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Abstract

:

Simple Summary


Molecular biology knowledge has enabled the incorporation of targeted therapies, such as the anti-angiogenic drug bevacizumab, into combined chemotherapy regimens for the treatment of metastatic colorectal cancer. However, to date, there are no reliable useful biomarkers to predict the efficacy of this anti-angiogenic therapy. The objective of this prospective study was to evaluate potential circulating plasma biomarkers in mCRC patients prior to the start of first-line treatment with chemotherapy plus bevacizumab. We found that high VEGF-A and low ACE plasma levels were associated with poor OS after treatment. Moreover, a simple scoring system combining both biomarkers efficiently stratified patients into high- or low-risk groups, which allows the selection of patients for anti-angiogenic therapy.




Abstract


The identification of factors that respond to anti-angiogenic therapy would represent a significant advance in the therapeutic management of metastatic-colorectal-cancer (mCRC) patients. We previously reported the relevance of VEGF-A and some components of the renin–angiotensin-aldosterone system (RAAS) in the response to anti-angiogenic therapy in cancer patients. Therefore, this prospective study aims to evaluate the prognostic value of basal plasma levels of VEGF-A and angiotensin-converting enzyme (ACE) in 73 mCRC patients who were to receive bevacizumab-based therapies as a first-line treatment. We found that high basal VEGF-A plasma levels were significantly associated with worse overall survival (OS) and progression-free survival (FPS). On the other hand, low ACE levels were significantly associated with poor OS. Importantly, a simple scoring system combining the basal plasma levels of VEGF-A and ACE efficiently stratified mCRC patients, according to OS, into high-risk or low-risk groups, prior to their treatment with bevacizumab. In conclusion, our study supports that VEGF-A and ACE may be potential biomarkers for selecting those mCRC patients who will most benefit from receiving chemotherapy plus bevacizumab treatment in first-line therapy. Additionally, our data reinforce the notion of a close association between the RAAS and the anti-angiogenic response in cancer.
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1. Introduction


Colorectal cancer is the second leading cause of cancer deaths in men and women worldwide, with an estimated incidence of 1.9 million new cases diagnosed in 2020 [1]. Survival rates for this disease depend on clinical, biological, and molecular prognostic factors, with median overall survival (OS) in metastatic disease exceeding 30 months [2,3].



The treatment of metastatic colorectal cancer (mCRC) requires multidisciplinary management, and molecular biology knowledge has enabled the incorporation of targeted therapies, such as anti-EGFR and anti-angiogenic drugs, into combined chemotherapy regimens [4,5]. In this regard, bevacizumab is a recombinant humanized monoclonal antibody that inhibits vascular endothelial growth factor (VEGF-A), which is important for angiogenesis signaling, commonly upregulated in mCRC [6,7]. Tumor progression in mCRC involves multiple molecular factors that modify the processes of cell proliferation, differentiation, and death [8]. In this context, the renin–angiotensin system (RAAS), which plays an important role in the relationships between the tumor microenvironment, the vasculature, and the immune system, has also been reported to participate in the process of tumor angiogenesis [9].



In the era of personalized medicine, the role of KRAS/NRAS mutational status as a predictor of resistance to anti-EGFR treatment in mCRC is widely known [10,11]. Likewise, in recent years, new predictive biomarkers of response in mCRC have emerged, such as microsatellite instability–high (MSI-H)/mismatch repair deficiency (dMMR) in immunotherapy [12]; mutation in BRAFV600E in the combination of anti-BRAF and anti-EGFR treatments [13]; and HER2 overexpression in anti-HER2 therapy [14]. However, to date, there are no reliable useful biomarkers to predict the efficacy of anti-angiogenic therapy in mCRC. Numerous studies have measured angiogenic factors in plasma and/or tumor tissue, to select the subgroup of patients who might benefit most [15]. Although there is evidence of a prognostic role for VEGF-A, no consistent data have been reported as a predictive factor, explaining why this biomarker has not been implemented in clinical practice [16,17,18,19,20].



Shedding light on these discrepancies, our group recently reported the results of the POLAF clinical trial [21], which supports the efficacy of FOLFIRI plus the anti-angiogenic drug aflibercept as a second-line treatment in mCRC, after the failure of oxaliplatin-based therapy; this suggests VEGF-A as a potential biomarker to predict better outcomes. On the other hand, we also previously reported that higher circulating levels of the angiotensin-converting enzyme (ACE) is associated with a better response to anti-angiogenic treatment with bevacizumab in breast- and colorectal-cancer patients [22].



Therefore, the objective of this study was to evaluate the prognostic value of basal VEGFA and ACE plasma levels of mCRC patients prior to the start of first-line treatment with chemotherapy plus bevacizumab.




2. Materials and Methods


2.1. Patients


This is a prospective longitudinal observational study, with a total of 200 patients consecutively assessed before the initiation of standard first-line bevacizumab-based treatment, from March 2017 to December 2020, at the medical oncology department of the Reina Sofia University Hospital, Cordoba (Spain).



The inclusion criteria were: age > 18 years; histological confirmation of unresectable mCRC; ECOG < 2; good biochemical and hematological function; indication for first-line treatment including chemotherapy with bevacizumab. The exclusion criteria were: previous synchronous or metachronous neoplasms; ECOG ≥ 2; resectable disease; impossibility to evaluate response to treatment; indication for chemotherapy alone and/or added to anti-EGFR; no indication for bevacizumab due to uncontrolled arterial hypertension and/or proteinuria and/or high risk of bleeding; and impossibility of determining VEGF-A or ACE plasma levels.



