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Abstract 
Background:  Clinical and experimental studies indicate that the tumor protein p53 (TP53) gene loss of function due to missense mutations 
(MMs) may confer sensitivity to anti-angiogenics. This effect seems to be linked to cross-talk mechanisms among TP53, vascular endothelial 
growth factor (VEGF), and VEGF receptors. We investigated whether specific TP53 MMs are associated with clinical outcomes of patients with 
metastatic colorectal cancer (mCRC) treated with first-line chemotherapy plus Bevacizumab. The study focused on KRAS-mutated, liver-only 
mCRC cases as a homogeneous subgroup that may represent a relevant setting for exploring this association.
Materials and methods:  MMs were identified on primary tumors. MMs were classified by mutant-specific residual transcriptional activity 
scores (TP53RTAS) as transcriptionally inactive (TP53inactive = TP53RTAS 0%) or active (TP53active = TP53RTAS ≥ 1%) and used for stratifying patients in 
progression-free survival (PFS), response rate, and overall survival (OS) analyses.
Results:  The study population consisted of 62 patients. MMs were found in 39 cases (62%) with 16 having TP53inactive and 23 TP53active MMs. 
Patients with TP53inactive MMs showed better PFS in comparison with the remaining groups (wild-type and TP53active). This effect was retained in 
the multivariate model. A similar clinical impact was observed in the OS analysis. There was a significant difference in the overall response rate 
and rate of post-treatment resection of liver metastases between the TP53inactive and the wild-type or TP53active MMs cases.
Conclusions:  Specific TP53 MMs may identify sub-groups of patients who benefit from Bevacizumab-based systemic therapy and these find-
ings could lead to novel tailored treatment strategies in this setting.
Key words: TP53; missense mutation; colorectal cancer; Bevacizumab; liver metastasis.

Implications for practice
TP53 missense mutations may identify sub-groups of patients with metastatic colorectal cancer who benefit from anti-angiogenics.

Introduction
Recent clinical findings in advanced cancer patients have 
shown improved survival outcomes with inhibitors of the 
vascular endothelial growth factor (VEGF) and VEGF recep-
tor (VEGFR) mostly in tumors harboring a TP53 mutation.1-5 
In gastric adenocarcinomas, we found improved survival in 

metastatic patients treated with ramucirumab/chemotherapy 
in the presence of a p53 loss of function (LOF) mutation.6 
Notably, VEGF-A mRNA expression levels were significantly 
increased in the TP53 LOF mutation cases.6 This finding par-
allels previous analyses in cancer tissues, which showed sig-
nificant increases in VEGF expression levels in the presence 
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of TP53 mutations.7-9 Indeed, several experimental and pre- 
clinical studies have recently indicated the molecular back-
ground underlying the role of TP53 in the control of tumor 
VEGF. The VEGF promoter displays a highly conserved and 
functional p53-binding site and the p53 tumor suppressor 
downregulates VEGF expression.3 In experimental cancer 
models, the interaction between loss of TP53 and hypoxia 
inducible factor 1 or transcription factor E2F1 (E2F1) caused 
VEGF up-regulation.10-12 In addition, mutant TP53 can up- 
regulate the transcription of VEGF receptor 2 (VEGFR2) by 
promoter remodeling.13 Over the last decades, TP53 has been 
generally considered an unfavorable predictive or prognostic 
factor in translational cancer studies. However, this novel func-
tional background could support the hypothesis that carriers of 
TP53 mutations may benefit from anti-VEGF therapy.

Bevacizumab is a humanized anti-VEGF monoclonal IgG1 
antibody, which is approved for the treatment of several can-
cer types. Bevacizumab acts by selectively binding circulat-
ing VEGF, thereby inhibiting the binding of VEGF to its cell 
surface receptors, VEGFR-1 and VEGFR-2. It is currently 
employed in the systemic therapy of patients with metastatic 
colorectal cancer coupled with chemotherapy. Colorectal can-
cer represents the cancer entity with the highest prevalence 
of p53 mutations, with a prevalence ranging from 35% up 
to 70% of colorectal carcinomas harboring p53 mutations. 
In contrast to other tumor suppressor genes, which are pre-
dominantly altered by truncating mutations, approximately 
90% of p53 mutations are missense mutations, meaning that 
the full-length protein with a single amino acid change is 
expressed.14 As a consequence, somatic TP53 missense muta-
tions cannot be considered a homogeneous group inducing an 
on/off LOF effect since they may display a large gradient of 
functional consequences.1 However, with the development of 
novel techniques of functional analyses, TP53 missense muta-
tions can now be classified for clinical purposes by consider-
ing their residual activity by functional assays.15

We investigated the possible clinical impact of TP53 mis-
sense mutations in KRAS-mutated metastatic colorectal can-
cer patients in first-line chemotherapy plus Bevacizumab. The 
liver-only metastatic disease was deemed of particular interest 
considering the opportunity to study a homogeneous group 
of patients in a relevant clinical setting where translational 
information may improve treatment strategies including sur-
gery for metastatic disease.

