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Abstract

Background: Neoadjuvant chemoradiation with fluoropyrimidine followed by surgery and adjuvant chemotherapy has been the standard treat-
ment of locally advanced stages Il and Il rectal cancer for many years. There is a high risk for disease recurrence; therefore, optimizing
chemoradiation strategies remains an unmet need. Based on a few studies, there is evidence of the synergistic effect of VEGF/PDGFR blockade
with radiation.

Methods: In this phase |, dose-escalation and dose-expansion study, we studied 3 different dose levels of lenvatinib in combination with
capecitabine-based chemoradiation for locally advanced rectal cancer.

Results: A total of 20 patients were enrolled, and 19 were eligible for assessment of efficacy. The combination was well tolerated, with an MTD
of 24 mg lenvatinib. The downstaging rate for the cohort and the pCR was 84.2% and 37.8%, respectively. Blood-based protein biomarkers TSP-
2,VEGFRS, and VEGF correlated with NAR score and were also differentially expressed between response categories. The NAR, or neoadjuvant
rectal score, encompasses cT clinical tumor stage, pT pathological tumor stage, and pN pathological nodal stage and provides a continuous
variable for evaluating clinical trial outcomes.

Conclusion: The combination of lenvatinib with capecitabine and radiation in locally advanced rectal cancer was found to be safe and tolerable,
and potential blood-based biomarkers were identified.

Clinical Trial Registration: NCT02935309
Key words: lenvatanib, radiation, rectal cancer.

Lessons Learned

e |n this phase | study, the combination of lenvatinib with capecitabine and radiation were considered safe for the treatment of patients
with locally advanced rectal cancer.

¢ |n the cohort of 20 enrolled patients, 19 were evaluable; the downstaging rate was 84.2% and the pCR was 37.8%.

e Some potential blood-based biomarkers were identified.

Discussion chemoradiation is known to result in better pCR rates
than pre—operative radiation alone (13.7% vs 5.3%; odds

Various strategies have been studied to define the ideal ;
ratio 2.84; 95% CI, 1.75-4.59; P < .0001) and has been

treatment for locally advanced rectal cancer. Pre—operative

Received: 15 September 2021; Accepted: 20 December 2021.

© The Author(s) 2022. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com.

The data published online to support this summary are the property of the authors. Please contact the authors about reuse rights of the original data.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:richard.kim@moffitt.org?subject=
https://clinicaltrials.gov/ct2/show/NCT02935309

622

Table 1. Patient characteristics at baseline and pathological outcomes (n = 19)

Age, years

Mean (standard deviation) 54.8 (10.7)

Median (min, max) 51 (42,72)
Sex, 1 (%)

Male 13 (68.4)

Female 6 (31.6)
Race/ethnicity, 7 (%)

Hispanic or Latino 2 (10.5)

White 17 (89.4)

Other/unknown 1(5.3)
ECOG, n (%)

0 18 (94.7)

1 1(5.3)
Clinical stage at diagnosis, 72 (%)

T2N1 2 (10.5)

T3NO 3(15.8)

T3N1 12 (63.2)

T3N2 2 (10.5)
Interval between completion of

chemoXRT and surgery

Median (standard deviation), days 59 (21.7)
Type of surgery, n (%)

LAR 14 (73.7)

APR 5(26.3)
Pathological response, 7 (%)

pCR 7 (36.8)

pPR 9 (47.4)

pNR 3(15.8)

NAR (Neoadjuvant rectal) score
10.37 (0.94, 30.1)
8.43 +10.32

Mean (min, max)

Median = standard deviation

Abbreviations: LAR, low anterior resection; APR, abdominoperineal
resection; pCR, pathological complete response; pPR, pathological partial
response; pNR, pathological non response.
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the standard for several years as a treatment for locally ad-
vanced rectal cancer.! Our study was able to achieve a pCR
rate of 37.8%. However, we had no patients enrolled with T4
disease, which is known to be a characteristic of “high-risk”
disease (Table 1).