Peripheral blood samples were collected from each patient prior to the administration of chemotherapy plus bevacizumab. Patients should have disease measurable by RECIST criteria [23], and response assessments were performed according to clinical practice, using CT scan, every three months and/or six cycles from the start of therapy. Treatment was continued until disease progression, the patient’s decision to stop, or the appearance of unacceptable toxicity. In total, 73 mCRC patients were eligible for analysis. All samples were obtained after participants signed an informed written consent form to enter the study. The study protocol was approved by the Ethics Committee of the Reina Sofia University Hospital, Córdoba (Spain) (protocol code PI16/01271, approved on 3 February 2017, act no. 260, ref. 3404), in accordance with the fundamental principles established in the 1964 Declaration of Helsinki and subsequent amendments.




2.2. Clinicopathological Variables


The analyzed clinicopathological characteristics of 73 patients (Table 1) included age, sex, stage, tumor location, degree of tumor differentiation, histological tumor type, RAS-BRAF mutational status, microsatellite status, number of metastatic sites, first-line chemotherapy treatment received, duration of treatment, response assessment, and grade toxicities. Toxicity was assessed throughout the study according to the National Cancer Institute Common Toxicity Criteria.




2.3. Blood Collection and Plasma Separation


Plasma was obtained from 8 mL of blood collected using K2-EDTA tubes. Blood samples were centrifuged at 3.000× g for 10 min at 4 °C to separate plasma. Plasma samples were then aliquoted in Eppendorf tubes to avoid freeze–thaw cycles and stored at −80 °C until use.




2.4. Analysis of Circulating Markers in Plasma


The measurement of the analytes in plasma was performed using the following ELISA kits: VEGF-A human ELISA kit (ref: BMS277-2, Invitrogen) and ACE human ELISA Kit (ref: ab119577, Abcam). In each case, the analysis was performed following the instructions provided by the manufacturer.




2.5. Statistical Analysis


IBM SPSS Statistics for Macintosh (Version 20.0, IBM Corp, Armonk, NY, USA) was used for statistical analysis. Qualitative variables were compared using the chi-squared/Fisher’s exact tests. Quantitative variables were compared using the Mann–Whitney U test. The association with survival was analyzed using a Kaplan–Meier plot and log-rank test. Since no standardized cut-off points were available for the analytes determined in plasma, the statistical analysis was performed by stratifying our population according to tertiles. Multivariate analyses for OS and PFS were performed using the Cox proportional hazards model, adjusting by age, gender, ECOG at diagnosis, RAS status, primary tumor localization, and number and localization of metastases. The significance level for all the analyses was set at p ≤ 0.05.





3. Results


3.1. Baseline Characteristics of Patients


From March 2017 to December 2020, 200 patients with histological confirmation of mCRC prior to the initiation of standard first-line chemotherapy treatment including bevacizumab were screened for eligibility. Among these 200 patients, 46 received chemotherapy alone (unfit patients and those not candidates for polychemotherapy); 38 received chemotherapy + anti-EGFR; 26 patients had resectable/potentially resectable disease; in 7 patients, it was not possible to determine plasma VEGFA and/or ACE; and 10 patients had a response not evaluable by RECIST criteria. As a result, 73 patients were finally included in the present study. The median follow-up time of the patients was 19 months (95% CI = 17.2–21.3).



The clinical–pathological characteristics of the patients are summarized in Table 1. The median age was 62 years, and most patients were male (60.3%). The most frequent histological subtype was adenocarcinoma (87.7%) and the majority of tumors were moderately differentiated (86.6%) and right-sided (64.4%). At diagnosis, 62 (84.9%) patients were stage IV, and 10 (12.7%) developed metastases during follow-up, with the liver being the most frequent site of metastasis (45.2%). Thirty-one (42.5%) patients underwent surgery for the primary tumor. Regarding molecular characteristics, 59 (80.8%) patients had a mutated RAS status, and 65 (89%) had stable microsatellites. The most-used chemotherapy regimen was oxaliplatin-based plus bevacizumab (86%), and 40 (54.8%) patients had a partial response. At the time of data analysis, 62 (84.9%) patients had progressed to first-line treatment and 48 (65.8%) had died.



According to the population tertiles, the cut-off points used for VEGF-A were T1: <0.1689 ng/ml, T2: 0.1690–0.4407 ng/ml, and T3: >0.4408 ng/ml; and for ACE, they were T1: <79.48 ng/ml, T2: 79.49–141.85 ng/ml, and T3: >141.86 ng/ml. No statistically significant associations were found between VEGF-A or ACE levels and the baseline characteristics of the patients (Table A1).




3.2. Basal VEGF-A and ACE Plasma Levels of mCRC Patients Have Prognostic Value for First-Line Treatment with Chemotherapy Plus Bevacizumab


In relation to VEGF-A plasma levels prior to the initiation of treatment with chemotherapy plus bevacizumab, and with a median follow-up of 9 months (95% CI = 8.9–11.6), the median PFS for T1 was 14.1 months (95% CI = 11–17.2), 9.1 months for T2 (95% CI = 7.2–11) and 9.7 months for T3 (95% CI = 7.6–11.9) (log-rank p = 0.033) (Figure 1A). Likewise, the median OS for T1 was 28.5 months (95% CI = 23.2–33.8), 22.6 months for T2 (95% CI = 18.1–27.1) and 18.3 months for T3 (95% CI = 14.6–22.1) (Log-rank p = 0.016) (Figure 1B). In multivariate analysis adjusted for prognostic factors (Table 2), VEGF-A remained as an independent prognostic factor for first-line treatment with chemotherapy plus bevacizumab (OS T3 vs. T1: HR 4.28, 95% CI = 1.83–9.99, p = 0.001; PFS T2 vs. T1: HR 2.15, 95% CI = 1.01–4.53, p = 0.045; PFS T3 vs. T1: HR 2.64, 95% CI = 1.21–5.75, p = 0.014).



