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Background

Rechallenge with EGFR inhibitors represents a promising strategy for patients with RAS wild type (WT) colorectal cancer (CRC) but definitive selection criteria are lacking. Recently, the RAS WT status on circulating tumor DNA (ct-DNA) emerged as a potential watershed for this strategy. Our study explored the liquid biopsy-driven cetuximab rechallenge in a RAS and BRAF WT selected population.



Methods

CRC patients with RAS and BRAF WT both on tumor tissue and on ct-DNA at baseline receiving rechallenge with cetuximab were eligible for our analysis. Ct-DNA was analyzed for RAS-BRAF mutations with pyro-sequencing and nucleotide sequencing assays. Real-time PCR and droplet digital PCR were performed to confirm the RAS-BRAF mutational status.



Results

A total of 26 patients were included in our analysis. In the global population, RR was 25.0%, median overall survival (mOS) was 5.0 months, and median progression-free survival (mPFS) was 3.5 months. Previous response to anti-EGFR was associated with improved mPFS (5.0 vs. 2.0 months, HR: 0.26, p = 0.048); anti-EGFR free interval > 14 months and anti-EGFR free interval > 16 months were associated with improved mPFS (respectively 7.0 vs. 3.0 months, HR: 0.27, p = 0.013 and not reached vs. 3.0 months, HR: 0.20, p = 0.002) and with improved mOS (respectively 13.0 vs. 5.0 months, HR: 0.27, p = 0.013 and 13.0 vs. 5.0 months, HR: 0.20, p = 0.002). Previous lines >2 were correlated with improved mPFS (4.0 vs. 1.0 month, HR: 0.05, p = 0.041) and with improved mOS (7.0 vs. 1.0 month, HR: 0.045, p = 0.034). In a multiple logistic regression model, only the anti-EGFR free interval was confirmed to be a significant predictor for mOS and mPFS.



Conclusions

Liquid biopsy-driven cetuximab rechallenge was confirmed to be effective. The clinical outcome was consistent with available results from phase II studies. In addition to the molecular selection through the analysis of ct-DNA for RAS, the long anti-EGFR free interval is confirmed as a prospective selection criterion for this therapeutic option.
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Background

The anti-epidermal growth factor receptor (EGFR) antibodies (i.e., cetuximab and panitumumab) have a key role in the treatment of metastatic colorectal cancer. The resistance to anti-EGFR antibodies represents a challenging issue in this context. In particular the genetic heterogeneity of colorectal cancer along with the dynamic nature of tumor biology are at the basis of secondary resistance to EGFR blockade (1). The mechanism underlying the secondary resistance to EGFR blockade, although not yet fully understood, seems to be linked to the emergence of EGFR downstream pathway mutation including RAS mutations (2) and EGFR mutations (3). The K- and N-RAS mutations, in this respect, are the most important mediators of secondary resistance to EGFR blockade, and they can be detected by circulating cell-free tumor DNA analysis (2). The RAS and EGFR mutant alleles emerging at the time of disease progression to EGFR blockade have been shown to decline in blood during EGFR blockade suspension (4, 5). This biological phenomenon can be predicted by an exponential decay model (4, 5).

The rechallenge strategy with anti-EGFR might then represent a promising therapeutic weapon aiming to overcome secondary resistance to anti-EGFR in the light of the knowledge about the pulsatile behavior of RAS clones under EGFR blockade pressure. The basic idea supporting the concept of rechallenge with anti-EGFR is the possibility to successfully treat patients previously exposed and resistant to such drugs after an anti-EGFR interval in which tumor cells may have gone back to prevalent RAS wild-type (WT) status after developing a prevalent RAS mutant status due to anti-EGFR pressure.

Santini et al. (6) firstly investigated the activity of rechallenge with a cetuximab-based therapy in metastatic colorectal cancer patients achieving encouraging results in terms of clinical outcome. Response rate (RR) was 53.8% and median progression-free survival (mPFS) was 6.6 months.

Subsequently, Cremolini et al. (7) prospectively assessed the activity of cetuximab plus irinotecan as third-line treatment for patients with strict clinical criteria (i.e., prior first-line irinotecan and cetuximab-based regimen with at least partial response, progression-free survival of at least 6 months with first-line therapy, progression within 4 weeks after last dose of cetuximab, and prior second-line oxaliplatin and bevacizumab-based treatment). In the global population, RR was 21%, median PFS was 3.4 months, and median overall survival (OS) was 9.8 months. Particularly noteworthy was the finding of improved mPFS for patients with RAS wild-type ct-DNA (4.0 vs. 1.9 months, p = 0.03).