Materials and methods
The retrospective cohort study was implemented from con-
secutive metastatic colorectal cancer cases who were treated 
with first-line systemic therapy at the 3 Institutions of the 
Azienda Sanitaria Territoriale 1, Marche Nord, Italy (AST1) 
between 2018 and 2022.

Patients were considered eligible for study inclusion if they 
had received standard staging procedures with whole body 
computed tomography scan coupled, when indicated, with 
nuclear magnetic resonance or positron emission tomogra-
phy. They had to be evaluated by the local multidisciplinary 
team conference and they had to be judged with unresectable 
colorectal cancer liver metastases (synchronous or metachro-
nous) without extrahepatic disease. Liver metastases were 
considered non-resectable16 in the case of expected failure of 
achieving a complete (R0) resection of all lesions in one sin-
gle surgical procedure (excluding pre-operative hypertrophy 

procedures of the future liver remnant) by surgical resection 
alone (excluding additional thermal destruction of metastasis: 
radiofrequency ablation/microwave ablation), leaving a min-
imum remnant liver volume of 30% in normal livers or 40% 
in compromised livers (chemotherapy pretreated, cirrhotic).

Furthermore, the study inclusion required the availability 
of primary tumor tissue samples, the presence of a KRAS 
mutation (thus excluding therapy with anti-epidermal growth 
factor receptor, EGFR), the adoption of a 5-fluorouracil/
Irinotecan (FOLFIRI) chemotherapy regimen coupled with 
Bevacizumab and adequate follow-up information. Carriers 
of TP53 non-missense mutations were excluded. According 
to standardized clinical practices at the three AST1 partic-
ipating institutions, re-staging procedures during systemic 
therapy were performed every 3 months. Treatment outcomes 
were evaluated in routine liver surgery and multi-disciplinary 
meetings with a dedicated radiologist. Liver-only metastatic 
disease allowed for the monitoring of the response of defined 
and measurable single-organ parenchymal lesions, with 
adherence to the RECIST criteria.

The study was performed in accordance with the reporting 
recommendations for tumor marker prognostic (REMARK) 
guidelines.17 The study was performed in accordance with the 
International Conference on Harmonization Good Clinical 
Practice Guidelines, the Declaration of Helsinki (1996) and 
approved by the local Ethics Committee (CERM, Comitato 
Etico Regionale delle Marche) on December 15, 2022 
(Protocol code no. 2022_364).

TP53 analysis
A sample of 4–6 10-μm sections from formalin-fixed paraffin- 
embedded specimens was obtained from patient tumors and 
matched with normal tissues. Before cutting sections for total 
nucleic acid isolation, an additional slide was prepared for 
hematoxylin-eosin staining and the pathologists identified 
representative areas with an almost complete representation 
of tumor infiltration. Tissues were micro-dissected and placed 
in a 1.5 mL reaction tube containing 1 mL xylene to remove 
paraffin. According to the manufacturer’s instructions, 
DNA was extracted using the RecoverAllTM Multi-Sample 
RNA/DNA Isolation Workflow (InvitrogenTM by Thermo 
Fisher). DNA concentration and purity were measured 
using the NanoDrop 1000 spectrophotometer (Nanodrop 
Technologies). Next-generation sequencing and TP53 analy-
sis were performed as previously reported.6

Each TP53 missense mutation was assigned a residual tran-
scriptional activity score (TP53RTAS) according to the results 
of a site-directed mutagenesis technique and yeast-based 
functional assay.18,19 The TP53RTAS represents the median 
transcriptional activity value measured across eight different 
p53-responsive promoter elements (p21, Mdm2, Bax, 14-3-3, 
p53AIP1, GADD45, Noxa, and p53R2), that share the char-
acteristic of being direct target genes of p53. This panel has 
been adopted in previous studies6,19 and it displays a spec-
trum of p53-dependant regulation: cell growth arrest (p21, 
Gadd45 14-3-3); apoptosis (p53AIP1, BAX, NOXA); DNA 
repair (p53R2) TP53 auto-regulatory feedback loop (MdM2).