In a study of KRAS-mutated rectal cancer, the combin-
ation of capecitabine and sorafenib with radiation yielded
a pCR rate of 60%.2 The downstaging rate on this study
was 81.6%, comparable to the 84.2% seen in our study.
The study with sorafenib did report 15% grade 3 adverse
events with diarrhea and 12.5% grade 3 adverse events
with hand-foot-syndrome.? Our study did not have excess
of 10% of grade 3 adverse events, and this was mostly re-
lated to hypertension more commonly seen with lenvatinib
than sorafenib. Patients with high NAR scores (>16) are
associated with poor overall survival, those with low
scores (<8) are associated with superior overall survival,
and those in the middle have intermediate survival.? In our
study, the median NAR was 8.43 and mean was 10.37,
and these scores are in the intermediate range. Overall,
this was a well-tolerated regimen with few adverse events
and no dose-limiting toxicities. There were no treatment
interruptions due to treatment. No excess post—operative
complications were reported due to the study treatment
except for 1 patient who had wound dehiscence that was
not attributed to the study treatment. Most adverse events
were low grade and in line with some side effects expected
of lenvatinib. In our study, baseline levels of 3 biomarkers,
TSP-2, VEGF-R3, and VEGEF, correlated with NAR score,
and these levels were significantly different across dif-
ferent response group categories (Figure 1). While pre-
vious studies with the combination of bevacizumab did
not lead to success in unselected patient population, our
blood-based biomarkers may be extremely beneficial to
enable discernment as to which patients will benefit the
most from the addition of anti-angiogenic or a mixed
protein kinase inhibitor that targets other receptors in the
tumor stroma to chemoradiation.

Author disclosures and references available online.
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TRIAL INFORMATION
Disease

Stage of disease/treatment
Prior therapy

Type of study

Primary endpoint

Investigator’s Analysis

Additional Details of Endpoints or Study
Design

Blood Biomarker Analyses

EDTA plasma was isolated from each patient by venipuncture
at baseline (within 42 days preceding Day 1) and after com-
pletion of chemoradiation prior to surgery. The plasma levels
of 25 biomarkers, including Ang-2, GP130, HGE, ICAM-1,
IL-6, IL-6R, OPN, PDGE-AA, PDGF-BB, PIGE, SDE-1, TGF-
b1, TGE-b2, TIMP-1, TSP-2, VCAM-1, VEGE, VEGE-C,
VEGF-D, VEGF-R1, VEGF-R2, and VEGF-R3 were measured
with the CircaScan multiplex platform (Quanterix, Billerica,
Massachusetts), whereas BMP-9'7, CD73', and TGFb-R3"
were tested as described previously.

Statistical Plan and Analyses

A standard “3+3” design was used to determine the MTD.
In this study design, 3 patients were planned to be treated
with a pre-determined dose of lenvatinib. The dose escal-
ation was planned to stop with more than one DLT occur-
rence at any dose. Three additional patients were planned to
be added if one out of 3 patients had DLT at any dose. With
no DLT occurrence, three new patients were planned to be

DruG INFORMATION

Colorectal cancer
Neo-adjuvant

None

Phase I,3 + 3

Maximum tolerated dose

Active but results overtaken by other developments

recruited to the study for the next dose of lenvatinib. The
MTD of lenvatinib was defined as the highest dose level at
which no more than 1 out of 6 subjects experienced DLT. At
the MTD of lenvatinib, an additional expansion cohort of 10
patients was planned to be enrolled in the study to further as-
sess the safety and efficacy of this agent in combination with
capecitabine and radiation.

The pathological response rate was used to assess efficacy.
The response was categorized as complete response (CR), par-
tial response (PR), and no response (NR). To test biomarker
changes in response to treatment, log transformed ratios
(Lratios) were calculated using the formula: log, (post—treat-
ment level/baseline level). Fold changes were calculated post—
treatment defined as post-treatment/baseline. Waterfall plots
are shown to graphically illustrate changes. The Kruskal-Wallis
test was used to test the association of the different biomarkers
with treatment response and bees warm plots were used to
depict this graphically. Spearman’s correlation coefficient was
used to test the association of the biomarkers with NAR score
and scatterplots were used to depict these graphically. NAR
score was calculated as [5 pN - 3(cT - pT) + 12]%/9.61. A two-
sided P-value of <.05 was considered statistically significant.