No statistically significant differences were observed in the PFS analysis of patients stratified according to ACE plasma level tertiles (Figure 1C). However, those patients with ACE plasma levels in the upper tertile (>141.86 ng/ml) had a median OS of 26.37 months (95% CI = 21.5–31.17), compared to patients in T2 (23.3 months, 95% CI = 18–28.6) and those in T1 (18.1 months, 95% CI = 15.5–20.7) (log-rank p = 0.053) (Figure 1D). Additionally, when comparing ACE levels of T1 vs. T2 and T3, we found that overall survival was 18.1 months (95% CI = 15.5–20.7) and 25.0 months (95% CI = 21.3–28.5), respectively (log-rank p = 0.023). Accordingly, in the multivariate Cox regression analysis adjusting for prognostic factors (Table 3), ACE plasma levels remained as an independent factor for OS (T3 vs. T1: HR 0.44, 95% CI = 0.21–0.93, p = 0.032).




3.3. Combining VEGF-A and ACE Plasma Levels Stratifies mCRC Patients into High-Risk or Low-Risk Groups Prior to Their Treatment with Bevacizumab


Three prognostic risk groups were defined among the patients included in this study, according to ACE and VEGF-A tertiles: high risk (T1 ACE and T3 VEGF-A), intermediate risk (T2 ACE and T2 VEGF-A) and low risk (T3 ACE and T1 VEGF-A). High-risk patients had a highly significant shorter median OS compared to low-risk patients (16.6 months (95% CI = 13.2–20.0) vs. 29.8 (95% CI = 21.7–37.9), p-value = 0.007) (Figure 2). No significant associations were found between these prognostic risk groups and the clinical pathological variables (Table A2). However, in the multivariate Cox regression analysis adjusting for prognostic factors (Table A3), the prognostic risk groups remained as independent factors for OS.





4. Discussion


Bevacizumab is a humanized monoclonal antibody that is indicated as first-line treatment for mCRC in combination with chemotherapy [5], and its mechanism of action is based on its ability to bind to VEGF protein, thereby inhibiting tumor angiogenesis [24]. The predictive value of numerous biomarkers of response to anti-angiogenic drugs in mCRC, which will allow the selection of those patients with the greatest benefit and impact on survival, has been previously reviewed in the literature [25,26]. However, although functional evidence exists, none of these potential biomarkers has been shown, so far, to possess clinical value; additionally, other studies have failed to reproduce their efficacy [16,20,27].



In our mCRC patient cohort, we found that those patients with low basal VEGF-A plasma levels had significantly better PFS and OS rates when treated with bevacizumab, independently of other prognostic factors. Additionally, those patients with low basal ACE plasma levels displayed significantly worse OS rates after treatment with bevacizumab. Accordingly, the subgroup of patients with low VEGF-A and high ACE levels showed a significantly better OS outcome, allowing us to establish prognostic risk groups for patients who were to receive this anti-angiogenic drug in first-line treatment.



Several studies have reported differing results on the correlation between plasma VEGF-A and outcomes in mCRC patients treated with bevacizumab [15,28]. However, the different VEGF-A assays used, as well as the fact that patients received heterogenous chemotherapy regimens, make it difficult to interpret the results of these studies [15,29,30,31]. For instance, Marisi et al. [32] found no correlation between baseline VEGF-A mRNA expression and outcomes in a randomized trial of mCRC patients receiving chemotherapy with or without bevacizumab. However, the analysis was performed in total blood, and no VEGF-A protein circulating levels were obtained, making it difficult to compare the data with other studies.



In concordance with the data reported herein, we have recently shown that circulating VEGF-A in mCRC patients is a potential biomarker to predict better outcomes in second-line chemotherapy plus the anti-angiogenic drug aflibercept [21]. Specifically, efficacy was higher in patients with lower baseline plasma VEGF-A levels, suggesting VEGF-A as a potential biomarker to predict better outcomes following aflibercept plus FOLFIRI.



On the other hand, several studies have established an association between the RAAS and the process of angiogenesis in tumors [33]. Moreover, the arterial hypertension commonly observed during treatment with bevacizumab has been proposed as a possible biomarker of response to therapy [34,35]. ACE is a zinc metallopeptidase that catalyzes the conversion of angiotensin I to angiotensin II, playing a central role in the RAAS, which exerts important functions in the vascular system regulating blood pressure and water–electrolyte balance [36].



The interindividual variation in ACE levels in blood and tissues is mainly due to a common polymorphism in the ACE gene consisting of the insertion (I) or deletion (D) of a 287-bp fragment; moreover, it has been associated with risk for several diseases, including cancer [37,38]. In this regard, we have previously reported that I/D and D/D genotypes and higher (> 135 ng/mL) levels of circulating ACE were associated with better responses to bevacizumab treatment at any time point of the disease in metastatic breast cancer or CRC patients [22]. Accordingly, in the present study, we have now found that mCRC patients in the upper tertile of ACE (>141.86 ng/ml) prior to the initiation of treatment with bevacizumab had a significantly better OS.



