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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 <
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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.
Keywords: metastatic colorectal cancer (CRC), disease dynamics, depth of response, early tumor shrinkage,
combination chemotherapy
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
v-Raf murine sarcoma viral oncogene
ydrogenase; DpR, Depth of response;
r; ETS, Early tumor shrinkage; FP,
Iri, Irinotecan; mCRC, Metastatic
ntion-to-treat; MT, Mutant; ORR,
vival; PFS, Progression-free survival;
strategy; WT, Wild type.
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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
February 2022 | Volume 12 | Article 751453
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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.

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 =
Frontiers in Oncology | www.frontiersin.org 3
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.

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.

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 =
February 2022 | Volume 12 | Article 751453
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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.

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);
Frontiers in Oncology | www.frontiersin.org 4
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.
TABLE 1 | Patient and tumor characteristics in patients assessable for early response parameters.

Characteristics Sequential treatment arm Initial combination treatment arm

N, % (N = 186) (N = 184)
Sex
Male 117 (62.9%) 125 (67.9%)
Female 69 (37.1%) 59 (32.1%)
ECOG
0 112 (60.2%) 112 (60.9%)
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/ml 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%)
February
Sequential treatment arm: fluoropyrimidine plus bevacizumab; initial combination treatment arm: fluoropyrimidine, bevacizumab, and irinotecan. ECOG, performance status according to
Eastern Cooperative Oncology Group.
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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 RASWTmCRC (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,
Frontiers in Oncology | www.frontiersin.org 5
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
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.
February 2022 | Volume 12 | Article 751453
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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 =
Frontiers in Oncology | www.frontiersin.org 6
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.
TABLE 2 | Parameters of early treatment response in therapy arms according to tumor mutational status and sex.

Population ETS (≥20% at 9 weeks) Depth of response

ETS in % OR (95% CI) p-value¹ DpR in % (range) p-value²

Response evaluable population
Sequential arm (N = 186) 43.5 2.00

(1.33–3.03)
p = 0.001 −24.7

(−100–100)
p < 0.001

Initial combination arm (N = 184) 60.9 −40.0
(−100–100)

RAS/BRAF wild-type group
Sequential arm (N = 69) 50.7 2.56

(1.28–5.26)
p = 0.01 −29.3

(−100–100)
p < 0.001

Initial combination arm (N = 73) 72.6 −49.6
(−100–100)

RAS mutant group
Sequential arm (N = 83) 39.8 1.70

(0.93–3.13)
p = 0.09 −19.4

(−100–100)
p = 0.01

Initial combination arm (N = 85) 52.9 −33.3
(−100–100)

BRAF mutant group
Sequential arm (N = 11) 45.5 0.96

(0.16–5.56)
p=1.0 −10.5

(−88.2–100)
p = 0.65

Initial combination arm (N = 9) 44.4 −43.0
(−75.2–100)

Female patients
Sequential arm (N = 69) 49.3 1.14

(0.57–2.27)
p = 0.73 −24.4

(−100–100)
p = 0.13

Initial combination arm (N = 59) 52.5 −34.0
(−100–100)

Male patients
Sequential arm (N = 117) 40.2 2.78

(1.64–4.55)
p < 0.001 −22.2

(−100–100)
p < 0.001

Initial combination arm (N = 125) 64.8 −40.0
(−100–100)
Fe
bruary 2022 | Volume 12 | Artic
Sequential arm: fluoropyrimidine plus bevacizumab; 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. ¹ Fisher’s exact test; ² Mann–Whitney U test.
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FIGURE 2 | Kaplan–Meier estimates of time to DpR. (A) Time to DpR in study arms. (B) Time to DpR in molecular subgroups (both
study). Analyses are limited to patients with a DpR of at least 0% (no change) or reduction in tumor diameter.
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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-
Frontiers in Oncology | www.frontiersin.org 8
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.
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