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Abstract. Background/Aim: The efficacy of aflibercept plus 5-
Sfluorouracil, leucovorin and irinotecan (FOLFIRI) therapy has
been demonstrated in patients with metastatic colorectal cancer
(mCRC) in global and Japanese clinical trials. However, a
practical biomarker to predict its efficacy is lacking. Patients
and Methods: This was a single-institution retrospective study
of 21 patients with mCRC consecutively treated with aflibercept
plus FOLFIRI from March 2018 to July 2019. We investigated
the association and predictive value of pretreatment blood
inflammation and including the
neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio
(PLR), and lymphocyte-monocyte ratio, using their median

immune-based scores,

values as cut-offs, in regard to disease control (DC),
progression-free (PFS), and overall (OS) survival. Results: The
number of patients in each treatment line of aflibercept was as
follows: Second, 14 (66.7%); third, four (19.0%), fourth, two
(9.5%), eighth, one (4.8%). The median number of aflibercept
treatment courses was seven (range=2-17). The median follow-
up time was 391 days. In univariate analysis, patients with DC
had a significantly lower PLR than those without DC. Only the
PLR was significantly negatively associated with PFS, but not
with OS. Multivariate analysis showed a significantly poor
prognostic impact of a high PLR on PFS (hazard ratio=10.28;
p=0.003). Conclusion: A low pretreatment PLR might be a
predictor of aflibercept efficacy in patients with mCRC and may
be clinically useful for selecting patient responders.
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The prevalence of colorectal cancer (CRC) has been
increasing in Japan; CRC has been the most common cancer
since 2015, and over 50,000 patients die from this disease
annually (1). CRC is diagnosed at an advanced stage in
approximately 25% of patients, and 50% of patients with
locally advanced disease develop metastasis (2). The
prognosis of patients with metastatic CRC (mCRC) remains
poor; however, combination therapy with molecular targeted
agents and standard chemotherapy regimens has improved
survival outcomes.

Aflibercept is a recombinant fusion protein comprising a
vascular endothelial growth factor (VEGF)-binding portion,
which selectively blocks the activity of VEGF-A, VEGF-B,
and placental growth factor (3), differing from bevacizumab,
which blocks only VEGF-A. In the global phase III
VELOUR trial, after disease progression on a first-line
oxaliplatin-based regimen, aflibercept plus 5-fluorouracil,
leucovorin and irinotecan (FOLFIRI) compared with
FOLFIRI alone demonstrated a significant survival benefit
of 1.4 months in median overall survival (OS) (13.5 vs. 12.1
months, respectively; hazard ratio (HR)=0.82, 95%
confidence interval (CI)=0.71-0.94, p=0.003) and 2.2 months
in median progression-free survival (PFS; 6.9 vs. 4.7 months,
respectively; HR=0.76, 95% CI=0.66-0.87, p=0.0007) (4). In
addition, the overall response rate (ORR) increased by 9%
with the combination (19.8% vs. 11.1%, respectively).
However, a Japanese population was not included in this
global study; therefore, a domestic single-arm phase II trial
was conducted in Japan (EFC11885 trial) (5). Aflibercept
with FOLFIRI in second-line therapy demonstrated
acceptable outcomes of OS of 15.6 months, PFS of 5.4
months, ORR of 8.3%, and a disease control (DC) rate of
80%, findings that corroborated well with those in the global
study, resulting in pharmaceutical approval of the drug in
Japan in 2017. This therapy was included in the Japanese
guidelines for the treatment of CRC in 2019 (6).

Little is known regarding effective predictive and
prognostic biomarkers in aflibercept treatment, and no
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Table 1. Characteristics of the included patients (n=21).

