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Abstract

Background There are few molecular markers driving treatment selection in later lines of treatment for advanced colorec-
tal cancer patients. The vast majority of patients who progress after first- and second-line therapy undergo chemotherapy
regardless of molecular data.

Objective We aimed to assess the prognostic and predictive effects of specific RAS mutations on overall survival of patients
receiving regorafenib (rego), trifluridine/tipiracil (TFD/TPI), or both.

Patients and methods This was a retrospective observational study based on data from a previous study of our research
network, involving nine Italian institutions over a 10-year timeframe (2012-2022). Extended RAS analysis, involving KRAS
exon 2—4 and NRAS exon 2-4, and BRAF were the main criteria for inclusion in this retrospective evaluation. Patients with
BRAF mutation were excluded. Patients were classified according to treatment (rego- or TED/TPI-treated) and RAS mutational
status (wild-type [WT], KRAS codon 12 mutations, KRAS codon 13 mutations, KRAS rare mutations and NRAS mutations,
KRAS G12C mutation and KRAS G12D mutation).

Results Overall, 582 patients were included in the present analysis. Overall survival did not significantly differ in rego-
treated patients according to RAS extended analysis, although a trend toward a better median survival in patients carrying
G12D mutation (12.0 months), Codon 13 mutation (8.0 months), and Codon 12 mutation (7.0 months) has been observed,
when compared with WT patients (6.0 months). Overall survival did not significantly differ in TFD/TPI-treated patients
according to RAS extended analysis, although a trend toward a better median survival in WT patients had been observed (9.0
months) in comparison with the entire population (7.0 months). Patients receiving both drugs displayed a longer survival
when compared with the population of patients receiving rego alone (p = 0.005) as well as the population receiving TFD/
TPI alone (p < 0.001), suggesting a group enriched for favorable prognostic factors. However, when each group was ana-
lyzed separately, the addition of TFD/TPI therapy to the rego-treated group improved survival only in all-RAS WT patients
(p = 0.003). Differently, the addition of rego therapy to TFD/TPI-treated patients significantly improved OS in the Codon 12
group (p = 0.0004), G12D group (p = 0.003), and the rare mutations group (p = 0.02), in addition to all-RAS WT patients
(p = 0.002). The rego-TFD/TPI sequence, compared with the reverse sequence, significantly improved OS only in the KRAS
codon 12 group (p = 0.003).

Conclusions Our data demonstrate that RAS mutations do not affect outcome in rego-treated patients as well as TFD/TPI-
treated patients. Nevertheless, a trend toward a higher efficacy of rego in RAS-mutated (in particular codon 12, rare RAS
mutations, and G12D) patients has been recorded. The rego-TFD/TPI sequence seems to be superior to the reverse sequence
in patients carrying an RAS codon 12 mutation, although the impact of other factors as disease burden or performance status
cannot be excluded.
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work.
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There are few molecular markers driving treatment
selection in later lines of advanced colorectal cancer
patients, despite a growing commitment toward molecu-
lar characterization aimed at treatment personalization.

Regorafenib, trifluridine/tipiracil, fruquintinib, and the
combination of trifluridine/tipiracil (TFD/TPI) with
bevacizumab demonstrated effectiveness in third-/fourth-
line of therapy in randomized, phase III studies, irrespec-
tive of molecular characterization.

The vast majority of patients progressing after first- and
second-line therapy undergo chemotherapy regardless of
molecular data.

We aimed to assess the prognostic and predictive effects
of specific RAS mutations on overall survival of patients
receiving regorafenib, trifluridine/tipiracil, or both.

1 Introduction

Despite a growing commitment toward precision medicine,
there are few molecular markers driving treatment selection
in later lines of treatment for advanced colorectal cancer
(CRC) patients [1]. A small percentage of patients (6—7%)
who carry a clinically actionable BRAFV600E mutation
are eligible for targeted therapy with a combination of
encorafenib and cetuximab [2]. Patients with microsatellite
instable tumors (about 5%) are eligible for immune check-
point inhibitors [3, 4]. Moreover, small molecule inhibitors
(sotorasib and adagrasib) showed activity in KRAS G12C-
mutated CRCs (3—4%), in monotherapy or in combination
with anti-epidermal growth factor receptor (EGFR) agents
[5, 6]. Regorafenib (rego), trifluridine/tipiracil (TFD/TPI),
fruquintinib, and the combination of TFD/TPI with beva-
cizumab demonstrated effectiveness in third-/fourth-line of
therapy in randomized, phase III studies [7-10], irrespective
of molecular characteristics. Therefore, the vast majority of
patients with an advanced CRC progressing after first- and
second-line therapy will be treated regardless of molecular
data.

