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Abstract

Purpose Dose adjustment of 5-fluorouracil (FU) based on pharmacokinetic monitoring has been
shown to reduce toxicities and increase efficacy compared with dosing based on body surface area in
patients with metastatic colorectal cancer (MCRC). We evaluated the efficacy and safety of
pharmacokinetic dose adjustment of FU in a modified FOLFOX7 (MFOLFOX?7) plus bevacizumab
regimen in Japanese patients with previously untreated mCRC.

Methods This single-arm, multicenter phase Il trial enrolled 48 patients with mCRC. Treatment
consisted of 5 mg/kg intravenous bevacizumab followed by mFOLFOX?7 (oxaliplatin 85 mg/m? on
day 1, infused leucovorin 200 mg/m?, followed by a 2400 mg/m? infusion of FU for 46 h starting on
day 1), repeated every 2 weeks. FU concentrations were measured by immunoassay between 18 and
36 h after the start of continuous FU infusion and the FU dose was then adjusted if required in
subsequent cycles. The primary endpoint was response rate.

Results The median initial area under the concentration-time curve for FU was 23 mg-h/L.
Twenty-nine patients (60%) achieved the target concentration at the first cycle and all 48 achieved it
within the fourth cycle. The overall frequency of grade 3/4 adverse effects was 38%, with no
significant difference between patients who did and not require dose adjustments. The overall
response rate was 48% (95% confidence intervals = 34% to 62%). The median progression-free and
overall survival rates were 11.3 and 24.1 months, respectively.

Conclusions Pharmacokinetic dose adjustment of FU in mFOLFOX7 plus bevacizumab can optimize



FU concentrations promptly and is safe in Japanese patients with mCRC.

Keywords: Colorectal cancer, Dose adjustment, 5-Fluorouracil, mMFOLFOX, Phase Il trial,

Pharmacokinetics



Introduction

Colorectal cancer is one of the most common malignancies in humans [1, 2]. Although it is highly

treatable and curable when localized, 50% of patients experience metastatic progression associated

with a poor prognosis, and complete cure, in general, remains difficult even by an aggressive attempt

to eradicate all the metastatic sites [3-5]. In this setting, FOLFOX regimens consisting of

5-fluorouracil (FU), oxaliplatin (L-OHP), and leucovorin (LV) have been the mainstay of

combination chemotherapy over the past decade [6]. Furthermore, bevacizumab, a humanized

monoclonal antibody that inhibits vascular endothelial growth factor, improved response rates and

patient survival when combined with standard chemotherapy treatments, including FOLFOX, in

phase 111 randomized trials in patients with metastatic colorectal cancer (NnCRC) [7, 8]. Treatment

guidelines accordingly recommend that first-line treatment for mCRC should include doublet

cytotoxic anti-cancer agents plus one of the molecular targeting agents [6].

Therapeutic drug monitoring involves measuring drug concentrations in biological samples to

individualize the drug dosage and thereby improve its efficacy and reduce related toxicities [9].

Although FU has been the cornerstone of colorectal cancer treatment since 1960s, with numerous

refinements and modifications of the regimens in order to increase its efficacy, the standard method

of FU dosing remains based on body surface area (BSA) [10]. However, BSA-based dosing is

associated with several limitations, including wide interpatient variability in FU levels associated

with individual differences in activities of FU-metabolizing enzymes such as thymidylate synthase



and dihydropyrimidine dehydrogenase (DPD) [11, 12]. Several clinical trials have been conducted by

implementing FU dose adjustment in mCRC patients, and documented reduced toxicities and

increased efficacy [12-15]. Gamelin et al. conducted a pivotal phase 1l randomized trial in 208

patients and demonstrated that a regimen comprising individual FU dose adjustment based on

pharmacokinetic monitoring, plus LV, significantly improved the objective response rate and reduced

severe toxicities compared with BSA-based dosing [16]. However, whether or not similar

interpatient differences in FU pharmacokinetics exist for currently used regimens (doublet cytotoxic

anti-cancer agents plus a targeted agent) in Japanese patients with mCRC remains unclear.

