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Background: The presence of KRASG12C mutation in metastatic colorectal cancer (mCRC) correlates with poor
outcome. Although different selective inhibitors are under clinical development, the optimal treatment remains
uncertain. Thus, we conducted a retrospective analysis in a large cohort of patients with KRASG12C mCRC treated in
12 Italian oncology units.
Patients and methods: Patients with unresectable mCRC harboring KRASG12C mutation receiving a first-line
chemotherapy doublet or triplet between 2011 and 2021 were included in the study. Evaluation of overall response
rate (ORR), progression-free survival (PFS) and overall survival (OS) analysis was carried out.
Results: A total of 256/6952 (3.7%) patients with mCRC displayed KRASG12C mutation; of these, 111 met the inclusion
criteria. The ORR of first-line therapy was 38.7% (43/111). Median PFS (mPFS) was 9 months [95% confidence interval
(CI) 7.5-10.5 months]. After progression, only 62% and 36% of the patients are fit to receive second or third lines of
treatment, with limited clinical benefit. Median OS (mOS) was 21 months (95% CI 17.4-24.6 months). In patients
receiving first-line triplet chemotherapy, ORR was 56.3% (9/16), mPFS was 13 months (95% CI 10.3-15.7 months)
and mOS was 32 months (95% CI 7.7-56.3 months). For irinotecan-based doublets, ORR was 34.5 (10/29), mPFS was
9 months (95% CI 6.4-11.6 months) and mOS was 22 months (95% CI 16.0-28.0 months). With oxaliplatin-based
doublets ORR was 36.4% (24/62), mPFS was 7 months (95% CI 4.6-9.4 months) and mOS was 18 months (95% CI,
13.6-22.4 months).
Conclusion: Patients with KRASG12C-mutant mCRC had a disappointing response to standard treatments. Within the
limitations of a retrospective study, these results suggest that first-line chemotherapy intensification with FOLFOXIRI
is a valid option in fit patients.
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INTRODUCTION

Treatment of metastatic colorectal cancer (mCRC) has
deeply changed over the last two decades.1 For patients
with RAS/BRAF wild type tumors the addition of anti-
epidermal growth factor receptor (EGFR) monoclonal anti-
bodies (mAbs) significantly improved therapeutic efficacy
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and led to an overall survival (OS) of 30-40 months.2 While
the presence of BRAFV600E mutation confers a major
aggressiveness, the use of target therapies may change the
natural history of the disease.3

Moreover, immunotherapy has revolutionized the treat-
ment of microsatellite instability high (MSI-H) mCRC with
patients experiencing long-lasting responses.4,5

For many years, RAS mutations have been considered a
negative prognostic biomarker that confers resistance to
anti-EGFR mAbs and is correlated with poor prognosis.6

Only recently, the development of specific KRASG12C in-
hibitors represented a light at the end of the tunnel.7,8 The
presence of KRASG12C is rare (2%-4%), however, and so far,
merely few and heterogenous retrospective series have
evaluated the impact of KRASG12C on the response to
chemotherapy and as a prognostic biomarker, with discor-
dant results.9-16 KRASG12C tumors were associated with a
shorter OS compared with non-KRASG12C tumors.9-13 Other
studies reported that KRASG12C mutation conferred resis-
tance with reduced overall response rate (ORR) to first-line
chemotherapy doublets plus bevacizumab compared with
different KRAS mutations, but did not affect progression-
free survival (PFS) or OS.14 Finally, another study reported
no difference in terms of response and OS across KRASG12C
and other KRAS-mutant mCRC.15 Furthermore, due to the
retrospective nature of those studies, the small number of
patients included in the studies and the setting and/or the
type of chemotherapy regimens (mono-chemotherapy
versus chemotherapy doublets, post-operative chemo-
therapy versus palliative treatment), the best treatment
strategy is still unknown.