Finally, herein, we report a novel prognostic classification based on basal VEGF-A and ACE plasma levels in mCRC patients who will receive chemotherapy and bevacizumab as first-line therapy. We have shown that low basal levels of VEGF-A and high basal levels of ACE are associated with significantly better survival rates (16.6 months (95% CI = 13.2–20.0) vs. 29.8 (95% CI = 21.7–37.9), p-value = 0.007). To our knowledge, this is the first study to identify VEGF-A and ACE as potential biomarkers for selecting those mCRC patients who will most benefit from receiving chemotherapy plus bevacizumab treatment in first-line therapy. Thus, our data propose the classification of patients with ACE levels > 141.86ng/mL and VEGFA levels < 0.168 ng/mL as the most favorable prognostic group prior to the initiation of first-line treatment. This information could be useful in clinical practice, improving cost-effectiveness and therapeutic outcomes, and avoiding unnecessary toxicities.



We recognize the limitations of our study, which must be considered when interpreting these results. First, this is an observational study with a limited sample size, and without a control group that would allow us to clarify the association of these biomarkers with the response to non-anti-angiogenic chemotherapy. Additionally, we performed an analysis based on tertiles, with the aim of differentiating the groups with the greatest benefit; however, standardized cut-off points for VEGF-A and ACE must be identified in future studies. More studies are warranted to explore the evolution of these biomarkers at critical points during disease progression to clarify their true predictive and prognostic values.




5. Conclusions


In summary, our study supports that VEGF-A and ACE may be useful biomarkers in the selection of mCRC patients for anti-angiogenic therapy. Additionally, our data reinforce the notion of a close association between the RAAS and the anti-angiogenic response in cancer. Further studies are needed to confirm these results and to implement the use of these biomarkers in clinical practice.
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Table A1. Association between VEGF-A or ACE plasma levels and other clinical parameters.






Table A1. Association between VEGF-A or ACE plasma levels and other clinical parameters.





	

	
VEGF-A

	
ACE




	

	
T1

	
T2

	
T3

	
p

	
T1

	
T2

	
T3

	
p






	
Gender

	

	

	

	

	

	

	

	




	
 Male

	
19

	
11

	
12

	

	
14

	
14

	
16

	




	
 Female

	
5

	
12

	
11

	
0.058

	
11

	
10

	
8

	
0.727




	
Age

	

	

	

	

	

	

	

	




	
 >=60

	
6

	
8

	
12

	

	
9

	
9

	
10

	




	
 <60

	
18

	
15

	
11

	
0.150

	
16

	
15

	
14

	
0.915




	
Tumor localization

	

	

	

	

	

	

	

	




	
 Left

	
15

	
14

	
16

	

	
17

	
16

	
14

	




	
 Right

	
9

	
9

	
7

	
0.807

	
8

	
8

	
10

	
0.748




	
RAS mutational status

	

	

	

	

	

	

	

	




	
 Mutated

	
20

	
19

	
19

	

	
23

	
17

	
19

	




	
 Wild type

	
4

	
4

	
3

	
0.936

	
2

	
7

	
4

	
0.156




	
ECOG at diagnosis

	

	

	

	

	

	

	

	




	
 0–1

	
15

	
14

	
14

	

	
13

	
15

	
16

	




	
 >1

	
9

	
9

	
9

	
0.991

	
12

	
9

	
8

	
0.556




	
Num of metastases

	

	

	

	

	

	

	

	




	
 Single site

	
19

	
19

	
15

	

	
18

	
19

	
19

	




	
 Multiple

	
5

	
4

	
8

	
0.345

	
7

	
5

	
5

	
0.790
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Table A2. Association between prognostic risk groups and the basal clinical parameters.






Table A2. Association between prognostic risk groups and the basal clinical parameters.





	
Patient Characteristic

	
Low Risk

	
Intermediate Risk

	
High Risk

	
p Value




	
(n = 11)

	
(n = 48)

	
(n = 14)






	
Age (median, range)

	
59(49–68)

	
63(60–66)

	
59(53–65)

	
0.237




	
Gender

	

	

	

	




	
 Male

	
9

	
27

	
8

	
0.284




	
 Female

	
2

	
21

	
6

	




	
Localization

	

	

	

	




	
 Right side

	
6

	
16

	
4

	
0.345




	
 Left side

	
5

	
32

	
10

	




	
Histological subtype

	

	

	

	




	
 Adenocarcinoma

	
9

	
42

	
13

	
0.856




	
 Mucinous/Ring cell

	
2

	
6

	
1

	




	
Primary tumor surgery

	

	

	

	




	
 Yes

	
5

	
20

	
8

	
0.634




	
 No

	
3

	
24

	
6

	




	
ECOG at diagnosis

	

	

	

	




	
 0

	
8

	
28

	
8

	
0.655




	
 1

	
3

	
20

	
6

	




	
Number of metastasis locations

	

	

	

	




	
 ≤2

	
9

	
38

	
9

	
0.465




	
 >2

	
2

	
10

	
5

	




	
RAS mutational status

	

	

	

	




	
 Mutated

	
9

	
37

	
13

	
0.483




	
 Wild Type

	
2

	
10

	
1

	




	
BRAF mutational status

	

	

	

	




	
 Mutated

	
0

	
5

	
0

	
0.568




	
 Wild Type

	
2

	
10

	
3

	




	
 Unknown

	
9

	
33

	
11

	




	
Response first line

	

	

	

	




	
 Partial

	
5

	
26

	
9

	
0.802




	
 Stable disease

	
5

	
19

	
5

	




	
 Progression disease

	
1

	
3

	
0

	




	
Progression to first-line treatment

	

	

	

	




	
 Yes

	
11

	
40

	
11

	
0.288




	
 No

	
0

	
8

	
3

	




	
Exitus

	

	

	

	




	
 Yes

	
6

	
31

	
11

	
0.435




	
 No

	
5

	
17

	
3
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Table A3. Multivariate analysis of OS including the prognostic groups defined according to ACE and VEGF-A plasma levels.
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Variables

	
OS

	
PFS






	

	
HR (95% CI)

	
p

	
HR (95% CI)

	
p




	
Prognostic Group

	

	

	

	




	
 Low

	
1 (ref.)