In the present study, a single-arm, multicenter phase Il trial was conducted in order to evaluate

the efficacy and safety of pharmacokinetics-guided dose adjustment of FU in Japanese mCRC

patients treated by the modified FOLFOX7 (MFOLFOX7) plus bevacizumab.

Materials and methods

Patient eligibility

This single-arm, multicenter phase 1 trial was approved by an internal review board at each

participating facility after review of the scientific and ethical validity of the protocol. This study was

conducted in accordance with the Declaration of Helsinki (2008) and registered with the University

Hospital Medical Information Network Clinical Trial Registry as UMIN000007194

(http://www.umin.ac.jp/ctr/index.htm). Signed, written informed consent was obtained from each



patient.

Patients from 11 institutions were included if they met the following eligibility criteria: (1)
histologically confirmed colorectal adenocarcinoma; (2) no prior chemotherapy (adjuvant
chemotherapy including FU and/or oxaliplatin was allowed, but the last course of adjuvant
chemotherapy must have concluded more than 6 months prior to colorectal cancer recurrence); (3)
placement of central venous line; (4) one or more target lesions present according to Response
Evaluation Criteria In Solid Tumors (RECIST) ver. 1.1 [17]; (5) Eastern Cooperative Oncology
Group (ECOG) Performance Status 0 or 1; (6) age >20 years when informed consent was granted,;
(7) adequate function of vital organs; and (8) >12 weeks life expectancy. Key exclusion criteria
included: severe drug allergy; uncontrolled pleural effusion or ascites; brain metastasis; presence of
other active malignancies; present or past (within the past 1 year) clinically significant
cerebrovascular disease or thromboembolism; coagulation disorder; nephropathy requiring

medication or transfusion; uncontrolled diarrhea; and impaired peripheral nerve function.

Treatment

On the first day of the 14-day treatment cycle, patients received 5 mg/kg bevacizumab followed by
mMFOLFOX7 (L-OHP 85 mg/m? on day 1, infused for 2 h; LV 200 mg/m?, infused for 2 h; followed
by a 2400 mg/m? infusion of 5- FU for 46 h starting on day 1) one hour after the initial

administration of bevacizumab. Treatment was repeated every 2 weeks until disease progression or



termination of the study. The dose of FU was adjusted according to plasma FU concentrations, by
setting 3,000 mg/m? as the upper limit. The protocol treatment was discontinued in the event of
disease progression, severe adverse effects (AEs), treatment interval longer than 14 days, conversion
to surgery, or patient refusal.

In the event of AEs, the dose of each drug was reduced as specified in the study protocol
according to detailed algorithms designed to manage drug-specific toxicities such as FU-related
diarrhea, hand—foot syndrome, L-OHP-related neuropathy, bevacizumab-related thromboembolism,
and other treatment-related toxicities. The criteria for dose reduction or cessation of drugs because of
AEs was defined based on hematological toxicity (grade 4 neutropenia, grade 3 febrile neutropenia,

or >grade 3 decrease in platelets) and grade 3 non-hematological toxicity.

Pharmacokinetics-guided FU dose adjustment

Venous blood samples were collected from all the patients between 18 and 36 h after the start of
continuous FU infusion once for each treatment course. Plasma samples were sent to FALCO
Biosystems Ltd. (Kyoto, Japan) for the analysis. FU measurements were performed using the
My5-FU® assay, a competitive homogeneous two-reagent nanoparticle agglutination immunoassay;,
under patent license from Saladax Biomedical, Inc. (Bethlehem, PA, USA) [10]. The quantitative
target range for FU exposure, expressed as area under the blood concentration-time curve (AUC),

was calculated from the measured concentration of FU. FU doses were adjusted during the first to



third cycles of mMFOLFOX?7 treatment, according to the protocol shown in Table 1.

