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ABSTRACT: The use of Aflibercept plus Folfiri represents the second-line chemotherapy in patients with metastatic colorectal
cancer (mCRC) previously treated with Oxaliplatin. The outbreak of COVID-19 upset the standardized procedure of routinary access
to the hospital with a lot of difficulty in administering chemotherapy. For this reason, we conducted this retrospective study on
78 enrolled patients who were diagnosed with mCRC, through the pandemic period. Primary endpoints were quality of life (QoL),
progression-free survival (PFS) and overall response rate (ORR) in two patient groups treated before and after the onset of COVID-19,
group A and group B, respectively. Secondary endpoints were tolerability profile, prognostic factors and carcinoembryonic antigen
(CEA) reduction. The median age in all patients was 58 years old, and the median PFS was 6.2 months (95% Cl: 5.1-7.2). A significant
correlation was observed between decreased CEA levels and PFS with a P value of 0.63 (P = 0.009), which led to consequent
improvement of QoL. The treatment was well tolerated, with good disease control and a manageable toxicity profile. Our survival
analysis shows a non-significant difference in PFS in the two groups of patients treated before and after COVID-19 (6.1 versus 6.2
months). Furthermore, our analysis suggests left-side tumor site and wild-type RAS/BRAF status as potential prognostic factors
for PFS and ORR. The results showed therapeutic benefits of AFL plus Folfiri as second-line therapy in mCRC patients previously
treated with Oxaliplatin. The use of AFL plus Folfiri showed efficacy and safety, although the COVID-19 pandemic has affected the
management of patients’ care.
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pandemic; covid-19; survival; quality of life.
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INTRODUCTION

The outbreak of the coronavirus disease 2019
(COVID-19) has generated new challenges in can-
cer patients’ care procedures, with a particular im-
pact on the readjustment of the resources and the
risk-benefit balance of cancer therapies (1). Can-
cer centers have developed new strategies and
also preventive measures to deal with oncological
patients during the COVID-19 pandemic (2). Such
measures include the performance of oropharyn-
geal swabs, the administration of oral therapies
instead of intravenous ones, and the spreading of
remote multidisciplinary teams (general practition-
ers, psychologists, health professionals) to reduce
the access of patients to the wards at a high risk
of contagion (3, 4). The pandemic has called for a
review of our daily medical practices, including our
approach to colorectal cancer (CRC) management.
Even during the COVID-19 pandemic, chemother-
apy combined with target therapies remains an
effective strategy to treat metastatic colorectal
cancer (mCRCQ) (5, 6). Aflibercept (AFL) plus FOLF-
IRI (Fluorouracil, Leucovorin, and Irinotecan) has
been shown effective in increasing the chances of
survival of patients with advanced CRC, after pre-
vious treatments including oxaliplatin-based regi-
mens with the addition of anti-VEGF (vascular en-
dothelial growth factor) Bevacizumab monoclonal
antibody or anti-EGFR (Epidermal growth factor
receptor) Cetuximab or Panitumumab monoclonal
antibodies, according to RAS/BRAF gene status (7-
9). AFL is a second-generation antiangiogenic with
a broader spectrum of action than Bevacizumab,
as it can block both VEGF-A and PIGF, inhibiting
the activity of VEGFR-1 and VEGFR-2 receptors
by blocking tumor neoangiogenesis (10-12). VE-
LOUR phase lll randomised controlled trial (Clin-
icalTrials.gov NCT00561470) analyzed the effect
of adding AFL to FOLFIRI, as a second-line option.
Compared to FOLFIRI alone, the combination re-
sulted in 1.5 month median overall survival (OS),
(13.50 vs.12.06 respectively; HR: 0.817; 95% Cl:
0.713-0.937; p = 0.0032) and median 2.2 months in
PFS improvements (6.90 vs. 4.67 respectively; HR:
0.758; 95% Cl: 0.661-0.869; p = 0.00007) (13, 14).
The safety profile of this combination has been
proven acceptable and manageable. Based on the
results of the VELOUR study, we conducted a mo-
no-institutional retrospective analysis, which em-
braced both the pre-pandemic and the pandemic
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periods, to evaluate the safety and efficacy of AFL
in combination with FOLFIRI in patients with pro-
gressing mCRC previously treated with Oxaliplatin
based regimens as routinely used in clinical prac-
tice (15, 16).