In Italy, as in many Western Countries, the combination of
TFD/TPI and bevacizumab and fruquintinib are not yet avail-
able in clinical practice. For this reason, most patients receive
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rego or TFDD/TPI based on physician’s judgment. Many stud-
ies attempted to demonstrate the superiority of one drug over
the other [11-15], but no significant differences have been
documented in terms of efficacy. On the other hand, the two
drugs differ in their adverse effects. Rego displays more symp-
tomatic adverse events such as asthenia, hand-foot syndrome,
and skin reactions, while TED/TPI-related adverse effects are
generally more asymptomatic (neutropenia, anemia) [16].
Therefore, TFD/TPI is more often prescribed in older patients
or in patients with worse performance status [16, 17].

A previous publication from our research network [17]
aimed to assess the outcomes in a large retrospective series of
metastatic CRC (mCRC) patients treated with rego, TFD/TPI,
or both, in late lines. Even in our study, overall survival (OS)
displayed no significant differences between patients receiving
rego or TFD/TPI. A subgroup analysis in patients treated with
the rego-TFD/TPI sequence showed a significantly higher OS
when compared with patients receiving the reverse sequence.
At multivariate analysis, better performance status, male sex,
lower disease burden (liver metastases only) and wild-type
(WT) RAS status were the factors affecting OS.

Recently, KRAS G12 mutations have been reported to be
associated with reduced OS in patients with mCRC treated
with TFED/TPI [18]. This evidence was obtained in a discov-
ery cohort and replicated in a large real-world cohort and in a
retrospective analysis of RECOURSE patients [7].

Unfortunately, there are no studies properly aimed at assess-
ing the efficacy of rego according to RAS mutational status.
The RAS gene is the most commonly mutated oncogene in
CRC, occurs in 45% of cases, and its mutations result in a
constitutive activation of RAS protein [1, 8]. Rego is a mul-
tikinase inhibitor that blocks the activity of several protein
kinases, including those involved in the downstream signaling
cascade of EGFR.

Thus, the current analysis was mainly designed to assess
the prognostic and predictive effects of specific RAS mutations
on patients with refractory mCRC receiving rego, TFD/TPI,
or both, hypothesizing that rego could work better in patients
carrying RAS mutation(s). This kind of information could help
physicians to select treatments in later lines, based on efficacy
data in addition to the pattern of adverse effects.

2 Patients and Methods

The present analyses are based on data from a previous study
of our research network, which was presented in a recent
publication [17]. Nine Italian institutions contributed to this
10-year (2012-2022) retrospective observational study. The
study was approved by the Ethics Committee (2022-no.1021/
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CE Lazio 1) and was carried out in conformity with the Dec-
laration of Helsinki. To protect sensitive information, all
data were anonymized and patients were identified only by
their initials and a number. In accordance with the law, the
lead investigator served as the data manager and had access
to the complete database.

2.1 Patients

Criteria for study inclusion have been extensively described
in the former publication [17]. Extended RAS analysis,
involving KRAS exon 2—4 and NRAS exon 2-4, and BRAF
was the main criteria for inclusion in this retrospective eval-
uation. Patients with BRAF mutation were excluded. If data
about codon mutation were available, even in the absence
of specific information concerning amino acid substitution,
patients were considered eligible. Patients were considered
WT if no mutation involving KRAS exon 2—4, NRAS exon
2-4, and BRAF was detected. Briefly, inclusion criteria
were histologically confirmed stage IV adenocarcinoma of
the colon or rectum with unresectable metastatic disease;
age >18 years; Eastern Cooperative Oncology Group per-
formance status (ECOG PS) 0-2; progression to at least
two prior regimens of standard chemotherapy using fluoro-
pyrimidine, irinotecan, oxaliplatin, anti-vascular endothe-
lial growth factor (VEGF) antibodies (bevacizumab and
aflibercept), or anti-EGFR antibodies (cetuximab or panitu-
mumab); known RAS mutation status; adequate organ func-
tion at the start of treatment.

2.2 Treatment Details

Study details have been extensively described in the former
publication [17]. Briefly, TFD/TPI was administered orally
twice daily at a dose of 35 mg/m? on days 1-5 and 8-12 of
a 28-day cycle [7], and rego was administered at a standard
dose of 160 mg once daily for 21 days of a 28-day cycle. The
ReDos dose-escalation strategy of rego (starting dose 80 mg/
day orally with weekly escalation, per 40 mg increment, to
160 mg/day, permitted if there were no significant drug-
related adverse events) was used according to the physician
decision [8, 19]. Eligible patients were deemed to be treated
until disease progression or unacceptable toxicity.