TP53RTAS provides positive values, which may exceed 
100% activity in the case of uncommon hyper-active TP53 
missense mutations. Based on these functional scores, TP53 
missense mutations were then divided into 2 distinct groups: 
TP53RTAS = 1% (when TP53RTAS ≥ 1%) and TP53RTAS = 0% 
(when TP53RTAS values between 0.1% and 0.9%, values were 
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rounded to the nearest whole number). This categorization 
denotes a clear distinction between a transcriptionally inac-
tive group (TP53inactive =TP53RTAS 0%) vs a transcriptionally 
active group (TP53active =TP53RTAS ≥ 1%). The distribution 
of TP53 gain-of-function (GOF) missense mutations20 was 
analyzed in the TP53inactive and TP53inactive groups. The domi-
nant negative effect (DNE) and DNA damage repair function 
(DDR) were analyzed in the TP53active and TP53inactive groups 
with assigned values as measured previously.21

Statistical analysis
The primary endpoint of the study was the progression-free 
survival (PFS) analysis in carriers of TP53inactive vs TP53active 
missense mutations. With 50 events and assuming a 25% 
prevalence of TP53inactive mutations, the scenario for sample 
size estimation would allow the detection of a 60% reduced 
risk of death with a power of 80% and a 2-sided type I error 
of 5%. PFS was calculated from the date of the first cycle 
of the first-line therapy to the date of progression or death. 
Tumor response was assessed every 12 weeks until disease 
progression. The Kaplan–Meier method was used to estimate 
survival curves and the log-rank test was used to compare 
survival times between groups. A multivariate Cox propor-
tional hazards model was adopted to adjust it according to 
clinical and pathological features. Contingency tables were 
analyzed by the Chi-square test. For DNE and DDR analyses, 
Z-scores were plotted and statistical significance was deter-
mined using Mann-Whitney U tests. All reported P-values 
were 2-sided, and CIs were at the 95% level. A P-value < 
.05 was considered statistically significant. Survival analyses 
were performed using MedCalcTM for Windows, version 15.0 
(MedCalc Software, Ostend, Belgium).

Results
The study population consisted of 62 liver-only metastatic 
colorectal cancer patients who underwent first-line systemic 
therapy with 5-fluorouracil and irinotecan in the FOLFIRI 
regimen. All cases were carriers of a KRAS mutation. A TP53 
missense mutation was found in 39 patients, while 23 were 
TP53 wild-type. As shown in Table 1, no significant difference 
was observed in the distribution of clinical and pathological 
features between TP53 mutated and TP53 wild-type cases.

Characterization of TP53 missense mutations
In Table 2, the residual transcriptional activity scores for each 
TP53 missense mutation are reported. The range of the RTAS 
median value was 0%-18.1%. Accordingly, 16 patients were 
classified as carriers of a TP53inactive missense mutation and 
23 patients were classified as carriers of a TP53active missense 
mutation. The distribution of GOF missense mutations was 
balanced between the two groups, with 7 and 8 carriers of 
GOF TP53 missense mutation in the TP53inactive and TP53active 
groups, respectively (Table 2). As shown in Figure 1, DNE was 
significantly higher in TP53active carriers than in TP53inactive car-
riers, while DDR activity was comparable between TP53inactive 
and TP53active groups.

Progression-free survival analysis
Figure 2 shows Kaplan-Meier survival plots displaying PFS 
in carriers of TP53 missense mutations versus TP53 wild-
type cases (A) and in carriers of TP53inactive or TP53active 
missense mutations versus TP53 wild-type cases (Figure 

2B). Considering carriers of TP53 missense mutations as a 
whole (Figure 2A), no significant difference was observed. 
In patients with TP53 wild-type, the median PFS was 16.7 
months (95%CI, 13.7-18.0 months), while carriers of TP53 
missense mutations showed a median PFS of 15 months 
(95%CI, 10.2-17.0 months). A significant difference in PFS 
became evident after the dichotomization of TP53 missense 
mutation carriers (Figure 2B) with 22.3 months (95%CI, 9.0-
28.7 months) median PFS time in the TP53inactive group and 
12 months (95%CI, 9.0-15.0 months) median PFS time in the 
TP53active group.

