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ABSTRACT

We constructed population pharmacokinetic (PK) models for the five
constituents of daikenchuto (DKT), a traditional Japanese herbal med-
icine. Data were collected from two randomized PK studies con-
ducted in Japan and the United States. Participants received single
oral doses of 2.5 g, 5 g, and 10 g of DKT. The plasma concentrations
of five DKT constituents—hydroxy-a-sanshool (HAS), hydroxyl-3-
sanshool (HBS), 6-shogaol (6S), 10-shogaol (10S), and ginsenoside
Rb;{ (GRB1)}—were determined by liquid chromatography-tandem
mass spectrometry. A total of 1859 samples from 55 participants
(US, n = 36; Japanese, n = 19) were included in the analysis. Pop-
ulation PK models of HAS, HBS, 6S, and 10S were best described by
a one or two-compartment model with a bolus input. On the other

hand, the model of GRB1 was best described by a one-compartment
model with nonlinear extravascular input. Among the covariates
evaluated, body mass index (BMI) and age were found to influence
oral clearance (CL/F) and volume of distribution (Vd/F) for HAS and
HBS, respectively. The influence of body weight on CL/F and Vd/F for
6S was demonstrated. Marked differences were observed in mean
plasma concentrations of HAS and HBS between Japanese and US
participants. However, the simulation results indicated that the dif-
ference in plasma concentrations may be attributed to the difference
in demographic factors such as BMI, body weight, and age, whereas
ethnic difference between the Japanese and US participants was
considered minimal.

Introduction

Daikenchuto (DKT) is a traditional Japanese herbal medicine that
consists of extracted three botanical raw materials: Japanese pepper,
processed ginger, and ginseng radix (Kono et al.,, 2009). Since its
approval as a prescription drug in 1986 by the Japanese Ministry of
Health, Labor and Welfare, DKT has been widely used by gastro-
enterologists and surgeons for the treatment of various gastrointestinal
disorders, such as postoperative ileus and obstructive bowel disease
(Itoh et al., 2002; Ohya et al., 2003; Kono et al., 2009). Consequently,
the gastrointestinal effects of DKT have become a vibrant area of
clinical and basic research in recent years.

Several animal studies have reported that the ameliorating effects
of DKT on laparotomy or chemically induced intestinal dysmotility
and postoperative intestinal adhesion were abrogated by atropine, a 5-
hydroxytriptamine(4) antagonist (Tokita et al., 2007), and a transient
receptor potential-channel antagonist (Tokita et al., 2011), respec-
tively, suggesting that the promotility and antiadhesion effects of DKT
likely occur via the activation of 5-hydroxytriptamine(4) receptors and

This study was supported by a grant from TSUMURA & CO., Tokyo, Japan.
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This article has supplemental material available at dmd.aspetjournals.org.

transient receptor potential channel. Further, recent studies have
addressed the possibility that DKT increases intestinal blood flow and
ameliorates colitis via calcitonin gene-related peptide or adrenome-
dullin (Murata et al., 2002; Kono et al., 2008, 2010, 2011). The wide
range of medicinal actions of DKT has been attributed to its multiple
active constituents such as sanshools, shogaols, and ginsenosides. On
the basis of a number of reports indicating the ameliorating effect of
DKT in various animal gastrointestinal disease models, several double-
blind, placebo-controlled, randomized trials in patients with postop-
erative paralytic ileus, refractory functional constipation, irritable bowel
syndrome, or Crohn’s disease are currently being conducted in Japan
(JFMC39-0902, JEMC40-1001, and JFMC42-1002 funded by the
Japanese Foundation For Multidisciplinary Treatment of Cancer) and in
the United States (NCT00871325, NCT01139216, NCT01388933, and
NCT01348152) with the US Food and Drug Administration approval of
DKT as an investigational new drug. Among these studies, one recent
study reported that DKT has a prokinetic effect in healthy volunteers
(Manabe et al., 2010).