2.3 Endpoints and Statistical Analysis

The objective of the study was to investigate the prognostic
and predictive effect of specific RAS mutations on patients
with refractory CRC receiving rego, TFD/TPI, or both. OS
was defined as the interval time between the start of treat-
ment (rego or TFD/TPI) and death from any cause, or last
follow-up in the case of patients lost to follow-up. Time to
progression (TTP) was defined as the interval time between

the start of treatment and disease progression (clinical,
radiological, or both) or death. Patients not experiencing
an event were censored at the time of last follow-up. Analy-
ses were based on aggregated retrospective data comparing
outcome by RAS extended analysis (provided by the inves-
tigators). Patients were classified according to treatment in
two groups (rego- or TFD/TPI-treated) and stratified in six
groups according to RAS mutational status: (1) patients with
tumor harboring no mutations involving KRAS exon 2—4 and
NRAS exon 2-4 (WT); (2) patients with tumor harboring a
mutation involving KRAS codon 12 (KRAS codon 12); (3)
patients with tumor harboring a mutation involving codon
13 (KRAS codon 13); (4) patients with tumor harboring a
rare KRAS mutation or an NRAS mutation (rare mutations);
(5) patients with tumor harboring a KRAS G12C mutation
(KRAS G12C); (6) patients with tumor harboring a KRAS
G12D mutation (KRAS G12D). Patients carrying G12C or
G12D mutations were considered distinctly, since these two
were the only mutations for which a targeted treatment is
available [5, 6, 20].

The pertinent data were compiled using descriptive sta-
tistics. Possible relationships were assessed using the Chi-
square and Fisher’s exact tests. The Kaplan—Meier product
limit approach was used to compute both progression-free
survival (PFS) and OS, and the log-rank test was used to
evaluate differences between subgroups. Significance was
established at p = 0.05. All of the statistical analyses were
performed using MedCalc Statistical software, version
14.8.1 (MedCalc Software, Ostend Belgium).

3 Results
3.1 Patients

Overall, 866 patients were included in the former study
[17], of whom 10 (1.1%) carried a BRAF mutation and were
excluded from further analysis. For 274 patients (31.6%),
data about RAS extended analysis were not available and
thus these patients were excluded from the present study.
Overall, 582 patients were included in the present analysis
(Online Resource Table 1), of whom 270 (46.6%) were WT,
212 (36.4%) carried a codon 12 KRAS mutation, 49 (8.4%)
carried a codon 13 mutation, and 51 (8.7%) carried other
KRAS rare mutations or NRAS mutations. Among codon 12
KRAS mutations, the G12D mutation was the most frequent.
Details on detected mutations of our population are summa-
rized in Table 1; patient characteristics are summarized in
Table 2 and Table 3. In particular, when considering rego-
treated patients (Table 2), characteristics were well-balanced
between groups, with the exception of number of previous
lines of therapy (>4 lines was less frequent in the G12C
and G12D groups) and previous administered drugs, since
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anti-EGFRs were restricted to WT patients. About 50% of
patients in each group received TFP/TPI in addition to rego
(before or after, with a well-balanced distribution). Even for
TFD/TPI-treated patients, characteristics were well-balanced
between groups, with the exception of number of previous
lines of therapy (>4 lines was less frequent in the G12C
and G12D groups) and previously administered drugs, since
anti-EGFRs were restricted to all WT patients. About 50% of
patients in each group received rego in addition to FTD/TPI
(before or after, with a well-balanced distribution).

Table 1 RAS assessment (582 patients)

RAS mutation Patients (%)

No mutation (all wild-type) 270 (46.3)
Kras Codon 12 212 (36.4)
G12D 63 (10.8)

GI12V 53
G12C 17 (2.9)
GI2R 3
GI12S 9
GI2A 14
GI12V/D/A 19
G12X 34

Kras Codon 13 49 (8.4)
GI13D 40
G13C 1
GI3A 1
G13X 7

Rare mutations 51 (8.7)

Kras A146X
Kras A146T
Kras A146V
Kras G61X
Kras Q61K
Kras K117X
Kras A146G
Kras AS9T
Kras Q22K
Kras codon 61 not further specified
Nras G12A
Nras G61L
Nras Q61H
Nras Q61X
Nras Q61L
Nras Q61R
Nras Q61K
Nras G61A
Nras A117X
Nras G61C
Nras A11P