Characteristic Value
Age, years Median (range) 68.4 (51-81)
Gender, n (%) Male 15(71.4)
Female 6 (28.6)
ECOG PS, n (%) 0 15 (71.4)
1 5(23.8)
2 0 (0)
3 1(4.8)
Primary site, n (%) Right-sided 5(23.8)
Left-sided 14 (66.7)
Metastasis, n (%) Synchronous 15(71.4)
Metachronous 6 (28.6)
Number of organs with 1 7 (33.3)
metastasis, n (%) 2 9 (42.9)
3 5(23.8)
KRAS status, n (%) Wild-type 9(42.9)
Mutant 12 (57.1)
Treatment line of 2 14 (66.7)
aflibercept, n (%) 3 4 (19.0)
4 2(9.5)
8 1(4.8)

Time from diagnosis to 11.6 (5.8-63.6)

aflibercept, months

Median (range)

Prior treatment with Yes 14 (66.7)
bevacizumab, n (%) No 7 (66.7)
Number of aflibercept Median (range) 7 (2-17)

treatment courses

Pre aflibercept treatment
CEA, ng/ml

Pre aflibercept
treatment NLR

Pre aflibercept
treatment PLR

Pre aflibercept
treatment LMR

Median (range) 33.3 (3.5-2278)

Median (range) 3.82 (0.68-12.43)
Median (range) 193.2 (105.6-433.3)

Median (range) 2.33 (1.13-5.75)

ECOG PS: Eastern Corporative Oncology Group performance status;
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte
ratio; LMR: lymphocyte-to-monocyte ratio.

objective marker has yet been identified. Inflammation and
immune-based scores, such as the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
lymphocyte-to-monocyte ratio (LMR), have been evaluated
extensively regarding their relationship with cancer treatment
outcomes (7-9). These markers are recognised as useful
because of the low cost, ready availability, and easy
interpretation. This study aimed to investigate the prognostic
potential of inflammation and immune-based scores in
aflibercept-treated patients with mCRC.

Patients and Methods

Patients. This was a single-institution retrospective study conducted
at the Department of Surgery of Nippon Medical School Chiba
Hokusoh Hospital with 21 patients with mCRC who were
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Table II. Comparison between patients with and without disease control
(DC).

Characteristic DC (n=11) No DC (n=10)  p-Value

Age, years
Median (range) 68.0 (51-81) 68.0 (61-75) 0.815

Gender n (%)
Male 9 (81.8) 8 (80.0) >0.99
Female 2(18.2) 2 (20.0)

ECOG PS, n (%)
<1 10 (90.9)/ 10 (100)/ >0.99
>2 1(9.1) 0 (0)

Primary site, n (%)
Right-sided 2(18.2) 3(10.0) 0.635
Left-sided 9 (81.2) 7 (70.0)

Metastasis, n (%)
Synchronous 6 (54.5) 9 (90.0) 0.149
Metachronous 5(454) 1 (10.0)

Number of organs

with metastasis, n (%)
1 3(27.3) 4 (40.0) 0.642
>2 8 (72.7) 5 (50.0)

KRAS status, n (%)
Wild-type 4(364) 5 (50.0) 0.670
Mutant 7 (63.6) 5 (50.0)

Treatment line of

aflibercept, 2/=3, n (%)
2 7 (63.6) 7 (70.0) >0.99
>3 4(364) 3(30.0)

Prior treatment with

bevacizumab, n (%)
Yes 9 (81.8) 7 (70.0) 0.635
No 2(18.2) 3(30.0)

Pre aflibercept

treatment NLR
Median (range) 3.22 (0.68-7.73) 435 (1.33-12.43)  0.255

Pre aflibercept
treatment PLR

Median (range)  157.7 (105.6-306.7) 235.2 (137.4-433.3) 0.040
Pre aflibercept
treatment LMR

Median (range) 2.14 (1.13-5.65) 2.67 (1.56-5.75) 0.819

ECOG PS: Eastern Corporative Oncology Group performance status;
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte
ratio; LMR: lymphocyte-to-monocyte ratio. Bold values indicate
statistical significance.

consecutively treated with aflibercept plus FOLFIRI between March
2018 and July 2019. The clinical cut-off for data analyses was
November 2019. The data were retrospectively collected from
individual medical records. Patients received aflibercept (4 mg/kg)
and FOLFIRI [400 mg/m2 bolus of 5-fluorouracil (FU); 2400
mg/m? continuous infusion of 5-FU; 200 mg/m? of levofolinate; 180
mg/m2 of irinotecan] every 2 weeks. This regimen was discontinued
at the time of disease progression or physician’s judgement to cease.