Despite widespread use in clinical practice, the pharmacokinetic (PK)
knowledge of DKT is limited. Iwabu et al. (2010) reported that 44
compounds derived from DKT were detected in the plasma and urine
after oral administration of DKT by using the liquid chromatography-
tandem mass spectrometry. Moreover, Munekage et al. (2011) reported

ABBREVIATIONS: AUC, area under the curve; BMI, body mass index; BQL, below the quantification limit; CL1/F, oral clearance of the central
compartment; CL2/F, intercompartmental clearance; DKT, daikenchuto; GRB1, ginsenoside Rbs; HAS, hydroxy-a-sanshool; HBS, hydroxy-
B-sanshool; Ky, first-order absorption rate constant; PK, pharmacokinetic; RSE%, relative standard error of estimation; 6S, [6]-shogaol; 10S, [10]-
shogaol; V1/F, volume of distribution for the central compartment; V2/F, volume of distribution for the peripheral compartment.
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Fig. 1. Study design chart. *Japanese study: predose, 0.25, 0.5, 1, 2, 3, 4, 8, 12, 24, and 48 hours. US study: predose, 0.25, 0.5, 1, 2, 3, 4, 8, 12, 24, 48, 72, 96, and 168

hours.

the plasma concentration profiles of six pharmacologically active con-
stituents of DKT—hydroxy-a-sanshool (HAS), hydroxyl-3-sanshool
(HBS), 6-shogaol (6S), 10-shogaol (10S), ginsenoside Rb; (GRB1), and
ginsenoside Rg;—in Japanese healthy volunteers.

In recent years, the population PK approach has been used for the
development of various pharmaceuticals (Williams and Ette, 2000).
This approach can identify the measurable factors that cause changes
in the dose-concentration relationship and the extent of these changes
(Willliams and Ette, 2000). In this study, we first sought to develop
the population PK models for the five constituents of DKT using the
plasma concentration data obtained from healthy volunteers partici-
pating in thé Japanese or US study. We then determined whether
potential interethnic differences in the PK of DKT existed between the

study populations.

Materials and Methods

Clinical Trials and Data Collection. Data were collected from two
randomized, open-label, three-arm, three-period crossover studies in Japan and
the United States. Participants received single oral doses of 2.5, 5, and 10 g of
DKT after fasting for 12 hours at each period. A washout period of greater than
1 month followed period I and period II, preceding the administration of the
next dose of the study drug. All-foods and drinks (including spices) containing
ginseng, Japanese pepper, and ginger were strictly prohibited from 3 days
before dispensing the study medication until completion of each treatment
phase. Overall study design is summarized in Fig. 1.

TABLE 1
Disposition and demographics of the study participants (healthy volunteers)

Japanese Study (TJ-100-4-2) US Study (TU100CPT4)

In the Japanese study, 19 healthy volunteers enrolled, 18 completed the
study, and a total of 560 observations at 0.25, 0.5, 1, 2, 3, 4, 8, 12, 24, and 48
hours after dosing were used for the population PK analysis. Three participants
did not meet the eligibility criteria of the study. The effects of these data were
evaluated by final population models as sensitivity analysis.

In the US study, 36 healthy volunteers enrolled, 30 completed the study, and
a total of 1299 observations at 0.25, 0.5, 1, 2, 3, 4, 8, 12, 24, 48, 72, 96, and
168 hours after dosing were collected. Data from one subject were excluded
from the data set for the model building of GRB1 because the concentration-
time profile showed a pharmacokinetically unreliable pattemn. However, the
entire data set was re-evaluated using final population models.

Disposition and demographics of the participants are summarized in Table 1.
The content of each DKT constituent in the study medication was comparable
between the two studies (Table 2).

Determination of Plasma Concentration of DKT Constituents. The
concentrations of five DKT constituents—HAS, HBS, 6S, 10S, and GRB1—
were determined by a validated liquid chromatography-tandem mass spectro-
metry method as reported by Munekage et al. (2011). The limits of the
quantification were 0.01 ng/ml for HAS, HBS, and GRB1 and 0.02 ng/ml for
6S and 10S.

Population Pharmacokinetic Model Building. Population PK analysis was
performed using the Phoenix NLME (version 1.3; Certara L.P., St. Louis, MO)
by the Laplacian method. One- or two- compartment models with or without
extravascular input were examined for exploration of the mean structure of the
modeling. The basic PK parameters used in this study were oral clearance of the
central compartment (CL1/F), volume of distribution for the central compart-

ment (V1/F), intercompartmental clearance (CL2/F), volume of distribution for
the peripheral compartment (V2/F), and first-order absorption rate constant
(K,). Nonlinear absorption coefficient (b) was introduced for GRB1 population
PK modeling as a power of dose (see Supplemental Model Equation 5).

