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This thesis focuses on the optimal use of anti-EGFR therapy for patients with RAS wild-type 

mCRC. We aimed to identify potential predictive biomarkers to predict absence of benefit 

from anti-EGFR mAb. With [89Zr]Zr-cetuximab PET/CT tumor uptake of labeled cetuximab was 

evaluated, also tumor perfusion on [15O]H2O PET/CT and tumor metabolism on [18F]FDG 

PET/CT were assessed. In tumor tissue EGFR expression and mutation analysis were 

performed. In blood samples cetuximab pharmacokinetics, soluble EGFR (sEGFR) as well as 

mutation analysis in tumor tissue and in cell-free DNA (cfDNA) were evaluated.  

 

Optimal use of anti-EGFR mAb in a palliative setting 

Chapter 2 described the pooled analyses of the added value of anti-EGFR mAb in the non-

curative treatment of mCRC. Treatment benefit (e.g. overall response rate (ORR), progression-

free survival (PFS) and overall survival (OS)) as well as toxicity that results from anti-EGFR mAb 

addition to standard chemotherapy or as monotherapy were evaluated. In this meta-analysis 

6 first-line, 2 second-line and 2 third-line studies were included. We found that the addition if 

anti-EGFR mAb with standard first- or second-line chemotherapy or to best supportive care 

(BSC) significantly improved OS and PFS. Comparing the added benefit of anti-EGFR mAb 

between treatment lines was not done, as it was expected that ORR was higher and duration 

of PFS longer in first-line and the added benefit of anti-EGFR mAb would be much higher 

compared to BSC versus chemotherapy.  

With meta-regression we evaluated potential synergy between anti-EGFR mAb and 

the chemotherapeutic backbone. Combinations with irinotecan-based regimens rendered a 

significantly better ORR compared to the oxaliplatin-based regimens (p= 0.04). However, PFS 

and OS were comparable. Thus, we found no solid evidence of beneficial effects of irinotecan 

combinations with anti-EGFR mAb in a true palliative phase. 

A much-debated current clinical issue is the addition of either anti-EGFR mAb or anti-

VEGF mAb to first-line non-curative chemotherapy. Pooled data of three first-line studies 

which compared the addition of both antibodies, demonstrated a comparable ORR and PFS, 

while OS was significantly longer in the anti-EGFR mAb arm (HR of 0.8, CI 0.65 – 0.97).1-3 The 

unexpected OS benefit was largely due to a single study, the FIRE-3 trial.1 To date it is unclear 

if this is an actual benefit or due to bias, as there are some imbalances in subsequent and 
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cross-over treatments. Remarkably, the largest trial, CALGB/SWOG 80405 trial, has not yet 

published their final data 4 years after presenting their data.3 

Another important consideration for palliative treatment is the toxicity. The 

occurrence of any ≥3  grade adverse events was much higher in first-line combination 

treatment compared to standard chemotherapy (82% versus 64%). 

Based on our meta-analysis, we conclude that the anti-EGFR treatment significantly 

improves response and survival outcome of patients with (K)RAS wild-type mCRC, regardless 

of treatment line or chemotherapeutic backbone. It is a sensible treatment strategy to save 

anti-EGFR mAb as third-line monotherapy for patients with mCRC in a true non-curative 

setting, as combination therapy is more toxic and has no clinically significant benefit 

compared to sequential therapy.  

 

Pre-treatment and early evaluation [18F]FDG PET/CT 

In chapter 3 we evaluated the relation between tumor uptake on pre-treatment [18F]FDG PET 

and clinical outcome after palliative systemic treatment. To express [18F]FDG tumor uptake 

we evaluated the first-order SUV-features SUVmax, SUVpeak, SUVmean and volume based 

measures, such as MATV and TLG. However, we also evaluated more explorative radiomics 

features that incorporate biological characteristics such as shape (Compactness, Sphericity) 

and heterogeneity (Entropy (FXD) and AUC-CSH). We found that the volume-based measures, 

such as TLG and MATV were the most promising prognostic markers, negatively correlating to 

anatomical change, PFS and OS. In line with our data, several studies reported a negative 

correlation between pre-treatment TLG and OS for both curative4-6 and palliative7,8 regimens. 

