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Introduction

Early tumor shrinkage (ETS), depth of response (DpR), and time to DpR represent exploratory endpoints that may serve as early efficacy parameters and predictors of long-term outcome in metastatic colorectal cancer (mCRC). We analyzed these endpoints in mCRC patients treated with first-line bevacizumab-based sequential (initial fluoropyrimidines) versus combination (initial fluoropyrimidines plus irinotecan) chemotherapy within the phase 3 XELAVIRI trial.



Methods

DpR (change from baseline to smallest tumor diameter), ETS (≥20% reduction in tumor diameter at first reassessment), and time to DpR (study randomization to DpR image) were analyzed. We evaluated progression-free survival and overall survival with ETS as stratification parameter according to treatment arm, molecular subgroup, and sex.



Results

In 370 patients analyzed, a higher rate of ETS (60.9% vs. 43.5%; p = 0.001) and significantly greater DpR (-40.0% vs. -24.7%; p < 0.001) were observed in the initial combination therapy arm. The improvement was pronounced in RAS/BRAF wild-type tumors. ETS correlated with improved survival irrespective of treatment arm (PFS: p < 0.001; OS: p = 0.012) and molecular subgroup (PFS: p < 0.001; OS: p < 0.001). Male patients in contrast to female patients with ETS had survival benefit (PFS: p < 0.001, HR 0.532; OS: p < 0.001, HR 0.574 vs. PFS: p = 0.107; OS: p = 0.965).



Conclusions

Initial irinotecan-based combination therapy with bevacizumab improved ETS and DpR in mCRC patients with a particularly high irinotecan sensitivity of RAS/BRAF wild-type tumors. ETS seems to be a suitable prognostic marker for fluoropyrimidine- and bevacizumab-based combinations in mCRC. This finding was rather driven by male patients, potentially indicating that ETS might be less predictive of long-term outcome in an elderly, female population.
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Introduction

Standard systemic therapy in patients with metastatic colorectal cancer (mCRC) usually consists of oxaliplatin- or irinotecan-based doublet or triplet chemotherapy supplemented by monoclonal antibodies according to molecular subtype and primary tumor location (1–9).

The efficacy of treatment is typically evaluated by survival endpoints, such as overall survival (OS) and progression-free survival (PFS). Unlike survival endpoints, the objective response rate (ORR) represents an early study endpoint, but is barely used in phase 3 trials, which is mostly due to the fact that the correlation of ORR with survival is uncertain. An important limitation of ORR, especially in mCRC, appears to be the categorization of responses according to RECIST ignoring more differentiated assessments, in particular the use of parameters indicating early treatment response, such as early tumor shrinkage (ETS) and depth of response (DpR). These parameters enable an early identification of treatment-sensitive tumors and are known to be associated with long-term survival (3, 10–17). The relevance of parameters indicating early treatment response in mCRC has been evaluated by means of ETS and DpR particularly for epidermal growth factor receptor (EGFR) antibody-based regimens (3, 11, 15–17). The impact of irinotecan or other chemotherapeutic agents on these early study endpoints remains less clear.

The XELAVIRI study (AIO KRK-0110) compared the efficacy of fluoropyrimidine (FP) and bevacizumab (Bev) followed by sequential escalation to irinotecan (Iri), FP, and Bev (arm A) with an upfront combination therapy consisting of FP, Iri, and Bev (arm B) in mCRC patients (18). The study concept allows for the investigation of early irinotecan efficacy. In this regard, the underlying analysis aims to evaluate to which extent irinotecan impacts parameters indicating early treatment response and disease dynamics (DpR, ETS, and time to DpR) within the XELAVIRI trial. To further elucidate the impact of irinotecan in mCRC, we analyzed the patient cohort according to RAS and BRAF mutational status, and sex with special focus on the predictive and prognostic value of the aforementioned parameters.



Methods


Patients

We performed a retrospective analysis of the randomized phase 3 XELAVIRI trial evaluating treatment strategies in patients with untreated metastases of colorectal cancer. The trial comprised a total of 421 patients with 212 patients receiving fluoropyrimidine and bevacizumab followed by sequential escalation to irinotecan, fluoropyrimidine, and bevacizumab (arm A) and 209 patients receiving upfront combination therapy with irinotecan, fluoropyrimidine, and bevacizumab (arm B). Detailed treatment schedules are listed in the Supplementary Table A.1.

For information concerning trial design and conduct, Declaration of Helsinki, etc. please refer to ClinicalTrials.gov, NCT01249638 and the primary publication (18). The last update on response and survival endpoints was conducted in July 2020.

A clinical database was established for patients that had evaluable DpR data. Tumor samples were tested for KRAS, NRAS, and BRAF mutations as described previously (18).



Disease Assessments

Computed tomography of chest and abdomen was performed within 4 weeks prior to start of study treatment. During active study therapy, computed tomography was conducted every 9 weeks until the end of treatment. During follow-up after study treatment, tumor assessments were scheduled every 3 months until the patient’s death or up to a maximum of 5 years.



Definition of Depth of Response and Early Tumor Shrinkage

DpR was defined as the relation of smallest tumor diameter to baseline tumor diameter. The development of new lesions was evaluated as an increase of 100% in diameter. ETS was defined as at least 20% reduction in tumor diameter at first reassessment (9 weeks from therapy initiation).



Time to Depth of Response Assessment

Time to DpR was defined as time from randomization to the date of DpR. The analysis was limited to patients with a DpR ≤0%.



Definition of Progression-Free Survival and Overall Survival

PFS was defined as time from randomization to first progression of disease or death from any cause (whatever occurred first). Overall survival was defined as time from randomization to death from any cause. Patients without progression or death were censored at the last day of follow-up.



Association of Early Tumor Shrinkage with Survival Endpoints

PFS and OS were evaluated with ETS as stratification parameter (ETS vs. no-ETS) according to treatment arm, molecular subgroups, and sex. Age, treatment arm, sex, RAS mutation, and BRAF mutation were used as covariates.