PATIENTS AND METHODS

Design and Participants

Between June 2016 and March 2022 a total of 78
patients were enrolled in the study. The inclusion
criteria were: histologically confirmed diagnosis
of mCRC; age >18 years old; Eastern Cooperative
Oncology Group (ECOG) performance status from
0 to 2; measurable disease according to Response
Evaluation Criteria in Solid Tumours (RECIST) ver-
sion 1.1 (17, 18); progressive disease after first-
line therapy with Oxaliplatin (according to RAS/
BRAF gene status) regular heart function with left
ventricular ejection fraction (LVEF) >50% and elec-
trocardiogram (ECG) with sinus rhythm; adequate
bone marrow, renal and hepatic functions; com-
puterized tomography and/or magnetic resonance
imaging of the central nervous system available for
radiological review.

The exclusion criteria were: patient whit hyper-
sensitivity to AFL, its excipients, or any other for-
mulation components; no concomitant anticancer
therapies were allowed, and radiotherapy at ex-
tracranial sites must have been stopped at least
one month before starting the treatment.

Method of Administration

All patients received 4 mg/kg of AFL intravenously
according to the treatment assignment, for more
than an hour on day 1 every two weeks, immedi-
ately followed by the FOLFIRI regimen (Irinotecan
180 mg/m? IV for more than 90 minutes, with leu-
covorin 400 mg/m? IV for more than 2 hours, fol-
lowed by FU 400 mg/m? bolus and FU 2400 mg/
m? continuous infusion for more than 46 hours)
(19). Patients were premedicated as indicated in
routine clinical practice. Electrocardiogram (ECG)
and echocardiogram were performed at baseline
and every three months. Treatment was admin-
istered until disease progression or development
of unacceptable toxicity (20). The outbreak of the
COVID-19 pandemic has required a revision of rou-
tine medical care to minimize the risk of exposing
patients to the virus infection.
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Evaluation of Response and Toxicity

Dose interruption was allowed to manage treat-
ment-related adverse events (TRAEs). FOLFIRI
TRAEs and side effects were assessed at the end of
each cycle and reported according to the Common
Terminology Criteria for Adverse Events (CTCAE),
Version 4.0. G3 or G4 toxic effects were managed
with dose reduction or delay, in compliance with
clinical practice procedures. Patient characteris-
tics such as performance status, histopathological
data, laboratory and radiological data (humber of
metastatic sites >2), and treatment outcomes were
collected and reviewed to identify any prognostic
factors to assess the best second-line therapy.

Quality of Life

QoL was regularly assessed by the psycho-oncol-
ogists, which provided all patients with the EORTC
QLQ-C30 (European Organization for Research and
Treatment of Cancer) questionnaire at the begin-
ning of the treatment and after three months (21).
The questionnaire is composed of both single-item
and multi-item scales. The scaling is organized into
five functional domains (physical, role, cognitive,
emotional, and social), three-item symptom scales
(fatigue, pain, and nausea and vomiting), a global
health status/QoL scale, and six single-item scales
(dyspnoea, loss of appetite, insomnia, constipa-
tion, diarrhoea and perceived financial impact of
the disease). The score is evaluated according to a
linear grading scale ranging from 0 to 100. A high
score on a functional scale and global health sta-
tus/QolL represents a high/healthy level of func-
tioning, whereas a high score on a symptom scale/
item represents a high level of symptomatology/
problems.

Statistical Analysis

All statistical analyses ware performed using Sta-
tistical Package for Social Science (SPSS) software
version 25. for Mac (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to describe the
baseline data of the patients, divided into two
groups, respectively cancer treatment before COV-
ID-19 (Group A) and after COVID-19 (Group B),
with standard deviation or qualitative data being
expressed as percentages. Proportions for cate-
gorical variables were compared using Student t
tests. ORR is defined as the percentage of patients
who achieved complete or partial response after
treatment. PFS was calculated from the beginning
of the treatment until progression, the PFS curve

was assessed using the Kaplan-Meier method and
the subgroup analysis of survival curves was per-
formed with the Log-rank test. Bravais-Pearson’s
(r) linear correlation index was used to define the
relation between PFS and CEA with a 95% confi-
dence interval (Cl). The statistical significance was
defined as a p-value of less than 0.05. The last fol-
low-up was in August 2022.