The correlation between total tumor load and survival is known for ovarian cancer and is the 

reason that debulking is part of the first treatment line.9 Whether debulking / local treatment 

is a sensible and beneficiary addition to the palliative treatment of patients with extensive 

extra-hepatic mCRC is not yet known. Currently, multiple randomised controlled trials 

investigate debulking as palliative treatment, such as the multicentre phase III ORCHESTRA 

trial (NCT01792934).10 

With the radiomics features, such as Entropy and AUC-CSH, heterogeneity in voxel 

uptake within lesions can be assessed.11 Heterogeneous uptake is associated with poor 
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clinical outcome.12-14 Indeed we found AUC-CSH was significantly higher (less heterogeneity) 

in chemotherapy naïve patients compared to heavily pre-treated patients. Additionally, AUC-

CSH was positively correlated with change on CT. However, this potential biomarker needs 

validation in a prospective cohort.  

Sidedness of the primary tumor is a surrogate prognostic biomarker as lesions 

originating from right-sided primary tumors harbour genetic alterations associated with 

resistance to anti-EGFR therapy.15,16 Moreover, most patients with a RAS wild-type right-sided 

primary tumor are primary resistant to anti-EGFR mAb. Yet, not all of these selected patients 

are resistant, as shown in our IMPACT-CRC trial (11% benefit in right-sided cohort, chapter 6) 

and in literature.17 Currently, this patient group does not receive anti-EGFR mAb in the 

Netherlands. Using the [18F]FDG PET data we found poorer metabolic features for patients 

with right-sided disease, such as a higher tumor bulk in patients in the first-line group and less 

spherical disease in patients in the third-line group. However, this might indicate a poorer 

prognosis, and not just (intrinsic) resistance to anti-EGFR mAb. 

There are hundreds of radiomics features which can be extracted from PET-images. 

Yet, the majority of these features are related to each other. Based on previous studies and 

potential clinical interest, we selected 10 radiomics features to use in this explorative 

study.4,12,13,18-27. Moreover, it is of utmost importance to ensure the robustness, redundancy 

and dependence on image quality and reconstruction settings as well as image processing 

steps. A recent initiative, i.e. the Imaging Biomarker Standardisation Initiative (IBSI), is a first 

important step towards standardization of radiomics features.28 

In chapter 4 we assessed early [18F]FDG PET/CT response evaluation using predefined 

quantification strategies in nine patients with advanced KRAS wild-type colorectal 

adenocarcinoma (mCRC) after 2 cycles of  cetuximab. Metabolic response was categorized 

using thresholds suggested in PERCIST. Dichotomized metabolic data of the sum of all or ≤ 5 

lesions had a concordance with treatment benefit of 89% using SULmax or SULpeak, and 100% 

using TLG. Evaluating the metabolically most active lesion, concordance was 89% for all three 

units. Mixed metabolic response (using TLG) was observed in three out of seven patients with 

multiple target lesions. Additionally, the decrease in TLG was significantly correlated with PFS 

for all three quantification strategies. 
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Similar to chapter 3, we tested multiple quantification strategies, as the optimal 

strategy to assess [18F]FDG PET/CT is unknown. In literature, numerous small studies 

regarding early [18F]FDG PET/CT response evaluation for cancer treatments have been 

published. Unfortunately, comparability is poor due to differences in quantification 

methods29-31, cancer type32-35, type of therapy36,37, treatment line and primary outcome. 29-

31,38,39 The PERCIST guideline is the first to describe a systematic comparable method to 

evaluate patients with multiple tumor lesions. It is based on the hypothesis that the lesion 

with the highest radiotracer uptake per time-point is prognostically the most relevant. Yet, in 

case of mixed metabolic response, this might not represent the entire tumor biology 

accurately. Moreover, recent publications demonstrated that early metabolic response 

according to PERCIST guidelines might not optimally predict response according to RECIST 

after 2 to 3 months of therapy.39-41 Also, other studies reported mixed metabolic response 

after systemic treatment. 38,42 Hendlisz et al. reported a significantly shorter PFS for patients 

with mixed metabolic response versus homogeneous metabolic responders.36 Indeed, in our 

study the sum of all or ≤ 5 lesions had a higher concordance with treatment benefit compared to 

the metabolically most active lesion. Yet, this was demonstrated in a small cohort. 

Based on the results of chapter 4, early [18F]FDG PET/CT evaluation was continued in 

the IMPACT-CRC study (NCT02117466). In chapter 5 we reported the interim analysis of early 

[18F]FDG PET/CT evaluation performed in the IMPACT-CRC study, after the inclusion of 35 

patients. In contrast to the early [18F]FDG PET/CT evaluation in chapter 4, the PET/CT scans 

were performed after 1 treatment cycle (2 weeks) instead of 2 cycles (4 weeks) of cetuximab, 

as it was hypothesized that metabolic changes would occur shortly after start of treatment. 