Similarly, Masuishi et al. (8) conducted a phase II trial of irinotecan-cetuximab rechallenge as third line confirming the clinical activity of this treatment strategy (3-month PFS rate was 44.1%, mPFS was 2.4 months, and mOS was 8.2 months). The long anti-EGFR free interval (>372 days) was related to an improved outcome in terms of RR, OS, and PFS.

Results from CHRONOS, a multicenter phase II trial of liquid biopsy-driven anti-EGFR rechallenge with panitumumab (9), have been presented at the ASCO 2021 annual meeting. Molecular inclusion criteria for enrolment in this study were very restrictive (patients showing a >50% drop in RAS mutational load compared to baseline were considered molecularly eligible). The study met the primary endpoint; overall response rate (ORR) was 30%, mPFS was 16 weeks, and, interestingly, response occurred independently of number of prior treatments and sidedness. Furthermore, the presence of resistance conferring mutations and responses were independent of the time since last anti-EGFR.

However, selection criteria allowing clinicians to reliably select patients most likely to benefit from such a treatment approach are yet to be defined. This is of particular clinical relevance when we consider that metastatic colorectal cancer patients who are potential candidates for a rechallenge with anti-EGFR may also be eligible, at the same time, for other therapeutic options with higher level of evidence (10, 11). In this scenario, liquid biopsy for RAS and BRAF mutational status should be considered a valuable criteria for patient selection (7, 9), as well as the hypothesis of delaying the introduction of rechallenge with anti-EGFR in order to both expose the patient to treatment options with phase III evidence (10, 11) of activity and take advantage of a longer anti-EGFR free interval.

Further studies are urgently needed to better understand the prognostic and predictive factors along with the better timeline for rechallenge strategy. The present study explored the role of liquid biopsy-driven rechallenge strategy with EGFR blockade in molecularly and clinically selected metastatic colorectal cancer patients.



Methods

We conducted a multicenter retrospective analysis in patients with molecularly selected colorectal cancer who underwent rechallenge with anti-EGFR antibodies. The aim of the study was to evaluate the correlation of several putative predictive/prognostic factors for rechallenge strategy with clinical outcome. Patients were included in our analysis if they met the following criteria: histologically confirmed RAS and BRAF wild-type colorectal cancer, first-line anti-EGFR-based therapy with documentation of progression to first-line therapy within 4 weeks after the last administration of anti-EGFR, rechallenge with anti-EGFR antibody (e.g., irinotecan + cetuximab or cetuximab monotherapy), and measurable disease according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. To be eligible, patients must also have circulating tumor DNA (ct-DNA) RAS-BRAF WT profile at the rechallenge baseline. The ct-DNA was analyzed at the rechallenge baseline for RAS-BRAF mutations using pyro-sequencing (PyroMark Q24 MDx Workstation) and nucleotide sequencing (Genetic Analyzer ABI3130) assays. Real-time PCR (Idylla) and droplet digital PCR (QX200 System) were performed to confirm the RAS-BRAF mutation status. The limit of detection for RAS BRAF mutations was 5%. Tumor response was evaluated by clinicians’ assessment according to the Response Evaluation Criteria in Solid Tumors (RECIST v1.1). Several clinical variables including previous response to anti-EGFR containing therapy, anti-EGFR free interval, and previous lines for metastatic disease > 2 were evaluated in relation to outcome in terms of RR, mPFS, and mOS. Statistical analysis was performed with the MedCalc Statistical Software version 14.10.2 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2014). For study purposes, the optimal anti-EGFR free interval threshold was defined according to receiver operating characteristic (ROC) curve analysis. The association between categorical variables was estimated by Fisher exact test for categorical binomial variables. Survival probability over time was estimated by the Kaplan–Meier method. Significant differences in the probability of survival between the strata were evaluated by log-rank test. Multiple logistic regression was used to assess the role of significant variables in the univariate analysis. The study was performed in accordance with the protocol, which was approved by the AOU Cagliari Ethical committee (approval number: 3.32 n.14 28/04/21) along with all experimental procedures. Written informed consent was obtained for all patients enrolled into the analysis, and methods were carried out in accordance with the Declaration of Helsinki.