Adverse events (AEs) were evaluated using the Common
Terminology Criteria for Adverse Events, version 4.03 (10). Tumour
response was evaluated by one investigator using version 1.1 of the
Response Evaluation Criteria in Solid Tumours (RECIST) (11) in
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Table III. Progression-free (PFS) and overall (OS) survival according to predictive and prognostic factors.

Variable Median PFS (95% CI), p-Value Median OS (95% CI), p-Value
months months

Age <75 Years (n=16) 348 (2.3-8.1) 0.405 11.96 (5.8-16.7) 0.144
>75 Years (n=5) 4.63 (2.30-NA) 17.87 (3.2-NA)

Gender Male (n=15) 5.19 (2.3-7.4) 0.249 14.92 (5.78-NA) 0.276
Female (n=6) 3.35 (2.3-NA) 6.93 (2.3-NA)

Primary site Right-sided (n=5) 2.33 (1.8-NA) 0.305 12.0 (2.3-NA) 0.051
Left-sided (n=16) 4.19 (2.7-6.5) 17.30 (6.5-NA)

Metastasis Synchronous (n=15) 2.96 (2.3-5.2) 0.401 11.96 (5.6-NA) 0.637
Metachronous (n=6) 7.74 (2.7-NA) 14.92 (4.0-NA)

Number of organs with 1 (n=7) 3.22 (2.3-4.6) 0.128 8.90 (2.3-NA) 0.449

metastasis, n (%) >2 (n=14) 5.26 (2.3-8.7) 14.92 (6.5-NA)

KRAS status Wild-type (n=9) 2.76 (2.3-8.1) 0.282 17.87 (4.0-NA) 0.382
Mutant (n=12) 5.26 (2.3-8.7) 14.55 (3.2-NA)

Prior bevacizumab treatment Yes (n=15) 5.20 (2.3-74) 0.226 14.92 (5.6-NA) 0.487
No (n=6) 2.76 (1.8-NA) 6.93 (4.0-NA)

NLR (cutoff: 3.82)* High (n=10) 2.66 (1.8-4.6) 0.395 13.26 (2.3-NA) 0.797
Low (n=11) 532 (2.8-8.1) 14.92 (5.6-NA)

PLR (cutoff: 193.2)* High (n=11) 2.66 (2.3-3.2) <0.001 8.90 (3.2-NA) 0.145
Low (n=10) 7.31 (2.3-10.1) 14.92 (5.6-NA)

LMR (cutoff: 2.33)* High (n=11) 3.22(2.3-8.2) 0.928 14.92 (2.3-NA) 0.583
Low (n=10) 498 (1.8-74) 14.55 (4.0-NA)

CI: Confidence interval; NA: not reached; ECOG PS: Eastern Corporative Oncology Group performance status; NLR: neutrophil-to-lymphocyte
ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio. *Median value. Bold values indicate statistical significance.

patients with measurable disease at baseline. The white blood cell
count, including the fractions of neutrophils, lymphocytes, and
monocytes, and platelet count were measured at an institutional
laboratory. The pre-aflibercept treatment NLR, PLR, and LMR were
calculated for each patient.

PFS was estimated as the time between the first aflibercept
administration and either disease progression or death, and OS was
defined as the time until death. Patients were censored at their last
follow-up visit if they were free of disease progression or alive,
respectively, for PFS or OS analyses. The Kaplan-Meier method
was used to calculate PFS and OS, and differences between the two
patient groups were analysed using the log-rank test. Statistical
analyses were performed using R, version 3.1.0 (R Foundation for
Statistical Computing, Vienna, Austria). Continuous variables were
expressed as medians and ranges and were compared using two-
tailed Student’s r-test and the Mann-Whitney U-test. Discrete
variables were compared using chi-squared and Fisher’s exact tests.
Variables for which p<0.2 in univariate analysis were entered into
the multivariate Cox proportional hazard model. Values of p<0.05
were considered significant. All of the procedures were conducted
according to the Declaration of Helsinki, and the study protocol was
approved by the Ethics Committee of Nippon Medical School Chiba
Hokusoh Hospital (Chiba, Japan) (Approval No. 747).

