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ABSTRACT

Colorectal cancer is one of the most common malignancies worldwide, and new treatment options are continually emerging. This study
aimed to assess the effects and side effects of aflibercept, one of the current treatment options for the condition. We included fifty-two
patients diagnosed with colorectal cancer at the Bursa Uludag University Medical Oncology Department between January 2014 and
December 2020. These patients either presented with metastasis at the time of diagnosis or developed it during follow-up and were
subsequently treated with aflibercept. Two patients were excluded from the study due to irregular follow-up. Among the patients included,
74% had metastatic disease at diagnosis, and 70% had tumors located in the left colon. KRAS mutations were identified in 56% of the
patients. Aflibercept was the most commonly preferred second-line treatment. The median progression-free survival (PFS) after treatment
with aflibercept was 5.13 months, while the median overall survival (OS) was 11.9 months. No significant difference was observed in overall
survival between patients receiving aflibercept as second-line treatment and those receiving it as later lines. The frequency of side effects was
consistent with existing literature; notably, significant proteinuria was observed during treatment.
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Metastatik Kolorektal Kanserli Hastalarda Aflibercept Tedavisinin Etkinligi ve Giivenligi: Tek Merkez Deneyimi

OZET

Kolorektal kanser, diinya ¢apinda en sik goriilen malignitelerden birisidir ve siirekli olarak yeni tedavi secenekleri ortaya sunulmaktadir. Bu
calisma, mevcut tedavi segeneklerinden birisi olan aflibercept tedavisinin etki ve yan etkilerini gostermeyi amaglamaktadir. Caligmamiza
Ocak 2014 ve Arahk 2020 tarihleri arasinda Bursa Uludag Universitesi Tibbi Onkoloji Anabilim Dali’nda kolorektal kanser tanisi almis 52
hasta dahil edildi. Bu hastalarin tamaminda tan1 aninda veya takiplerde gelisen metastaz mevcuttu. 2 hasta takip araliklarinin diizensiz olmasi
nedeni ile ¢alismadan ¢ikartildi. Dahil edilen hastalarin %74’iinde tan1 aninda metastaz mevcuttu ve %70’inde tiimor sol kolon yerlesimliydi.
Calisma grubunun %56’sinda KRAS mutasyonu saptandi. Tkinci basamak tedavide en sik tercih edilen tedavi ajani aflibercept olarak
bulundu. ikinci ve sonraki basamaklarda aflibercept tedavisi almak arasinda genel sagkalimda anlamli fark izlenmedi. Yan etki profili ve
sikligi literatiir ile uyumluydu, 6zellikle proteiniiri agisindan anlamli fark saptandi.

Anahtar Kelimeler: Metastatik kolorektal kanser. Aflibercept. VEGF inhibitorleri. Proteiniiri. Yan etki.
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Currently, the five-year survival rate has reached
approximately 60%°.

Aflibercept, also referred to as AVE0005, VEGF-
Trap, and Ziv-Aflibercept in the USA, is a
recombinant fusion protein®. It is a 97-kDa
homodimeric  glycoprotein’ that received FDA
approval in 2012 for use in combination with
FOLFIRI (5-FU, leucovorin, and irinotecan) in
patients whose disease has progressed despite prior
oxaliplatin-based therapy. In addition to being an
inhibitor of the vascular endothelial growth factor
(VEGF) pathway, aflibercept comprises the
extracellular portions of both VEGFR-1 and VEGFR-
2, binding to the Fc portion of human IgG1°. Its
design allows it to block VEGF-A with high affinity.
Patients undergoing aflibercept treatment have
exhibited antiangiogenic side effects, such as
hypertension, embolism, and thrombosis, as well as
diarrhea, stomatitis, proteinuria, and
myelosuppression'’.

Our study aims to examine the efficacy and the side

effect profile of the received aflibercept in patients
with metastatic CRC.
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follow-up to monitor for treatment-related proteinuria.
Genetic mutation profiles were assessed for KRAS
and NRAS mutations, and, when available, BRAF
mutations and MSI/MMR status were also evaluated.