The multivariate model included: age (>65 years vs ≤65 
years), gender (male vs female), primary tumor colorectal 
location (right vs left), primary tumor resection (yes vs no), 
liver metastasectomy with clear margins (yes vs no), Eastern 
Cooperative Group performance status (1 vs 0), mucinous 
histology (present vs absent) and TP53 status (TP53inactive 
vs TP53active and wt). Among these factors, TP53inactive sta-
tus (0.35 hazard ratio with 0.14-0.88 CI, P = .02) and liver 
metastasectomy with clear margins (0.41 hazard ratio with 
95% CI, 0.17-0.98, P = .04) retained the favorable effect on 
PFS.

Tumor response and liver surgery
Forty patients (64.5%) showed complete or partial responses 
and the remaining 22 patients (35.5%) showed stable disease 
or disease progression. Liver metastasectomy was carried 
out in 19 patients. The distribution of tumor responses and 
liver surgery procedures was analyzed according to the TP53 
status. As shown in Table 3, carriers of TP53inactive missense 

Table 1. Characteristics of the 62 patients and distribution according to 
the TP53 status.

Number of patients (%)

Variable Total TP53 mutated TP53 Wild-type P-value

Age

>65 years 20 (32) 10 (50) 10 (43) 0.1

≤65 years 42 (68) 29 (69) 13 (77)

Gender

Male 32 (56) 23 (59) 9 (39) 0.1

Female 30 (44) 16 (41) 14 (61)

Primary tumor 
location

Left colon 36 (52) 24 (61) 12 (52) 0.5

Right colon 26 (48) 15 (39) 11 (48)

Primary tumor 
resection

No 12 (20) 7 (18) 5 (22) 0.7

Yes 50 (80) 32 (82) 18 (78)

Mucinous 
histology

No 53 (85) 34 (87) 19 (83) 0.7

Yes 9 (15) 5 (13) 4(17)

ECOG-PS

0 47 (76) 31 (79) 16 (69) 0.5

1 15 (24) 8 (21) 7 (31)

Abbreviations: ECOG-PS, Eastern Cooperative Group Performance Status.
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mutations were more likely to attain an objective response 
(P = .03). This positive effect on tumor shrinkage seems to 
result in a significantly higher frequency of liver metastasecto-
mies in TP53inactive missense mutation carriers (P = .02).

Overall survival analysis
Figure 3 shows Kaplan-Meier survival plots displaying the 
overall survival (OS) in carriers of TP53 missense mutations 
versus patients with TP53 wild-type status (Figure 3A) and 
in carriers of TP53inactive or TP53active missense mutations vs 
patients with TP53 wild-type status (Figure 3B).

In TP53 wild-type cases, the median PFS was 25.5 months 
(95%CI, 17.7-32.5 months), whereas carriers of TP53 
missense mutations exhibited a median PFS of 26 months 
(95%CI, 18.2-33.4 months). The distinction among TP53 
missense mutations (Figure 3B) showed a significant impact 
on OS. Median OS times were 35 months (95%CI, 21.5-
38.5 months) in carriers of TP53inactive missense mutations, 
25.5 months (95%CI, 22.6-29.7 months) in patients with 
TP53 wild-type status, and 24.9 months (95%CI, 19.7-29.3 
months) in carriers of TP53active missense mutations.

Discussion
Over half of newly diagnosed patients with colorectal cancer 
develop liver metastases. In liver-only metastatic colorectal 
cancer, about 75% of cases are diagnosed with liver metas-
tases not amenable to upfront resection. In these cases, and 
in the presence of KRAS mutations that confer resistance to 
EGFR inhibitors, systemic therapy with Bevacizumab plus 
chemotherapy is the standard of care.22 Nevertheless, the over-
all treatment strategy could consider the surgical approach in 
responsive and prognostically favorable sub-groups treated 
with first-line systemic therapy.23 Unfortunately, despite 
intense efforts, no predictive biomarker has been identified 
yet that would optimize the personalized use of Bevacizumab 
and the management of patients with an oligometastatic 
disease.23 In the present study, patients with liver-only meta-
static colorectal cancer and with tumors harboring inactivat-
ing TP53 missense mutations showed favorable PFS, tumor 
responsiveness and increased rates of liver metastasectomy 
after systemic therapy with Bevacizumab plus chemotherapy. 
Our clinical findings add to those recently reported in sug-
gesting a favorable role of TP53 mutations on the efficacy of 
inhibitors of VEGF-stimulated angiogenesis.1-6 Prior to these 
findings, translational studies focusing on tumor genetic fea-
tures and clinical outcomes of metastatic colorectal cancer 
patients treated with Bevacizumab did not report significant 
associations with TP53 mutational status.24-27 The discrep-
ancy between these data may be explained in light of the 
expanding information on TP53 missense mutations, their 
characteristics and their classification for clinical purposes.