TABLE 2

Total no. of subjects 19 36
25g 18 33 Content of each constituent in study medication, daikenchuto (ug/g).
Sg 19 34 Data represent mean = S.D.
0g 19 33
Participant Demographics X Japanese Study (TJ-100-4-2) US Study (TU100CPT4)
Gender (male/female) 14/5 28/8 HAS 501 = 7 534 + 6
Age® (y) 22 (20, 37) 42 (21, 56) HBS 100 * 1 114 2
Body weight® (kg) 58 (44.5, 72.5) 81.1 (50.0, 97.8) 6S 162 + 1 167 + 3
Body mass index” (kg/mg) 20.9 (185, 24.1) 26.9 (19.1, 29.9) 108 433 *+ 0.6 429 + 2.1
GRBI L1282 155 =2

@ Data represent median (minimum, maximum).
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Fig. 2. Mean plasma concentration of five daikenchuto constituents in Japanese healthy volunteers. (A) HAS, (B) HBS, (C) 6S, (D) 10S, and (E) GRBI. Each symbol
represents mean * S.D. of observed concentration. Solid line indicates the model predicted concentration using the median values as covariate.
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Fig. 3. Mean plasma concentration of five daikenchuto constituents in US healthy volunteers. (A) HAS, (B) HBS, (C) 6S, (D) 10S, and (E) GRB1. Each symbol represents
mean = S.D. of observed concentration. Solid line indicates the model predicted concentration using the median values as covariate.




Population Pharmacokinetics of Daikenchuto Constituents

1259

TABLE 3

Summary of final population PK parameters for five constituents of daikenchuto

HAS HBS 6S 108 GRB1
PK Model
1-Compartment
2-Compartment (Bolus input) 1-Compartment (Bolus input) l-Compa.rtment 1-Comp artment (Nonlinear l;eravascula:
(Bolus input) (Bolus input) input)
Population Mean Parameter :
VI/E 1.90 0.402 2.19 0.560 0.933
o 12 (20)'7. (A58) 16 ()7 (AE)" s (2T) 3 4584
24.7 35 24.7 35 71.8
CL1/E 1.68 0322 1.37 0389 0.841 .
(hy ] 7.69 - (%) . (A_GE> 6.95 - (B_MI) . (@) 8451 - (ﬂ) 219 66.2
247 35 24.7 35 ) 71.8
V2/F 0.828 0.509 — — J— —_—
o oasr . (2). (A28)
4.7 35
CL2/F (I/h)] 0.0343 — — e —
K. (07 . — — — — 0.719
b — — — — 0.862
Interoccasion Variability (CV%)
wioCyyp 13.9 24.1 — — 36.3
wiocep /F 159 28.6 — e —
WI0Cya/E 36.1 — — — —_
Interindividual Variability (CV %)
WyE 16.2 20.7 30.7 44.1 52.5
WeL1F 23.0 25.3 26.7 46.8 453
Wyasp 15.4 — — — —
WK, — — — — 71.1
Correlation Coefficient
V1/F vs. CL1/F 0.982 0.994 0.789 0.731 0.553
V1/F vs. V2/F 0.736 } — - — —
V2/F vs. CL1/F 0.824 — — — —
VI1/F vs. K, — — — — 0.792
CL1/F vs. K, —_— — — — 0.0162
Residual Error [S.D. (ng/ml) for additive, CV% for proportional]
" Caaditive 0.00481 0.0125 0.00558 0.0115 —
O proportional 21.6 21.1 357 54.1 320

—, not estimated; CV%, percent coefficient of variation.

for the iy, individual in the ky, parameter during the jg, period with mean 0 and
standard deviation wiocy

The residual variability was described by the proportional error model (eq. 2)
or combined proportional and additive model (eq. 3). The proportional error
model is

Cops,it = Cign - (1 + Epsi), (2)

where Cgps jji is the plasma concentration observed in the iy, individual, at time t
after the drug administration during the jy, period. Cy; is the predicted plasma

>
oy}

-
N
=]
o
i

Observed Concentration ( ng/mL )
(o))
[en]
o
1

concentration, and Epsy; is a random variable which is normally distributed
with mean 0 and standard deviation o.
The combined proportional and additive model is

Consjit = Cipe -+ Epsij (1 + Cyy - CMix Ratio), (3)

where the proportional error component is obtained as the product of Eps;; and
CMixRatio.