To evaluate the feasibility of the early [18F]FDG PET/CT evaluation, the change in sum TLG of 

≤5 lesions (≤2 per organ) was evaluated. We found that patients with treatment benefit had a 

significantly greater reduction in sum TLG after one dose of cetuximab than patients without 

benefit (-59.9% versus 2.9%, p=0.001). Categorizing patients in metabolic responders versus 

non-responders using a data-driven threshold of 15% reduction resulted in a NPV of 100% 

(95%CI 84–100%), PPV of 84% (95%CI 70-92%) and significantly poorer PFS and OS of 

metabolic non-responders. 

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

evaluation is a promising strategy to identify patients with intrinsically resistant RAS wild-type 
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mCRC after a single dose of anti-EGFR mAb. In part 2 of the IMPACT-CRC trial we hope to 

validate the threshold of 15% decrease in sum TLG of ≤ 5 lesions (≤ 2 per organ) in 116 

additional patients. Additionally, we will evaluate alternative quantification strategies, such as 

evaluation of all lesions (above background) or only evaluation of the metabolically most 

active lesion. 

 

[89Zr]Zr-cetuximab PET/CT as potential biomarker for cetuximab treatment 

Data concerning the [89Zr]Zr-cetuximab PET/CT of part 1 of the IMPACT-CRC were described in 

chapter 6. The IMPACT-CRC (part 1) was a phase I – II multicenter interventional study in 

which patients with RAS wild-type mCRC treated with anti-EGFR mAb monotherapy 

underwent a [89Zr]Zr-cetuximab PET/CT at start of treatment to visualize tumor uptake of 

cetuximab. In case of a visually negative PET scan patients underwent dose escalation with 

the hypothesis that insufficient cetuximab reached the tumor at standard dose. In 35 

patients, visual uptake on [89Zr]Zr-cetuximab PET/CT was observed in 66%. There was no 

relationship between PET-positivity and treatment benefit (57% versus 75% for PET-negative, 

p=0.28), PFS (3.6 versus 5.5 months, p=0.28) or OS (7.1 versus 9.0 months, p=0.66). In 67% of 

PET-negative patients cetuximab dose-escalation (750-1250mg/m2) was applied, but on 

second [89Zr]Zr-cetuximab PET/CT no visual uptake was found. SUVpeak on [89Zr]Zr-cetuximab 

PET/CT did not correlate with changes in tumor size on CT (p=0.97), treatment benefit nor 

survival. Thus, we can conclude that visual and quantitative tumor uptake on [89Zr]Zr-

cetuximab PET/CT is not predictive for cetuximab monotherapy efficacy in patients with RAS 

wild-type metastatic colorectal cancer. In 80% of the patients without tumor uptake on 

[89Zr]Zr-cetuximab PET/CT treatment benefit was observed, suggesting that, although not 

visible on PET, enough cetuximab accumulated in the tumor for treatment effect. A potential 

explanation could be that the immuno-PET/CT has an insufficient sensitivity to discriminate 

between insufficient/low and sufficient dose levels required for an anti-cancer effect. Still, 3 

out of 34 patients had no visual tumor uptake on [89Zr]Zr-cetuximab PET/CT and did not have 

treatment benefit. Although for these 3 patients non-response could be due to insufficient 

tumor drug accumulation, we concluded that it was not a major cause for non-response in 

the entire group. Cetuximab pharmacokinetics, which correlated excellently with [89Zr]Zr-
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cetuximab blood samples indicating similar pharmacokinetics of the labeled and unlabeled 

antibody in vivo, support this statement, as Cmax, Cmin and AUC  did not correlate with 

response and survival data in our cohort. Azzopardi et al found that lower global clearance of 

cetuximab reduced the risk of disease progression in 69 patients.43 Fracasso et al found that 

patients with clinical benefit had higher cetuximab trough levels compared to patients with 

progressive disease in 39 patients.44 The discrepancy with our data may be caused by the 

dosage. In the phase I studies, cited above, a total EGFR saturation was demonstrated at 250–

260 mg/m2 cetuximab weekly.44,45 In this study we started with 500mg/m2 every other week, 

a dose which would be expected to saturate the EGFR and thus render the different clearance 

rates in the dose escalation cohorts less important due to the surplus of cetuximab.  