Drug type
Drug class

Route

Schedule of administration

Small molecule

Angiogenesis—VEGF

Oral (po)

In this 3+3 dose-escalation study, patients received lenvatinib with
capecitabine (850 mg/m?BID daily) and radiation on days 1-5 each
week (Monday-Friday) for a total of 5%-6 weeks (28 fractions with a
total intended dose of 5040 c¢Gy). The doses of lenvatinib tested were
14 mg daily for cohort 1, 20 mg for cohort 2, and 24 mg for cohort 3.

Drug type
Route

DosEe EscaLaTioN TABLE

Chemotherapy
Oral (po)

1 14
20
3 24

PATIENT CHARACTERISTICS

850 5040
850 5040
850 5040

Number of patients, male
Number of patients, female
Age

Performance status: ECOG

Detailed patient characteristics are shown in Table 1.

13

6

Median (range): 51 (42-72) years
0-18, 1-1, 2-0, 3-0, Unknown-0
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PrivMARY AssSesSMENT IMIETHOD

Number of patients screened
Number of patients enrolled
Number of patients evaluable for toxicity
Number of patients evaluated for efficacy

Evaluation method

Response assessment CR

RCSPOHSC assessment other

Outcome Notes

Safety assessment was made using CTCAE v4.0. Assessment
of efficacy was determined based on pathological response
evaluated by post—operative pathological staging as well as
Neoadjuvant Rectal (NAR) score to compare the initial clin-
ical and final pathological staging. The TNM AJCC 7th edi-
tion was used to determine the pathological staging.

Seven (37.8%) patients achieved pathological complete re-
sponse and additional nine patients (47.4%) had pathological
downstaging. The total downstaging for the overall cohort was
84.2%. Three patients (15.8%) had no treatment response to
lenvatinib and capecitabine-based neoadjuvant chemoradiation.
The mean and median neoadjuvant rectal (NAR) score was
10.37 and 8.43, respectively. The median interval between com-
pletion of chemoradiation and surgery was 59 days.

Toxicities

No dose-limiting toxicities were noted. There were 5 patients
treated on dose level 1 of 14 mg of lenvatinib, 3 patients on
dose level 2 of 20 mg lenvatinib, and 12 patients on dose
level 3 of 24 mg of lenvatinib. The most common any grade
adverse events due to any cause were fatigue (n = 15), hyper-
tension (7 = 13), nausea (nz = 13), radiation dermatitis (n =
10), diarrhea (7 = 9) and urinary tract infection pain (7 = 9).
The only grade 3 adverse events due to any cause were hyper-
tension (1 = 3), decreased lymphocyte count (7 = 3), increase
in ALT (n = 1) and rectal pain (7 = 1). The most common
any grade adverse events attributed to study treatment were
fatigue (7 = 15), nausea (n = 13), hypertension (n = 12) and
radiation dermatitis (7 = 10). The only grade 3 adverse events
attributed to the study drug were hypertension and a decrease
in lymphocyte count (each 7 = 3). No treatment-related mor-
tality occurred. The most common adverse events in cohort
3 (expansion cohort) were fatigue (7 = 9), nausea (n = 8),
diarrhea (7 = §5) and hypertension (7 = 5). The dose level 3 of
24 mg lenvatinib was established as the MTD.

Surgical Outcomes and Pathological Response

All patients enrolled in the study completed preplanned
chemoradiation with concurrent capecitabine and lenvatinib

24

20

20

19

Safety assessment was made using CTCAE v4.0. Efficacy assessment
was based on pathological response evaluated by post-operative
pathological staging and Neoadjuvant Rectal (NAR) score to compare
the initial clinical and final pathological staging. The TNM AJCC 7th
edition was used to determine the pathological staging.
n=7(37.8%)

n=9(47.4%)

and underwent surgical resection of primary rectal cancer.
The median interval between completion of chemoradiation
and surgery was 59 days. Fourteen patients (73.7%) under-
went low anterior resection (LAR). Among patients who
underwent abdominal perineal resection (APR), 1 patient
died due to infectious complications from a perineal wound
dehiscence. The event occurred more than 30 days but less
than 90 days after surgery. Post—operative specimens were
reviewed for pathological tumor regression. Seven (37.8%)
patients achieved pathological complete response and add-
itional 9 patients (47.4%) had pathological downstaging. The
total downstaging for the overall cohort was 84.2%. Three
patients (15.8%) had no treatment response to lenvatinib and
capecitabine-based neoadjuvant chemoradiation. The mean
and median neoadjuvant rectal (NAR) score were 10.37 and
8.43, respectively.