—_— = NN N NN R W W W W = = N = N = N

A\ Adis

3.2 Efficacy Outcome According to RAS Extended
Analysis in Regorafenib-Treated Patients

OS did not significantly differ in rego-treated patients
according to RAS extended analysis (p = 0.69) (Fig. 1),
although a trend toward a better median survival in patients
carrying G12D mutation (12.0 months), Codon 13 muta-
tion (8.0 months) and Codon 12 mutation (7.0 months)
has been observed, when compared with WT patients (6.0
months). Accordingly, TTP did not differ significantly in
rego-treated patients according to RAS extended analy-
sis (p = 0.71) (Online Resource Fig. 1). However, a non-
statistically significant benefit was observed in patients
carrying a Codon 12 mutation (3.6 months), a rare muta-
tion (3.9 months), or a G12C mutation (4.5 months), when
compared with WT patients (3.0 months).

Patients receiving TFD/TPI (before or after, 184
patients) in addition to rego showed a statistically sig-
nificant gain in OS compared with those not exposed to
TFD/TPI (9 vs. 5 months; p = 0.005) (Online Resource
Fig. 2a), suggesting an enrichment for favorable prognostic
factors. When focusing on rego-treated patients who were
exposed to TFD/TPI, a trend toward statistical signifi-
cance was observed for WT patients (10 months), Codon
13 (12 months), and G12D (14 months; p = 0.05) (Online
Resource Fig. 2b).

3.3 Efficacy Outcome According to RAS Extended
Analysis in Trifluridine/Tipiracil-Treated Patients

OS did not significantly differ in TFD/TPI-treated patients
according to RAS extended analysis (p = 0.09) (Fig. 2),
although trend toward a better median survival was
observed in WT patients (9 months) in comparison with
the whole population (7.0 months). Accordingly, TTP did
not significantly differ in TFD/TPI-treated patients accord-
ing to RAS extended analysis (p = 0.86) (Online Resource
Fig. 3). However, a non-statistically significant trend was
observed in favor of WT patients (4.0 months) when com-
pared with the whole population (3.7 months).

Patients receiving rego in addition to TFD/TPI (before
or after, 188 patients) showed a statistically significant
gain in OS when compared with those not exposed to rego
(10 vs. 5 months; p < 0.001) (Online Resource Fig. 4a),
suggesting an enrichment for favorable prognostic factors.
According to RAS extended analysis, a survival gain was
equally distributed among groups, without statistically sig-
nificant differences (Online Resource Fig. 4b).
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Table 2 Patient characteristics of regorafenib-treated patients [n = 363]

WT [n=174] Codon 12 [n = 89] Codon 13 [n = 29] Rare [n = 30] G12C [n = 10] G12D [n = 31]

Median age, years 64.6 66.4 67.2 66.9 62.8 65.1
»=10.99)
Sex [M/F] (p = 0.75) 100/74 57/32 14/15 18/12 7/3 19/12
ECOGPS (p =0.22)

0 50 (28.7) 23 (25.8) 4(13.7) 8 (26.6) 4 (40.0) 10 (32.2)

1 98 (56.3) 58 (65.1) 24 (82.7) 16 (53.3) 5 (50.0) 19 (61.2)

2 26 (14.9) 8(8.9) 134 6 (20.1) 1 (10.0) 2(6.4)
Primary tumor location (p = 0.62)

Right 47 (27.0) 33 (37.0) 10 (34.4) 9 (30.0) 2 (20.0) 11 (35.5)

Left 99 (57.0) 43 (48.4) 16 (55.2) 18 (60.0) 5 (50.0) 13 (41.9)

Rectum 28 (16.0) 13 (14.6) 3(10.4) 3(10.0) 3(30.0) 7(22.6)
Metastatic synchronous disease (p = 0.28)

145 (83.3) 70 (78.6) 20 (68.9) 25 (83.3) 6 (60.0) 25 (80.6)

Site of metastatic disease (p = 0.16)

Liver only 19 (10.9) 6 (6.7) 517.2) - 2 (20.0) 4(12.9)

Liver + other 86 (49.5) 46 (51.6) 18 (62.2) 19 (63.3) 7 (70.0) 17 (54.8)

Other sites 69 (39.7) 37 (41.5) 6 (20.6) 11 (36.7) 1 (10.0) 10 (32.3)
Previous lines of therapy (p < 0.004)