As reported in literature, we observed large differences in tumor [89Zr]Zr-cetuximab 

uptake within and between patients.46,47 As uptake did not correlate with cetuximab efficacy, 

understanding the factors contributing to the imaging signal may give us more insight in 

tumor biology and benefit future radiolabeled-drug studies. We evaluated EGFR expression, 

tumor size, location, cetuximab pharmacokinetics, sEGFR, perfusion and metabolic activity as 

factors for [89Zr]Zr-cetuximab tumor accumulation. 

Tumor size, location and metabolic tumor activity on [18F]FDG PET/CT were available 

for all included tumor lesions and correlated significantly with [89Zr]Zr-cetuximab PET data. 

However, correcting the [89Zr]Zr-cetuximab PET uptake for these factors did not improve the 

relation with clinical outcome. 

EGFR expression on tumor material scored with immunohistochemistry correlated 

positively with [89Zr]Zr-cetuximab tumor uptake. In previous pre-clinical and clinical studies, it 

was reported that there is a relation with EGFR expression and [89Zr]Zr-cetuximab tumor 

uptake, but that other pharmacokinetic and dynamic mechanisms influence uptake as 

well.48,49 It is well known that EGFR expression is not mandated for response to anti-EGFR 

therapy, and is not used in clinical practice. 

In a small subset of patients, we performed a [15O]H2O PET/CT to calculate tumor 

perfusion, with the assumption that better perfusion would result in increased drug delivery. 

Indeed, we found a positive correlation where a more efficient drug delivery resulted in more 
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internalization of radiolabeled antibody. To our knowledge, we are the first to show a relation 

between perfusion and uptake of radiolabeled antibodies in CRC.  

Soluble EGFR is the cleaved or transcribed extra-cellular part of EGFR and can bind 

cetuximab or [89Zr]Zr-cetuximab in the circulation.47 We found no relation between baseline 

sEGFR and tumor [89Zr]Zr-cetuximab pharmacokinetics or PET data. A possible explanation 

may be the extreme overdose cetuximab compared to sEGFR, which is approximately 78,000 

times higher. Interestingly, baseline sEGFR correlated positively with treatment benefit, PFS 

and OS. One can hypothesize that tumors with EGFR driven growth and cell survival would 

shed more sEGFR (as a negative feedback mechanism).50 The only unexplainable fact remains 

that there is no relation between histological tumor cell EGFR expression and cetuximab 

efficacy.51 Soluble EGFR as a biomarker has been evaluated in small subsets in different tumor 

types52, but we are the first to show a positive correlation with benefit and survival in patients 

with mCRC treated with cetuximab monotherapy. This potential biomarker will be validated in 

the larger prospective cohort of part 2 of the IMPACT-CRC.  

Conceivably, optimal predictive value will be achieved if a multivariable model is 

created from potential biomarkers, such as sEGFR and early change in metabolic tumor 

activity on [18F]FDG PET/CT. 

 

Circulating cell-free DNA as potential biomarker for cetuximab treatment 

In chapter 7 we focused on circulating cell-free DNA (cfDNA) as potential biomarker for 

cetuximab treatment in patients with tissue-tested RAS wild-type mCRC. A potential 

explanation for intrinsic resistance in patients with tissue-tested RAS and BRAF wild-type 

tumors is the presence of intra- and inter-lesional differences in mutational status. In small CRC 

cohorts, heterogeneity in RAS and BRAF mutations ranged from 5 to 40% within tumor lesions 

and between primary tumor and metastatic sites. 27,53-58 In 34 patients included in part 1 of the 

IMPACT-CRC trial a blood sample was collected prior to start of cetuximab treatment and after 

progressive disease. CfDNA was isolated from plasma for targeted next generation sequencing. 

In three patients (9%) we detected additional RAS mutations in baseline cfDNA that were not 

dectected in tumor tissue. Six patients (18%) had a BRAF or rare RAS mutation in cfDNA and/or 
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tissue, these patients had a significantly shorter progression free and overall survival. Apart 

from tumor heterogeneity, the sensitivity of sequencing assays used in tumor tissue testing 

could also have led to false negative results, since most of the assays used had a limit of 

detection of variant allele frequency >5%.59  

In only one patient with clinical benefit, a polyclonal oncogenic KRAS mutation (p.G61H 

and p.G12A) was detected in cfDNA. Potential explanations for the prolonged PFS could be the 

dose escalation (from 500mg/m2 to 1250mg/m2 cetuximab; chapter 6), tumor heterogeneity 

with only a small fraction of mutated tumor cells or a particularly indolent course of the disease 

regardless of any treatment. 