Biomarker Analyses

Specimens for biomarker analyses were available from 18
patients. Of all the biomarkers evaluated, the highest me-
dian fold change from baseline to post-treatment was seen
with PDGF-BB and PDGF-AA, with median values of 2.83
and 2.55, respectively. Expression levels of all biomarkers at
baseline and post-treatment can be provided upon request.
Baseline biomarker levels were also correlated with NAR
score. The most significant markers were TSP-2, VEGF-R3,
and VEGF with correlation coefficients being -0.672 (P =
.0023), -0.529 (P = .00241) and -0.502 (P = .0337), re-
spectively. The baseline expression of these same three
markers, TSP-2, VEGF-R3, and VEGEF, significantly differed
across the response categories: pCR, pPR, and pNR with the
highest values noted in pCR cases (P = .0031, .0078, and
.01635, respectively) (Figure 1). The biomarkers that showed
significant changes from baseline to post-treatment were
TIMP-1 (P = .0024), BMP-9 (P = .0049), PIGF (P = .0068),
VEGF-R3 (P =.0068), ICAM-1 (P = .0342), and TGF-b1 (P
=.0425) (Table 2).

Adverse Events
Tables 3 and 4.

ASSESSMENT, ANALYSIS, AND Discussion

Completion

Investigator’s assessment

Study completed
Active but results overtaken by other developments
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The current standard for the treatment of locally advanced
stage II/IIl rectal cancer is pre—operative chemoradiation
with fluoropyrimidine. When compared to post-operative
radiation, pre—operative radiation has some advantages:
decreasing tumor volume, radiating surgery naive tissue to po-
tentially increase the radiation sensitivity, reducing the risk of
exposing post-surgical bowel tissue and anastomosis from ra-
diation, and increasing the likelihood of RO resection. Various
strategies have been studied to define the ideal treatment for
locally advanced rectal cancer. Pre-operative chemoradiation
is known to result in better pCR rates than pre—operative radi-
ation alone (13.7% vs 5.3%; odds ratio 2.84; 95% CI, 1.75-
4.59; P <.0001) and has been the standard for several years as
a treatment for locally advanced rectal cancer.' Several studies
have been conducted to improve radiation sensitivity. The
most common strategy studied has been to add oxaliplatin.
Some studies have shown significant improvement in pCR
rates® with one study showing improvement in disease-free
survival.* However, the body of evidence indicates an overall
higher risk for toxicities with the addition of oxaliplatin
without clear overall survival benefit.*” In a study comparing
pre—operative chemoradiation with SFU or capecitabine with
or without the addition of oxaliplatin, the pCR rates were
17.8% and 19.5%, respectively. However, the addition of
oxaliplatin resulted in a significantly greater percentage of
grades 3-5 diarrhea (16.5% vs 6.9%; P < .001).® The three-
year locoregional recurrence rate was similar with SFU or
capecitabine and with or without oxaliplatin.'® Similarly, the
preliminary data from the ARISTOTLE trial assessing the
benefit of the addition of irinotecan to capecitabine-based
chemoradiation, did not reveal a statistically improved pCR
rate,and showed less compliance to radiation and capecitabine
along with more adverse events.'' Various studies have been
conducted testing the efficacy of adding EGFR inhibitors such
as cetuximab or panitumumab and anti-angiogenesis drugs
such as bevacizumab to chemoradiation. However, these
studies have not demonstrated significant improvement in
PCR rates or have caused too much toxicity.'>'* Bevacizumab
has been studied in some phase I-II trials in combination with
chemoradiation. On an average, the pCR rate is 19%, but
some studies have shown delay or failure to receive adjuvant
therapy.”” The addition of EGFR inhibitors to chemoradiation
has also not resulted in significant improvement in pCR rates
and KRAS status has not been shown to be a predictor of
response.'>'3 The pCR rates with chemoradiation have not
exceeded 20% in most studies.