Statistical Analysis

Progression-free survival (PFS) was defined as the
duration from the start of aflibercept treatment until
documented disease progression or death from any
cause, whichever occurred first. Overall survival (OS)
was defined as the time from initial diagnosis to death
from any cause. Statistical evaluations were performed
using IBM SPSS software (version 22). Continuous
variables were summarized as medians, along with
their corresponding minimum and maximum values,
while categorical variables were presented as
frequency distributions. Survival probabilities were
estimated using the Kaplan-Meier method, and a p-
value of less than 0.05 was considered statistically
significant. These were compared between groups
using the log-rank test.

Material and Method

Study Population

We conducted a retrospective review of electronic
medical records for patients admitted to the
Department of Medical Oncology at Bursa Uludag
University between January 2014 and December 2020
due to metastatic colorectal cancer (CRC). As shown
in Table I, a patient flow diagram is included. Patients
who were under 18 years of age or had incomplete
follow-up data were excluded from the study.

Treatment Regimen

Aflibercept was administered in combination with
standard chemotherapy regimens following routine
clinical practice. The most commonly used regimen
included FOLFIRI, which consists of irinotecan, 5-
fluorouracil and leucovorin, along with aflibercept.
Aflibercept was given intravenously at a dosage of 4
mg/kg every two weeks.

Data Collection

Demographic and clinical data were collected from
electronic medical records, including age, sex, tumor
location, surgical history, and laboratory parameters.
Hematologic parameters, including hemoglobin levels,
white blood cell count, neutrophil count, and platelet
count, were recorded before the initiation of
aflibercept treatment and during routine -clinical
follow-up visits. Spot urine protein measurements
were taken prior to treatment initiation and during
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Results

In this study, a total of fifty-two patients were
evaluated, with two individuals excluded due to
inadequate follow-up intervals. The demographic and
clinical features of the remaining cohort are
summarized in Table I. The median age at diagnosis
was 62.25 years, with a broad range from 22 to 76
years, and 72% were male. Notably, 74% (n = 37) of
the patients presented with metastatic disease at the
time of initial diagnosis. Among the included cases,
left-sided colon involvement was observed in 70% (n
= 35), whereas right-sided involvement was identified
in 26% (n = 13). Additionally, two patients (4%)
exhibited tumors affecting both sides of the colon. The
liver was identified as the most frequent site of
visceral metastasis, highlighting the aggressive
clinical behavior of the condition.

Upon examining the genetic data available for our
cohort (Table 1), we found that 56% (n = 28) of
patients harbored KRAS mutations. Among those
evaluated for microsatellite instability (MSI) and
mismatch repair (MMR), 34% (n=17) were classified
as microsatellite stable (MSS), while 4% (n=2) were
identified with high microsatellite instability (MSI-H).
For the cohort with right colon tumors, an alarming
53.8% (n=7) had metastases at diagnosis; of those
initially non-metastatic, 15.4% (n=2) developed
metastases during treatment. Conversely, in the left
colon group, 82.9% (n = 29) were diagnosed with
metastases, with 11.4% (n = 4) developing metastases
during treatment, and 5.7% (n = 2) experiencing
metastases without treatment. The differential
distribution of disease at diagnosis, based on tumor
location, was statistically significant (p = 0.048).
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Table I. Clinicopathological characteristics

Parameter ‘ N %

Age Median (range), years 62.25 (22-76)
Gender Female 14 28
Male 36 72
BMI Mean (sd), (kg/m2 ) 26.70+5.02
Metastasis De novo metastatic 37 74
status Non-metastatic > adjuvant 6 12
therapy > metastatic 6 12
Non-metastatic > follow-up 1 2
without treatment > metastatic
Missing data
Tumor Left colon 35 70
localization Right colon 13 |26
Left and right colon 2 4
Metastasis sites |Liver 44 88
Lymph node 29 58
Lung 26 52
Bone 14 28
Omentum 13 26
Adrenal 2 4
Ovary 2 4
Mutant 28 56
KRAS Wild 19 38
Missing data 3 6
Wild 39 68
Mutant 5 10
NRAS Missing data 6 12
MSI/ MMR MSS 17 34
MSI-H 2 4
Missing data 31 62
BRAF Negative 25 50
Observation 25 50