Therefore, while novel anti-KRASG12C drugs are moving
from bench to bedside, there are still different open
questions including how we can optimize the available
treatments for these patients, and which is the natural
course of the disease. For this reason, we conducted a
retrospective analysis on a large cohort of patients, with
unresectable mCRC, who received an intensive first-line
treatment at 12 specialized Italian oncology units.
MATERIALS AND METHODS

The aim of this study was to investigate the impact of
KRASG1C mutation on the response to chemotherapy and
on the outcome in patients with unresectable mCRC.

Medical records of patients with mCRC referred to 12
Italian oncology units from January 2011 to December 2021
were evaluated. Main inclusion criteria were (i) patients
with KRASG12C-mutant mCRC; (ii) availability of clinico-
pathological characteristics, treatment patterns and out-
comes; and (iii) patients should have received an intensive
fist-line treatment, such as irinotecan- or oxaliplatin-based
chemotherapy doublet or triplet. Exclusion criteria were
(i) patients with no KRASG12C-mutant mCRC; (ii) patients
with KRASG12C-mutant mCRC but with missing clinical in-
formation; (iii) patients unfit for systemic therapy or who
received single agent chemotherapy; (iv) patients with
mCRC who received up-front surgery for metastatic disease;
2 https://doi.org/10.1016/j.esmoop.2022.100567
and (v) MSI-H mCRC receiving treatment with immune
checkpoint inhibitors. Evaluation of KRAS mutational status
was carried out on formalin-fixed paraffin-embedded sam-
ples from primary tumors or metastasis assessed at local
centers according to international approved standard
methods.

Information regarding treatment patterns including the
type of first-, second- and third-line chemotherapy was
collected (Supplementary Tables S1 and S2, available at
https://doi.org/10.1016/j.esmoop.2022.100567).

Descriptive statistics were used for clinicopathological
features (Table 1). Response rate was assessed according to
international guidelines. OS was defined as time from
diagnosis of metastasis and death or last follow-up. PFS was
defined as the time from treatment initiation to time of
disease progression, death or last follow-up for patients
alive without progression. Survival outcomes were calcu-
lated using the KaplaneMeier method. Statistical analyses
were conducted by using the SPSS package (v23).

The study was conducted in accordance with the pre-
cepts of Good Clinical Practice and Declaration of Helsinki
and was approved by the ethics committees of each
participating institution.
RESULTS

Medical records of 6952 patients with mCRC were evaluated;
256 (3.7%) displayed KRASG12C mutation (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2022.100567). Of these, 111 patients with unresectable
mCRC met the inclusion criteria and were included in the
analysis (Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2022.100567). Baseline characteris-
tics of the population are reported in Table 1. The median
age was 65 years (range, 40-80 years) with a slight preva-
lence of male (66, 59.5%) compared with female (45, 40.5%).
Most patients had a good performance status (PS) according
to the Eastern Cooperative Oncology Group (ECOG); PS 0 was
observed in 66/111 patients (57.7%), PS 1 in 43/111 (38.7%)
and PS 2 only in 4 patients (3.6%). Forty-five (40.5%) patients
had left-sided tumors, 32 (28.8%) to the rectal primary and
34 (30.6%) had a right-sided CRC. Primary tumor resection
was carried out in approximately two-thirds of the cases (67/
111, 60.4%). Only four tumors were well differentiated
(3.6%). No MSI-H tumors were included in the study popu-
lation; however, it should be noticed that patients with MSI-
H tumors receiving first-line immunotherapy were excluded.
Most of the patients had a metastatic disease at diagnosis
(73/111, 65.8%). In line with previous findings, liver (71/111,
64%) and lung (46/111; 41.4%) were the most frequent
metastatic sites.10,13,15