Our study was able to achieve a pCR rate of 37.8%.
However, we had no T4 cases in the study, which is known
to be a characteristic of “high-risk” disease. In a study of pa-
tients with KRAS-mutated rectal cancer, the combination of
capecitabine and sorafenib with radiation yielded a pCR rate
of 60%.? Sorafenib is a protein kinase inhibitor with activity
against VEGE, PDGFR and RAS, similar to lenvatinib. The
downstaging rate on this study was 81.6% very compar-
able to 84.2% seen in our study. We did not collect infor-
mation on KRAS mutation status in our study and therefore,
it might be possible that the combination has better efficacy
in patients with tumors bearing KRAS mutations. The study
with sorafenib did report 15% grade 3 adverse events with
diarrhea and 12.5% grade 3 adverse events with hand-foot-
syndrome. Our study did not have an excess of 10% of grade
3 adverse events and this was mostly related to hyperten-
sion more commonly seen with lenvatinib than sorafenib.
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Our group has also previously evaluated the combination of
SFU and sorafenib with radiation. We showed that the pCR
rate was 33% and downstaging occurred in 85.7%.'° These
results were demonstrated in patients unselected based on
KRAS mutation status.

The NAR score has been validated in many datasets, but
prospective validation of its association with overall survival
is lacking. There can be potentially 3 different NAR categories
depending on the value. Patients with high NAR scores (>16)
are associated with poor overall survival, those with low
scores (<8) are associated with superior overall survival and
those in the middle have intermediate survival.’ In our study,
the median NAR was 8.43 and the mean was 10.37, and these
scores are in the intermediate range. It would be useful to val-
idate the association of NAR score with survival in a larger
study of this combination.

Overall, this was a well-tolerated regimen with few adverse
events and no dose-limiting toxicities. There were no treat-
ment interruptions due to treatment. No excess post—opera-
tive complications were reported due to the study treatment
except for 1 patient who had wound dehiscence but was
not attributed to the study treatment. Most adverse events
were low grade and in line with some side effects expected of
lenvatinib.

To this date, there are no reliable predictive biomarkers for
TKIs. In our study, the baseline level of 3 biomarkers TSP-2,
VEGEF-R3, and VEGF correlated with NAR score and these
levels were significantly different across different response
group categories. TSP-2 encodes of thrombospondin-2
which has anti-angiogenesis properties.!” Patients with
lower levels of TSP-2 at baseline did not show significant
pathological response, possibly due to TSP-2 induced hyp-
oxia. Hypoxia overall can lead to radioresistance. However,
hypoxia can lead to the secretion of angiogenic factors such
as VEGF and when combined with anti-angiogenesis agents
can increase sensitivity to radiation.!® Thus, we postulate
that tumors in a hypoxic environment have activation of
angiogenic signaling that may increase the sensitivity to
radiation combined with antiangiogenic agents. While pre-
vious studies with the combination of bevacizumab did
not lead to success in unselected patient population, our
blood-based biomarkers may be beneficial to enable dis-
cernment as to which patients will benefit the most from
the addition of anti-angiogenic or a mixed protein kinase
inhibitor that targets other receptors in the tumor stroma
to chemoradiation.

There are some limitations to this study. This is a single-
arm, single-institution study. Therefore, the results of the
trial will need to be confirmed in a larger randomized trial.
In the NRG-GI002 study, the TNT approach was tested
with independent arms of combination chemoradiation with
pembrolizumab or veliparib. The experimental arms with
combination pembrolizumab or veliparib did not signifi-
cantly improve pCR or NAR score; however, the combin-
ation of pembrolizumab or veliparib was considered safe
when administered with chemoradiation for locally ad-
vanced rectal cancer.'”?’ In the era of total neoadjuvant
treatment (TNT), this approach may seem outdated.
However, we believe that this approach can be integrated
as a treatment arm for the chemoradiation portion to help
ensure more superior pCR rates and increase the chances
for non-operative management. There is also increasing
use of circulating tumor DNA (ctDNA) in stages II and III
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colorectal cancers. There are currently prospective trials
ongoing to assess the utilization of ctDNA for escalation/
de-escalation of systemic therapy in locally advanced colo-
rectal cancer.?! This study is the first of its kind that has re-
ported safety, efficacy, and correlative biomarker analyses of
the novel combination of lenvatinib with capecitabine and
radiation in locally advanced rectal cancer. We believe that
the integration of ctDNA with the blood-based biomarkers
will add significant value in designing a large trial with the
combination of lenvatinib and capecitabine with radiation
and identify the patients that will most likely benefit from
the combination.
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Figure 1. Baseline levels of three markers significantly differ across outcome groups.
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Table 2. Biomarker levels at baseline and post-treatment. Fold change (post-chemo/baseline) was calculated for each patient and averaged.