Results

Patient characteristics and aflibercept treatment. Twenty-
one patients [median age=68.0 (range=51-81) years; 15 male
(71.4%)] with mCRC were treated with aflibercept plus
FOLFIRI, including 14 with a left-sided primary tumour

(66.7%), one (4.8%) with an Eastern Cooperative Oncology
Group Performance Status (ECOG PS) =2, nine (42.9%)
with KRAS wild-type tumours, and 14 (66.7%) with prior
bevacizumab treatment. Fourteen (67%) patients had two or
more metastatic sites. Two-thirds of patients were treated
with aflibercept plus FOLFIRI as second-line therapy. The
median number of aflibercept treatment courses was seven
(range=2-17). No patient was lost to follow-up. The median
follow-up from treatment initiation to the last treatment or
death was 391 days. Fourteen patients (66.7%) received one
or more further chemotherapeutic treatments. Eight patients
(38.1%) were still alive at the data cut-off. The
characteristics are shown in Table I.

Role of the PLR as a biomarker in aflibercept treatment. All
the included patients had measurable disease at baseline but
one patient was not evaluated by computed tomography owing
to severe disease progression. The ORR, which included no
complete response and one patient with partial response, was
4.7%. The DC rate, with one partial response and 20 patients
with stable disease, was 52.4%. The overall median PFS and
OS were 3.8 months and 13.0 months, respectively. In order
to explore the factors related to the DC efficacy of aflibercept,
the patients were divided into two groups, with DC (n=11,
52.4%) and without DC (n=10, 47.6%). Among the variables,
the pretreatment PLR in the DC group was significantly lower
than that in the group without DC [median=157.7
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Figure 1. Kaplan-Meier curves showing progression-free (A) and overall (B) survival according to the platelet-to-lymphocyte ratio (PLR) [cut-off:

193.2 (median)].

(range=105.6-306.7) and median=235.2 (range=137.4-433.3),
respectively, p=0.040]. However, other variables, including the
pretreatment NLR and LMR, showed no significant
differences between the groups (Table II).

The median values of the NLR, PLR, and LMR were 3.82,
193.2, and 2.33, respectively, and these cut-off values were
used for further analyses. Univariate exploratory analyses were
conducted to identify predictive and prognostic factors for PFS
and OS (Table IIT). Among the clinical variables, including age,
gender, primary site, synchronous or metachronous metastasis,
number of organs with metastases, KRAS status, and prior
bevacizumab treatment, left-sided primary tumour tended to
confer a longer OS than right-sided disease (17.30 vs. 12.0
months, respectively; p=0.051), although the difference was not
statistically significant. Other comparisons showed no
significant differences in PFS and OS analyses. Among the
haematological inflammation and immune-based scores, a high
PLR was associated with a significantly shorter PFS and a
trend for a shorter OS than a low PLR (PFS: 2.66 vs. 5.32
months, respectively; p<0.001; OS: 8.90 vs. 14.92 months,
respectively; p=0.145) (Figure 1A and B, respectively).
However, the NLR and LMR were not associated with PFS
and OS. In the Cox proportional hazard model for PFS using
the variables number of organs with metastases and PLR, a
high PLR was associated with poorer PFS and was identified
as an independent prognostic factor (Table IV).