TP53 missense mutations constitute the majority of TP53 
mutations in colorectal cancer, but our findings demonstrate 
that they can no longer be considered a homogeneous group, 
especially for translational clinical analyses.28 In the present 
study, no significant association with PFS was found when 
the 39 carriers of TP53 missense mutations were analyzed as 
a whole. However, the sub-group of 16 carriers (41%) with 
TP53inactive missense mutations showed a positive association 
with PFS and other study outcomes.

GOF TP53 missense mutations are considered to confer 
a more aggressive phenotype.20 However, in this study pop-
ulation, they were equally distributed between TP53inactive 
and TP53active missense mutation carriers. TP53 missense 
mutations with DNE were more frequent among TP53active 
carriers. Strong evidence suggests that DNA damage (ie,  
chemotherapy-induced) may determine the DNE.29 According 
to experimental data,30 DNE may have caused a predominant 
apoptosis-suppressive phenotype in this group.

In the TP53inactive group, several mechanisms may have 
led to an anti-VEGF-sensitive phenotype. Experimental 
and pre-clinical data have elucidated the cross-talk mecha-
nisms among TP53, VEGF, and VEGF receptors.9-13 LOF 

Table 2. Observed TP53 missense mutations with RTAS values.

Missense mutation *Frequency (N) RTAS median

p.C135Y 1 6.6

p.C176Y 2 3.2

p.C242S 2 0

p.D259V 1 10.8

p.E285K 1 15.8

p.F270C 1 0

p.G245S 2 0

p.H178P 2 7.1

p.H193D 1 1.3

p.H193P 2 11.8

p.L130F 1 18.0

p.P151H 2 7.8

p.R175H** 8 9.2

p.R213L 2 0

p.R248Q** 5 0

p.R273C 2 0.4

p.R273H** 2 0

p.R280S 1 11.9

p.V157L 1 18.1

p.V274L 1 4.4

*One patient was the carrier of 2 TP53 missense mutations.
**Gain-of-Function (GOF) missense mutation.
Abbreviations: RTAS, residual transcriptional activity scores.

Figure 1. Comparison of dominant negative effect (DNE) and DNA 
damage repair function (DDR) in carriers of TP53inactive missense 
mutations and TP53active missense mutations.
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TP53 missense mutations were found to be associated with 
VEGF up-regulation,6-8 which in turn may sensitize tumors to 
anti-angiogenic exposure.1-6 However, additional mechanisms 
may link TP53inactive missense mutation to positive anti-tumor 
effects of anti-angiogenics.

In response to DNA damaging agents, cells activate a check-
point signaling pathway downstream of Ataxia-telangiectasia 
Mutated (ATM)/ATM- and Rad3-related (ATR) using effec-
tors Checkpoint Kinase 1 (Chk1)/Checkpoint Kinase 2 (Chk2) 
and a more recently identified signaling cascade through p38/
Mitogen-activated protein kinase-activated protein kinase 2 
(MK2) to arrest cell cycle progression and repair DNA. The 
ability of cells to activate cell cycle checkpoints prevents pro-
gression into vulnerable phases of the cell cycle, leading to 

Figure 2. Kaplan-Meier survival plots for PFS in carriers of TP53 missense mutations vs patients with TP53 wild-type status (A) and in carriers of 
TP53inactive or TP53active missense mutations vs patients with TP53 wild-type status (B).

Table 3. Distribution of responses and liver surgery according to the 
TP53 status.