Biomarker Unit Baseline (12 = 18) Post-chemo (1 = 12) Fold change: median (range)
Ang2 pg/mL 396.65 (170.06-959.7) 375.9 (184.69-827.5) 1.01 (0.48-1.89)
BMP9 pg/mL 87.64 (37.39-382.25) 163.49 (41.34-318.91) 1.58 (0.89-5.53)
CD73 pg/mL 0.25 (0.01-23.29) 0.39 (0.02-9.91) 1.12 (0.03-143.52)
GP130 ng/mL 279.05 (187.10-432.95) 315.30 (208.00-468.15) 1(0.5-2)
HGF pg/mL 139.48 (47.19-292.9) 160.83 (34.26-357.6) 1(0.28-2.05)
ICAM1 ng/mL 449.65 (284.10-889.05) 436.50 (310.55-649.90) 1.07 (0.89-1.3)
L6 pg/mL 2.63 (0.49-6.47) 1.98 (0.4-6.9) 1.31 (0.13-3.37)
IL6R ng/mL 35.13 (23.08-48.36) 39.88 (23.06-56.01) 1.03 (0.93-1.51)
OPN ng/mL 87.35 (43.96-235.39) 93.41 (67.89-205.43) 1.08 (0.65-1.75)
PDGFAA pg/mL 126.06 (7.84-1714.88) 291.19 (69.55-3182.5) 2.55(0.36-22.16)
PDGFBB pg/mL 515.92 (54.34-10325) 1893.75 (191.43-10015) 2.83(0.23-13.07)
PIGF pg/mL 11.8 (4.72-24.7) 16.03 (9.43-32.54) 5(0.9-2.41)
SDF1 ng/mL 1.62 (0.58-3.17) 1.79 (0.25-4.38) 1.16 (0.31-3.07)
TGFb1 ng/mL 17.17 (9.72-107.88) 26.41 (11.93-114.68) 1.37 (0.33-6.22)
TGFb2 pg/mL 55.71 (36.04-93.22) 79.32 (32.75-194.47) 1.28 (0.35-3.18)
TGFbR3 ng/mL 125.93 (79.32-171.63) 120.68 (84.08-194.68) 1.18 (0.63-1.45)
TIMP1 ng/mL 61.58 (40.56-112.85) 83.79 (56.82-139.55) 1.33 (0.93-2.22)
TSP2 ng/mL 131.70 (64.05-275.30) 189.15 (115.88-242.48) 1.13 (0.72-2.15)
VCAM1 ug/mL 1.97 (1.49-3.40) 2.37 (1.50-3.02) 0.92 (0.84-1.68)
VEGF pg/mL 38.55 (18.84-109.3) 46.59 (23.11-77.54) 1.31 (0.24-1.88)
VEGFC pg/mL 574.06 (321.22-2488.03) 773.27 (378.33-2669.72) 1.25 (0.39-3.58)
VEGFD ng/mL 1.12 (0.81-2.79) 1.27 (1.05-2.96) 1.15 (0.75-2.67)
VEGFR1 pg/mL 63.14 (13.55-98.42) 67.4 (29.2-146.96) 1.15 (0.45-1.83)
VEGFR2 ng/mL 4.84 (1.13-7.28) 4.82 (3.08-7.30) 0.97 (0.7-1.25)
VEGFR3 ng/mL 164.04 (63.40-285.03) 245.03 (150.23-342.40) 1.18 (0.94-1.97)
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