Patients with mCRC harboring KRASG12C mutation dis-
played disappointing responsiveness to chemotherapy.
Of the 111 patients who received first-line chemotherapy,
3/111 (2.7%) had a complete response, 40 (36%) a partial
response (PR), 42 (37.8%) stable disease (SD) and 26
(23.4%) progressive disease (PD) as best response (Table 2).
Consequently, the ORR was 38.7% and disease control rate
Volume 7 - Issue 5 - 2022
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Table 1. Patients characteristics

Characteristics N [ 111

Age
Years 65 (40-80)

Sex, n (%)
F 45 (40.5)
M 66 (59.5)

Performance status, n (%)
0 64 (57.7)
1 43 (38.7)
2 4 (3.6)

Tumor location, n (%)
Rectum 32 (28.8)
Right colon 34 (30.6)
Left colon 45 (40.5)

Primary tumor resection, n (%)
Yes 67 (60.4)
No 44 (39.6)

Grading, n (%)
1 4 (3.6)
2 41 (37)
3 20 (18)
NA 46 (41.4)

Mucinous histology, n (%)
Yes 18 (16.2)
No 79 (71.2)
NA 14 (12.6)

Microsatellite instability, n (%)
MSI 0 (0)
MSS 61 (55)
NA 50 (45)

Metastatic disease at initial diagnosis, n (%)
Yes 73 (65.8)
No 38 (34.2)

Number of metastatic sites, n (%)
<3 79 (71.2)
�3 32 (28.8)

Liver metastasis, n (%)
Yes 71 (64)
No 40 (36)

Lung metastasis, n (%)
Yes 46 (41.4)
No 65 (58.6)

Peritoneal metastasis, n (%)
Yes 21 (18.9)
No 90 (81.1)

Nodes metastasis, n (%)
Yes 19 (17.1)
No 92 (82.9)

CEA levels, n (%)
<5 18 (16.2)
�5 68 (61.3)
NA 25 (22.5)

Type of first-line treatment, n (%)
Oxaliplatin-based doublet 66 (59.5)
Irinotecan-based doublet 29 (26.1)
FOLFOXIRI triplet 16 (14.4)

Antiangiogenic use in combination with first-line
chemotherapy, n (%)
Yes 80 (66.1)
No 31 (33.9)

CEA, carcinoembryonic antigen; F, female; M, male; MSI, microsatellite instability:
MSS, microsatellite stable. NA, not available.
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(DCR) (76.6%). Median PFS (mPFS) was 9 months [95%
confidence interval (CI) 7.5-10.5 months] (Figure 1). Median
OS (mOS) was 21 months (95% CI 17.4-24.6 months)
(Figure 2). After progression, only 62% and 36% of the pa-
tients were able to receive a second and third line of
Volume 7 - Issue 5 - 2022
treatment, respectively (Supplementary Tables S2, available
at https://doi.org/10.1016/j.esmoop.2022.100567). Of 66
patients who received a second-line treatment, 62 had a
measurable response; 5 (8.1%) experienced PR, 26 patients
(41.9%) SD and 31 patients (50%) PD. ORR was 8.1%, with
DCR 50% (Table 2). mPFS was 4.0 months (95% CI 3.3-4.6
months) (Figure 1). Only 37 patients received a third-line
treatment. For 35 patients with available response evalua-
tion, 10 patients (28.6%) obtained SD and 25 patients
(71.4%) PD as best response (Table 2). mPFS was 3 months
(95% CI 2.6-3.6 months) (Figure 1).