BMI:body mass index. SD:standard deviation. KRAS:kristen rat
sarcoma. NRAS: neuroblastoma rat sarcoma. MSI: microsatellite
instability. MMR:mismatch repair. MSS:microsatellite stability.
MSI-H:microsatellite instability high. BRAF:V-raf murine sarcoma
viral oncogene homolog B

In the first-line setting, patients received standard
chemotherapy regimens according to routine clinical
practice, most commonly oxaliplatin-based
combinations, such as FOLFOX or XELOX, with or
without targeted agents including bevacizumab,
cetuximab, and panitumumab. Aflibercept was most
commonly administered as second-line therapy,
predominantly in combination with FOLFIRI (54%),
followed by third-line treatment (36%), with use
extending up to the sixth treatment line (Table II).

Table II. Aflibercept treatment lines

The median progression-free survival (PFS) time
following aflibercept treatment was 5.13 months
(Figure 1), while overall survival was 11.9 months
(Figure 2). Survival analysis revealed no significant
differences between patients receiving Aflibercept as a
second-line treatment and those receiving it in
subsequent lines (p = 0.084) (Figure 3). When
assessing PFS by tumor location, patients with left
colon involvement exhibited a survival time of 6.38
months, compared to 5.01 months in the right colon
group; however, this difference did not achieve
statistical ~ significance  (p>0.05) (Figure 4).
Furthermore, a comparative analysis of RAS
mutations revealed no significant differences in OS or
PFS between the RAS mutant group (4.83 months)
and the RAS wild group (5.5 months) (p>0.05)
(Figure 5).
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Figure 1.
Kaplan-Meier curve of progression-free survival
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Figure 2.
Kaplan-Meier curve of overall survival
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Figure 3.

Kaplan-Meier curve of overall survival according to
lines of aflibercept treatment
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Figure 4.
Kaplan-Meier curve of progression-free survival
according to tumor localization

Survival Functions
RAS
mutation

—TIRAS wild
~IRAS mutant

Cumulative Survival

Progression-Free Survival (months)
Figure 5.
Kaplan-Meier curve of progression-free survival
according to RAS status

While 36% (n=18) of patients treated with aflibercept
reported no drug-related side effects, 64% (n=32)
experienced at least one adverse effect. Notably,
neutropenia (neutrophils < 1.500) was identified in
40% (n = 20) of patients (Table III). A statistically
significant difference was observed in the spot urine
protein values of patients before and after aflibercept
treatment, as determined by the McNemar test (p =
0.012) (Table IV).

Table III. Adverse events of aflibercept treatment
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Table IV. Proteinuria in aflibercept treatment

_ Before treatment | After treatment
N=36
(n) (n)
ﬁso;tlij‘:;ne protein 35 %
g - - P=0.012

Spor urine protein

. 1 10
positive

N (50) (%)
All adverse events 32 64
Neutropenia 20 40
Stomachache 14 28
Elevated LFT 10 20
Diarrhea 10 20
DvT 5 10
Rectal bleeding 4 8
Skin rash 3 6
Perianal abscess 2 4
Side Effects Febrile neutropenia 2 4
Hematuria 2 4
Fournier gangrene 1 2
Ventricular hemorrhage |1 2
Allergy 1 2
Gastrointestinal bleeding |1 2
Psychiatric symptom 1 2
lleus 1 2
Liver abscess 1 2

LFT: Liver function tests. DVT: Deep vein thrombosis. Data are
given as n%.
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Discussion and Conclusion

This study investigated the real-life data, efficacy, and
side effect profiles of the aflibercept treatment group.
Research has shown that treatments like aflibercept,
which inhibit VEGF, can negatively affect
hypertension management due to endothelial cell
dysfunction, potentially leading to podocyte loss and
resulting in proteinuria'’. In our patient group, a
significant difference was noted when comparing
proteinuria levels before and during/after treatment.