Statistical Analysis

All statistical analyses were performed using SPSS version 25.0 software (IBM Corporation, Armonk, NY, USA).

For univariate analyses, Fisher’s exact tests or chi-square tests were used to evaluate differences between groups, and corresponding odds ratios with 95% confidence intervals were indicated. DpR was compared with non-parametric test (Mann–Whitney U). Survival was expressed as medians by Kaplan–Meier method including 95% confidence intervals and compared by log-rank testing as well as Cox regression. The two-sided significance level was set to 0.05 with a 95% confidence interval.




Results


Patient and Tumor Characteristics

Out of 421 patients in the modified intention-to-treat population (mITT), DpR and ETS were available for 370 patients [186/212 (87.7%) of patients in the sequential treatment arm and 184/209 (88.0%) of patients in the initial combination treatment arm]. Information on the molecular subtype (RAS and BRAF status) was available for 330 of these 370 patients. Within the population evaluable for response, one tumor was characterized as both RAS and BRAF mutant (BRAF MT) and was consecutively analyzed within the BRAF MT cohort.

A consort diagram illustrating the study population is shown in Supplementary Figure A.1. Baseline patient and tumor characteristics are summarized in Table 1.


Table 1 | Patient and tumor characteristics in patients assessable for early response parameters.





Early Tumor Shrinkage and Depth of Response

In the initial combination arm, patients achieved a significantly greater DpR (-40.0% vs. -24.7%; p < 0.001) and a higher rate of median ETS [60.9% vs. 43.5%; OR 2.00 (95% CI: 1.33–3.03); p = 0.001] at time of first radiological reassessment as compared to patients in the sequential treatment arm. These differences remained statistically significant in multivariate analysis using BRAF MT, RAS MT, age, and sex as covariates [DpR: p < 0.001; ETS: OR 5.68 (95% CI: 3.57–13.16); p = 0.001].

With regard to mutational status, patients with RAS wild-type (RAS WT) and BRAF wild-type (BRAF WT) mCRC demonstrated a significantly greater median DpR (-49.6% vs. -29.3%; p < 0.001) and a higher frequency of ETS [72.6% vs. 50.7%; OR 2.56 (95% CI: 1.28–5.26); p = 0.002] when receiving upfront combination therapy. Treatment arm remained an independent factor for improved DpR (p = 0.009) and ETS [OR 5.53 (95% CI: 2.99–34.48); p = 0.020] in RAS/BRAF WT patients.

In univariate analysis, patients with RAS MT mCRC benefitted significantly from initial combination treatment in terms of DpR (-33.3% vs. -19.4%; p = 0.01), however, without reaching statistical significance in multivariate analysis (p = 0.077). The differences in ETS between both therapy arms did not reach statistical significance in the subgroup of RAS MT patients.

There were no significant differences in DpR and ETS of BRAF MT patients between the respective treatment arms.

The male population in contrast to female mCRC patients significantly benefitted from the initial combination treatment in terms of median DpR (male: -40.0% vs. -22.2%; p < 0.001; female: -34.0% vs. -24.4%; p = 0.13) and rate of ETS [male: 64.8% vs. 40.2%; OR 2.78 (95% CI: 1.64–4.55); p < 0.001; female: 52.5% vs. 49.3%; p = 0.73]. These differences remained statistically significant in multivariate analysis [DpR: p < 0.001; ETS: OR 4.24 (95% CI: 2.78–8.93); p < 0.001].

Detailed information concerning DpR and rate of ETS are summarized in Figure 1, Table 2, and Supplementary Figure A.2.




Figure 1 | Best response in the trial. Blue images display response assessments of the sequential treatment arm (fluoropyrimidine plus bevacizumab), and red images show response assessments of the initial combination treatment arm (fluoropyrimidine, bevacizumab, and irinotecan) in (from top to bottom) groups: all patients, RAS/BRAF wild type, RAS mutant.




Table 2 | Parameters of early treatment response in therapy arms according to tumor mutational status and sex.





Time to Depth of Response

Patients treated within the sequential therapy arm had a significantly shorter time to DpR compared to patients in the upfront combination treatment arm [4.4 months (95% CI: 4.1–4.6 months) vs. 5.1 months (95% CI: 4.1–6.1 months); p = 0.03]. Within the different molecular subgroups and genders, the time to DpR was comparable. Figure 2 contains Kaplan–Meier curves estimating the time to DpR.




Figure 2 | Kaplan–Meier estimates of time to DpR. (A) Time to DpR in study arms. (B) Time to DpR in molecular subgroups (both arms of study). (C) Time to DpR in male and female patients (both arms of study). Analyses are limited to patients with a DpR of at least 0% (no change) or reduction in tumor diameter.





Correlation of Early Tumor Shrinkage with Progression-Free Survival and Overall Survival

ETS was associated with improved PFS [no ETS: 8.2 (7.6–8.8) months; ETS: 11.9 (10.2–13.5) months; log-rank p < 0.001] and OS [no ETS: 21.2 (18.8–23.6) months; ETS: 28.5 (25.2–31.8) months; log-rank p = 0.002]. These survival differences remained statistically significant when adjusted for treatment arm, sex, age, RAS mutation, and BRAF mutation [PFS: p < 0.001; HR 0.618 (95% CI 0.499–0.767); OS: p = 0.003; HR 0.713 (95% CI 0.568–0.895)].

ETS correlated with prolonged survival irrespective of treatment arm (PFS: log-rank p < 0.001; OS: log-rank p = 0.012) and molecular subgroup (PFS: log-rank p < 0.001; OS: log-rank p < 0.001). Please refer to Figure 3 for the respective Kaplan–Meier curves.




Figure 3 | Kaplan–Meier estimates for the association of ETS with PFS and OS. (A) Association of ETS with PFS in the study arms. (B) Association of ETS with OS in the study arms. (C) Association of ETS with PFS in molecular subgroups. (D) Association of ETS with OS in molecular subgroups. (E) Association of ETS with PFS according to sex. (F) Association of ETS with OS according to sex. Arm A: sequential treatment arm; Arm B: initial combination treatment arm; WT/WT: RAS/BRAF WT subgroup.