Since after disease progression to first-line treatment, the
efficacy of further treatments was very limited, we evalu-
ated the patterns of response in patients receiving first-line
oxaliplatin- or irinotecan-based chemotherapy doublets or
triplets (Supplementary Tables S1, available at https://doi.
org/10.1016/j.esmoop.2022.100567). In the subgroup of
patients receiving first-line folinic acid, 5-fluorouracil,
oxaliplatin and irinotecan (FOLFOXIRI)-based triplets, ORR
was 56.3% (9/16), whereas it was 36.4% (24/66) for
patients receiving oxaliplatin-based doublets and it was
34.5% (10/29) for patients treated with irinotecan-based
doublets (Table 2). A longer PFS with nearly statistically
significant P value was observed in patients receiving
chemotherapy triplets. The mPFS of patients receiving first-
line FOLFOXIRI-based triplets was 13 months (95% CI 10.3-
15.7 months) compared with an mPFS of 9 months (95% CI
6.4-11.6 months) in the irinotecan-based doublet group
[hazard ratio (HR), 0.53; 95% CI 0.27-1.039; P¼ 0.065] and
as compared with mPFS 7 months (95% CI 4.6-9.4 months)
in the oxaliplatin-based doublet group (HR, 0.58; 95% CI
0.31-1.06; P¼ 0.075) (Figure 3). Similarly, an improved OS
was observed in the patient group receiving chemotherapy
triplets. In fact, mOS was 32 months (95% CI 7.7-56.3
months) compared with an mOS of 22 months (95% CI 16.0-
28.0 months) (HR, 0.58; 95% CI 0.22-1.54 months;
P¼ 0.275) and mOS of 18 months (95% CI 13.6-22.4
months) (HR, 0.52; 95% CI 0.22-1.26; P¼ 0.136) for patients
treated with irinotecan- and oxaliplatin-based chemo-
therapy doublets, respectively. Finally, we evaluated the
impact of adding bevacizumab to chemotherapy on treat-
ment response. A total of 80 out of 111 patients received
chemotherapy plus bevacizumab and 31 out of 111 un-
derwent treatment without antiangiogenic drugs.

No difference in terms of ORR was observed between the
two groups (ORR 38.75% versus 38.7% for patients treated
with or without bevacizumab) (Supplementary Tables S3,
available at https://doi.org/10.1016/j.esmoop.2022.
100567). The addition of bevacizumab to chemotherapy
compared with chemotherapy alone, however, was associ-
ated with a statistically significant improvement in mPFS 10
months (95% CI 8.6-11.4 months) versus 6 months (95% CI
3.7-8.3 months) (HR, 0.48; 95% CI 0.31-0.75; P ¼ 0.001) and
mOS 23 months (95% CI 19.8-26.2 months) versus 15
months (95% CI 9.1-20.9) (HR, 0.51; 95% CI 0.31-0.82; P ¼
0.005) (Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2022.100567).
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Table 2. Response to first-, second- and third-line of therapies and according to the type of first-line treatment

CR PR SD PD ORR DCR

Response in different line of treatments
First line (n ¼ 111) 3 (2.7%) 40 (36%) 42 (37.8%) 26 (23.4%) 43 (38.7%) 85 (76.6%)
Second line (n ¼ 62) 0 (0%) 5 (8.1%) 26 (41.9%) 31 (50%) 5 (8.1%) 31 (50%)
Third line (n ¼ 35) 0 (0%) 0 (0%) 10 (28.6%) 25 (71.4%) 0 (0%) 10 (28.6%)

Response according to the type of first-line treatment
Irinotecan-based chemotherapy doublet (n¼29) 0 (0%) 10 (34.5%) 11 (37.9%) 8 (27.6%) 10 (34.5%) 21 (72.41%)
Oxaliplatin-based chemotherapy doublet (n¼66) 2 (3.0%) 22 (33.3%) 26 (39.4%) 16 (24.2%) 24 (36.36%) 50 (75.75%)
Chemotherapy triplet (n¼16) 1 (6.3%) 8 (50%) 5 (31.3%) 2 (12.5%) 9 (56.25%) 14 (87.5%)

CR, complete response; DCR, disease response rate; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.
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DISCUSSION