To get more insight into resistance mechanisms of anti-EGFR mAb monotherapy in 

patients with mCRC, we evaluated cfDNA mutation status in patients with initial treatment 

benefit at time of PD. Of these patients 12/17 (71%) patients developed RAS and/or BRAF 

mutations. Nine of these patients (9/12, 75%) had multiple mutations in these genes and 

codons suggesting the emergence of various clones harboring different mutations yielding 

resistance against anti-EGFR treatment. These mutations are most likely acquired as an 

escape mechanism from the continued pressure of anti-EGFR mAb, or by selection outgrown 

mutated subclones.60,61 

Interestingly, 8/17 patients (47%) with initial benefit gained an EGFR mutation at time 

of progressive disease in cfDNA and in six patients these mutations were polyclonal. All 

detected EGFR mutations were located in domain III of the receptor, resulting in an altered 

cetuximab binding epitope, inhibiting cetuximab from binding.62-65 These mutations only 

occurred after treatment with cetuximab, as acquired resistance to anti-EGFR mAb,65 rendering 

this mutation unsuitable for patient selection. However, for future development this could be 

a potential target for a modified antibody. 

 

This study revealed a correlation between the number of mutated molecules per mL 

plasma and metabolic tumor volume measured on a pre-treatment [18F]FDG PET/CT. A similar 

correlation was described previously in patients with non-small cell lung cancer starting with 

erlotinib in palliative setting,66 but never in colorectal cancer. In our cohort, patients had a 

relatively high tumor bulk as they had advanced chemotherapy-resistant CRC. This resulted in 

a relatively high number of mutated molecules per mL plasma. For treatment selection in a 
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neo-adjuvant or as first-line palliative treatment a negative cfDNA mutational status could be 

less reliable due to low number of mutated molecules per mL plasma. 

 

Future directions 

In the search for the optimal treatment strategy with anti-EGFR therapy we have investigated 

multiple biomarkers for response prediction. Although, tumor uptake on [89Zr]Zr-cetuximab 

PET/CT varies between tumor lesions within a patient and between patients, the tumor 

accumulation of radiolabeled drug has no relation with treatment benefit of cetuximab and 

therefore holds no clinical utility. Patients with no visual focal uptake on PET/CT could still 

have treatment benefit and not all patients with focal uptake had treatment benefit. 

Increasing the amount of unlabeled drug administered with the labeled drug does not 

improve tumor uptake in patients with an initial negative PET/CT. We did demonstrate that 

[89Zr]Zr-cetuximab uptake is dependent on the size, location, target expression, perfusion and 

metabolic activity. For future trial designs with radiolabeled drugs it is of importance also 

evaluate these tumor characteristics. Additionally, it is crucial to evaluate if a pre-dose of 

unlabeled antibody is necessary. Preferably to perform a test re-test within a patient with an 

increased pre-dose. 

With standard treatment dose, insufficient tumor cetuximab accumulation is most 

likely not a major reason for primary anti-EGFR mAb resistance. To evaluate other potential 

resistance mechanisms, besides RAS and BRAF mutations, fresh frozen pre- and on-treatment 

tumor biopsies were collected to perform phosphoproteomics.67 By evaluating protein 

phosphorylation, tumor specific signal transduction routes to control cell growth, 

proliferation and survival can be detected. This might give us more understanding as to why 

some patients with RAS and BRAF wild-type disease still do not benefit to anti-EGFR mAb. 

These analyses are currently ongoing. 

Based on the COLOCETUX and IMPACT-CRC interim analysis, early [18F]FDG PET/CT 

evaluation seems to be a feasible and promising predictive biomarker for anti-EGFR mAb. 

After a single dose of cetuximab, we were able to identify those patients who will not benefit 

from treatment with a negative predictive value of 100%. In part 2 of the IMPACT-CRC we will 

validate this early response strategy in 116 patients. If validated, implementation of this 
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evaluation strategy in daily clinical care should be relatively easy, as many hospitals use 

[18F]FDG PET/CT imaging in standard clinical practice. However, for a predictive biomarker 

adequate reproducibility is of great importance. Therefore, it is essential to follow the 

European guidelines (EARL) for [18F]FDG PET/CT imaging of adult patients in the centers 

implementing this strategy.68  

Another important aspect of the early [18F]FDG PET/CT evaluation is how laborious it is 

to assess the PET/CT images. Determining the SUVpeak of just one lesion is a quick and simple 

strategy69, however this might result in less sensitivity and specificity of the test (chapter 4). 