Once the basic model was selected, the influences of covariates were eval-
uated by a stepwise procedure based on the likelihood ratio test using P < 0,05

Fig. 4. Goodness-of-fit plot for HAS. (A) Ob-
servations plotted against population predicted
concentrations. (B) Observations plotted against
individual predicted concentrations.
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Fig. 5. Goodness-of-fit plot for HBS. (A)
Observations plotted against population pre-
dicted concentrations. (B) Observations plotted
against individual predicted concentrations.
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as entry criterion. The covariates evaluated were the individual’s age, body
weight, body mass index (BMI), gender, and participation in the Japanese or
US study (interstudy difference).

The influences of continuous covariates (age, body weight, and BMI) onto
the kq, parameter were described as a power model as shown in eq. 4:

! dPidAge WT; dPLdWT
tvPix = tvPy - ___f_\ge,_ N
Median Age Median WT
*)
BMI, dP,dBMI
’ (Median BMI)

where tvPy is a typical value of ky, parameter; WT is the body weight; and
dPydAge, dP,dWT, and dPdBMI, are the fixed effect parameters for the age,
body weight, and BML

The influences of categorical covariate (gender and study identifier) were
described as eq. 5:

tvPy = tvPy - exp(dP dGender*Gremare) - exp(dPrdStudy*Sys),  (5)

where Geemale is @ dummy variable which took on a value of 1 if the gender of
the subject was female and 0 otherwise. Likewise Syg is a dummy variable
which took on a value of 1 if the study was conducted in the United States and
0 otherwise.

The BQL (below the guantification limit) values were treated as the left
censored data and used in the model fitting procedure via the maximum like-
lihood method (Beal, 2001).

T T T 1
100 150 200 250

Individual Predicted Concentration { ng/mL )

Model Validation. Bootstrap resampling method (Ette, 1997) and visual
predictive check method (Post et al., 2008) were used to evaluate the accuracy
and robustness of our models. A total of 1000 resamplings was executed for the
bootstrap method, and a total of 1000 replicates of the original data set were
simulated for the predictive check method to generate the predicted concen-
tration values and the 95% prediction interval.

Results

Demographics and disposition of the study participants are sum-
marized in Table 1. The population PK analysis included a total 1859
samples from 55 participants. There were marked differences in sub-
ject demographics.

Figures 2 and 3 demonstrate observed (mean +/— S.D., presented
as dots) and the model predicted (population mean values, presented
as solid lines) plasma concentration-time profiles of the five DKT con-
stituents (HAS, HBS, 6S, 108, and GRB1) after a single oral dose of
DKT in healthy Japanese and US adults. Noticeable differences were
observed in the mean plasma concentrations of HAS and HBS be-
tween the Japanese and US participants.

Final population PK parameters are summarized in Table 3.

Population PK model of HAS was best described by a two-compartment
model with a bolus input (see Supplemental Model Equation 1). In-
teroccasion variability and interindividual variability were estimated
for VI/F, CL1/F, and V2/FE. The interindividual variation of PK

Fig. 6. Goodness-of-fit plot for 6S. (A) Ob-
servations plotted against population predicted
concentrations. (B) Observations plotted against
individual predicted concentrations.
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Fig. 7. Goodness-of-fit plot for 10S. (A) Observa-
tions plotted against population predicted concen-
trations. (B) Observations plotted against individual
predicted concentrations.
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parameters showed a positive correlation. A combined proportional
and additive model was selected to describe the residual variability.
BMI and age were the covariates affecting V1/F, V2/F, and CL1/F.
The relative standard error of estimation (RSE%) for the fixed effect
parameters stayed within the range from 2.7 to 32.7%, and the RSE%
of random effect parameters ranged from 7.8 to 45.5% (Supplemen-
tal Table 1). Goodness-of-fit plot for the final population PK model
showed no remarkable biases (Fig. 4). The visual predictive check
plots indicated that the predictive concentrations displayed a good
fit with the observed concentrations (Supplemental Fig. 1). The re-
sampling successfully converged in the bootstrap evaluation, and the
estimated parameters from bootstrap were similar to the parameters
obtained from the final model (Supplemental Table 1).