2 69 (39.6) 56 (62.9) 16 (55.1) 20 (66.6) 7 (70.0) 18 (58.0)

3 63 (36.2) 14 (15.7) 6 (20.6) 3(10.0) 2 (20.0) 10 (32.2)

4 19 (10.9) 4 (4.4 2 (6.8) 2 (6.6) 1 (10.0) 3(9.6)

>4 23 (13.2) 15 (16.8) 5(17.2) 5(16.6) - -
Previous drugs administered (p < 0.001; p = 0.99 [excluding anti-EGFRs])

Fluoropyrimidine 131 (75.2) 65 (73.0) 21 (72.4) 23 (76.6) 7 (70.0) 25 (80.6)

Oxaliplatin 127 (72.9) 58 (65.1) 22 (75.8) 22 (73.3) 7 (70.0) 23 (74.1)

Irinotecan 119 (68.3) 52 (58.4) 23(79.3) 20 66.6) 6 (60.0) 22 (70.9)

Bevacizumab 125 (71.8) 59 (66.2) 19 (65.5) 17 (56.6) 7 (70.0) 23 (74.1)

Anti-EGFRs 129 (74.1) - - - - -

Immunotherapy 4(2.2) 1(1.1) 1(3.4) - - -

Aflibercept 12 (6.8) 7 (6.8) 2(6.8) 6 (20.0) 2(20.0) 4 (12.9)

Unknown 43 (24.7) 22 (24.7) 8 (27.5) 7(23.3) 2(20.0) 6(19.3)
Receiving TFD/TPI 79 (45.4) 47 (52.8) 17 (58.6) 16 (53.3) 6 (60.0) 19 (61.2)
(» =0.88)

Before rego 46 (26.4) 26 (29.2) 8(27.5) 10 (33.3) 4 (40.0) 9(29.0)

After rego 33 (18.9) 21 (23.5) 9 (31.0) 6 (20.0) 2 (20.0) 10 (32.2)

ECOG PS Eastern Cooperative Oncology Group performance status, EGFRs epidermal growth factor receptors, F' female, M male, rego

regorafenib, TFD/TPI trifluridine/tipiracil, WT wild-type

3.4 Efficacy Outcome According to Each Subgroup

Since no differences concerning efficacy of rego and
TFD/TPI according to RAS extended analysis were doc-
umented, we analyzed each subgroup separately. These
analyses are to be considered exploratory.

Patient characteristics were well-balanced in each popula-
tion. Statistically significant differences in previously admin-
istered drugs for WT, Codon 12, and G12D patients were
registered, with missing data being significantly more fre-
quent for the rego-treated population, likely due to the issue

that some patients in the rego group had been treated previ-
ously. Details of the comparison of patient characteristics in
each group have been reported in Online Resource Table 2.

No differences in terms of the response rate were reg-
istered between the rego-treated population and the TFD/
TPI-treated population in each RAS subgroup. Details
about response rate have been reported in Online Resource
Table 3. Moreover, concerning dose intensity, dose reduc-
tions were more frequent in rego-treated patients (com-
pared with TFD/TPI patients), with statistically significant
differences in WT, Codon 12 and Rare subgroups. Details
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Table 3 Patient characteristics of TFD/TPI-treated patients [n = 408]

WT [n=177] Codon 12 [n =90] Codon 13 [n = 38] Rare [n = 37] G12C [n = 14] G12D [n =52]

Median age, years 66.8 68.0 68.6 69.0 66.0 68.3
(»=0.99)
Sex [M/F] (p = 0.13) 97/80 55/35 16/22 17/20 11/3 27725
ECOG PS (p =0.29)

0 48 (27.1) 26 (28.8) 7(18.4) 12 (32.4) 4(28.5) 9(17.3)

1 102 (57.6) 56 (62.2) 29 (76.3) 18 (48.6) 9 (64.2) 34 (65.3)

2 27 (15.2) 8(8.8) 2(5.2) 7 (18.9) 1(7.1) 9(17.3)
Primary tumor location (p = 0.82)

Right 47 (26.5) 26 (28.8) 14 (36.8) 15 (40.5) 4 (28.5) 13 (25.0)

Left 90 (50.8) 41 (45.5) 16 (42.1) 14 (37.8) 8 (57.1) 27 (51.9)

Rectum 40 (22.5) 23 (25.5) 8 (21.0) 8 (21.6) 2(14.2) 12 (23.1)
Synchronous metastatic disease (p = 0.59)

130 (73.4) 64 (71.1) 23 (60.5) 29 (78.3) 10 (71.4) 39 (75.0)