	

	
1 (ref.)

	




	
 Intermediate

	
0.46

(0.20–1.01)

	
0.054

	
0.79

(0.37–1.68)

	
0.541




	
 High

	
0.14

(0.04–0.47)

	
0.001

	
0.56

(0.23–1.50)

	
0.246




	
Gender

	
0.60

(0.31–1.81)

	
0.140

	
1.04

(0.59–1.83)

	
0.881




	
Age

	
0.99

(0.96–1.04)

	
0.915

	
0.98

(0.95–1.01)

	
0.115




	
ECOG

	

	

	

	




	
 0

	
1(ref.)

	

	
1(ref.)

	




	
 1

	
2.24

(1.19–4.27)

	
0.014

	
2.01

(1.20–3.63)

	
0.021




	
RAS status

	
1.03

(0.42–2.49)

	
0.955

	
0.88

(0.44–1.78)

	
0.733




	
Localization of tumor

	

	

	

	




	
 Right

	
1 (ref.)

	

	

	




	
 Left

	
0.36

(0.19–0.71)

	
0.003

	
0.64

(0.35–1.18)

	
0.152




	
Number of metastases

	
0.78

(0.36–1.64)

	
0.514

	
0.91

(0.47–1.76)

	
0.782











References


	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [PubMed]

	



Venook, A.P.; Niedzwiecki, D.; Lenz, H.J.; Innocenti, F.; Fruth, B.; Meyerhardt, J.A.; Schrag, D.; Greene, C.; O’Neil, B.H.; Atkins, J.N.; et al. Effect of First-Line Chemotherapy Combined With Cetuximab or Bevacizumab on Overall Survival in Patients With KRAS Wild-Type Advanced or Metastatic Colorectal Cancer: A Randomized Clinical Trial. JAMA 2017, 317, 2392–2401. [Google Scholar] [CrossRef] [PubMed]

	



Heinemann, V.; von Weikersthal, L.F.; Decker, T.; Kiani, A.; Vehling-Kaiser, U.; Al-Batran, S.E.; Heintges, T.; Lerchenmuller, C.; Kahl, C.; Seipelt, G.; et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab as first-line treatment for patients with metastatic colorectal cancer (FIRE-3): A randomised, open-label, phase 3 trial. Lancet Oncol. 2014, 15, 1065–1075. [Google Scholar] [CrossRef]

	



Saltz, L.B.; Clarke, S.; Diaz-Rubio, E.; Scheithauer, W.; Figer, A.; Wong, R.; Koski, S.; Lichinitser, M.; Yang, T.S.; Rivera, F.; et al. Bevacizumab in combination with oxaliplatin-based chemotherapy as first-line therapy in metastatic colorectal cancer: A randomized phase III study. J. Clin. Oncol. 2008, 26, 2013–2019. [Google Scholar] [CrossRef]

	



Hurwitz, H.; Fehrenbacher, L.; Novotny, W.; Cartwright, T.; Hainsworth, J.; Heim, W.; Berlin, J.; Baron, A.; Griffing, S.; Holmgren, E.; et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N. Engl. J. Med. 2004, 350, 2335–2342. [Google Scholar] [CrossRef]

	



Culy, C. Bevacizumab: Antiangiogenic cancer therapy. Drugs Today 2005, 41, 23–36. [Google Scholar] [CrossRef]

	



Stefanini, M.O.; Wu, F.T.; Mac Gabhann, F.; Popel, A.S. Increase of plasma VEGF after intravenous administration of bevacizumab is predicted by a pharmacokinetic model. Cancer Res. 2010, 70, 9886–9894. [Google Scholar] [CrossRef]

	



Sessa, C.; Guibal, A.; Del Conte, G.; Ruegg, C. Biomarkers of angiogenesis for the development of antiangiogenic therapies in oncology: Tools or decorations? Nat. Clin. Pract. Oncol. 2008, 5, 378–391. [Google Scholar] [CrossRef]

	



Stockmann, C.; Schadendorf, D.; Klose, R.; Helfrich, I. The impact of the immune system on tumor: Angiogenesis and vascular remodeling. Front. Oncol. 2014, 4, 69. [Google Scholar] [CrossRef]

	



Stec, R.; Bodnar, L.; Charkiewicz, R.; Korniluk, J.; Rokita, M.; Smoter, M.; Ciechowicz, M.; Chyczewski, L.; Niklinski, J.; Kozlowski, W.; et al. K-Ras gene mutation status as a prognostic and predictive factor in patients with colorectal cancer undergoing irinotecan- or oxaliplatin-based chemotherapy. Cancer Biol. Ther. 2012, 13, 1235–1243. [Google Scholar] [CrossRef]

	



Asghar, U.; Hawkes, E.; Cunningham, D. Predictive and prognostic biomarkers for targeted therapy in metastatic colorectal cancer. Clin. Colorectal Cancer 2010, 9, 274–281. [Google Scholar] [CrossRef]

	



Diaz, L.A., Jr.; Shiu, K.K.; Kim, T.W.; Jensen, B.V.; Jensen, L.H.; Punt, C.; Smith, D.; Garcia-Carbonero, R.; Benavides, M.; Gibbs, P.; et al. Pembrolizumab versus chemotherapy for microsatellite instability-high or mismatch repair-deficient metastatic colorectal cancer (KEYNOTE-177): Final analysis of a randomised, open-label, phase 3 study. Lancet Oncol. 2022, 23, 659–670. [Google Scholar] [CrossRef]