Endpoints

The main objective was to assess the impact of the
COVID-19 pandemic on the management of pa-
tients. Primary endpoints were the comparison of
the QoL, PFS and ORR in the two patient groups
treated before and after the onset of COVID-19,
group A and group B, respectively. Tolerability pro-
file, prognostic factors and carcinoembryonic an-
tigen (CEA) reduction were secondary endpoints.

Ethical Aspects

The study, approved by the Local Ethics Commit-
tee, Policlinico Palermo 1, was conducted in full
compliance with the provisions of the Declaration
of Helsinki as well as with the Good Clinical Practice
guidelines. All patients provided written informed
consent to be included in this study.

RESULTS

Descriptive Patients Characteristics

A total number of 78 patients were enrolled in
this retrospective study, divided into two groups.
Group A comprised all patients who underwent
cancer treatment before the onset of the COVID-19
pandemic, between Jun 2016 and February 2020,
while Group B included all those patients who were
treated between March 2020 and March 2022.
Demographic characteristics of the patients were
well-balanced in all two cohorts (Table 1), in the
Group A (cancer treatment before COVID-19) were
56 patients (29 male and 27 female), with a median
age of 58 years old (range 49-68), in the Group B
(cancer treatment after COVID-19) were 22 patient
(12 male and 10 female) with a median age of 57
years old (range 51-62). All patients were previous-
ly treated with an Oxaliplatin first-line regimen.
As for the ECOG performance status, in all 78 pa-
tients, 25 (32%) patients had ECOG 0, 43 (55%) had
ECOG 1, and 10 (13%) had ECOG 2. Patients who
had already undergone primary surgery were 65,
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Table 1. Baseline clinical and pathological characteristics (n. 78)
divided in two groups (Group A and Group B).

GROUPA | GROUP B
- 1565 | WIS v

Mean age 8(49-64)  57(51-62)
(range)
Sex
Male 29 (52%) 12 (58%) 1.93
Female 27 (48%) 10 (42%) 1.09
ECOG performance status
0 18 (32%) 7 (31%) 0.78
1 32 (57%) 1 (50%) 1.45
2 6 (11%) 4 (18%) 0.08
Primary tumor location
Single left-site 21 (38%) 14 (64%) 0.92
Single right-site 34 (61%) 8 (36%) 0.88
Single
transverse-site 1 3] i
K-RAS and B-RAF status
Wild-type 33 (59%) 16 (72%) 0.78
Mutant 23 (41%) 6 (28%) 0.98
Location of metastasis
Liver 14 (25%) 8 (36%) 0.16
Lung 9 (16%) 5 (23%) 0.08
Lymph nodes 33 (59%) 9 (41%) 1.51

Group A: cancer treatment before COVID-19; Group B: cancer treatment
after COVID-19; ECOG: Eastern Cooperative Oncology Group.

whilst 13 had concurrent hepatic metastasectomy.
Anti-EGFR therapies were administered to 49 pa-
tients with wild-type RAS tumors, whilst anti-VEGF
therapy with Bevacizumab was administered to 29
patients with mutant RAS/BRAF tumors. Further-
more, 17 patients (22%) were treated with FOLFOX
and 61 patients (78%) with CAPOX. The primary tu-
mor site was the left side in 35 patients, the right
side in 42 patients, and the transverse colon in 1
patient only. The metastatic sites of the disease
were the liver, lungs, and peritoneum. 16 patients
had pre-treatment CEA values <10 mg/dl and only
one metastatic site (liver or lung). Table 1 shows
the main characteristics of the study groups.