Site of metastatic disease (p = 0.65)

Liver only 22 (12.4) 11 (12.2) 6 (15.7) 3(8.1) 3(21.4) 6 (11.5)

Liver + other 89 (50.2) 46 (51.1) 19 (51.3) 23 (62.1) 8 (57.1) 34 (65.3)

Other sites 66 (37.2) 33 (36.6) 13(34.2) 11 (29.7) 3(21.4) 12 (23.0)
Previous lines of therapy (p = 0.0001)

2 77 (43.5) 61 (67.7) 16 (42.1) 19 (51.3) 9 (64.2) 26 (50.0)

3 71 (40.1) 18 (20.0) 12 (31.5) 8 (21.6) 4 (28.5) 17 (32.6)

4 9(5.0) 2(2.2) 2(5.2) 3(8.1) 1(7.1) 9(17.3)

>4 20 (11.2) 9 (10.0) 8 (21.0) 7 (18.9) - -
Previous drugs administered (p < 0.0001; p = 0.91 [with exclusion of anti-EGFRs])

Fluoropyrimidine 173 (97.7) 86 (95.5) 36 (94.7) 36 (97.2) 14 (100.0) 52 (100.0)

Oxaliplatin 165 (93.2) 81 (90.0) 32 (84.2) 34 (91.8) 13 (92.8) 43 (82.6)

Irinotecan 166 (93.7) 82 (91.1) 35(92.1) 34 (91.8) 14 (100.0) 45 (86.5)

Bevacizumab 95 (53.6) 75 (83.3) 28 (73.6) 28 (75.6) 9 (64.2) 42 (80.7)

Anti-EGFRs 154 (87.0) - - - - -

Immunotherapy 2 (1.1) 2(2.2) 2(5.2) - - -

Aflibercept 9 (5.0) 12 (13.3) 6 (15.7) 12 (32.4) 4(28.5) 8 (15.3)

Unknown 4(2.2) 3(3.3) 2(5.2) 12.7) - -
Receiving rego 80 (45.1) 49 (54.4) 17 (44.7) 16 (43.2) 7 (50.0) 19 (36.5)
(» =0.65)

Before TFD/TPI 32 (18.0) 19 (21.1) 9 (23.6) 5(13.5) 2(14.2) 10 (19.2)

After TED/TPI 48 (27.1) 30 (33.3) 8 (21.0) 11 (29.7) 5(35.7) 9(17.3)

ECOG PS Eastern Cooperative Oncology Group performance status, EGFRs epidermal growth factor receptor, F' female, M male, rego

regorafenib, TFD/TPI trifluridine/tipiracil, WT wild-type

on dose reductions have been reported in Online Resource
Table 4, and details of comparison of patient characteristics
according to the treatment sequence in each group have been
reported in Online Resource Table 5.

Efficacy outcome in the WT group: In WT patients,
median rego-related OS was significantly longer in
patients receiving TFD/TPI (overall 79 patients [45.0%];
46 before, 33 after) in addition to rego (p = 0.003)
(Fig. 3a). At univariate analysis, including age, sex, num-
ber of previous lines, synchronous disease, PS, and sites
of disease, no statistically significant differences in terms
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of OS were observed, with the exception of patients with
PS <2 (p = 0.001) and patients with a synchronous dis-
ease (p = 0.002). Multivariate analysis was not performed
because of the low sample size.

At the same time, median TFD/TPI-related OS was
significantly longer in patients receiving rego (overall 80
patients [45.1%]; 32 before, 48 after) in addition to TFD/
TPI (p = 0.002) (Fig. 3b). At univariate analysis, including
age, sex, number of previous lines, synchronous disease, PS,
and sites of disease, no statistically significant differences in
terms of OS were observed.
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Overall survival according to RAS extended analysis
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When focusing on the treatment administration
sequence (comparing patients who received rego followed
by TFD/TPI or the reverse sequence), no statistically sig-
nificant differences were documented (p = 0.13) (Online
Resource Fig. 5).

Efficacy outcome in the Codon 12 group: In Codon
12-mutated patients, median rego-related OS showed no
differences between patients receiving TFD/TPI (overall
47 patients [52.8%]; 26 before, 21 after) in addition to
rego (p = 0.16) (Fig. 4a). Conversely, median TFD/TPI-
related OS was significantly longer in patients receiving
rego (overall 49 patients [54.4%]; 19 before, 30 after) in
addition to TFD/TPI (p = 0.0004) (Fig. 4b). At univari-
ate analysis, including age, sex, number of previous lines,
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Fig.4 Rego-related and TFD/TPI-related OS of Codon 12 patients
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synchronous disease, PS, and sites of disease, no statisti-
cally significant differences in terms of OS were observed.