Other strategies are to evaluate ≤5 lesions (≤2 per organ) as is done with anatomical response 

evaluation70, or to automatically delineate all focal uptake (threshold of 50 % SUVpeak, with 

background correction) at once, and subtract physiological or non-specific uptake, e.g. brain, 

bladder and injection site (i.v. cannula). Besides the number of lesions, the unit to express 

[18F]FDG uptake is important, radiomics that incorporate volume and uptake seem best 

correlated with clinical outcome (Chapter 4 and 5). However, other radiomics features that 

incorporate tumor shape and heterogeneity should also be considered (chapter 3). In part 2 

of the IMPACT-CRC we will evaluate multiple strategies. 

In chapter 6 we described 2 potential blood-based predictive biomarkers. First, sEGFR 

was significantly higher in patients with treatment benefit, and it correlated to PFS and OS in 

uni- and multivariate analysis. Soluble EGFR, the extra-cellular part of EGFR, can be cleaved 

from the transmembrane EGFR or transcribed as only the extracellular part. Production of 

sEGFR is believed to be a negative feedback mechanism to prevent EGFR mediated growth by 

reducing the number of functional transmembrane EGFR proteins and thus reduce the 

availability of ligands (such as EGF) by binding these with afunctional sEGFR. The rationale 

behind this biomarker is logical: the more EGFR driven tumor growth, the more sEGFR is 

transcribed or cleaved. However, the same would be expected with membranous expression 

of EGFR itself, which can be detected with IHC. Counter-intuitively, many studies published 

data of patients with mCRC without EGFR expression that did benefit from anti-EGFR mAb.51 

A potential explanation may be a lack of sensitivity to detect the minimal number of EGFR’s to 

induce a response. Potentially, the same pitfall occurred with [89Zr]Zr-cetuximab PET/CT. 

Other explanations include the methodology (different antibodies to detect EGFR) and 

subjective scoring systems of IHC, effects of antibody-dependent cell mediated cytotoxicity 
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and biologically differences between metastatic lesions from the primary tumors. With sEGFR 

many of these issues can be overcome. If sEGFR can accurately distinguish between 

responders and non-responders remains unclear. In 35 patients, sEGFR had a ROC AUC of 

0.75, which indicates a fairly good predictor.  

Another potential circulating biomarker is RAS/BRAF mutated cfDNA. We assessed this 

potential biomarker in a pre-selected group of 34 patients with tissue-tested RAS wild-type 

mCRC and found additional RAS mutations in 9% of these patients. This biomarker has the 

potential to change the RAS selection, as it is less invasive and less prone to sampling errors 

compared to needle biopsies, and perhaps more representative of the current mutational 

landscape compared to determining mutations in old resection material. A potential 

limitation is that a high tumor bulk is necessary for an adequate detection limit. Our cohort 

was pre-selected with patients with a relatively high tumor bulk (at least one extrahepatic 

tumor lesion >2 cm for imaging purposes). Thus, implementing this biomarker as selection 

tool in curative or first-line palliative setting may result in more false negative results. We will 

continue to collect blood and tumor samples in part 2 of the IMPACT-CRC to further evaluate 

clinical utility of these blood-based predictive biomarkers. 

 

Conclusion 

Although we found that [89Zr]Zr-cetuximab PET/CT does not have any clinical utility, we can 

conclude that early [18F]FDG PET/CT response evaluation is a promising biomarker that can 

help guide clinical decisions after only one or two treatment cycles. Additionally, other 

potentially relevant biomarkers for cetuximab response prediction are soluble EGFR and 

circulating tumor DNA, both derived from blood.  

In part 2 of the IMPACT-CRC we aim to validate early [18F]FDG PET/CT response 

evaluation in an additional 116 patients with mCRC who will start cetuximab or panitumumab 

treatment. Based on our interim-analyses described in chapter 5, a threshold of 15% decrease 

in sum TLG in 5 tumor lesions (≤2 lesions per organ) will be used to discriminate metabolic 

responders from non-responders. Also, we will continue collecting blood and tumor samples 

for translational purposes.  