ETS was significantly associated with survival benefit in male patients with regard to PFS [log rank p < 0.001; HR 0.532 (95% CI 0.409–0.692)] and OS [log rank p < 0.001; HR 0.574 (95% CI 0.437–0.756)]. However, this association could not be reproduced in female patients with regard to PFS [log rank p = 0.105; HR 0.745 (95% CI 0.521–1.066)] and OS [log rank p = 0.965; HR 1.009 (95% CI 0.685–1.486)] (Figure 3). These gender observations were also evident when the predictive effect of ETS was adjusted for treatment arm, age, RAS mutation, and BRAF mutation [PFS male: p < 0.001, HR 0.550 (95% CI 0.418–0.725); PFS female: p = 0.109, HR 0.734 (95% CI 0.503–1.072); OS male: p = 0.001, HR 0.617 (95% CI 0.465–0.891); OS female: p = 0.490, HR 0.868 (95% CI 0.581–1.297)].




Discussion

The objective of this manuscript was to elucidate to which extent initial irinotecan in the context of fluoropyrimidines and bevacizumab improves early treatment response (ETS, DpR) as well as time to DpR as a novel endpoint related to these parameters. Additionally, subgroup analyses were performed to identify differences between molecular subtypes and sex.

In our analysis, ETS and DpR outcomes were more favorable in mCRC patients receiving initial combination treatment. The gain in ETS frequency and median DpR through the upfront use of irinotecan was 17.4% and 15.3%, respectively. These improvements are well comparable to the gains in ETS and DpR that are reported for other cytotoxic drugs, namely, anti-EGFR antibodies, in RAS WT mCRC (3, 11), suggesting that the potential of irinotecan to improve early outcome parameters and therefore also parameters depending on early responses, like secondary resectability of metastases, might be very similar to that of anti-EGFR antibodies.

The benefit in early response parameters was pronounced in the subpopulation of patients with RAS/BRAF WT tumors, indicating a particularly high sensitivity to irinotecan-containing treatment in these tumors. This finding may suggest that RAS/BRAF WT mCRC represents—unlike RAS MT mCRC—a generally treatment-sensitive subtype of mCRC that likely benefits from intensification of therapy.

Aside from molecular subgroups, sex also appears to impact early response parameters with male patients deriving a more substantial benefit from upfront irinotecan-containing therapy compared to female patients. It can be assumed that women as compared to men are either less sensitive to irinotecan or more sensitive to 5-FU/capecitabine. Since the expression of dihydropyrimidine dehydrogenase (DPD) is known to be lower in female colorectal cancer patients (19), it appears more likely that women might be more sensitive to 5-FU and its prodrug capecitabine (19). As DPD represents the rate-limiting enzyme in the catabolism of 5-FU, lower DPD expression levels lead to increased serum levels of 5-FU in female patients and might increase not only toxicity but also efficacy (20). Thus, the benefit of adding irinotecan to upfront chemotherapeutic treatment might not be as substantial as in the male population. This assumption remains a matter of debate and should therefore be a subject of future investigations given the fact that other potential effects of gender on clinical, histopathological, and therapeutic factors in colorectal cancer have not been considered in this analysis.

However, our observation on the less pronounced response of female patients to the upfront use of an intensified chemotherapeutic regimen is contrasted by the results of a retrospective analysis of the phase 3 trials TRIBE and TRIBE-2 demonstrating no sex differences considering the benefit from intensified chemotherapy in mCRC patients (21). Factors that may explain this discrepancy include the older population in XELAVIRI, a bias caused by the slightly different proportion of molecular subgroups (more RAS and BRAF MT patients in TRIBE and TRIBE-2), and the smaller number of patients in our analysis (21).

The time to DpR was significantly shorter in patients treated within the sequential therapy arm as compared to patients in the upfront combination treatment arm (4.4 vs. 5.1 months; p = 0.03), but with less DpR. In general, time to DpR does not seem to be a specifically sensitive endpoint in the context of the specific trial regimens and the molecular subgroups of mCRC. However, it might be noted that the time to DpR appears longer in the XELAVIRI trial as compared to other recent trials, maybe reflecting the limited frequency of trial dropouts due to secondary resectability of tumors (3, 22).

In the XELAVIRI trial, time to failure of strategy (TFS) was the primary study endpoint. TFS represents an alternative surrogate endpoint for the conventional survival endpoints PFS and OS and was shown to strongly correlate with these secondary study endpoints. Therefore, we analyzed the association of ETS with PFS and OS instead of TFS. In our analysis, ETS was predictive of PFS and OS regardless of treatment arm. Thus, ETS seems to be a suitable early response-associated prognostic marker for the initial use of fluoropyrimidine and bevacizumab combinations (with or without irinotecan) in mCRC patients, which is in accordance with the findings on anti-EGFR antibodies (11, 15–17), and other chemotherapeutic regimens (10, 12). Of note, whereas ETS was clearly associated with improved PFS and OS in male patients, ETS in female patients did not translate into a relevant survival benefit, potentially suggesting that ETS does not play an equally important role for the long-term outcome of female as compared to male mCRC patients in this study cohort comprising rather older patients.

The presented results are limited due to the retrospective nature of the analysis. In addition, there was a limited number of patients in the analyzed molecular subgroups and the generated hypotheses should be further evaluated in larger patient cohorts.

In conclusion, Irinotecan-based combination therapy as compared to sequential therapy with bevacizumab, respectively, improves early response parameters. Improvement in ETS and DpR appears pronounced in patients with RAS/BRAF WT mCRC and male patients, suggesting a high sensitivity to irinotecan-based treatment. In the XELAVIRI trial, ETS was associated with improved PFS and OS regardless of treatment arm. In accordance with the current literature, ETS seems to be a suitable prognostic marker for the initial use of fluoropyrimidine- and bevacizumab-based combinations in mCRC patients. However, in our cohort, this finding was rather driven by male than female patients, potentially indicating that ETS might be less predictive of long-term outcome in a female population of older patients.