When focusing on the treatment administration sequence,
patients receiving rego before TFD/TPI displayed a signifi-
cantly longer OS (p = 0.003) (Fig. 5). At univariate analysis,
including age, sex, number of previous lines, synchronous
disease, PS, and sites of disease, no statistically significant
differences in terms of OS were observed, with the excep-
tion of patients with liver involvement alone (p = 0.0002).
Multivariate analysis was not performed because of the low
sample size.

Efficacy outcome in the Codon 13 group: In Codon
13-mutated patients, median rego-related OS showed no
differences between patients receiving TFD/TPI (overall
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Fig.5 OS of Codon 12 patients
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17 patients [58.6%]; 8 before, 9 after) in addition to rego
(p = 0.35) (Online Resource Fig. 6a). Accordingly, median
TFD/TPI-related OS showed no differences between
patients receiving rego (overall 17 patients [44.7%]; 9
before, 8 after) in addition to TFD/TPI (p = 0.11) (Online
Resource Fig. 6b).

When focusing on the treatment administration
sequence, no statistically significant differences were
documented (p = 0.12) (Online Resource Fig. 7), although
a trend toward a better performance in patients receiving
rego followed by TFD/TPI was observed.

Efficacy outcome in the rare mutations group: In the
Rare group, median rego-related OS showed no differences
between patients receiving TFD/TPI (overall 16 patients
[53.3%]; 10 before, 6 after) in addition to rego (p = 0.80)
(Online Resource Fig. 8a). Conversely, median TFD/TPI-
related OS was significantly longer in patients receiving
rego (overall 16 patients [43.2%]; 5 before, 11 after) in
addition to TFD/TPI (p = 0.02) (Online Resource Fig. 8b).
At univariate analysis, including age, sex, number of pre-
vious lines, synchronous disease, PS, and sites of disease,
no statistically significant differences in terms of OS were
observed, with the exception of patients with liver involve-
ment alone (p = 0.0002). Multivariate analysis was not
performed because of the low sample size.

When focusing on the treatment administration
sequence, a trend toward a better performance in patients
receiving rego first was observed (p = 0.09) (Online
Resource Fig. 9).

Efficacy outcome in the GI12C group: In the G12C
group, median rego-related OS showed no differences
between patients receiving TFD/TPI (overall 6 patients
[60.0%]; 4 before, 2 after) in addition to rego (p = 0.98)
(Online Resource Fig. 10a). Accordingly, median TFD/
TPI-related OS was not significantly longer in patients
receiving rego (overall 7 patients [50.0%]; 2 before, 5

40
Time (months)

after) in addition to TFD/TPI (p = 0.65) (Online Resource
Fig. 10b).

When focusing on the treatment administration sequence,
no statistically significant differences were documented
(»p = 0.73) (Online Resource Fig. 11).

Efficacy outcome in the GI2D group. In patients in the
G12D group, median rego-related OS showed no differences
between patients receiving TFD/TPI (overall 19 patients
[61.2%]; 9 before, 10 after) in addition to rego (p = 0.42)
(Online Resource Fig. 12a). Conversely, median TFD/TPI-
related OS was significantly longer in patients receiving rego
(overall 19 patients [36.5%]; 10 before, 9 after) in addition to
TFD/TPI (p = 0.03) (Online Resource Fig. 12b). At univari-
ate analysis, including age, sex, number of previous lines,
synchronous disease, PS, and sites of disease, no statistically
significant differences in terms of OS were observed.

When focusing on the treatment administration sequence,
no statistically significant differences were documented
(» = 0.73) (Online Resource Fig. 13).

4 Discussion

To our knowledge, this is the first report evaluating the effi-
cacy of rego and TFD/TPI in later lines of real-life treatment
of CRC patients, according to extended RAS analysis.