	



Kopetz, S.; Grothey, A.; Yaeger, R.; Van Cutsem, E.; Desai, J.; Yoshino, T.; Wasan, H.; Ciardiello, F.; Loupakis, F.; Hong, Y.S.; et al. Encorafenib, Binimetinib, and Cetuximab in BRAF V600E-Mutated Colorectal Cancer. N. Engl. J. Med. 2019, 381, 1632–1643. [Google Scholar] [CrossRef]

	



Siena, S.; Di Bartolomeo, M.; Raghav, K.; Masuishi, T.; Loupakis, F.; Kawakami, H.; Yamaguchi, K.; Nishina, T.; Fakih, M.; Elez, E.; et al. Trastuzumab deruxtecan (DS-8201) in patients with HER2-expressing metastatic colorectal cancer (DESTINY-CRC01): A multicentre, open-label, phase 2 trial. Lancet Oncol. 2021, 22, 779–789. [Google Scholar] [CrossRef]

	



Jurgensmeier, J.M.; Schmoll, H.J.; Robertson, J.D.; Brooks, L.; Taboada, M.; Morgan, S.R.; Wilson, D.; Hoff, P.M. Prognostic and predictive value of VEGF, sVEGFR-2 and CEA in mCRC studies comparing cediranib, bevacizumab and chemotherapy. Br. J. Cancer 2013, 108, 1316–1323. [Google Scholar] [CrossRef]

	



Mohamed, S.Y.; Mohammed, H.L.; Ibrahim, H.M.; Mohamed, E.M.; Salah, M. Role of VEGF, CD105, and CD31 in the Prognosis of Colorectal Cancer Cases. J. Gastrointest. Cancer 2019, 50, 23–34. [Google Scholar] [CrossRef]

	



Tsai, H.L.; Yang, I.P.; Lin, C.H.; Chai, C.Y.; Huang, Y.H.; Chen, C.F.; Hou, M.F.; Kuo, C.H.; Juo, S.H.; Wang, J.Y. Predictive value of vascular endothelial growth factor overexpression in early relapse of colorectal cancer patients after curative resection. Int. J. Colorectal Dis. 2013, 28, 415–424. [Google Scholar] [CrossRef]

	



Des Guetz, G.; Uzzan, B.; Nicolas, P.; Cucherat, M.; Morere, J.F.; Benamouzig, R.; Breau, J.L.; Perret, G.Y. Microvessel density and VEGF expression are prognostic factors in colorectal cancer. Meta-analysis of the literature. Br. J. Cancer 2006, 94, 1823–1832. [Google Scholar] [CrossRef]

	



Nanni, O.; Volpi, A.; Frassineti, G.L.; De Paola, F.; Granato, A.M.; Dubini, A.; Zoli, W.; Scarpi, E.; Turci, D.; Oliverio, G.; et al. Role of biological markers in the clinical outcome of colon cancer. Br. J. Cancer 2002, 87, 868–875. [Google Scholar] [CrossRef]

	



Zheng, S.; Han, M.Y.; Xiao, Z.X.; Peng, J.P.; Dong, Q. Clinical significance of vascular endothelial growth factor expression and neovascularization in colorectal carcinoma. World J. Gastroenterol. 2003, 9, 1227–1230. [Google Scholar] [CrossRef]

	



Elez, E.; Gomez-Espana, M.A.; Gravalos, C.; Garcia-Alfonso, P.; Ortiz-Morales, M.J.; Losa, F.; Diaz, I.A.; Grana, B.; Toledano-Fonseca, M.; Valladares-Ayerbes, M.; et al. Effect of aflibercept plus FOLFIRI and potential efficacy biomarkers in patients with metastatic colorectal cancer: The POLAF trial. Br. J. Cancer 2022, 126, 874–880. [Google Scholar] [CrossRef] [PubMed]

	



Moreno-Munoz, D.; de la Haba-Rodriguez, J.R.; Conde, F.; Lopez-Sanchez, L.M.; Valverde, A.; Hernandez, V.; Martinez, A.; Villar, C.; Gomez-Espana, A.; Porras, I.; et al. Genetic variants in the renin-angiotensin system predict response to bevacizumab in cancer patients. Eur. J. Clin. Investig. 2015, 45, 1325–1332. [Google Scholar] [CrossRef]

	



Therasse, P.; Arbuck, S.G.; Eisenhauer, E.A.; Wanders, J.; Kaplan, R.S.; Rubinstein, L.; Verweij, J.; Van Glabbeke, M.; van Oosterom, A.T.; Christian, M.C.; et al. New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J. Natl. Cancer Inst. 2000, 92, 205–216. [Google Scholar] [CrossRef] [PubMed]

	



Shin, S.J.; Hwang, J.W.; Ahn, J.B.; Rha, S.Y.; Roh, J.K.; Chung, H.C. Circulating vascular endothelial growth factor receptor 2/pAkt-positive cells as a functional pharmacodynamic marker in metastatic colorectal cancers treated with antiangiogenic agent. Investig. New Drugs 2013, 31, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



Taieb, J.; Jung, A.; Sartore-Bianchi, A.; Peeters, M.; Seligmann, J.; Zaanan, A.; Burdon, P.; Montagut, C.; Laurent-Puig, P. The Evolving Biomarker Landscape for Treatment Selection in Metastatic Colorectal Cancer. Drugs 2019, 79, 1375–1394. [Google Scholar] [CrossRef]