Data Availability Statement

The data analyzed in this study are subject to the following licenses/restrictions: With respect to the clinical trial “Sequential Versus Combination Therapy of Metastatic Colorectal Cancer Using Fluoropyrimidines, Irinotecan, and Bevacizumab: A Randomized, Controlled Study-XELAVIRI”, sponsor code AIO-KRK-0110, NCT01249638, the Ludwig-Maximilians-Universität (LMU) Munich (Germany) acting as the legal sponsor is committed to provide information about its results to researchers with the goal of facilitating scientific progress. Information that will be considered for disclosure includes individual participant data that underlie the results reported in this article (text, tables, figures, and appendices). Additionally, study protocol and statistical analysis plan can be made available. All data shared must be anonymized to protect the privacy of the patients who participated in the trial, in accordance with applicable laws and regulations and in compliance with the International Council for Harmonization and Good Clinical Practice (ICH/GCP). Researchers should provide a scientifically sound proposal for approval to gain access to the requested data. Shared data are only to be used to achieve aims of the approved proposal. Requests to access these datasets should be directed to volker.heinemann@med.uni-muenchen.de.



Ethics Statement

The XELAVIRI study was performed in accordance with the Declaration of Helsinki. The protocol was approved by the ethics committees of all participating trial centers. All patients provided written informed consent before trial entry. A contract research organization (ClinAssess GmbH, Leverkusen, Germany) was responsible for randomization, data management, monitoring, and primary data analysis. Please refer to the primary publication for detailed information on ethics approval, the responsible ethics committee and consent from the participants (PMID: 30388045 DOI: 10.1200/JCO.18.00052). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

AK: Data analysis and interpretation, statistical analysis, manuscript preparation, manuscript editing, and manuscript review. VH: Study concepts, study design, data acquisition, data analysis and interpretation, manuscript editing, and manuscript review. LF: Data acquisition, manuscript editing, and manuscript review. TD: Data acquisition, manuscript editing, and manuscript review. FK: Data acquisition, manuscript editing, and manuscript review. JU: Data acquisition, manuscript editing, and manuscript review. MS: Data acquisition, manuscript editing, and manuscript review. JF-R: Data acquisition, manuscript editing, and manuscript review. BP: Data acquisition, manuscript editing, and manuscript review. CD: Data acquisition, manuscript editing, and manuscript review. UG: Data acquisition, manuscript editing, and manuscript review. KH: Data acquisition, manuscript editing, and manuscript review. SH: Data analysis, statistical analysis, manuscript editing, and manuscript review. AS: Data acquisition, manuscript editing, and manuscript review. AA: Data acquisition, manuscript editing, and manuscript review. IJ: Data acquisition, manuscript editing, and manuscript review. JE: Data acquisition, manuscript editing, and manuscript review. SS: Study concepts, study design, data acquisition, data analysis and interpretation, manuscript editing, and manuscript review. DPM: Study concepts, study design, data acquisition, data analysis and interpretation, manuscript preparation, manuscript editing, and manuscript review. All authors contributed to the article and approved the submitted version.



Funding

The XELAVIRI trial was legally sponsored by the Ludwig-Maximilians-University (LMU) Munich (Germany) with financial support of Roche Pharma AG. The financial supporter had no role in the design, data collection, analysis, interpretation of the data, writing or decision to submit the manuscript for publication.



Acknowledgments

The authors thank all participating patients and their loved ones, all study investigators and their staff. The authors thank Melanie Schemberg and Matthias Wolff for expert help in the conduct of the trial. An abstract of the underlying full manuscript has been presented at this year’s ASCO Annual Meeting under the abstract temporary ID 335509. The meeting was held from 4 to 8 June 2021 in Chicago, Illinois, USA. The abstract title is: Treatment responses and disease dynamics in patients with untreated metastatic colorectal cancer receiving bevacizumab-based sequential versus combination chemotherapy- analysis of a phase 3 trial (AIO KRK0110, XELAVIRI study). The authors are the same as in the underlying full manuscript.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.751453/full#supplementary-material



Abbreviations

Bev, Bevacizumab; BRAF, v-Raf murine sarcoma viral oncogene homolog B; DPD, Dihydropyrimidine dehydrogenase; DpR, Depth of response; EGFR, Epidermal growth factor receptor; ETS, Early tumor shrinkage; FP, Fluoropyrimidine; HR, Hazard ratio; Iri, Irinotecan; mCRC, Metastatic colorectal cancer; mITT, Modified intention-to-treat; MT, Mutant; ORR, Objective response rate; OS, Overall survival; PFS, Progression-free survival; RAS, Rat sarcoma; TFS, Time to failure of strategy; WT, Wild type.



References

1. Arnold, D, Lueza, B, Douillard, JY, Peeters, M, Lenz, HJ, Venook, A, et al. Prognostic and Predictive Value of Primary Tumour Side in Patients With RAS Wild-Type Metastatic Colorectal Cancer Treated With Chemotherapy and EGFR Directed Antibodies in Six Randomized Trials. Ann Oncol (2017) 28(8):1713–29. doi: 10.1093/annonc/mdx175

2. Venook, AP, Niedzwiecki, D, Lenz, HJ, Innocenti, F, Fruth, B, Meyerhardt, JA, et al. Effect of First-Line Chemotherapy Combined With Cetuximab or Bevacizumab on Overall Survival in Patients With KRAS Wild-Type Advanced or Metastatic Colorectal Cancer: A Randomized Clinical Trial. JAMA (2017) 317(23):2392–401. doi: 10.1001/jama.2017.7105