Safety and comparison between a urinary qualitative test and

the urinary protein/creatinine ratio. Sixteen patients (76.2%)
developed AEs of grade 3 or higher. Among the
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haematological AEs, the incidences of grade 3 or higher
leukopenia, neutropenia, anaemia, and thrombocytopenia
were 28.6%, 23.8%, 4.8%, and 23.8%, respectively. Among
the non-haematological AEs, the incidences of grade 3 or
higher anorexia, nausea, fatigue, and hypertension were
23.8%, 9.5%, 4.8%, and 23.8%, respectively. Grade 3 or
higher proteinuria occurred in 4.8% of patients, and
proteinuria of any grade occurred in 76.2% of patients.
Concerning proteinuria, both a qualitative test using a
dipstick and the urinary protein/creatinine ratio (UPCR) were
assessed at our Institute. Among 157 urine samples
representing all administrations of aflibercept in the included
patients, 27 measurements (17.2%) showed a UPCR =2,
which is a criterion for withdrawal of drug administration.
The association between the qualitative test and UPCR is
presented in Figure 2. The median values of UPCR increased
with increasing qualitative test grade (—/+: 0.13, 1+: 0.56,
2+: 1.41, 3+/4+: 2.57). The prevalence of UPCR =2 was
2.0% (2/99) in samples with qualitative test grades -/+ and
1+, and 43.1% (25/58) in those with grades 2+ and 3+/4+.

Discussion

This observational retrospective study demonstrated that,
among patients with refractory mCRC treated with
aflibercept plus FOLFIRI, the pretreatment PLR was
significant associated with both DC and PFS in univariate
analyses, and PFS in multivariate analysis. This finding
suggests that the pretreatment blood inflammation and
immune-based score, PLR, might be a prognostic or
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Table IV. Cox proportional hazard model for progression-free survival
(PFS).

Variable PFS
Subgroup HR 95% CI ~ p-Value
Number of organs 1 1 (Reference)
with metastasis >2 2.01 0.54-7.55 0.301
PLR (cutoff: 193.2) Low 1 (Reference)
High 10.28 2.20-47.91 0.003

HR: Hazard ratio; CI: confidence interval; PLR: platelet-to-lymphocyte
ratio. Bold value indicates statistical significance.

predictive biomarker. To our best knowledge, this is the first
study to investigate the role of the PLR as a clinical
biomarker in patients treated with aflibercept with a median
follow-up of over 1 year.

Growing evidence suggests that exaggerated inflammatory
host responses are reflected in poor surgical outcomes and
hypo-responsiveness to systemic chemotherapy in various
cancer types, including CRC (7, 9, 12, 13). Systemic
inflammatory host responses contribute to critical roles
through all stages of tumourigenesis and induce
immunosuppression, angiogenesis, inhibition of apoptosis,
and DNA damage, promoting metastatic spread (14, 15).

A high PLR represents a relatively elevated platelet count
and lymphocyte depletion and is considered a negative
prognostic marker in several types of cancer (16-18). In the
milieu of systemic inflammation, pro-inflammatory
mediators, such as interleukin (IL)-1 and IL6, can stimulate
thrombocytosis. Platelets can induce angiogenesis from
enhanced VEGF production (19). Thrombocytosis reflects
both systemic inflammation and increased tumour activities,
which facilitate tumour invasion and metastasis.

Lymphocytes, which participate in adaptive immune
responses, can be recruited from the peripheral circulation to
tumour tissue to activate transcription factors of
inflammatory cells and tumour cells, such as nuclear factor-
kB, followed by the production of pro-inflammatory
mediators, which are mainly released from CD4% T-
lymphocytes (20). Our results showed that the PLR, but not
the respective absolute platelet and lymphocyte counts, had
a significant effect on the treatment efficacy and survival
(data not shown). This phenomenon implies the importance
of the balance between inflammation and the immunological
status in individual patients.