Endpoints

The primary objective of this trial was to determine the overall response rate. Response rate,

confirmation of response and disease progression were determined according to the RECIST ver. 1.1

[17]. Computed tomography scans were performed approximately every 8 weeks during treatment to

assess tumor status. Response-rate assessments based on the target lesions were performed at each

institution.

Secondary endpoints were FU concentration, relative dose intensity of L-OHP, time to treatment

failure, disease-control rate, progression-free survival (PFS), overall survival (OS), and AEs.

Toxicities during chemotherapy were evaluated according to the findings of physical examinations

and laboratory tests (hematology, chemistry, electrolytes, and urinalysis) and graded according to the

National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0) [18].

Statistical analysis

The expected response rate with confirmation, the primary endpoint of this trial, was set as 55% with

reference to previous clinical trials [19-21]. We calculated that 43 patients would be necessary to

keep the 95% confidence interval (CI) within £ 15%, and 48 patients were required estimating a loss

as high as 10% from the final subject population. Overall response rate was a proportion of patients



with complete response (CR) or partial response (PR) and 95% CI was calculated based on Wald
type estimator. Survival probability was estimated using the Kaplan—Meier method, and Cls were
calculated using the Cox proportional hazards model. PFS was defined as the interval from the date
of enrollment to the date of first documented detection of disease progression or death from any
cause. OS was defined as the date from enrolment until the date of death from any cause.
Quantitative differences in categorical and continuous variables between groups were compared
using x* and Mann-Whitney tests, respectively [22]. A statistically significant difference was defined

as p < 0.05. Analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Baseline patient characteristics

Forty-eight patients (male 77%, median age 67 years, colon cancer 67%) who met the eligibility
criteria were recruited from the 11 institutions between April 2012 and June 2013. All patients
underwent at least one plasma FU measurement and four courses of the planned treatment. Baseline
patient characteristics are shown (Table 2). The most frequent metastatic site was liver (71%). The

baseline BSA was 1.59 m? (range 1.32-2.11 m?).

Pharmacokinetics

Plasma FU concentrations were evaluated during the first course of planned treatment in all 48
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patients. The median initial AUC value was 23 mg-h/L (range 10-34 mg-h/L). Twenty-nine patients
(60%) achieved the target concentration (‘Target’ group) (Table 1). Three patients (6%) with higher
AUC values (‘Above’ group) and 16 patients (33%) with lower AUC values (‘Below’ group)
underwent dose adjustment of FU at the second course. There was no significant difference in initial
AUC between males and females. Six patients (13%) required dose adjustments twice according to
the study protocol, and all 48 patients eventually achieved the target concentration of FU. Dose
reduction of FU was required in five patients (10%) because of AEs as follows: nausea (n = 2),

fatigue (n = 1), stomatitis (n = 1) and diarrhea (n = 1).

Treatment characteristics

Patients received a median of 11 cycles of mMFOLFOX7 plus bevacizumab (range 4-33 cycles). The
median relative dose intensities in the fourth cycle of the protocol treatment were all 100% for FU
(range 4-144%), L-OHP (range 4-102%), and bevacizumab (range 0-100%). The median time to
treatment failure was 6.2 months (95% CI 5.1-7.1 months). The reasons for discontinuation of the
treatment were disease progression (n = 22), AEs (n = 9), conversion to surgery (n = 10), patient

withdrawal (n = 4), and physician’s discretion (n = 3).

Toxicities of chemotherapy

Forty-eight (100%) and 18 (38%) patients experienced at least one AE of any grade or >grade 3,
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respectively (Table 3). Frequent AEs (any grade) included anemia, (n = 44, 92%), neuropathy (n = 42,

88%), fatigue (n = 34, 71%), neutropenia (n = 33, 67%), anorexia (n = 28, 58%), thrombocytopenia

(n =27, 56%), and nausea (n = 24, 50%). Frequent AEs >grade 3 were neutropenia (n = 13, 27%),

neuropathy (n = 4, 8%), fatigue (n = 4, 8%), and anorexia (n = 3, 6%). There was no significant

differences in the frequency of AEs >grade 3 among the Below, Target, and Above groups.