3. Stintzing, S, Modest, DP, Rossius, L, Lerch, MM, von Weikersthal, LF, Decker, T, et al. FOLFIRI Plus Cetuximab Versus FOLFIRI Plus Bevacizumab for Metastatic Colorectal Cancer (FIRE-3): A Post-Hoc Analysis of Tumour Dynamics in the Final RAS Wild-Type Subgroup of This Randomised Open-Label Phase 3 Trial. Lancet Oncol (2016) 17(10):1426–34. doi: 10.1016/S1470-2045(16)30269-8

4. Holch, JW, Ricard, I, Stintzing, S, Modest, DP, and Heinemann, V. The Relevance of Primary Tumour Location in Patients With Metastatic Colorectal Cancer: A Meta-Analysis of First-Line Clinical Trials. Eur J Cancer (2017) 70:87–98. doi: 10.1016/j.ejca.2016.10.007

5. Tejpar, S, Stintzing, S, Ciardiello, F, Tabernero, J, Van Cutsem, E, Beier, F, et al. Prognostic and Predictive Relevance of Primary Tumor Location in Patients With RAS Wild-Type Metastatic Colorectal Cancer: Retrospective Analyses of the CRYSTAL and FIRE-3 Trials. JAMA Oncol (2016) 3(2):194–201. doi: 10.1001/jamaoncol.2016.3797

6. Van Cutsem, E, Lenz, HJ, Kohne, CH, Heinemann, V, Tejpar, S, Melezinek, I, et al. Fluorouracil, Leucovorin, and Irinotecan Plus Cetuximab Treatment and RAS Mutations in Colorectal Cancer. J Clin Oncol (2015) 33(7):692–700. doi: 10.1200/JCO.2014.59.4812

7. Hurwitz, H, Fehrenbacher, L, Novotny, W, Cartwright, T, Hainsworth, J, Heim, W, et al. Bevacizumab Plus Irinotecan, Fluorouracil, and Leucovorin for Metastatic Colorectal Cancer. N Engl J Med (2004) 350(23):2335–42. doi: 10.1056/NEJMoa032691

8. Saltz, LB, Clarke, S, Diaz-Rubio, E, Scheithauer, W, Figer, A, Wong, R, et al. Bevacizumab in Combination With Oxaliplatin-Based Chemotherapy as First-Line Therapy in Metastatic Colorectal Cancer: A Randomized Phase III Study. J Clin Oncol (2008) 26(12):2013–9. doi: 10.1200/JCO.2007.14.9930

9. Loupakis, F, Cremolini, C, Masi, G, Lonardi, S, Zagonel, V, Salvatore, L, et al. Initial Therapy With FOLFOXIRI and Bevacizumab for Metastatic Colorectal Cancer. N Engl J Med (2014) 371(17):1609–18. doi: 10.1056/NEJMoa1403108

10. Cremolini, C, Loupakis, F, Antoniotti, C, Lonardi, S, Masi, G, Salvatore, L, et al. Early Tumor Shrinkage and Depth of Response Predict Long-Term Outcome in Metastatic Colorectal Cancer Patients Treated With First-Line Chemotherapy Plus Bevacizumab: Results From Phase III TRIBE Trial by the Gruppo Oncologico Del Nord Ovest. Ann Oncol (2015) 26(6):1188–94. doi: 10.1093/annonc/mdv112

11. Douillard, JY, Siena, S, Peeters, M, Koukakis, R, Terwey, JH, and Tabernero, J. Impact of Early Tumour Shrinkage and Resection on Outcomes in Patients With Wild-Type RAS Metastatic Colorectal Cancer. Eur J Cancer (2015) 51(10):1231–42. doi: 10.1016/j.ejca.2015.03.026

12. Giessen, C, Laubender, RP, Fischer von Weikersthal, L, Schalhorn, A, Modest, DP, Stintzing, S, et al. Early Tumor Shrinkage in Metastatic Colorectal Cancer: Retrospective Analysis From an Irinotecan-Based Randomized First-Line Trial. Cancer Sci (2013) 104(6):718–24. doi: 10.1111/cas.12148

13. Heinemann, V, Stintzing, S, Modest, DP, Giessen-Jung, C, Michl, M, and Mansmann, UR. Early Tumour Shrinkage (ETS) and Depth of Response (DpR) in the Treatment of Patients With Metastatic Colorectal Cancer (mCRC). Eur J Cancer (2015) 51(14):1927–36. doi: 10.1016/j.ejca.2015.06.116

14. Modest, DP, Laubender, RP, Stintzing, S, Giessen, C, Schulz, C, Haas, M, et al. Early Tumor Shrinkage in Patients With Metastatic Colorectal Cancer Receiving First-Line Treatment With Cetuximab Combined With Either CAPIRI or CAPOX: An Analysis of the German AIO KRK 0104 Trial. Acta Oncol (2013) 52(5):956–62. doi: 10.3109/0284186X.2012.752580

15. Modest, DP, Stintzing, S, Fischer von Weikersthal, L, Decker, T, Kiani, A, Vehling-Kaiser, U, et al. Relation of Early Tumor Shrinkage (ETS) Observed in First-Line Treatment to Efficacy Parameters of Subsequent Treatment in FIRE-3 (Aiokrk0306). Int J Cancer (2017) 140(8):1918–25. doi: 10.1002/ijc.30592

16. Piessevaux, H, Buyse, M, De Roock, W, Prenen, H, Schlichting, M, Van Cutsem, E, et al. Radiological Tumor Size Decrease at Week 6 Is a Potent Predictor of Outcome in Chemorefractory Metastatic Colorectal Cancer Treated With Cetuximab (BOND Trial). Ann Oncol (2009) 20(8):1375–82. doi: 10.1093/annonc/mdp011

17. Piessevaux, H, Buyse, M, Schlichting, M, Van Cutsem, E, Bokemeyer, C, Heeger, S, et al. Use of Early Tumor Shrinkage to Predict Long-Term Outcome in Metastatic Colorectal Cancer Treated With Cetuximab. J Clin Oncol (2013) 31(30):3764–75. doi: 10.1200/JCO.2012.42.8532