Clinical outcomes

On average, patients received 9 cycles of chemo-
therapy (range: 7-11). AFL plus FOLFIRI was well-tol-
erated, with a manageable toxicity profile. After a
median follow-up of 12.6 months (range: 9.2-13.6)
response rates according to RECIST criteria showed
1 (1%) complete response (CR); 15 (19%) partial re-
sponse (RP); 48 (62%) disease stabilization (SD); 13
(17%) progression disease (PD) and 1 (1%) not eval-
uable. Accordingly, ORR (CR + PR) was 19.4%, and
DCR (CR+PR+SD) was >82% (Table 2) summarized
results for groups A and B respectively). The me-
dian response time in all patients (n = 78) was 6.5

Progression Free Survival
1,0 HR = 0.64 (95% Cl, 0.47-0.86)
Log rank test P = 0.13 —Tmutant
Kaplan-Maier median —wild-type
08 wild-type RAS/BRAF = 6.8 month
' RAS/BRAF mutant = 6.3 month
2 06
S
S
=
(]
£
S 0,4
0,2
0,0
,00 2,00 4,00 6,00 8,00 10,00 12,00
Time (month)

Figure 1. Log rank test for PFS in wild-type RAS/BRAF (n. 49) and RAS/BRAF mutant (n. 29). PFS: progression-free survival.
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Figure 2. Log rank test for PFS in primary tumor site in the left colon (n. 35) and primary tumor site in the right colon (n. 42).

PFS: progression-free survival.
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Figure 3. Log rank test for PFS in patients treated before COVID-19 period (n. 56) and patients treated after COVID-19 period (n. 22).

PFS: progression-free survival; Group A: cancer treatment before COVID-19; Group B: cancer treatment after COVID-19.
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Table 2. Overall Response Rate divided in two groups (Group A and
Group B).

(c]:{0]V] .\ GROUP B
- N=56(%) | N=22(%) | " VALY
(2%) =

1(2%

Complete
response
P 9(16%)  6(7%)  0.05
response
Stable response 36 (64%) 12 (55%) 0.46
Progressive g 160y  4(18%)  0.03
response
Not evaluable 1(2%) -
Overall
response rate 10 (18%) 6 (27%) 0.12
(CR+PR)
Clinical
benefit rate 46 (82%) 18 (82%) 0.46
(CR+PR+SD)

Group A: cancer treatment before COVID-19; Group B: cancer treatment
after COVID-19; ECOG: Eastern Cooperative Oncology Group; CR:
complete response; PR: partial response; SD: stable response.

months (95% Cl: 4.9-8.1) with a modest improved
QoL. Bravais-Pearson index showed a positive cor-
relation between PFS and CEA reduction, with a
correlation coefficient (95% Cl:0.31-0.76) value of
0.59, p = 0.009. We observed a mean CEA reduc-
tion >50% reflecting an increase in PFS.

Our analysis of the final cohort of patients showed
a median PFS of 6.2 months (95% CI:5.1-7.2). Ac-
cording to RAS/BRAF status (WT vs mutant), PFS
was 6.8 months versus 6.3 months respectively

(Figure 1); also sideness (left vs right) did not affect
PFS (7.0 months versus 6.7 months respectively)
(Figure 2); we have recorded a PFS of 6.1 months
in Group A versus 6.2 months in Group B with a HR
of 0.89 (95%, Cl 0.53-1.15), furthermore, in patients
with low pre-treatment CEA levels and a low num-
ber of metastatic sites, we registered also great-
er PFS time. Figure 3 reports the PFS analyses of
patients, divided according to the treatment peri-
od before COVID-19 (group A) and after COVID-19
(group B). Our analyses showed no statistically sig-
nificant differences in PFS between the two groups
likely due to their small size.

Quality of Life

At baseline (treatment beginning), the EORTC
QLQ-C30 questionnaires showed an overall slight-
ly lower QoL outcome (the score for global health
status was 57.7 in group A vs 56.3 in the group
B). As for the symptom scales, patients reported
sleeping disorders (24.3), fatigue (41.6) and nau-
sea/vomiting (50.3) in two groups. Furthermore,
the group B shows a worsening in the social area
(47.0 group A vs 58.1 group B) and financial area
(44.3 group A vs 45.7 group B). At follow-up, QoL
had improved with a score of 61.3 for global health
status (61.5 group A vs 60.7 group B). In the two
groups we observe a reduction in pain symptoms
(44.3 group A vs 45.2 group B), (Table 3). The re-
duction of financial impact appeared also relevant.
In fact it was at baseline 44.3 in group A and 45.3

Table 3. The Quality of Life score (n. 78) divided in two groups (Group A and Group B).

