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Abstract

Secondary resection of metastases is recommended in metastatic colorectal cancer

(mCRC). Data describing changes in mutational profiles of corresponding primary

tumor and metastatic tissue after conversion treatment are limited. Next generation

sequencing was performed in formalin-fixed mCRC samples from patients of the

FIRE-3 trial (FOLFIRI plus cetuximab or bevacizumab) before treatment start

(baseline) and after secondary resection of metastases (post baseline). Changes of

mutational profiles and tumor mutational burden (TMB) were assessed within a

post-hoc analysis. Median overall survival (OS), progression-free survival (PFS) and

objective response rate (ORR) were compared between treatment arms. Paired tumor

samples were obtained from 25 patients (19 RAS wild-type, 6 RAS mutant by

pyrosequencing). ORR (92.0% vs 58.0%) and OS (60.8 vs 35.4 months, hazard

ratio = 0.39 [95% CI 0.14-1.12], P = .08) were higher for patients receiving

cetuximab. After conversion therapy, 56 alterations (42 in the cetuximab and 14 in

the bevacizumab arm) were newly observed in 18 patients (9 each treated with

cetuximab or bevacizumab). Gains (n = 21) and losses (n = 21) of alterations

occurred during cetuximab-based treatment, while mainly gains of alterations

occurred during bevacizumab (n = 10). Three of nine patients treated with cetuximab

that presented a change of mutational profiles, developed resistance to cetuximab.

Abbreviations: 5-FU, 5-fluorouracil; BRAF, v-Raf murine sarcoma viral oncogene homolog B; CI, confidence interval; CNA, copy number alteration; DFS, disease free survival; DNA,

desoxyribonucleinacid; EGFR, epidermal growth factor receptor; FFPE, formalin fixed paraffin embedded; FOLFIRI, 5-fluorouracile, leucovorin, irinotecan; GNAS, guanine nucleotide binding

protein subunit alpha; HER2/neu, ERB-B2 receptor tyrosine kinase 2; HR, hazard ratio; KRAS, Kirsten rat sarcoma; LV, leucovorin; MAF, mutation allele frequency; MAPK, mitogen activated

protein kinase; mCRC, metastatic colorectal cancer; MSS, microsatellite stable; MUT, mutation; NF1, neurofibromin 1; NGS, next generation sequencing; OR, odds ratio; ORR, overall response

rate; OS, overall survival; PFS, progression-free survival; PIK3CA, phosphatidylinositol-3-kinase; PSS, post-surgical survival; RAS, rat sarcoma; SRC, proto-oncogene tyrosine-protein kinase rous

sarcoma; TMB, tumor mutational burden; VEGF, vascular endothelial growth factor; WT, wild-type.
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Mutational profiles were largely comparable before and after treatment with anti-

VEGF or anti-EGFR directed monoclonal antibodies after secondary resection. Muta-

tions associated with resistance to anti-EGFR antibodies were observed in only one-

third of patients.

K E YWORD S

bevacizumab, cetuximab, metastatic colorectal cancer, NGS, paired samples

What's New?

Secondary resection for initially unresectable metastatic colorectal cancer (mCRC) is associated with

improved prognosis. Predicting opportunities for secondary resection, however, depends on the

discovery of molecular changes in primary tumor and corresponding metastatic tumor tissue. Here,

mutational profiles were investigated for mCRC patients in the FIRE-3 trial, a study of FOLFIRI plus

cetuximab or bevacizumab as first-line therapy for irresectable mCRC. Of nine mCRC patients

undergoing cetuximab therapy who experienced changes in tumor mutational profile, one-third

became resistant to cetuximab. For patients treated with anti-VEGF and anti-EGFR antibodies,

mutational profiles were similar before and after treatment and following secondary resection.