However, the association between the PLR and outcomes
in patients with CRC remains to be clarified. Peng et al.
reported in their meta-analysis that an elevated PLR was not
associated with disease-free survival in patients undergoing
curative surgery but was associated with poor survival in

UPCR

o ==

-/ £ 1+ 2+
(68) (31) (34)
Qualitative test (dipstick)

3+/4+ (Grade)
(25) (Samples)

Figure 2. Association between the urinary qualitative test using a
dipstick and protein/creatinine ratio (UPCR). The data are expressed
as meanszstandard deviation. The median values are indicated by
horizontal lines, and the lower and upper edges of the boxes indicate
the 25" and 75" percentiles, respectively.

patients with metastatic disease (21). The inflammation and
immune status in patients with CRC undergoing curative
surgery and those with metastatic CRC might be different.
Factors such as the tumour volume, prior treatment, and
cancer cachexia, may contribute to these differences and
influence the utility of the PLR as a prognostic biomarker.
Consistent with this theory, in the metastatic setting, the
pretreatment PLR was significantly associated with DC and
PFS, but not with OS. Yang et al. also reported similar
results that a higher PLR was significantly associated with
poorer PFS, but the difference was not statistically
significant for OS in patients with mCRC who received
cetuximab (22). The underlying mechanism of the superior
predictive efficacy of the PLR compared with other similar
markers, such as the NLR and LMR in this study, remains
unknown. However, a previously reported direct interaction
between aflibercept and platelets may provide a clue to
resolve the question. Sobolewska et al. (23) reported that the
co-treatment of platelets with aflibercept resulted in
increased platelet activation and up-regulation of fibrinogen
receptor GPIIb/I11a, but no effect on platelet aggregation.
The absence of validated clinical biomarkers to predict the
efficacy of aflibercept is a weakness hindering optimal
treatment management with this agent. Lambrechts et al. first
reported the predictive biomarker of blood IL8, whose high
levels are associated with poorer PFS (24). A recent study by
Hamaguchi et al. identified eight potential biomarkers whose
baseline levels were correlated with OS, including IL8 (25).
However, clinicians cannot easily apply these markers for
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routine measurement. Montes et al. showed hypertension
development during aflibercept therapy to be associated with
longer PFS and OS but the predictive impact of hypertension
might be attributed to immortal time bias (26).

Asymptomatic proteinuria is a common AE in patients
treated with anti-angiogenic inhibitors. The management of
drug-induced proteinuria is an important issue because
dosage reduction and irreversible renal damage can occur.
Peng et al., in a meta-analysis of various cancers treated
with aflibercept, reported that the risk of developing
proteinuria with aflibercept was substantially higher than
that with bevacizumab (27). The UPCR was recently used
to estimate daily protein excretion because of its
convenience and simplicity (28). The UPCR or urine
qualitative test using a dipstick is recommended to monitor
proteinuria and decide on dose reduction and cessation in
aflibercept treatment (cut-off: UPCR =2). However, the
UPCR is not always routinely measured at all institutions
and only the urine qualitative test using a dipstick (=2+) is
applied in that case. Our results showed that the UPCR
increased with a higher qualitative test grade, but only
43.1% of measurements with a qualitative test using a
dipstick (=2+) demonstrated a UPCR =2. This suggests that
UPCR measurements are required to prevent unnecessary
dose reduction and cessation in order to maximise the
treatment effect of aflibercept.

The outcomes in this study cohort treated with aflibercept
plus FOLFIRI were an OS of 13.0 months, a PFS of 3.8
months, an ORR of 4.7%, and a DC rate of 52.4%, which
are lower than the outcomes of the VELOUR and EFC11885
trials (4, 5). A plausible reason is that our cohort included
many patients treated with aflibercept beyond the second line
(33.3%, 7/21). Recently, Auvray et al. reported outcomes
beyond the second-line setting, with an OS of 7.6 months, a
PFES of 3.3 months, an ORR of 6.9%, and a DC rate of
50.0% (29); ours findings were similar or better.

The major limitations of our study are its retrospective
nature, small sample size, and single-centre, single-arm
Japanese-based cohort design. Hence, whether the PLR is
prognostic could not be determined, only that it is potentially
prognostic for the treatment response. The validity of the
applied PLR cut-off, the median value and superior cut-off,
which is an absolute value, should be investigated in a future
prospective study with a larger sample size.

In conclusion, we describe the prognostic potential of the
pretreatment PLR in patients with mCRC treated with
aflibercept plus FOLFIRI. This easily accessible biomarker
would support clinicians in achieving appropriate drug
treatment for these patients in daily practice.
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