GROUP A GROUP B
N =56 N =22 P VALUE

BASELINE FOLLOW UP BASELINE FOLLOW UP

Global health status 57.7 61.5
Physical 46.1 47.4
Role 41.5 42.5
Cognitive 43.6 43.8
Emotional 51.4 50.6
Social 47.0 48.3
Fatigue 41.4 39.4
Pain 48.6 443
Nausea and vomiting 50.3 50.2
Dyspnoea 29.6 28.3
Loss of appetite 19.6 19.5
Insomnia 243 24.7
Constipation 18.6 18.8
Diarrhoea 18.6 18.9
Financial impact 44.3 45.7
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56.3 60.7 0.05
46.9 47.0 0.35
44.3 44.7 0.78
43.9 44.3 1.06
52.7 51.8 0.58
58.1 57.9 0.02
41.7 40.6 1.69
48.8 45.2 0.00
50.3 50.1 1.56
28.4 28.1 1.73
19.9 18.9 0.07
34.6 35.7 0.01
18.9 18.4 1.83
17.5 18.2 0.59
45.3 48.1 0.06
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in group B, respectively, and it became after three
months 45. 7 in group A and 48.1 in group B, re-
spectively.

Tolerability

No severe treatment-related hypersensitivity reac-
tions were reported, and no patients died of treat-
ment-related adverse events. The main hemato-
logical toxicities related to AFL and FOLFIRI were:
neutropenia (all grades: 36%; G3-G4: 12%), febrile
neutropenia (all grades: 8%), G2-G3 anemia (22%)
G4 anemia (5 patients), and G3 thrombocytope-
nia (12%). Granulocyte colonies-stimulating factor
(G-CSF), antibiotics, erythropoietin, oral steroids,
and blood transfusions (3 patients) were used as
expected in routine clinical practice. The most fre-
quent major non-hematological toxicities were:
asthenia (all grades: 26%); diarrhoea (all grades:
24%; G3-G4: 9%), treated with loperamide as need-
ed; arterial hypertension; G3 hypertension (18%),
treated with the dose-adjustment of the pre-exist-
ing antihypertensive therapies or with more than
one drug; G4 hypertension (only 1 case); G3 pro-
teinuria (6%); palmar-plantar erythro-dysesthesia
(in 1-4%- of G2-G3 patients) (Table 4). No heart
failure, left ventricular ejection fraction (LVEF) re-
duction, gastrointestinal perforations, or fistulas
cases were reported. No significant differences
were recorded in both incidence and severity of Ae
in the two groups of patients.

Table 4. Adverse events graded according CTCAE, Version 4.0 (n.
78).

ADVERSE EVENTS ALL GRADES | GRADE 3-4

Hematological

Anemia 22% 6%
Neutropenia 38% 14%
Trombocitopenia 16% 12%
Febbrile neutropenia  13% 13%
Non-hematological

Nausea 16% 12%
Vomiting 12% 8%
Hypertension 18% 12%
Fatigue 28% 28%
Hyperbilirubinemia 4% 2%
Hand foot syndrome 4% 4%
Peripheral 0% 0%
neuropathy

Diarrhoea 48% 13%

CTCAE: Common Terminology Criteria for Adverse Events.

DISCUSSION

The outbreak of the COVID-19 pandemic has inter-
fered with the normal practices of cancer patients'
management in both providing and receiving care.
This study was carried out before and after the COV-
ID-19 pandemic. As a result of this analysis, AFL com-
bined with FOLFIRI was proven effective and well-tol-
erated as second-line therapy for mCRC. Patients
were previously treated with Oxaliplatin-based
regimens as first-line chemotherapy and, in some
cases, they also received anti-VEGF or anti-EGFR tar-
geted agents. The pandemic has required new prac-
tices in patient management: to reduce the risk of
exposition to the virus, preventive measures were
introduced to limit access of cancer patients to the
hospital. Our results were in line with the VELOUR
trial experience (15-22). Although the retrospective
design of this study, our results showed AFL effec-
tive and well-tolerated, with good disease control
and a manageable toxicity profile, with a median PFS
of 6.2 months (95% Cl: 5.1-7.2). As a consequence,
COVID-19 pandemic had probably no impact on PFS
for FOLFIRI + Aflibercept treatment.