18. Modest, DP, Fischer von Weikersthal, L, Decker, T, Vehling-Kaiser, U, Uhlig, J, Schenk, M, et al. Sequential Versus Combination Therapy of Metastatic Colorectal Cancer Using Fluoropyrimidines, Irinotecan, and Bevacizumab: A Randomized, Controlled Study-XELAVIRI (AIO Krk0110). J Clin Oncol (2019) 37(1):22–32. doi: 10.1200/JCO.18.00052

19. Yamashita, K, Mikami, Y, Ikeda, M, Yamamura, M, Kubozoe, T, Urakami, A, et al. Gender Differences in the Dihydropyrimidine Dehydrogenase Expression of Colorectal Cancers. Cancer Lett (2002) 188(1-2):231–6. doi: 10.1016/S0304-3835(02)00435-4

20. Wagner, AD, Rakez, M, Chibaudel, B, Adams, R, Zalcberg, JR, Saltz, LB, et al. Sex Differences in Efficacy and Toxicity of First-Line Treatment of Metastatic Colorectal Cancer (CRC): An Analysis of 18,399 Patients in the ARCAD Database. J Clin Oncol (2020) 38(15_suppl):4029–. doi: 10.1200/JCO.2020.38.15_suppl.4029

21. Marmorino, F, Rossini, D, Lonardi, S, Moretto, R, Zucchelli, G, Aprile, G, et al. Impact of Age and Gender on the Safety and Efficacy of Chemotherapy Plus Bevacizumab in Metastatic Colorectal Cancer: A Pooled Analysis of TRIBE and TRIBE2 Studies. Ann Oncol (2019) 30(12):1969–77. doi: 10.1093/annonc/mdz403

22. Kurreck, A, Geissler, M, Martens, UM, Riera-Knorrenschild, J, Greeve, J, Florschütz, A, et al. Dynamics in Treatment Response and Disease Progression of Metastatic Colorectal Cancer (mCRC) Patients With Focus on BRAF Status and Primary Tumor Location: Analysis of Untreated RAS-Wild-Type mCRC Patients Receiving FOLFOXIRI Either With or Without Panitumumab in the VOLFI Trial (AIO Krk0109). J Cancer Res Clin Oncol (2020) 146(10):2681–91. doi: 10.1007/s00432-020-03257-z




Conflict of Interest: AK: Honoraria: Taiho Pharmaceutical, Servier; Travel, Accommodations, Expenses: Roche, Medac. VH: Honoraria: Roche, Celgene, Amgen, Sanofi, Merck, Sirtex Medical, Baxalta, Eli Lilly, Boehringer Ingelheim, Taiho Pharmaceutical, Servier; Consulting or Advisory Role: Merck, Amgen, Roche, Sanofi, Boehringer Ingelheim, Celgene, Sirtex Medical, Baxalta, Servier, Halozyme, MSD, Bristol-Myers Squibb; Research Funding: Merck (Inst), Amgen (Inst), Roche (Inst), Celgene (Inst), Boehringer Ingelheim (Inst), Sirtex Medical (Inst), Shire (Inst); Travel, Accommodations, Expenses: Merck, Roche, Sirtex Medical, Amgen, Servier, Shire, MSD, Bristol-Myers Squibb. LF: Honoraria: Novartis, Roche, Sanofi; Travel, Accommodations, Expenses: Amgen. TD: Consulting or Advisory Role: Novartis. CD: Honoraria: Janssen, Novartis, Celgene, Incyte; Consulting or Advisory Role: Abbvie, Bayer; Travel, Accommodations, Expenses: Merck. UG: Honoraria: Servier, Boehringer Ingelheim, Sirtex Medical, Daiichi Sankyo; Consulting or Advisory Role: Novartis, Merck, Amgen, Hexal, Bristol-Myers Squibb;Travel, Accommodations, Expenses: Merck, Amgen. AS: Honoraria: Roche, Servier/Taiho; Travel, Accommodations, Expenses: Roche, Merck KGaA, MSD Sharp & Dohme, Pfizer, Amgen. KH: Honoraria: Roche; Travel, Accommodations, Expenses: AMGEN, Celgene, Lilly. SH: Employed: ClinAssess GmbH. AA: Consulting or Advisory Role: Roche; Travel, Accommodations, Expenses: Pfizer, Roche, Eli Lilly, Novartis, PharmaMar. JE: Honoraria: Merck, Roche, Amgen, Sanofi, Pierre-Fabre, Servier, Taiho, BMS, Eisai, Novartis; Consulting or Advisory Role: Amgen, Pierre-Fabre, BMS, Servier; Travel, Accommodations, Expenses: AstraZeneca, Apceth. SS: Honoraria: AMGEN, Bayer, BMS, ESAI, Lilly, Merck KGaA, MSD, Pierre-Fabre, Roche, Sanofi, Servier, Taiho, Takeda; Consulting or Advisory Role: AMGEN, Bayer, BMS, ESAI, Lilly, Merck KGaA, MSD, Pierre-Fabre, Roche, Sanofi, Servier, Taiho, Takeda; Travel, Accommodations, Expenses: Merck, Roche, Sanofi, Bayer, Sirtex Medical, Amgen, Eli Lilly, Takeda, Pierre Fabre. CG-J: Travel, Accommodations, Expenses: Roche. DPM: Honoraria: Merck Serono, Amgen, Roche, Servier, Bristol-Myers Squibb, Pfizer, Sirtex Medical; Consulting or Advisory Role: Merck Serono, Amgen, Bayer; Research Funding: Merck Serono (Inst), Roche (Inst), Amgen (Inst); Travel, Accommodations, Expenses: Amgen, Merck Serono, Bayer, Servier, Bristol-Myers Squibb.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Kurreck, Heinemann, Fischer von Weikersthal, Decker, Kaiser, Uhlig, Schenk, Freiberg-Richter, Peuser, Denzlinger, Graeven, Heinrich, Held, Stahler, Alig, Jelas, von Einem, Stintzing, Giessen-Jung and Modest. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-751453-g001.jpg
100

