations, such as BRAF and RAS mutations, 

correlate with [18F]FDG uptake and a poorer outcome and resistance to anti-EGFR mAb.10-12 

Also, evaluating tumor lesion shape could be of added value.9 As secondary aim of IMPACT-CRC 

part 2, we will evaluate multiple quantification methods and radiomics indices to reveal the 

optimal strategy.  
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In conclusion, [18F]FDG PET/CT response evaluation after a single dose of cetuximab 

(500mg/m2) is a good discriminator between patients with and without treatment benefit. 

Using a 15% decrease in sum TLG as threshold, the negative predictive value is 100%. We will 

validate this strategy in part 2 of the IMPACT-CRC trial.  
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