Results

A total of 26 patients with RAS-BRAF wild-type metastatic colorectal cancer receiving rechallenge with cetuximab between July 2018 and February 2021 were included in our analysis. All patients had RAS-BRAF wild-type status on ct-DNA at baseline. Overall clinical and pathological characteristics are summarized in Table 1. The median follow-up duration was 6.0 months (95% CI for the median 4.1 to 11.3). The most common treatment-related adverse events of any grade were skin rash (81%), diarrhea (35%), neutropenia (19%), and fatigue (12%). The most common grade 3 adverse event was neutropenia (8%). No grade 4 adverse events occurred.


Table 1 | Overall clinical and pathological characteristics.



Long anti-EGFR free interval, previous response to anti-EGFR therapy, and previous lines >2 for metastatic disease were associated with clinical outcome in the univariate analysis. In particular, the previous response to anti-EGFR was associated with improved mPFS (5.0 vs. 2.0 months, HR: 0.26, p = 0.048); long anti-EGFR free interval > 14 months and long anti-EGFR free interval > 16 months were correlated with improved mPFS (respectively 7.0 vs. 3.0 months, HR: 0.27, p = 0.013 and not reached vs. 3.0 months, HR: 0.20, p = 0.002) and with mOS (respectively 13.0 vs. 5.0 months, HR: 0.27, p = 0.013 and 13.0 vs. 5.0 months, HR: 0.20, p = 0.002). Previous lines >2 for metastatic disease were correlated with improved mPFS (4.0 vs. 1.0, HR: 0.05, p = 0.041) and mOS (7.0 vs. 1.0 months, HR: 0.045 p = 0.034). The optimal anti-EGFR free interval threshold identified for predicting prognosis was 14 months (Figure 1), whereas the optimal anti-EGFR free interval threshold identified for predicting response was 16 months (Figure 2). Prior responders with longer anti-EGFR free interval experienced the best clinical outcome in terms of RR, mPFS, and mOS (Table 2) to rechallenge strategy in our clinical series (Figure 3). 




Figure 1 | ROC curve of anti-EGFR free-time predictive of prognosis with rechallenge treatment (AUC 0.81, p < 0.001).






Figure 2 | ROC curve of anti-EGFR free-time predictive of response with rechallenge treatment (AUC 0.852; p < 0.001).




Table 2 | Clinical outcome results according to several clinical factors.






Figure 3 | CT scan of a patient treated with rechallenge strategy after >2 prior lines of treatment and an anti-EGFR free interval > 16 months.



In a multiple logistic regression model, the anti-EGFR free interval >16 months as well as the anti-EGFR free interval >14, among the variables (i.e., long anti-EGFR free interval, previous response to anti-EGFR treatment, and previous lines >2 for metastatic disease), maintained their independent role for OS (p = 0.033 and p = 0.028, respectively). Likewise, the anti-EGFR free interval >16 months maintained the independent role for PFS (p = 0.020) among the significant variables in the univariate analysis (i.e., long anti-EGFR free interval, previous response to anti-EGFR treatment, and previous lines >2 for metastatic disease). None of them were statistically correlated to RR at multivariate analysis.



Discussion

The rechallenge strategy with anti-EGFR antibodies can boast a plausible biological rationale along with promising results both from retrospective (6, 12, 13) and from phase II studies (7–9). However, prognostic and predictive factors, both molecular and clinical, along with the most effective treatment’s timeline are not yet fully defined. The response to previous anti-EGFR blockade and the anti-EGFR free interval are among the most studied prognostic and predictive factors for clinical-based rechallenge strategy. The genetic selection through ct-DNA analysis for RAS status, however, represents the most important tool in guiding patient selection, and the liquid biopsy-driven rechallenge with anti-EGFR showed improved outcome compared to clinical-based rechallenge strategy (9). Though the design of phase II trials investigating the rechallenge with anti-EGFR suggests a role in a third-line setting, a number of previous lines >2 (12) and longer anti-EGFR free interval (7, 8) were associated with improved clinical outcome. This suggests a possible usage in later lines (i.e., >3). Moreover, in clinical practice, rechallenge with anti-EGFR blockade is often used in later lines, whereas in third- and fourth-line settings, regorafenib and trifluridine-tipiracil are the preferred options on the basis of the phase III clinical trial data.