75

50

25

-25

-50

-75

-100

100

75

50

25

-25

-50

-75

-100

100

75

50

25

-25

-50

-75

-100

Best response in relation to baseline assessment
Sequential treatment arm, all patients

Best response in relation to baseline assessment
Sequential treatment arm, RAS/BRAF WT patients

Best response in relation to baseline assessment
Sequential treatment arm, RAS MT patients

100

75

100

75

50

25

-25

-50

-75

-100

100

75

50

25

-25

-50

-75

-100

Best response in relation to baseline assessment
Initial combination treatment arm, all patients

Best response in relation to baseline assessment
Initial combination treatment arm, RAS/IBRAF WT

Best response in relation to baseline assessment
Initial combination treatment arm, RAS MT patients





OEBPS/Images/fonc.2022.751453_cover.jpg
’ frontiers
in Oncology

Response and Disease Dynamics in
Untreated Metastatic Colorectal
Cancer With Bevacizumab-Based
Sequential vs. Combination
Chemotherapy—Analysis of the
Phase 3 XELAVIRI Trial





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Response and Disease Dynamics in Untreated Metastatic Colorectal Cancer With Bevacizumab-Based Sequential vs. Combination Chemotherapy—Analysis of the Phase 3 XELAVIRI Trial

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patients

          



          		

            Disease Assessments

          



          		

            Definition of Depth of Response and Early Tumor Shrinkage

          



          		

            Time to Depth of Response Assessment

          



          		

            Definition of Progression-Free Survival and Overall Survival

          



          		

            Association of Early Tumor Shrinkage with Survival Endpoints

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient and Tumor Characteristics

          



          		

            Early Tumor Shrinkage and Depth of Response

          



          		

            Time to Depth of Response

          



          		

            Correlation of Early Tumor Shrinkage with Progression-Free Survival and Overall Survival

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Population ETS (220% at 9 weeks) Depth of response

ETSin % OR (95% CI) p-value! DpR in % (range) p-value’
Response evaluable population
Sequential arm (V = 186) 435 2.00 p =0.001 -24.7 p < 0.001
(1.33-3.03) (-100-100)
Initial combination arm (N = 184) 60.9 -40.0
(-100-100)
RAS/BRAF wild-type group
Sequential arm (N = 69) 50.7 2.56 p =0.01 -29.3 p < 0.001
(1.28-5.26) (~100-100)
Initial combination arm (N = 73) 72.6 -49.6
(~100-100)
RAS mutant group
Sequential arm (N = 83) 39.8 1.70 p=0.09 -19.4 p=0.01
(0.93-3.13) (-100-100)
Initial combination arm (N = 85) 52.9 -33.3
(-100-100)
BRAF mutant group
Sequential arm (N = 11) 455 0.96 p=1.0 -10.5 p =065
(0.16-5.56) (-88.2-100)
Initial combination arm (N = 9) 44.4 -43.0
(-75.2-100)
Female patients
Sequential arm (N = 69) 49.3 1.14 p =073 -24.4 p=0.13
(0.57-2.27) (-100-100)
Initial combination arm (N = 59) 525 -34.0
(-100-100)
Male patients
Sequential arm (N = 117) 40.2 2.78 p < 0.001 -22.2 p < 0.001
(1.64-4.55) (-100-100)
Initial combination arm (N = 125) 64.8 -40.0
(-100-100)

Sequential arm: fluoropyrimidine plus bevacizumaby initial combination arm: fluoropyrimidine, bevacizumab, and irinotecan. DpR, Depth of response expressed as median percentage;
ETS, early tumor shrinkage of at least 20% at first reassessment; RAS, rat sarcoma; BRAF, v-raf murine sarcoma viral oncogene homolog B. ' Fisher's exact test; 2 Mann-Whitney U test.





OEBPS/Images/fonc-12-751453-g002.jpg
A 1 B 10
S o8 c 08
= B sequential arm: 4.4 (4.1-4.6) months -] [T RASIBRAF WT: 438 (4.3-5.4) months
£ N Combination arm: 5.1 (4.1-6.1) months E N RAS MT: 46 (4.05.3) months
= = I BRAF MT: 4.4 (4.0-4.8) months
% 06 =06
(] [V]
o B .
Q o
o 04 HR 0.79 (95% Cl 0.63-0.97) o o4 p=0.80
o p=0.03 o
L2
o) ()]
£ £
s 0,2 £ 02
0,0 0,0
0 6 12 18 24 30 [o] 6 12 18 24 30
Time (months) Time (months)
No. at risk No. at risk
Sequential arm 185 55 10 3 1 1 RAS WT 142 52 16 4 2 1
Initial combination arm 184 78 21 8 3 1 RAS MT 167 65 11 5 2 1
BRAF MT 20 4 2 1 0 0
c 10
c 08 O Male:
5 Male: 4.3 (4.2-4.5) months
] [ Female: 4.5 (3.952) months
£
B 06
14
r- IR O | U
(=)
o
04
o p=065
£
=
02
0,0
0 6 12 18 24 30
Time (months)
No. at risk
male 241 86 19 7 3