Treatment of mCRC is rapidly evolving thanks to better
understanding of tumor biology.17 For more than a decade,
different KRAS mutations were considered to have the same
value as mechanisms of resistance to anti-EGFR thera-
pies.14,18 This concept has changed in the past few years
due to the discovery of selective KRASG12C-mutant in-
hibitors, that proved clinical activity in various tumor types,
including non-small-cell lung cancer, CRC, endometrial and
pancreatic cancer.19-22 The percentage of KRASG12C-mutant
mCRC is low, however, and the prognostic and predictive
role of this mutation is still debated and poorly under-
stood.9-16

In this scenario, to clarify the impact of KRASG12C mu-
tation on the outcome of patients treated with chemo-
therapy, we conducted a retrospective study on a large
population of patients with unresectable mCRC who were
treated with intensive chemotherapy regimens in 12 Italian
institutions. We confirm that the occurrence of KRASG12C
mutation is rare, with 256 positive tumors out of 6952
(3.7%). This result is in line with previous findings by Nassar
and colleagues,16 who reported KRASG12C mutation in
3.2% of patients (234/7402) with CRC. A similar percentage
was reported in an Asian study (2.8%, 45/1632) by Chida
and colleagues.13

Notably, due to the selection which excluded patients not
treated with doublet or triplet chemotherapy, the study
population has comparable characteristics with patients
enrolled in clinical trial.23,24 Nevertheless, in this cohort of
mCRC patients, clinical efficacy of any line of therapy was
reduced compared with non-KRASG12C mutant mCRC.1
Figure 1. Progression-free survival of (A) first-, (B) second- and (C) third-line thera
CI, confidence interval; mPFS, median progression-free survival; PFS, progression-free

4 https://doi.org/10.1016/j.esmoop.2022.100567
These results highlight the biologic and clinical aggressive-
ness of this disease. In fact, in a KRAS-mutant mCRC pop-
ulation, an ORR of w50% could be expected in fit patients
who are treated with chemotherapy doublets with or
without bevacizumab.25,26 In the present study, we report
an ORR of 38.7% for first-line treatments, thus indicating
that KRASG12C mutation could define resistance to
chemotherapy. Similar results were reported by Giampieri
and colleagues,14 that compared the ORR of KRASG12C-
mutant (15 patients) with other KRAS-mutant (105 patients)
with mCRC receiving chemotherapy doublets plus
bevacizumab. Remarkably, with the limitation of a
study with a very small number of patients, the ORR was
significantly inferior in the KRASG12C group (27% versus
52%, P ¼ 0.017).

Of note, in the present study we observe that after dis-
ease progression, only 62% of patients are able to receive a
second-line treatment and only 36% of them a third-line
therapy. This percentage is significantly lower compared
with other reports, in which most of the patients with
mCRC receive a second line of treatment and about two-
thirds a further line.27 Furthermore, the activity of further
lines of treatments was limited compared with clinical trial
results and with real-life data of mCRC patients.1,28-33 In this
respect, here we report an ORR of only 8.1% in second line
with one out two patients experiencing PD as best
response. Even worse results were obtained by third-line
treatments with no response and most of the patients
(71.4%) with progression of disease at the first radiological
evaluation.

Therefore, novel therapeutic strategies are urgently
required for this mCRC group of patients with a mostly
pies.
survival.
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Figure 2. Overall survival.
CI, confidence interval; mOS: median overall survival; OS, overall survival.
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chemoresistant disease. In this regard, signals of clinical
activity of sotorasib, a selective KRASG12C inhibitor, were
recently reported.7 In the CodeBreaK100 phase 1 trial, the
safety of sotorasib was assessed in 62 heavily pretreated
patients with KRASG12C-mutant mCRC. Six patients (10%)
experienced PR, whereas 45 patients (73%) had SD as best
response. mPFS was 4 months (95% CI 2.8-4.2 months) and
mOS was 10.6 months (95% CI 7.7-15.6 months). There is
strong preclinical evidence that combining anti-EGFR
blockade could enhance the efficacy of KRASG12C inhibi-
tion.34 At the ESMO 2021 Annual Congress, the preliminary
results of the KRYSTAL-1 trial investigating adagrasib as
monotherapy or in combination with cetuximab in chemo-
refractory patients with KRASG12C-mutant mCRC were
presented.8 Interestingly, among 28 patients who received
the combined treatment, the ORR was 43% (12/28,
including 2 unconfirmed PR) and DCR was 100%. Based on
these findings, an increasing number of clinical trials
investigating different KRASG12C inhibitors alone or in
combination with other drugs in refractory mCRC are
currently ongoing.35 Considering the limited treatment op-
tions and the promising results of KRASG12C target thera-
pies, if available, the enrollment of such patients in clinical
trials should be highly recommended.