In the present study, we explored the rechallenge strategy with cetuximab-based therapy in clinically and molecularly selected, heavily pretreated (i.e., 92.3% received rechallenge with anti-EGFR in fourth- or fifth-line therapy) colorectal cancer patients. Notably, the response rate and the mPFS reported in the heavily pretreated population (i.e., RR: 25.0%, mPFS: 3.5 months) (Table 1) is worth mentioning and consistent with already available literature data from phase II studies.

Previous response to anti-EGFR, long anti-EGFR free interval, and previous lines >2 were correlated to better clinical outcome in our clinical series. In particular, previous responders with longer anti-EGFR free interval (i.e., >16 months) achieved the best outcome from rechallenge with anti-EGFR. PFS and OS were significantly longer in patients with long anti-EGFR free interval, consistent with results from phase II trials of clinical-driven rechallenge with anti-EGFR (7, 8). A number of previous lines >2 were associated with improved outcome (i.e., in terms of PFS and OS) according to results from previous retrospective analysis (i.e., improved outcome in terms of RR but no longer PFS and OS) (12). Similarly, the association of previous response to anti-EGFR with improved PFS is consistent with previous retrospective studies (13). Nevertheless, only long anti-EGFR free interval was significantly correlated to better outcome at multivariate analysis.

All this, in the light of the exponential decay kinetics of RAS mutant alleles after EGFR blockade suspension (5), suggests that the choice of the optimal timing of rechallenge strategy represents a key factor for this treatment approach and also that several factors others than RAS and BRAF mutations might be involved in secondary resistance to EGFR blockade (e.g., EGFR mutations).

Nevertheless, the results of the CHRONOS study (9) are partially contrary to our findings and to results from clinical-based rechallenge studies. In the CHRONOS study, the response occurred independently from the number of prior treatments, and the presence of resistance conferring mutations and responses was independent of time since last anti-EGFR. The very restrictive molecular inclusion criteria of this trial could possibly justify these findings, underlying the idea that the molecular selection is more effective in interpreting the dynamic nature of tumor biology compared to clinical factors.

Our study has some limitations; in particular, the small sample size along with the retrospective nature of the study deeply influenced the interpretations of our findings. This analysis, therefore, must be considered exploratory and caution is needed in data interpretation.



Conclusions

Taking into account the current data regarding secondary resistance to EGFR blockade and the biological rationale for rechallenge strategy, the results of the present study are impressive and promising for future development. This especially applies in the form in which the results underlying the hypothesis of delaying the introduction of rechallenge with anti-EGFR would maintain efficacy in later lines. The liquid biopsy-driven anti-EGFR rechallenge is confirmed to be viable in clinical practice, and it should be considered the main tool for selected patients. Previous response to anti-EGFR and EGFR free interval might just represent a surrogate factor substituting in fact for acquired gene alteration status. Nevertheless, given the difficulties in applying the molecular methods from interventional liquid biopsy-driven anti-EGFR rechallenge studies, these clinical predictive factors maintain their value and a combination of the two approaches is also possible in the interest of greater effectiveness.

The up-to-date results from prospective liquid biopsy-driven rechallenge strategy trials (9, 14) are expected to give new insight into this challenging issue.
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2
3
4
Oxaliplatin based
Irinotecan based
Cetuximab
Panitumumab
PD
RC
RP
SD
Oxaliplatin based
Irinotecan based
Bevacizumab
Aflibercept
PD
RC
RP
SD
Irinotecan + cetuximab
Cetuximab
11.5 months
25.0%

5.0 months
3.5 months

20 (76.9%)
6(23.1%)
(95% Cl: 62.5-73.0)
8 (30.7%)

10 (38.5%)

8 (30.7%)

(96.1%)
(3.8%)
(30.8%)
(69.2%)
(26.92%)
(15.38%)
(57.7%)
(7.7%)
(50%)

(39.1%)
(23%)
(0%)
(38.5%)
(38.5%)
(73.1%
(26.9%

(95% Cl: 9.5-16.0)

(95% Cl: 4.0-11.7 months)
(95% ClI: 2.5-6.0 months)
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