1 | INTRODUCTION

Prognosis of patients with primarily unresectable metastatic colorectal

cancer (mCRC) has markedly improved over the past decades by

introduction of monoclonal antibody treatment according to molecular

tumor characteristics.1,2 After cytotoxic conversion therapy of initially

unresectable lesions, multidisciplinary treatment approaches (eg, surgery

and local-ablative treatment) are recommended to improve long-term

overall survival.3,4 Although previous investigations mainly focused on R0

resection rate, even R1 resection of metastatic lesions has been associ-

ated with improved outcome in both liver-limited and non-liver-limited

disease.5-10 It is, therefore, essential to identify patients that benefit from

multidisciplinary treatment and to evaluate biomarkers for increasing

their frequency. Various factors influence secondary resectability, such as

surgeons' experience, location of metastases, but also surrogate parame-

ters of response like early tumor shrinkage or depth of response. The

presence of BRAF V600E mutations (MUT) was associated with a lower

likelihood of secondary resectability.11 However, little is known about

dynamics of molecular tumor characteristics in paired samples of primary

tumors and correspondingmetastases after conversion treatment.

FIRE-3 was an open-label multicenter randomized controlled phase

III trial that evaluated the combination of FOLFIRI plus cetuximab or

bevacizumab as first-line regimen in irresectable KRAS wild-type

(WT) mCRC patients.12 Of these, 29% of patients underwent secondary

resection after conversion.5 Additionally, a subgroup of 373 patients pro-

vided formalin-fixed paraffin embedded (FFPE) samples for targeted next

generation sequencing (NGS) analysis of 315 genes (FoundationOne,

Roche).13 We were able to re-perform NGS in FFPE specimens of metas-

tases from patients who underwent secondary resection and to correlate

this analysis with data from corresponding primary tumors. Our aim was

to assess dynamic changes in molecular characteristics of paired speci-

men (primary tumor and metastases) after conversion treatment with

cytotoxic agents (5-FU, LV, Irinotecan) and biologicals (cetuximab or

bevacizumab).

2 | MATERIAL AND METHODS

2.1 | Experimental design and patients

FIRE-3 compared FOLFIRI plus cetuximab or bevacizumab for first

line treatment of KRAS WT mCRC patients within an open-label,

multicenter, randomized phase III trial concept. Details on treatment

protocol, safety and efficacy in all patients and molecular subgroups

were reported elsewhere.12

This retrospective analysis investigated a subgroup of patients with

available, paired DNA sequencing data from tumor FFPE specimens prior

to systemic treatment and after resection of metastases. Details on

methods of DNA sequencing (Foundation One, Foundation Medicine,

Penzberg, Germany), quality assessment and type of data were reported

previously,2,12-14 and are briefly summarized in the Appendix S1, Material

and Methods section. The 315 genes that were investigated by the

above-mentioned assay are listed in the Table S1. The sequencing cover-

age and quality statistics for each sample are summarized in Table S2.

2.2 | Objectives

Main objective of this analysis was the exploratory comparison of DNA

mutational profiles in paired samples of patients withmetastatic colorectal

cancer at baseline (eg before treatment start) and after secondary

resection of metastases (post baseline). Further objectives were the

assessment of mutated allele frequency changes of mutations, copy num-

ber alterations (CNA), tumor mutational burden (TMB) and RAS status

(WT to MUT and vice versa). Objective response rate (ORR), progression-

free survival (PFS) and overall survival (OS)were defined as previously pub-

lished, starting from randomization.12 Furthermore, two additional explor-

atory survival endpointswere defined in this analysis. Disease-free survival

(DFS) involved the time from secondary resection of metastases to the

subsequent progression of disease. The postsurgical survival (PSS) was

1936 STAHLER ET AL.
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defined as the period from secondary resection of metastases to death by