While this class of drugs is still under clinical develop-
ment, however, which is the best treatment strategy for this
Figure 3. (A) Median progression-free survival and (B) overall survival according t
CI, confidence interval; CT, chemotherapy; mPFS, median progression-free survival, O
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subset of patients in clinical practice? Considering that the
maximum clinical benefit was derived by first-line treat-
ment, we conducted a subgroup analysis to evaluate if the
type of first-line regimen could impact on the course of
disease. To our knowledge, although with the limitations of
a retrospective multicenter analysis in 12 Italian centers, the
present study reports the largest analysis so far in patients
with KRASG12C-mutant mCRC who were treated with an
intensive first-line therapy, including chemotherapy triplets.
In this respect, in other similar studies, results with
FOLFOXIRI-based regimens have not been described.9,12-15

In the subgroup of patients receiving FOLFOXIRI-based
therapies, a numerical increase in objective responses was
observed (ORR, 56.25%) compared with irinotecan-based
(34.5%) or oxaliplatin-based (36.4%) doublets. This finding
was accompanied by a numerically better PFS in patients
who were treated with chemotherapy triplets. These results
should be interpreted with caution due the limits of a
retrospective analysis in a real-life setting with a relatively
small number of patients. Based on the results of the TRIBE
and TRIBE-2 phase III clinical trials, FOLFOXIRI plus bev-
acizumab is considered as one of the standards of care in
the first-line treatment of fit mCRC patients.36,37 Interest-
ingly, a meta-analysis of individual patient data from five
randomized clinical trials confirmed that FOLFOXIRI plus
bevacizumab clinical efficacy was also retained in KRAS-
mutant mCRC patients; however, at the cost of increased
toxicity.38 Thus, there is a rationale to intensify the first-line
treatment in fit patients with a KRASG12C-mutant mCRC.
This hypothesis deserves to be confirmed by further anal-
ysis. The use of bevacizumab in combination with chemo-
therapy is considered a standard of care for the treatment
of patients with RAS-mutant mCRC.1 It should be noticed,
however, that in daily practice not all patients receive
bevacizumab, due to the existence of contraindications,
comorbidities or investigator choice. In our study, approxi-
mately two-thirds of the patients were treated with an
antiangiogenic drug in combination with chemotherapy;
conversely one-third were treated only with doublet or
o the type of first-line therapy.
S, overall survival.
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triplet chemotherapy. The use of bevacizumab resulted in
improved mPFS and mOS. It should be considered, however,
that these results could be affected by the difference in
patient characteristics. Our results are in line with previous
findings and support the use of bevacizumab in combina-
tion with chemotherapy, if feasible, for patients with
KRASG12C-mutant mCRC.1,23,24

Conclusion

Patients with KRASG12C-mutant mCRC have a very
aggressive disease with reduced response to standard
treatments. After progression to first-line therapy, the effi-
cacy of subsequent treatments is limited. Therefore, target
therapies with selective KRASG12C inhibitors are urgently
needed. Although the results reported here should be taken
as hypothesis-generating findings and must be further
validated, an intensified first-line therapy with FOLFOXIRI
plus bevacizumab might currently represent a valid treat-
ment option for selected, fit patients with KRASG12C-
mutant mCRC.
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