The model for HBS, 6S, and 10S was best described by a one-
compartment population PK model with a bolus input (see Supple-
mental Model Equations 2-4). Interindividual variability was estimated
for V1/F and CL1/F. Regarding the interindividual variations of these
two parameters, a positive correlation emerged for all constituents.
Interoccasion variability was calculated for only HBS. A combined
proportional and additive model was selected to describe the residual
variability. For HBS, BMI and age affected V1/F and CL1/F as co-
variate. Similarly, body weight was incorporated into V1/F and CL1/F
for the 6S model. However, the model for 10S retained no significant
covariates. The RSE% for the parameters stayed within the range of

1
2 3 4

2.7 to 33.2% (Supplemental Tables 2—4). Goodness-of-fit plot for the
final population PK model of HBS (Fig. 5) and 6S (Fig. 6) indicated
no remarkable biases. The plots of the 10S model implied that the
model contained a slight asymmetry at high concentrations (Fig. 7).
The visual predictive check plots indicated that there were good agree-
ments between the predicted and observed concentrations (Supple-
mental Figs. 2, 3, and 4). The resampling successfully converged in
the bootstrap evaluation, and the estimated parameters from bootstrap
were similar to the parameters obtained from the final mode] (Supple-
mental Tables 2-4).

The population the PK model of GRB1 was best described by a
one-compartment model with nonlinear extravascular input (see Sup-
plemental Model Equation 5). Interindividual variability was esti-
mated for V1/F, K,, and CL/F. The interoccasion variability was
calculated for V.1/F. No statistically significant covariate was incor-
porated into the model. For all estimated parameters, RSE% was
considered acceptable (within the range of 2.6 to 30.0%), except for
the covariance between K, and CL1/F, which showed greater RSE%
as a result of the mean value being nearly zero (Supplemental Table 5).
Residuals of population prediction and the observed value showed log-
normal distribution. On the other hand, individual post hoc estimation
and observed value showed no remarkable biases (Fig. 8). The visual
predictive check plots indicated that the predictive concentrations were
well fitted to the observed concentrations (Supplemental Fig. 5). The

Fig. 8. Goodness-of-fit plot for GRBI1. (A)
Observations plotted against population pre-
dicted concentrations. (B) Observations plotted
against individual predicted concentrations.
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Fig. 9. Influence of covariates on calculated AUCs of DKT constituents. (A) HAS, (B) HBS, and (C) 6S.

resampling successfully converged in the bootstrap evaluation, and the
estimated parameters from bootstrap were similar to the parameters
obtained from final model (Supplemental Table 5).

Figure 9 indicates that the influence of covariates on the calculated
area under the curve (AUC) of DKT constituents HAS, HBS, and 68.
BMI showed a pronounced influence on the AUCs of HAS and HBS.

Discussion

‘We analyzed six pharmacologically active constituents of DKT—
HAS, HBS, 68, 10S, GRB1, and GRG1 in respective Japanese and US
PK studies. Population PK models were constructed for the five con-

- stituents, but not for GRG1, because most of the GRG1 concentrations
fell below the quantification limit (BQL).

When the first-order absorption model and the bolus input model
were evaluated as population PK models for HAS, HBS, 6S, and 10S,
the bolus input model was found to best describe the PK of these
constituents. This was because the 7, was observed in many subjects
at the first sampling point, which occurred at an early time point of 15
minutes. Wade et al. (1993) reported that when no data are present
in the absorption phase, the misspecification of the rate of drug ab-
sorption or the model used to describe drug absorption has little con-
sequence on the estimation of the remaining population parameters.
On the other hand, the goodness-of-fit plot of the model for 10S
indicated that the predicted plasma concentrations overestimated the
observed plasma concentrations at the highest predicted plasma con-
centration (i.e., the first sampling point), based on participants who
were actually observed during the absorption phase. Without incor-
porating the absorption phase into the model, the plasma level in the
proximity of Cyax Was unpredictable. Although the modeling is limited
to an elimination phase, the model is still considered applicable to the
PK characterization of the compound with a short absorption phase.