Our study suggests that extended RAS mutation status
does not affect the outcome of heavily pretreated CRC
patients, neither when receiving TFD/TPI nor when receiv-
ing rego. Nevertheless, a trend toward a higher efficacy of
rego in RAS-mutated patients has been documented (in par-
ticular in patients carrying G12D and Codon 12 mutations),
when compared with RAS WT patients. Our study also dem-
onstrated that about 50% of patients are able to receive both
drugs independently of molecular characteristics. Patients
receiving both drugs surely represent a favorable prognostic
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factor-enriched population, since the median OS is signifi-
cantly higher when compared with monotherapy, both in our
study and in other papers [9—15]. Rego-related OS was sig-
nificantly longer when considering patients receiving TFD/
TPI in addition to rego, and, accordingly, TFD/TPI-related
survival was significantly longer when considering patients
receiving rego in addition to TFD/TPI. Interestingly enough,
the scenario changed when each molecular subgroup was
considered separately. While, in RAS WT patients, both
rego-related OS and TFD/TPI-related OS were longer in
patients receiving both drugs, in mutated groups (Codon
12, Codon 13, Rare, G12C and G12D), rego-related survival
was not significantly improved in patients receiving TFD/
TPI in addition to rego. Differently, TFD/TPI-related OS
was significantly longer when considering patients receiving
rego in addition to TFD/TPI, not only in RAS WT group but
also in the Codon 12, Rare and G12D groups. In particular,
these data were highly significant in Codon 12 (p = 0.0003).
Accordingly, only in this group (Codon 12), the rego fol-
lowed by TFD/TPI sequence was statistically superior to the
reverse sequence. Interestingly enough, the G12C subgroup
displayed a different clinical behavior, probably due to the
worse prognosis of patients carrying this mutation [21].

A recent paper [18] analyzing two independent real-world
datasets (960 patients overall) and an independent validation
cohort based on the global phase III RECOURSE trial (800
patients) demonstrated that KRAS codon 12 mutations are
predictive of reduced TFD/TPI efficacy. On the contrary, all
other patients benefited from TFD/TPI therapy compared
with placebo. Unfortunately, no data about patients receiving
rego in addition to TFD/TPI were available for this popula-
tion. Our data are consistent with the data reported above
since rego-related OS of the Codon 12 group did not benefit
from the addition of TFD/TPI.

A Japanese study [16] comparing rego and TFD/TPI effi-
cacy in a large (7279 patients) nationwide database showed
a significantly longer survival in patients receiving TFD/TPI
first compared with those receiving rego first. However, 39%
of patients in the rego-first group received subsequent TFD/
TPI treatment, whereas only 25% of the patients in the TFD/
TPI-first group received subsequent rego treatment. This
imbalance likely affected the outcome, since patients receiv-
ing both drugs displayed a significantly higher survival. This
evidence, reported in this study, is in line with our results as
well as with other reports [9—17]. In this regard, the percent-
age of patients receiving both drugs (about 50% in our study,
much higher than other reports) deserves further attention
since, considering the high variability among reports [22],
we suspect it could be attributed to factors other than patient-
related or disease-related factors.

Last, but not least, our study provides a picture of the
molecular landscape of patients reaching later lines of treat-
ment in advanced CRC. The proportion of patients carrying
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a BRAF mutation is very low. The percentage of patients
with no RAS mutation (WT) is 46.3% and is in line with
literature data [21] and with patients treated in the first-line.
G12D is the most common codon 12 mutation and G13D is
the most common codon 13 mutation, in line with available
evidence on CRC RAS mutation epidemiology [23].

The main limitation of our study is represented by its
retrospective nature, which might have affected the results
due to its intrinsic selection bias. Another important limita-
tion is the long interval time over which patients have been
included. Last, but not least, the sample size of the sub-
groups analysis is quite limited.

Although our study demonstrates that efficacy of rego and
TFD/TPI in later lines of therapy of advanced CRC patients
is not significantly affected by extended RAS mutational sta-
tus, it identifies subgroups of patients in whom rego seems to
work better. In patients carrying KRAS codon 12 mutations,
rarer KRAS mutations and NRAS mutations and KRAS
G12D mutation, the addition of rego (before or after) to
TFD/TPI significantly improves TFD/TPI-related survival,
but is not the same when adding TFD/TPI to rego. Moreo-
ver, only for patients with CRC harboring KRAS codon 12
mutations, the rego followed by TFD/TPI sequence seems
significantly superior to the reverse sequence. Because of
the small sample size of some subgroups, we cannot exclude
that other factors such as disease burden or PS could play an
important role in our results.

5 Conclusion

Although our results cannot be considered conclusive, they
are in line with previous evidence [18] investigating the
efficacy of TFD/TPI in relation to KRAS mutational status,
and add another important piece to the puzzle of treatment
personalization of advanced CRC patients. Bearing in mind
that no more than 50% of patients will receive both drugs
in the history of their disease, we think that available data
could suggest to consider rego anticipation (in comparison
with TFD/TPI) in patients carrying a codon 12 mutation.
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