any cause. Patients alive were censored at the last patient contact, the last

update on patient survival was performed in February 2021.15

2.3 | Statistical analysis

Statistical analyses were pre-specified in a protocol analysis plan before

start of the analysis. Logistic regression was applied to estimate the

relative treatment benefit on ORR and the odds ratio (OR) of cetuximab

versus bevacizumab and was calculated together with the 95% confi-

dence intervals (CI). The Kaplan-Meier method and Cox proportional haz-

ard models were used to estimate the relative treatment benefit on OS,

PFS, DFS and PSS. Median survival as well as hazard ratios (HR) together

with the 95% confidence intervals (CI) was provided. The t-test for

paired samples compared median exon coverage and tumor mutational

burden of matching samples analyzed at two timepoints. All P-values

<.05 (two-sided) were considered significant. However, none of the

analyses was powered for the comparisons made, as the sample size in

this post-hoc analysis resulted from available tumor samples. Due to the

exploratory nature of our study, no adjustment for multiple testing was

applied. SAS 9.4 (SAS Institute, Cary, North Carolina) and R version 3.2.3

software were used for statistical analyses.

3 | RESULTS

3.1 | Baseline characteristics of paired samples
subset

In FIRE-3, DNA sequencing was performed successfully in FFPE

tumor tissue of 373 patients at baseline and of 57 patients

TABLE 1 Baseline characteristics of patients with a paired set of FFPE samples before and after resection of metastases

Variable

Treatment

FOLFIRI + cetuximab FOLFIRI + bevacizumab Total

n = 13 n = 12 n = 25

Gender

Male [n (%)] 10 (76.9%) 7 (58.3%) 17 (68.0%)

Female [n (%)] 3 (23.1%) 5 (41.7%) 8 (32.0%)

Age

Median, years [range] 64.0 [38.0-76.0] 61.0 [31.0-74.0] 63.0 [31.0-76.0]

>65 years [n (%)] 4 (30.8%) 5 (41.7%) 9 (36.0%)

≤65 years [n (%)] 9 (69.2%) 7 (58.3%) 16 (64.0%)

ECOG performance index

0 [n (%)] 7 (53.8%) 7 (58.3%) 14 (56.0%)

1 [n (%)] 6 (46.2%) 5 (41.7%) 11 (44.0%)

Primary tumor side

Right [n (%)] 4 (30.8%) 2 (16.7%) 6 (24.0%)

Left [n (%)] 9 (69.2) 10 (83.3%) 19 (76.0%)

Number of involved organs

1 [n (%)] 7 (53.8%) 6 (50.0%) 13 (52.0%)

2 [n (%)] 6 (46.2%) 3 (25.0%) 9 (36.0%)

3 [n (%)] 0 (0.0%) 3 (25.0%) 3 (12.0%)

Liver limited disease

Yes [n (%)] 7 (53.8%) 6 (50.0%) 13 (52.0%)

No [n (%)] 6 (46.2%) 6 (50.0%) 12 (48.0%)

Diagnosis of metastases

Synchronous [n (%)] 10 (76.9%) 9 (75.0%) 19 (76.0%)

Metachronous [n (%)] 3 (23.1%) 3 (25.0%) 6 (24.0%)

Alkaline phosphatase

<300 U/L [n (%)] 13 (100.0%) 10 (83.3%) 23 (92.0%)

≥300 U/L [n (%)] 0 (0.0%) 2 (16.7%) 2 (8.0%)

Leucocytes

<8/nL [n (%)] 7 (53.8%) 6 (50.0%) 13 (52.0%)

≥8/nL [n (%)] 6 (46.2%) 6 (50.0%) 12 (48.0%

Abbreviation: FOLFIRI, 5-fluorouracil, leucovorin and irinotecan.

STAHLER ET AL. 1937
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post-baseline. Paired tumor samples (ie, patients with primary

tumor tissue before treatment start and corresponding meta-

static specimen after resection) were provided by 25 patients

(cetuximab, n = 13; bevacizumab, n = 12). Nineteen of twenty

five tumors (76.0%) were classified RAS/BRAF WT and six

tumors RAS MUT (24.0%) by pyrosequencing, respectively.