Treatment responses

The best radiographic responses based on shrinkage of the target lesions in each patient are presented

(Fig. 1a). There was no significant differences in the best radiographic responses among the three

groups (p = 0.537). The overall rates of CR, PR, stable disease, and progressive disease were 0%,

48%, 52%, and 0%, respectively, and the response and disease-control rates were 48% (95% CI =

34% to 62%) and 100%, respectively (Table 4). Response rates in the Below, Target, and Above

groups were 38%, 55% and 33%, respectively.

The median PFS was 11.3 months (Fig. 1b) and the median OS was 24.1 months (Fig. 1c).

Subgroup analysis according to the initial AUC of FU revealed similar PFS in all groups (Fig. 2a),

but the Below group tended to have shorter OS than the other groups (Fig. 2b).

Discussion

Therapeutic drug monitoring is rarely used in cancer therapy [23]. However, given the relatively
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narrow therapeutic index and substantial interpatient pharmacokinetic variabilities associated with
cytotoxic and targeted agents, the concept of therapeutic drug monitoring represents a clinically
relevant strategy for incorporation into cancer therapy [23, 24]. Previous pharmacokinetic dosing
studies used high-performance liquid chromatography to measure plasma FU concentrations, but this
technique is not widely available and is difficult to use in the clinical setting because of time and cost
limitations [9, 13, 16]. The advent of the My5-FU® assay allows physicians to measure plasma FU
concentrations rapidly by using widely available biochemical autoanalyzers [10, 23, 25].

Individual FU dose adjustment based on pharmacokinetic monitoring, together with LV, has been
shown to allow dose intensification and has demonstrated favorable results in terms of improved
efficacy and toxicity in patients with mCRC [3, 16, 25]. However, standard practice for first-line
treatment of MCRC has shifted towards combination therapy including doublet cytotoxic anti-cancer
agents plus a targeted agent, and we therefore conducted the current phase 11 clinical trial to extend
the dose-adjustment approach in patients treated with mFOLFOX7 plus bevacizumab.

In this trial, the median initial AUC value was 23 mg-h/L, which was within the target range and
was achieved in 60% of the patients during the first cycle, that have been administered according to
the BSA-based dose. After the two opportunities for dose modification, all the 48 patients met the
target FU concentration. Saam et al. examined FU concentrations in 357 patients receiving FU 2400
mg/m? (FOLFIRI/FOLFOX6 with or without bevacizumab) for mCRC and found a wide range of

AUCs (1-69 mg-h/L) at the initial measurement [10]. The mean AUC was 20.4 mg h/L, and only
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21.3% of patients achieved the AUC target range of 20-24 mg-h/L. Interestingly, the distributions of

AUCs were similar between patients receiving FOLFOX and FOLFIRI, patients treated with and

without bevacizumab, and between patients treated in the metastatic or adjuvant setting. Among 62

patients who required dose adjustment and were followed over four cycles, only 23 patients (37%)

achieved the AUC target range of 20-24 mg-h/L [10]. In contrast to the Saam’s results, we found that

a relatively high proportion of patients (60%) had achieved the target range at the initial FU dose,

and that plasma FU concentrations were easily modifiable by dose adjustment in the Japanese

patients.