	



Hansen, T.F.; Qvortrup, C.; Pfeiffer, P. Angiogenesis Inhibitors for Colorectal Cancer. A Review of the Clinical Data. Cancers 2021, 13, 1031. [Google Scholar] [CrossRef] [PubMed]

	



Tsai, H.L.; Lin, C.H.; Huang, C.W.; Yang, I.P.; Yeh, Y.S.; Hsu, W.H.; Wu, J.Y.; Kuo, C.H.; Tseng, F.Y.; Wang, J.Y. Decreased peritherapeutic VEGF expression could be a predictor of responsiveness to first-line FOLFIRI plus bevacizumab in mCRC patients. Int. J. Clin. Exp. Pathol. 2015, 8, 1900–1910. [Google Scholar]

	



Hegde, P.S.; Jubb, A.M.; Chen, D.; Li, N.F.; Meng, Y.G.; Bernaards, C.; Elliott, R.; Scherer, S.J.; Chen, D.S. Predictive impact of circulating vascular endothelial growth factor in four phase III trials evaluating bevacizumab. Clin. Cancer Res. 2013, 19, 929–937. [Google Scholar] [CrossRef]

	



Longo, R.; Gasparini, G. Anti-VEGF therapy: The search for clinical biomarkers. Expert Rev. Mol. Diagn. 2008, 8, 301–314. [Google Scholar] [CrossRef]

	



Martins, S.F.; Reis, R.M.; Rodrigues, A.M.; Baltazar, F.; Filho, A.L. Role of endoglin and VEGF family expression in colorectal cancer prognosis and anti-angiogenic therapies. World J. Clin. Oncol. 2011, 2, 272–280. [Google Scholar] [CrossRef]

	



Murukesh, N.; Dive, C.; Jayson, G.C. Biomarkers of angiogenesis and their role in the development of VEGF inhibitors. Br. J. Cancer 2010, 102, 8–18. [Google Scholar] [CrossRef]

	



Marisi, G.; Scarpi, E.; Passardi, A.; Nanni, O.; Ragazzini, A.; Valgiusti, M.; Casadei Gardini, A.; Neri, L.M.; Frassineti, G.L.; Amadori, D.; et al. Circulating vegf and enos variations as predictors of outcome in metastatic colorectal cancer patients receiving bevacizumab. Sci. Rep. 2017, 7, 1293. [Google Scholar] [CrossRef]

	



Almutlaq, M.; Alamro, A.A.; Alamri, H.S.; Alghamdi, A.A.; Barhoumi, T. The Effect of Local Renin Angiotensin System in the Common Types of Cancer. Front. Endocrinol. 2021, 12, 736361. [Google Scholar] [CrossRef]

	



Li, M.; Kroetz, D.L. Bevacizumab-induced hypertension: Clinical presentation and molecular understanding. Pharmacol. Ther. 2018, 182, 152–160. [Google Scholar] [CrossRef]

	



Carvalho, B.; Lopes, R.G.; Linhares, P.; Costa, A.; Caeiro, C.; Fernandes, A.C.; Tavares, N.; Osorio, L.; Vaz, R. Hypertension and proteinuria as clinical biomarkers of response to bevacizumab in glioblastoma patients. J. Neurooncol. 2020, 147, 109–116. [Google Scholar] [CrossRef]

	



Masuyer, G.; Yates, C.J.; Sturrock, E.D.; Acharya, K.R. Angiotensin-I converting enzyme (ACE): Structure, biological roles, and molecular basis for chloride ion dependence. Biol. Chem. 2014, 395, 1135–1149. [Google Scholar] [CrossRef]

	



Zhang, Y.; He, J.; Deng, Y.; Zhang, J.; Li, X.; Xiang, Z.; Huang, H.; Tian, C.; Huang, J.; Fan, H. The insertion/deletion (I/D) polymorphism in the Angiotensin-converting enzyme gene and cancer risk: A meta-analysis. BMC Med. Genet. 2011, 12, 159. [Google Scholar] [CrossRef]

	



Afsar, B.; Afsar, R.E.; Ertuglu, L.A.; Kuwabara, M.; Ortiz, A.; Covic, A.; Kanbay, M. Renin-angiotensin system and cancer: Epidemiology, cell signaling, genetics and epigenetics. Clin. Transl. Oncol. 2021, 23, 682–696. [Google Scholar] [CrossRef]








[image: Cancers 14 03054 g001 550] 





Figure 1. Prognostic value of basal VEGF-A and ACE plasma levels in the first-line treatment of mCRC patients with chemotherapy plus bevacizumab: (A) effect of basal VEGF levels on PFS outcome; (B) effect of basal VEGFA levels on OS outcome; (C) effect of basal ACE levels on PFS outcome; and (D) effect of basal ACE plasma levels on OS outcome. 
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Figure 2. Overall survival analysis in first-line treatment of mCRC patients with chemotherapy plus bevacizumab according to basal VEGF-A and ACE plasma levels. Three prognostic risk groups were defined according to ACE and VEGF-A plasma level tertiles: high risk (T1 ACE and T3 VEGF-A), intermediate risk (T2 ACE and T2 VEGF-A) and low risk (T3 ACE and T1 VEGF-A). 
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Table 1. Clinical pathological data of patients.






Table 1. Clinical pathological data of patients.