Microsatellite stability (MSS) was shown in all tumors. Data

regarding the median exon coverage of paired samples is

F IGURE 1 Overall survival (A) and post-surgical survival (B) according to first line treatment of 25 patients with metastatic colorectal cancer
in FIRE-3 who underwent conversion treatment, resection and DNA sequencing of primary tumors obtained prior to treatment and
corresponding metastases after resection

F IGURE 2 (A) Mutational profile of tumors from FIRE-3 patients with metastatic colorectal cancer prior to systemic treatment (baseline) and
(B) of corresponding metastases after conversion treatment and resection (post-baseline). (C) Change of alterations during conversion treatment
with either cetuximab or bevacizumab and (D) change of tumor mutational burden from baseline to post baseline. Legend: WT.WT, wild-type at
baseline and wild-type post baseline; MUT.MUT, mutated/altered at baseline and mutated/altered post baseline; WT.MUT, wild-type at baseline

and mutated/altered post baseline; MUT.WT, mutated/altered at baseline and wild-type post baseline

1938 STAHLER ET AL.
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displayed in the Table S3.) Date of secondary resection was not

recorded in one patient (Table 1).

3.2 | Outcome of patients undergoing secondary
resection

Nodifferences inPFSandDFSwereobservedwith regard to treatment arms

(Table S4).Compared tobevacizumab, nonsignificant trends towards ahigher

probability of response (ORR 92.0% vs 58.0%, odds ratio= 8.57 [1.09-

182.88], P = .07), longer OS (60.4 vs 29.9months, HR = 0.39 [95%CI 0.14-

1.12], P = .08) and PSS (56.1 vs 32.2 months, HR = 0.42 [95% CI 0.14-

1.23],P = .11)were observed for patients treatedwith cetuximab (Figure 1).

3.3 | Change of mutational profiles from baseline
to post-baseline

(K)RAS mutations in colorectal primary tumors of the FIRE-3 intention-

to-treat population were initially detected by pyrosequencing.

TABLE 2 Summary of changes per
gene in patients of FIRE-3 post baseline
compared to baseline

Gene
Gain of mutation Loss of mutation Gain of CNA Loss of CNA
n (%) n (%) n (%) n (%)

ARFRP1 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8%)

AURKA 0 (0.0) 0 (0.0) 1 (1.8%) 1 (1.8%)

APC 2 (3.6) 4 (7.1%) 0 (0.0) 0 (0.0)

BCL2L1 0 (0.0) 0 (0.0) 1 (1.8%) 2 (3.6%)

BRAF 1 (1.8%) 0 (0.0) 0 (0.0) 0 (0.0)

CCND2 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

CDKN2A 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

CDKN2B 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

DNMT3A 1 (1.8%) 0 (0.0) 0 (0.0) 0 (0.0)

EPHA6 1 (1.8%) 0 (0.0) 0 (0.0) 0 (0.0)

EPHB1 1 (1.8%) 0 (0.0) 0 (0.0) 0 (0.0)

ERBB2 1 (1.8%) 0 (0.0) 0 (0.0) 1 (1.8%)

FGF6 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

FGF23 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

FGFR1 0 (0.0) 1 (1.8%) 0 (0.0) 1 (1.8%)

FLT3 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8%)

GNAS 0 (0.0) 0 (0.0) 1 (1.8%) 1 (1.8%)

GRM3 1 (1.8%) 0 (0.0) 0 (0.0) 0 (0.0)

KRAS 1 (1.8%) 0 (0.0) 1 (1.8%) 0 (0.0)

LYN 0 (0.0) 0 (0.0) 1 (1.8%) 1 (1.8%)

MAP3K1 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

MYC 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8%)

MYST3 0 (0.0) 0 (0.0) 0 (0.0) 2 (3.6%)

NF1 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

PARK2 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

PIK3CA 1 (1.8%) 0 (0.0) 0 (0.0) 0 (0.0)

PIK3CG 1 (1.8%) 1 (1.8%) 0 (0.0) 0 (0.0)

SMAD4 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8%)

SPTA1 1 (1.8%) 1 (1.8%) 0 (0.0) 0 (0.0)

SRC 0 (0.0) 0 (0.0) 1 (1.8%) 1 (1.8%)

TOP1 0 (0.0) 0 (0.0) 1 (1.8%) 1 (1.8%)

TOP2A 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8%)

TP53 0 (0.0) 1 (1.8%) 2 (3.6%) 0 (0.0)

TSC2 0 (0.0) 0 (0.0) 1 (1.8%) 0 (0.0)

ZNF217 0 (0.0) 0 (0.0) 1 (1.8%) 1 (1.8%)

Abbreviation: CNA, copy number alteration.