With respect to safety, Capitain et al. conducted a phase Il clinical trial and evaluated the safety

of pharmacokinetically guided FU dose adjustment in a FOLFOX regimen in 118 patients with

mCRC [3]. The frequencies of >grade 3 toxicities were 18% for neutropenia, 2% for diarrhea, and

1% for stomatitis, which were comparable with our results of 27% for neutropenia, 2% for diarrhea,

and 4% for stomatitis [3]. Notably, the frequency of AEs was not higher in the Below group in the

current study, even though they received higher doses of FU than the initial BSA-based dose. This

suggests that dose elevation could be achieved safely in the Japanese patients when guided by

individual pharmacokinetic data. In Caucasian and African American populations, the frequency of

low DPD activity, which is recognized as one of the reasons for increased FU-related AEs, was

estimated to be approximately 4% [26-28]. On the other hand, Ogura et al conducted a population

study of DPD activity in peripheral blood mononuclear cells in 150 Japanese healthy volunteers and
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found only one (0.7%) had a low DPD activity due to heterozygosity for a mutant allele of the
DPYD gene [29]. Thus, when interpreting pharmacokinetic data of FU, the race differences in FU
metabolism should be taken into consideration.

The overall response rate in the current study was 48%, which failed to reach the expected value
of 55%. However, the response rate in the Target group was 55%, compared with 38% in the Below
group. The Below group also tended to have a shorter OS compared with the other groups, even
though their plasma FU concentrations were adjusted within three cycles. These results thus
emphasize the clinical problem of how best to enhance the therapeutic effect in the Below group.
Overall, this study demonstrated the following points in the Japanese patients with mCRC: 1) the
distribution of initial FU AUCs was different between the Japanese and previously reported Western
populations; 2) plasma FU concentrations were quickly optimized by the dose adjustment; 3) dose
elevation based on pharmacokinetic data did not increase severe AEs; and 4) a low FU AUC at the
initial dose might be associated with a poorer response rate and shorter OS. The effect of
pharmacological adjustment to the intended target AUC has had a limited impact in relapsed free or
overall survival, but the methodology is robust, and could allow targeting distinct AUCs with the
intent of having on impact patient outcomes. A large-scale clinical trial is warranted to expand and
validate these findings and to clarify the benefits of pharmacokinetic dose adjustment of FU in this
setting.

The current study had some limitations. The relatively small sample size precluded subgroup
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analyses according to initial AUC levels. Furthermore, a central review system for assessing

response rates might help to reduce potential bias. Our discussion about FU pharmacokinetics might

be limited by a lack of information on the activities of thymidylate synthase and DPD [30, 31].

Finally, the survival benefit of FU dose adjustment could not be determined because of the

single-arm nature of the study.

In conclusion, pharmacokinetically guided dosage adjustment of FU for mFOLFOX7 plus

bevacizumab can optimize FU concentrations promptly with no increase in toxicity, and might, to

some extent, be able to improve prognosis of the Japanese patients with mCRC.
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Figure legends

Fig. 1 (a) Waterfall plot of maximum percentage of target-lesion shrinkage. (b) Progression-free

survival time in 48 patients. (c) Overall survival time in 48 patients.

Fig. 2 Kaplan—Meier curves of (a) progression-free and (b) overall survival according to initial

plasma FU concentrations.
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Table 1 5-FU dose adjustment and distribution of initial 5-FU levels
AUC area under blood concentration-time curve

5-FU _
concentration AUC FU dose adjustment Number of
(ng/mi) (mg-h/L)  (+ % of previous dose)  patients (%)
=859 =40 -30 0
Above the target 794-858 37-39 - 25 0
range 729-793 34-36 -20 1(2)
664-728 31-33 -10 2 (4)
Within th
ithin the target 424-663 20.30 Unchanged o (60
range
359-423 17-19 +10 9 (19)
Below the target
+
=163 <8 30 0

(after repeated twice)

21



Table 2 Baseline patient characteristics

Overall Initial AUC
(n=48) Below (n=16) Target (n=29)  Above (n=3)

Sex

Male 37 (77%) 12 (75%) 24 (83%) 1 (33%)

Female 11 (23%) 4 (25%) 5(17%) 2 (67%)
Age (years)

Median (range) 67 (43-83) 67 (45-80) 68 (43-83) 59 (45-64)
ECOG performance status

0 36 (75%) 13 (81%) 20 (69%) 3 (100%)