A significant impact on QoL was observed in most
patients (23, 24), the result of this study showed no
significantimpact due to the onset of COVID-19 pan-
demic. In the present study, mutations of the RAS /
BRAF genes were associated with a lower response
rate with a median PFS of 6.3 months, compared to
a median PFS of 6.8 months for the wild-type RAS/
BRAF subgroup. Similar trends were observed in the
biomarker sub-analyses of the VELOUR study (16).
The primary tumor site is an important independ-
ent prognostic factor in CRC due to the distinct bi-
ological characteristics of right-sided and left-sided
tumors. Of interest, right colon cancer is associated
with defective repair genes and increased numbers
of KRAS / BRAF mutations (25). In our study, no clin-
ically relevant differences were shown according to
the localization of the tumor on the left or right side
(7.0 months versus 6.7). Finally, a significant corre-
lation was observed between lower pre-treatment
CEA values, deceased post-treatment CEA values,
increased PFS. Therefore, based on these results,
the lack of RAS/BRAF mutations, the localization
of the primary tumor, and the pre-treatment CEA
levels may represent prognostic factors to achieve
greater responses and prolongation of survival.
The results of this study suggest that AFL with FOL-
FIRI may have specific benefits in patients with the
above-mentioned characteristics even during COV-
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ID-19 pandemic. Moreover, patients treated with
this combination did not experience QoL worsen-
ing. On the contrary, thanks to psyconcologist sup-
port, the 85% patients enrolled experienced either
improvement or stability in QoL. The study confirms
that the absence of RAS/BRAF gene mutations, the
localization of the primary tumor on the left side,
and low pre-treatment CEA levels might be prognos-
tic biomarkers for the treatment with AFL plus FOL-
FIRI. In addition, a significant correlation between
decreased CEA levels increased PFS, and clinical
benefits were observed. AFL is an effective antiangi-
ogenic therapy with a manageable tolerability pro-
file that provides significant clinical benefits when
combined with FOLFIRI in mCRC after Oxaliplatin
with or without biological agents (26). The results
obtained showed that AFL is well-tolerated by most
patients. AFL does not alter Qol, and its efficacy in
terms of survival is confirmed. The results show a
good QoL for patients under treatment, without
critical consequences in the management of the
disease. The physical symptoms were well tolerated
without any impact on QoL, however a greater im-
pact was observed on the social area, affecting what
were distracting and sociable activities.

CONCLUSIONS

During the recent COVID-19 pandemic, although
treatment guidelines remained unchanged, patient
management was modified. Nevertheless, the best
oncological therapy was performed with a reason-
able profile of complications and side effects of
chemotherapy due to antiemetics, antiallergics,
prophylaxis for immunodeficiencies (G-CSF). A spe-
cific patient management was crucial to limit the ac-
cess of patients to the hospital and, consequently,
to drastically reduce the risk of Covid infections in
cancer patients (27). The psycho-oncological sup-
port, as established by national and internation-
al guidelines, is a tool that allows you to improve
patients' mood and QolL. This study showed effica-
cy results for mCRC patients treated with AFL and
FOLFIRI in common clinical practice, including pa-
tients previously treated with anti-EGFR antibody or
bevacizumab during the COVID-19 pandemic (28).
AFL plus FOLFIRI has a manageable safety profile,
and the results regarding the efficacy and toxicity
are consistent with previous studies (29, 30). Limita-
tions of this analysis include the restricted number
of patients enrolled as well as the non-randomized
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sampling. According to the retrospective nature of
our analysis and the limited number of patients en-
rolled, we can suggest that our results can provide
valid assumptions for future studies.
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