STAHLER ET AL. 1939
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This post-hoc analysis also evaluated patients included into FIRE-3

before the protocol amendment of 2008 (ie, inclusion of KRAS WT

mCRC only), meaning that a small proportion of patients was initially

treated despite presence of a KRASmutation.

Prevalence of mutations was comparable in all patients at baseline

(n = 373) and post-baseline (n = 57) except for BRAF (V600E and non-

V600E, baseline: 12.1%; post-baseline: 5.3%), NRAS (baseline: 5.9%, post-

baseline: 12.3%) and PIK3CA (baseline: 16.1%, post-baseline: 12.3%)

mutations, respectively (Table S5).

Similar comparability was observed for patients with paired tumor

samples (Figure 2A,B). Seven of 25 patients (5 with synchronous and

2 with metachronous disease) had no change of initial molecular sta-

tus after conversion treatment. In a paired set of one patient, only var-

iants classified as “likely” were detected.

In total, 168 genetic alterations in total (baseline and post-baseline)

were detected in the remaining 18 patients (each 9 in the cetuximab and

bevacizumab arm, respectively). Hundred and twelve alterations (66.7%)

were observed in primary tumors and corresponding metastases after

conversion treatment and resection. Conversely, 56 changes (cetuximab:

n = 42; bevacizumab: n = 14), with a prevalence ranging from 1.8% to

7.1% (Table 2) were newly detected after conversion treatment and

resection. Gains and losses of alterations were observed at a comparable

frequency during cetuximab-based treatment, while mainly gains of alter-

ations (n = 10, 71.4%) were detected during bevacizumab-based treat-

ment (Table 3).

All changes are graphically displayed in Figure 2C. In summary,

alterations associated with intrinsic resistance to cetuximab other

than RAS mutations were observed in two patients after resection of

metastatic tissue: patient 338 developed copy number alterations in

GNAS and SRC, and NF1 was inactivated by mutation in patient

494, respectively. Two patients treated with cetuximab lost previously

detected markers of resistance (patients 709 and 889). Obvious bio-

markers of resistance to bevacizumab were not observed. The com-

plete mutational profile including mutated allele frequency (MAF) of

mutations per patient is listed in Table S6.

3.4 | Change of RAS status from baseline to post
baseline

In 25 patients providing paired samples, pyrosequencing initially

detected RAS wild-type status in 19 and mutations in 6 patients,

respectively.

RAS mutations were confirmed by NGS in 5 patients (3 in the

cetuximab arm and 2 in the bevacizumab arm) at baseline. One RAS

mutation initially detected by pyrosequencing was not confirmed by NGS.

Subsequently, 20 patients were classified as RAS wild-type by NGS.

RAS mutations were maintained in the corresponding metastatic

lesions after conversion treatment, albeit with different MAF (Table S4).

Nineteen of twenty patients (95.0%) with RAS WT tumor remained

RAS WT after conversion therapy. Only one patient developed a new

KRAS G12D mutation (MAF: 26.59) after treatment with cetuximab.

3.5 | Change of TMB status from baseline
to post-baseline

Mean tumor mutational burden was lower post-baseline compared to

baseline (5.56 vs 6.48 mutations per Mb). However, this difference

was not significant (P = .23) (Figure 2D).

4 | DISCUSSION

In this retrospective exploratory analysis of the randomized phase III

FIRE-3 trial, we evaluated the response and outcome of patients who

underwent secondary resection, and compared the mutational profiles

of paired samples before treatment start (primary tumor) and after

secondary resection of metastases.