A review of the existing literature indicated that PFS
and OS were generally longer for patients receiving
aflibercept as a second- or third-line therapy'
although no significant differences were noted.

Upon examining both the VELOUR study and the
ASQOoP study, we found that various side effects, such
as hypertension (HT), proteinuria, thromboembolic
events, and hemorrhage associated with VEGF
inhibition, were reported at rates higher than those
associated with a placebo.” In addition, patients
experienced diarrhea, neutropenia, stomatitis, and
palmar-plantar skin reactions. Our evaluation of the
treatment protocol concerning side effects revealed
that 64% of the patient group reported complaints and
findings during physical examinations after treatment
with aflibercept. Neutropenia was the most frequently
observed side effect, affecting 40% of patients. Severe
neutropenia led to febrile neutropenia in two patients.
Other commonly reported side effects included
abdominal pain, elevated liver function tests (LFTs),
diarrhea, and deep vein thrombosis (DVT). The
frequencies of these side effects were consistent with
those reported in the existing literature. We also noted
occurrences of hemorrhage, gastrointestinal bleeding,
hematuria, and DVT, all common complications
following VEGF inhibition.

When our study group was analyzed by location, no
significant difference was observed in PFS between
patients with tumors in the right and left colon.
However, PFS was determined to be 6.38 months for
patients with left colon tumors and 5.01 months for
those with right colon tumors. Existing literature also
indicates that patients with tumors in the left colon
generally have longer PFS and OS", with significant
differences noted in some studies.

The VELOUR study demonstrated that adding
aflibercept to FOLFIRI in the second-line treatment of
patients with metastatic colorectal cancer significantly
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improved both PFS and OS, especially for patients
who had not previously received irinotecan-based
treatment'’. Among the participants in our study, the
most commonly used regimen in the second-line
treatment was FOLFIRI with aflibercept, accounting
for 54%. In our patient group, aflibercept-containing
regimens were utilized as a minimum for second-line
and a maximum for sixth-line treatment options.

When comparing patients by RAS mutation status, we
found that survival was shorter in the mutant group, as
expected; however, this difference was not statistically
significant. A review of the literature revealed mixed
findings regarding mutation status, with some studies
indicating longer overall survival in the mutant group,
a finding similar to our own outcomes'*. Nonetheless,
our study did not reveal any significant differences.
Among participants, aflibercept was administered as a
second to a maximum of sixth-line treatment option.
No significant differences were found between
patients receiving aflibercept as their second treatment
compared to those receiving it later in their treatment
course.

The PFS time after aflibercept was 5.13 months, while
the OS time was 11.9 months. In the VELOUR study
on aflibercept, the PFS was reported to be 6.9 months,
and the OS was 13.5 months'®. Additionally, a
multicenter study conducted in Turkey involving 433
patients showed a PFS of 6 months and an OS of 11.6
months'’, which is comparable to the results of our
study. Our patient group exhibited a survival rate
similar to that of the VELOUR study. Furthermore, in
another multicenter study in the USA and Spain that
included patients who had not previously received
irinotecan-containing treatments, the OS for patients
receiving aflibercept combined with FOLFIRI in the
second line was reported as 11.9 and 12 months,
aligning with our findings'”.

Our study has several limitations. These include its
retrospective design, being conducted at a single
center, a limited patient population, and the challenges
of accurately assessing treatment-related adverse
events using electronic medical records. Additionally,
we were unable to systematically evaluate objective
response rates because there was no standardized
method for radiological response assessments in this
retrospective cohort. Therefore, further prospective
and multicenter studies are needed to validate and
expand upon our findings.

Upon examining real-life data from a group of patients
diagnosed with colorectal cancer, we found that many
developed metastases either at diagnosis or during
follow-up. Our analysis revealed that the effects of
aflibercept treatment on efficacy, side effects, overall
survival, and progression-free survival were
comparable to those reported in the literature.

Aflibercept is a significant treatment option for both
RAS-mutant and RAS-wild-type patients in second-

line and later treatment settings. It is essential to
monitor patients for proteinuria, a specific side effect,
throughout their treatment.
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