	Patient Characteristics
	
	n (%)





	Age (median, range)
	62, 35–87
	



	Gender
	Male
	44 (60.3)



	
	Female
	29 (39.7)



	Localization
	Right side
	26 (35.6)



	
	Left side
	47 (64.4)



	Stage at diagnosis
	Early stage
	10 (12.7)



	
	Late stage
	62 (84.9)



	Histological subtype
	Adenocarcinoma
	64 (87.7)



	
	Mucinous/Ring cell
	9 (12.4)



	Histological grade
	Well-differentiated
	9 (12.3)



	
	Moderately differentiated
	61 (86.6)



	
	Poorly differentiated
	3 (4.1)



	Primary tumor surgery
	Yes
	31 (42.5)



	
	No
	42 (57.5)



	ECOG at diagnosis
	0
	44 (60.3)



	
	1
	29 (39.8)



	Number of metastases
	≤2
	56 (76.7)



	
	>2
	17 (23.3)



	Liver metastases
	Yes
	33 (45.2)



	
	No
	40 (54.8)



	Lung metastases
	Yes
	16 (21.9)



	
	No
	57 (78.1)



	Peritoneal metastases
	Yes
	9 (12.3)



	
	No
	64 (87.7)



	RAS mutational status
	Mutated
	59 (80.8)



	
	Wild Type
	13 (17.8)



	
	Unknown
	1 (1.4)



	BRAF mutational status
	Mutated
	5 (6.8)



	
	Wild Type
	15 (20.5)



	
	Unknown
	53 (72.6)



	Microsatellite status
	MSS
	65 (89.0)



	
	MSI
	2 (2.7)



	
	Unknown
	6 (8.2)



	First-line palliative chemotherapy
	FOLFOX/XELOX–bevacizumab
	63 (86.3)



	
	FOLFIRI–bevacizumab
	3 (4.1)



	
	FOLFOXIRI–bevacizumab
	4 (5.5)



	
	Capecitabine–bevacizumab
	3 (4.1)



	Response
	Partial Response
	40 (54.8)



	
	Stable disease
	29 (39.7)



	
	Progression disease
	4 (5.5)



	First-line toxicity grade >2
	Yes
	21 (28.8)



	
	No
	52 (71.2)



	Second-line palliative chemotherapy
	Yes
	47 (64.4)



	
	No
	26 (35.6)



	Progression to first-line treatment
	Yes
	62 (84.9)



	
	No
	11 (15.1)



	Exitus
	Yes
	48 (65.8)



	
	No
	25 (34.2)
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Table 2. Multivariate analysis of OS and PFS including tertiles of VEGF-A.
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Variables

	
OS

	
PFS






	

	
HR (95% CI)

	
p

	
HR (95% CI)

	
p




	
VEGF-A

	

	

	

	




	
T1

	
1 (ref.)

	

	
1(ref.)

	




	
T2

	
1.9

	
0.124

	
2.15

	
0.045




	
(0.85–4.30)

	
(1.02–4.54)




	
T3

	
4.28

	
0.001

	
2.64

	
0.014




	
(1.83–10.0)

	
(1.21–5.65)




	
Gender

	
0.6

	
0.13

	
1.12

	
0.685




	
(0.31–1.16)

	
(0.64–1.96)




	
Age

	
1.01

	
0.534

	
0.99

	
0.615




	
(0.97–1.05)

	
(0.96–1.02)




	
ECOG

	

	

	

	




	
0

	
1 (ref.)

	

	
1(ref.)

	




	
1

	
2.32

	
0.01

	
2.11

	
0.014




	

	
(1.22–4.42)

	

	
(1.16–3.83)

	




	
RAS status

	
0.92

	
0.843

	
0.86

	
0.665




	
(0.40–2.11)

	
(0.43–1.71)




	
Localization of tumor

	

	

	

	




	
Right

	
1(ref.)

	

	
1(ref.)

	




	
Left

	
0.33

	
0.001

	
0.6

	
0.018




	

	
(0.17–0.65)

	

	
(0.33–1.12)

	




	
Number and localization of metastases

	
0.75

	
0.43

	
0.77

	
0.439




	
(0.36–1.55)

	
(0.39–1.50)
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Table 3. Multivariate analysis of OS and PFS including tertiles of ACE.
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Variables

	
OS

	
PFS






	

	
HR (95% CI)

	
p

	
HR (95% CI)

	
p




	
ACE

	

	

	

	




	
T1

	
1 (ref.)

	

	
1(ref.)

	




	
T2

	
0.69

	
0.339

	
0.98

	
0.952




	
(0.33–1.47)

	
(0.51–1.89)




	
T3

	
0.44

	
0.032

	
0.95

	
0.879




	
(0.21–0.93)

	
(0.50–1.80)




	
Gender

	
0.67

	
0.231

	
1.05

	
0.863




	
(0.35–1.29)

	
(0.60–1.84)




	
Age

	
0.99

	
0.523

	
0.98

	
0.075




	
(0.96–1.02)

	
(0.95–1.01)




	
ECOG

	

	

	

	




	
0

	
1 (ref.)

	

	
1 (ref.)

	




	
1

	
2.14

	
0.021

	
1.97

	
0.025




	

	
(1.12–4.07)

	

	
(1.09–3.58)

	




	
RAS status

	
0.96

	
0.92

	
1.06

	
0.862




	
(0.42–2.20)

	
(0.55–2.06)




	
Localization of tumor

	

	

	

	




	
Right

	
1 (ref.)

	

	
1 (ref.)

	




	
Left

	
0.44

	
0.013

	
0.71

	
0.264




	

	
(0.23–0.84)

	

	
(0.39–1.23)

	




	
Number and localization of metastases

	
0.82

	
0.608

	
0.94

	
0.848




	
(0.49–1.73)

	
(0.49–1.81)
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