Secondary resection of metastases after conversion of initially

irresectable disease during cytotoxic treatment is recommended by

current treatment guidelines3,4 and has been observed in clinical trials

at rates ranging between 15% and 80%, depending on whether the

trial was designed for the evaluation of resectability or not and

whether disease was liver-limited or not.6-8,16-18 Resectability was ret-

rospectively assessed at baseline and at best response in FIRE-3 and

only 29% of all patients actually underwent resection, while the pro-

portion of potential resectability was significantly higher.5 In this sub-

group analysis, a strong, but nonsignificant trend towards higher ORR

and longer OS and PSS was observed in patients treated with

cetuximab compared to bevacizumab. The neoadjuvant addition of

cetuximab to FOLFIRI was previously associated with numerically

higher resection rates.6,7 Nevertheless, the addition of cetuximab in a

perioperative setting (ie, neoadjuvant and adjuvant treatment) in KRAS

exon 2 WT mCRC patients with (suboptimal) resectable liver metasta-

ses was associated with unfavorable outcome compared to chemo-

therapy alone in the NewEPOC trial.18 Platinum-containing cytotoxic

treatment in combination with cetuximab, the quality of surgery and

the presence of occult RAS mutations might have contributed to the

adverse outcome, compared to FIRE-3.

TABLE 3 Changes of alterations according to type of conversion treatment

Treatment Baseline WT; post-baseline MUT, n (%) Baseline MUT; post-baseline WT, n (%)

Total,

n (%)

FOLFIRI + cetuximab 21 (50.0) 21 (50.0) 42 (100.0)

FOLFIRI + bevacizumab 10 (71.4) 4 (28.6) 14 (100.0)

Abbreviation: FOLFIRI, 5-fluorouracil, leucovorin and irinotecan; MUT, mutated; WT, wild-type.
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The diagnostic approach to the detection of RAS mutations plays an

important role for treatment selection, as anti-EGFR agents are notably

not effective in the presence of RAS mutations.1 Inclusion of patients

with KRAS WT mCRC was required by amendment of FIRE-3 after

336 patients had been recruited, and therefore, a small proportion of

patients received treatment despite of the presence of a KRAS mutation

prior to this amendment. Nevertheless, these patients were included in

this analysis, as the primary objective was the longitudinal comparison of

mutational profiles, and all patients achieved secondary resectability.

Comprehensive molecular profiling confirmed the presence of RAS muta-

tions, providing a higher sensitivity compared to pyrosequencing.13

During cetuximab treatment, one patient with initial RAS WT mCRC

developed a new KRAS G12D mutation, but eight patients did not. Addi-

tional RASmutations with low mutated allele frequency were described as

a mechanism of resistance by clonal selection.19,20 Beyond RAS, inactiva-

tion ofNF1 and gain of CNA inGNAS and SRC, respectively, were observed

after resection of metastases in two patients, for which intrinsic resistance

towards cetuximab has been reported previously.21-23 Conversely, 6 of

9 patients who underwent secondary resection did not display any known

markers of resistance by NGS. It should be noted that other biomarkers of

EGFR resistance, such as immunohistochemical testing of HER2/neu over-

expression in RAS WT mCRC, were not assessed. Moreover, only known

alterations with high evidence were included in this analysis, which might

have excluded inactivatingmutations of the EGFR.24-26

Interestingly, alterations associated with EGFR resistance or other

newly detected alterations did not significantly affect overall survival of

patients treated with cetuximab significantly. The former might be at least

partially allocated to the better prognosis of secondary interventions com-

pared to unresectable disease.5,10 Disease burden is reduced or ideally not

evident, and patients might not necessarily continue systemic treatment

including cetuximab. Thus, secondarily evoked resistance mechanisms

might disappear during the treatment break, with the option of anti-EGFR

re-challenge in case of delayed disease progression.20 Notably, these

observations were limited to secondarily evoked RAS mutations, and this

hypothesis would have to be confirmed in further investigations.