Number of patients (%)

Variable Total TP53inactive TP53active 
and TP53wt

P-value

Objective responses

CR plus PR 40 (64.5) 14 (87.5) 26 (56) 0.03

SD plus PD 22 (35.5) 2 (12.5) 20 (44)

Liver Metastasectomy

Yes 19 (30.5) 9 (56) 10 (21)  0.02

No 43 (68.5) 7 (44) 36 (79)

Abbreviations: CR, complete response; PD, disease progression; PR, partial 
response; RTAS, residual transcriptional activity scores; SD, stable disease; 
wt, wild-type.
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chemoresistance. It has been demonstrated that cancer cells 
with TP53 LOF mutations must activate alternative pathways 
to maintain critical cell cycle checkpoints.31 One of these is the 
p38/MK2/Cell-Division Cycle 25C (CDC25C)/CyclinB/ Cell-
Division Cycle 2 (Cdc2) signaling cascade, which allows cells 
to repair DNA at G2 prior to entering M. Blocking this sig-
naling pathway completely abrogates the checkpoint in cells 
lacking p5329. Mallen et al32 analyzed TP53 mutations in 250 
endometrial cancer patients in the 3-arm randomized GOG/
NRG/86P study. Similar to our study, the longest PFS (19.6 

months) was found in patients with TP53 LOF mutations 
treated with bevacizumab plus chemotherapy, compared to 
12.2 months of patients with TP53 wild-type status and 10.6 
months of patients with other TP53 mutations. Using cell mod-
els, Mallen et al32 described a mechanism of synthetic lethality 
resulting from the ability of agents such as bevacizumab, which 
blocks signaling downstream of tyrosine kinases, to abrogate 
cell cycle checkpoints in the absence of p53.

Our study population consisted of patients whose tumors 
were positive for KRAS mutations; therefore, the coexistence 

Figure 3. Kaplan-Meier survival plots for OS in carriers of TP53 missense mutations versus patients with TP53 wild-type status (A) and in carriers of 
TP53inactive or TP53active missense mutations vs patients with TP53 wild-type status (B).
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of the KRAS and TP53 mutations is an additional feature 
that deserves consideration.33 Bevacizumab may display a 
favorable selection pressure with a decrease in KRAS mutant 
cells, which might reflect the efficacy of bevacizumab to spe-
cifically eradicate the KRAS mutant population, leading to an 
increased prevalence of KRAS wild-type cells.34 Intriguingly, 
Hendricks et al35 described a case of the rapid response of a 
patient with metastatic colorectal cancer with Adenomatous 
Polyposis Coli/TP53/KRAS mutations to FOLFIRI and 
Bevacizumab combination chemotherapy. In this report,35 
the authors found the TP53 Arg282Trp (R282W) missense 
mutation, which can be classified among the TP53inactive mis-
sense mutations. In a biological perspective, KRAS signaling 
could influence several molecular pathways, which may ulti-
mately favor the use of VEGF inhibitors. KRAS impacts the 
remodeling of the cancer microenvironment, including angio-
genesis,36 and VEGF itself was found to be up-regulated by 
KRAS signaling.37-40 Also, VEGF inhibition may counteract 
the immunosuppressive status41 induced by molecular path-
ways under TP53/KRAS co-mutations control.42 Ferroptosis 
is an iron-dependent mode of regulated cell death caused by 
unrestricted lipid peroxidation and subsequent plasma mem-
brane rupture. KRAS-driven and TP53 mutated cancer cell 
lines seemed to be selectively sensitive to ferroptosis inducers 
among which are anti-angiogenic compounds.43 Therefore, 
the overall molecular background may provide the rationale 
for a positive role of bevacizumab in the treatment of patients 
with metastatic colorectal carcinomas with TP53inactive and 
KRAS mutations.

Our findings must also be evaluated in the context of cur-
rent knowledge on genetic profiling of colorectal carcino-
mas of patients treated with resection of liver metastases. 
Translational studies showed poor survival outcomes of 
these patients when tumors were positive for TP53 and/
or KRAS mutations.44 Considering the aforementioned bio-
logical aspects, these unfavorable prognostic features, how-
ever, may provide targets and vulnerabilities for modern 
chemotherapy and biologic agents such as the anti-VEGF 
Bevacizumab.

Conclusions
Our study shows a possible favorable effect of the anti-VEGF 
Bevacizumab in a setting of oligo-metastatic colorectal can-
cer patients with TP53inactive and KRAS mutations, supporting 
a precision oncology approach to metastatic colorectal can-
cer treatment. Limitations to this study that deserve further 
investigation are the clinical impact of partially active TP53 
missense mutations, the use of alternative TP53RTAS cutoffs, 
as well as alternative functional characterizations of TP53 
missense mutations. Here, we focused only on the TP53 mis-
sense mutations analysis, but the p53 expression by immu-
nohistochemistry and its consistency with the presence of 
TP53 mutations could be considered in future studies. Lastly, 
it could be explored whether increased chemosensitivity in 
the TP53 inactive group may contribute to clinical differences 
after liver metastasectomy.
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