1 12 (25%) 3 (19%) 9 (31%) 0
Primary sites

Colon 32 (67%) 11 (69%) 19 (67%) 2 (67%)

Rectum 16 (33%) 5 (31%) 10 (33%) 1 (33%)
Primary tumor resection

Performed 32 (67%) 10 (63%) 20 (66%) 2 (67%)

Not performed 16 (33%) 6 (37%) 9 (34%) 1 (33%)
Adjuvant chemotherapy

Performed 5 (10%) 0 4 (14%) 1 (33%)

Not performed 43 (90%) 16 (100%) 25 (86%) 2 (67%)
Metastatic sites

Liver 34 (71%) 12 (75%) 20 (66%) 2 (67%)

Lung 18 (38%) 5 (31%) 12 (41%) 1 (33%)

Other 26 (54%) 8 (50%) 15 (52%) 3 (100%)
Number of metastatic sites

0 2 (4%) 1 (6%) 1 (3%) 0

1 20 (42%) 6 (37%) 14 (48%) 0

2 18 (38%) 7 (44%) 8 (28%) 3 (100%)

3 or more 8 (16%) 2 (13%) 6 (21%) 0
Body surface area (m?) 1.59 1.58 1.61 1.46

Median (range) (1.32-2.11) (1.32-1.86) (1.34-2.11) (1.36-1.86)

ECOG Eastern Cooperative Oncology Group
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Table 3 Treatment-related adverse events

Initial area under the blood concentration-time curve

Overall (n=48)

Below (n=16) Target (n=29) Above (n=3)
All grade Grade 3/4 All grade  Grade3/4  Allgrade Grade3/4  Allgrade Grade 3/4
Overall 48 (100%) 18 (38%) 16 (100%) 7 (44%) 29 (100%) 9 (31%) 3 (100%) 2 (67%)
Hematologic AEs
Neutropenia 32 (67%) 13 (27%) 10 4 19 7 3 2
Anemia 44 (92%) 0 15 0 26 0 3
Thrombocytopenia 27 (56%) 0 9 0 15 0 3 0
Non-hematologic AEs
Elevated AST 20 (42%) 0 8 0 10 0 2 0
Elevated ALT 14 (29%) 0 5 0 8 0 1 0
Elevated creatinine 8 (17%) 0 4 0 4 0 0 0
Hyperbilirubinemia 9 (19%) 0 1 0 7 0 1 0
Fatigue 34 (71%) 4 (8%) 13 1 19 2 2 1
Anorexia 28 (58%) 3 (6%) 8 0 19 3 1 0
Nausea 24 (50%) 2 (4%) 9 0 14 2 1 0
Vomiting 10 (21%) 0 2 0 6 0 2 0
Stomatitis 23 (48%) 2 (4%) 9 0 12 2 2 0
Diarrhea 12 (25%) 1(2%) 5 0 5 1 2 0
Hand-foot syndrome 12 (25%) 1(2%) 4 1 7 0 1 0
Febrile neutropenia 0 0 0 0 0 0 0 0
Neuropathy (sensory) 42 (88%) 4 (8%) 14 3 27 1 1 0
Bevacizumab-associated AEs
Hypertension 11 (23%) 1(2%) 5 1 5 0 1 0
Proteinuria 4 (8%) 1(2%) 3 1 0 0 1
Thrombosis 2 (4%) 1(2%) 1 1 1 0 0 0

AE adverse event
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Table 4 Patient treatment profiles

Initial AUC
Overall (n=48) Below (n=16) Target Above (n=3)
(n=29)
CR 0 0 0
PR 23 (48%) 6 (38%) 16 (55%)
SD 25 (52%) 10 (62%) 13 (45%)
PD 0 0 0
Response rate (CR + PR) 48% 38% 55%
Disease control rate (CR + PR + 100% 100% 100%

SD)

AUC area under the blood concentration-time curve, CR complete response, PR partial response, SD

stable disease, PD progressive disease
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Fig. 1
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Fig. 2
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