o N

female 128 47 12 4 1





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-12-751453-g003.jpg
A 10 B 10
wmmmm Arm A/ETS: 10.6 (9.7-11.6) months e Arm A/ETS: 26.4 (22.3-30.6) months
08 === Arm A/no ETS: 7.7 (6.3-9.1) months 08 === Arm A/no ETS: 20.8 (19.0-22.6) months
— 0 ,
©
E mmmmm Arm B/ETS: 13.0 (11.0-15.0) months — e Arm B/ETS: 29.9 (24.2-35.6) months
a 0,6 === Arm B/no ETS: 9.4 (7.2-11.6) months E = == Arm B/no ETS: 23.2 (16.8-29.7) months
[] =
g 2
= =
i ©
.E 04 5)3
a ¢
]
5 02
o
pud
o
0,0 . 00 -
0 6 12 18 24 30 36 42 48 0 12 24 36 48 60 72 84
Time (months) Time (months)
No. at risk No. at risk
am A/ETS 81 70 33 20 13 7 arm AJETS_ 81 70 44 19 10 )
arm Alno ETS 105 67, 19 8 5 2 arm A/no ETS 105 75 N 19 9 2
am BETS 112 103 59 31 15 9 arm BIETS 112 98 62 32 16 5
arm Bfno ETS 72 52 29 12 9 B arm BMoETS 72 56 2 13 8 4
c 10 s WT/WT/ETS: 13.2 (11.3-15.1) months D 1,0 s WT/WT/ETS: 29.9 (27.2-32.6) months
= ww WT/WT/no ETS: 8.2 (6.0-10.4) months = - WT/WT/no ETS: 25.1 (19.5-30.7) months
08 mmmmm RAS MT/ETS: 11.2 (9.9-12.6) months 08 mmm— RAS MT/ETS: 25.7 (20.4-31.0) months
— 0 3
§ === RASMT/no ETS: 8.3 (6.7-10.0) months _ RAS MT/no ETS: 21.2 (15.7-26.6) months
b ©
2 mm— BRAF MT/ETS: 8.9 (7.1-10.8) months 2 mm— BRAF MT/ETS: 17.3 (0.0-41.8) months
@ 06 Z 06
o BRAF MT/no ETS: 8.0 (3.6-12.3) months 5 1 BRAF MT/no ETS: 10.7 (7.1-14.4) months
@ - L7 e Rt
= =
©
£ 04 p <0.001 £ oe p <0.001
2 >
2 [e]
g
S 02 02
o
=
T s B e T e S e T o T
0,0 00
0 6 12 1%__ 24 ?U 36 42 48 0 12 24 . 36 48 60 72 84
Moy abitak ime (months Mo, ot sk 5 i Time (months)
WTWT/ETS 88 7 15 9 %5 12 4
WIWI TS 81 3 T 7 5 3 WinnoErs & 42 2 fi g ]
RAS MT/ETS . 78 &9 i s 10 5 RAS MI/ETS 78 2 1l 21 11 3
RAS MTIoETS 90 62 28 11 7 3 RAS MT/no ETS 50 : ES 15 9 1
BRAF MT/ETS 9 7 3 2 0 0 BRAF MIETS __ 9 H 3 1 0 0
BRAF MT/no ETS 11 6 2 T 0 0 BRAF MT/no ETS 11 1 0 0 0
10 10
E s Male/ETS: 11.9 (10.0-13.9) months F s Male/ETS: 29.8 (26.0-33.6) months
08 # % Male/no ETS: 8.1 (6.8-9.3) months 08 # =% Male/no ETS: 20.5 (16.1-24.9) months
® ’
% e Female/ETS: 11.6 (8.9-14.2) months § wesn Female/ETS: 25.7 (21.7-29.6) months
03
a 0,6 = uw Female/no ETS: 8.6 (7.2-10.1) months E 06 = uu Female/no ETS: 25.1 (20.6-29.5) months
g R N
b 5
£ 04 5 04
2 g
] e}
L
5 02 02
o
ped
o
00 = 0,0
0 6 12 18 24 30 36 42 48 0 12 24 36 48 60 72 84
Time (months) Time (months)
Mook g 18 o No. at risk
male/ 34 20 1 Ie/ETS 128 113 73 38 17 5
Ml U M 2 F) 5 5 male/o ETS 114 83 43 14 6 3
omals [ & 3 17 8 5 female/ETS 65 5 33 13 9 2
female/no ETS 63 5 19 11 9 3 famale/no ETS 63 18 30 18 1 3





OEBPS/Images/table1.jpg
Characteristics Sequential treatment arm Initial combination treatment arm

N, % (N =186) (N =184)
Sex
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1 73 (39.2%) 70 (38.0%)
Unknown 1(0.5%) 2(1.1%)
Age

Median years (range) 72 (43-86) 69 (42-88)
RAS/BRAF status

RAS/BRAF wild type 69 (37.1%) 73 (39.7%)
RAS mutant 83 (44.6%) 85 (46.2%)
BRAF mutant 11 (5.9%) 9 (4.9%)
Unknown 23 (12.4%) 17 (9.2%)
Primary tumor side

Left 127 (68.3%) 123 (66.8%)
Right 57 (30.6%) 56 (30.4%)
Unknown 2(1.1%) 5 (2.7%)
Onset of metastases

Synchronous 133 (71.5%) 130 (70.7%)
Metachronous 49 (26.3%) 50 (27.2%)
Unknown 4 (2.2%) 4 (2.2%)
No. of metastatic sites

>2 114 (61.63%) 109 (59.2%)
Metastatic spread

Liver 138 (74.2%) 142 (77.2%)
Liver-limited 47 (25.3%) 53 (28.8%)
Lung 97 (52.2%) 74 (40.2%)
Lymph nodes 65 (34.9%) 73 (39.7%)
Peritoneum 12 (6.5%) 8 (4.3%)
Others 39 (21.0%) 32 (17.4%)
Laboratory parameters

Leukocytes

>8,000/ul 85 (45.7%) 83 (45.1%)
Alkaline phosphatase

>300 U/L 25 (13.4%) 22 (12.0%)
Reported prior treatment

Radiotherapy

Yes 35 (18.8%) 29 (15.8%)
No or unknown 151 (81.2%) 155 (84.2%)
Adjuvant chemotherapy

Yes 46 (24.7%) 42 (22.8%)
No or unknown 140 (75.3%) 142 (77.2%)

Sequential treatment arm: fluoropyrimidine plus bevacizumab; initial combination treatment arm: fluoropyrimidine, bevacizumab, and irinotecan. ECOG, performance status according to
Eastern Cooperative Oncology Group.