With respect to the limited sample size and the descriptive nature

of these findings, our observations indicated that patients with sec-

ondarily resectable disease after cetuximab containing conversion

treatment might represent an exceptionally susceptible subgroup with

loss or without development of mechanisms of resistance towards

anti-EGFR treatment. Conversely, alterations associated with anti-

EGFR resistance presumably would have to be detected more fre-

quently in nonresponding patients. Nonetheless, our post-hoc analysis

did not investigate metastatic tissue of patients with irresectable

metastases to confirm this hypothesis.

In contrast, less alterations were detected in metastatic tissue of

patients treated with bevacizumab, which is known to be an inhibitor of

angiogenesis by blocking the vascular endothelial growth factor

(VEGF).27,28 Few biomarkers have been reported for efficacy of

bevacizumab treatment such as chromosomal instability or angiogenesis

activity, which has, however, not been considered in our analysis.29,30

We can therefore not conclude if patients of FIRE-3 who underwent re-

section are particularly susceptible to anti-VEGF treatment or not.

Clonal evolution of tumor lesions must be acknowledged when

analyzing more than one lesion by comprehensive genomic profiling.

We did not observe significant differences in terms of synchronous

or metachronous, liver-limited or nonlimited metastatic disease in

the mutational profiles of FIRE-3 patients. Some data suggest that

mutational profiles of primary tumors remained consistent during

systemic treatment, but that metastases are more heterogenous

with a higher rate of private mutations.31 Here, the timepoint of

metastatic disease played a crucial role: while synchronous metasta-

ses showed a rate of concordance to primary tumors of 14%-84%,

metachronous metastases might have a different mutational profile

due to delay of treatment progression and subsequent evolution of

tumor cell clones.32-35 Although the comparison of mutational pro-

files in FIRE-3 before treatment start and after resection of metas-

tases was considered longitudinal (ie, a change of the mutational

profile during treatment), two aspects could have biased interpreta-

tion of these results. First, the alterations found after resection of

metastases might have existed at baseline already in the metastatic

tissue, while the primary tumor tissue was analyzed. Secondly, the

origin of specimens could notably have biased these findings, as the

post-baseline specimens originated from different metastatic sites,

and the histology of these specimens was not documented. For pre-

cise results, comparisons would have to be performed within speci-

mens of each individual site, even though the sample size would

decrease further. Nevertheless, our approach provided at least par-

tially insights of molecular tumor evolution during a common onco-

logical procedure (primary tumor biopsy at diagnosis, biopsy of

metastasis during treatment).

Moreover, genomic heterogeneity of multiple lesions of one site

was described, but it would not be feasible to investigate all resected

lesions, even if it would provide high resolution of the mutational pro-

file. This approach would be limited to academic centers and clinical

decision making would still be difficult owing to tumor heterogeneity.

Our data rather support the option to biopsy a progressive lesion in

case of rapid and unexpected disease progression or delayed

metachronous disease. As a compromise, liquid biopsies could addi-

tionally assess the current status of known mutations in case of diver-

gent results between primary tumor and metastases.

In this analysis, we were able to obtain paired DNA sequencing

results of 25 well-described mCRC patients evaluated within a random-

ized controlled trial. Prior cohorts comparing DNA sequencing results

between primary tumors and metastases were of comparable or lower

sample size. However, the explanatory power remains limited, and the

number of patients is too small to draw definite conclusions. The missing

documentation for the underlying metastatic site for NGS testing, miss-

ing analyses of patients with irresectable disease and clonal heterogene-

ity within tumor lesions could have additionally biased our results.

5 | CONCLUSION

In conclusion, we observed largely comparable mutational profiles in

patients with initially unresectable metastatic colorectal cancer before

STAHLER ET AL. 1941

 10970215, 2021, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.33747 by C

harité - U
niversitaetsm

edizin, W
iley O

nline L
ibrary on [05/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



treatment start and after conversion and secondary resection of the

corresponding metastases. Three of nine patients treated with

cetuximab and a documented change in their mutational profile devel-

oped alterations associated with intrinsic resistance towards anti-

EGFR treatment, which conversely implies a high susceptibility. No

specific mechanisms of resistance were observed in patients treated

with bevacizumab, and TMB status remained unchanged.
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