As reported previously in Japanese PK study (Munekage et al., 2011),
nonlinearity was observed in AUC of GRBI, but dose-dependence in
half-life was not; therefore, a nonlinear absorption model was assumed
for the GRB1 analysis. As a result, nonlinear parameter (b) showed
a significant value, and the AIC value indicated a better fit compared
with the model not assuming the nonlinear parameter. Estimated b value
below 1 suggested the convex dose-concentration relationship.

The BQL data included in the dataset were used for the analysis.
Although useful information is included in the BQL data, there are

concerns regarding the possible bias caused by the mishandling of
BQL data. (Hing et al., 2001; Byon et al., 2008). Beal (2001) reported
an overview of ways to fit a PK model in the presence of BQL data.
The method applied conditional likelihood estimation to the obser-
vations above BQL and the likelihood for the data being above the
BQL were maximized with respect to the model parameters. Phoenix
NLME (Pharsight, St. Louis, MO), which was the analysis software
used in this study, implemented this method. We therefore treated
BQL data as left censored data and used them in the model fitting
procedure via the maximum likelihood method.

Among the covariates evaluated, BMI, age, and body weight af-
fected CL/F and Vd/F for HAS, HBS, and 6S. The three-dimensional
plot (Fig. 9) of the covariate relationship with AUC.indicated that BMI
was the most important covariate to explain the AUC variability of
HAS and HBS because the AUCs decreased by 2-fold when the BMI
increased by 2-fold from 18 to 30. The package insert of DKT in Japan
describes that the dosage may be adjusted according to the patient’s
age, body weight, and symptoms, and our findings support this state-
ment. However, it is necessary to judge in consideration of clinical
meaning about the necessity for dosage adjustment by more detailed
examination, including the clinical study on efficacy and safety.

Remarkable differences were observed in mean plasma concentra-
tions of HAS and HBS between the Japanese and US participants
(Figs. 2 and 3). However, interstudy difference has not been selected
for the final models of all constituents of DKT. On the other hand, the
simulated plasma concentrations at the median value of covariates in
each study could reproduce the study difference observed. These
results suggest that the difference in the plasma levels between the
study populations could be explained by the difference in terms of
demographic factors such as BMI and age rather than by interethnic
differences between the Japanese and the US habitants.

The likelihood ratio test is frequently used as the criteria for the
selection of covariates. The possibility of type 1 error inflation in the
likelihood ratio test has been cautioned (Wihlby et al., 2001).
Therefore, a very low P value such as P < 0.001 is often used as the
significance level. Nevertheless, as the first exploratory analysis of
DKT via population modeling, we set a criterion of P value at 0.05 to
increase the probability of detecting a greater number of covariates
that might influence the PK parameters. To protect against the inclu-
sion of false covariates, more evaluations are needed.



Population Pharmacokinetics of Daikenchuto Constituents

Pharmacokinetic information is very useful to characterize a med-
ication and is indispensable to determine the proper use of the medi-
cation. However, the clinical effects of herbal medicines are complex
because of the presence of numerous constituents. We therefore con-
structed PK models for five constituents of a single formulation that
simultaneously contains constituents with very different PX proper-
ties, as seen from constituents with a short half-life, such as shogaols
and sanshools, compared with those with a long half-life, such as
ginsenosides. To extrapolate our findings effectively to a wider population,
further investigation of the relationship between PK and efficacy is
warranted.

The results from this study are useful and are a preliminary step to-
ward a more comprehensive pharmacokinetic/pharmacodynamic study
in patients.
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Background/Aims. While biological drugs are useful for relieving the disease activity and preventing abdominal surgery in patients
with Crohn’s disease (CD), it is unclear whether the use of biological drugs in CD patients with no history of abdominal surgery
is appropriate. We evaluated the effects of infliximab and other factors on extending the duration until the first surgery in CD
patients on a long-term basis. Methods. The clinical records of 104 CD patients were retrospectively investigated. The cumulative
nonoperation rate until the first surgery was examined with regard to demographic factors and treatments. Results. The 50%
nonoperative interval in the 104 CD patients was 107 months. The results of a univariate analysis revealed that a female gender,
the colitis type of CD, and the administration of corticosteroids, immunomodulators, or infliximab were factors estimated to
improve the cumulative nonoperative rate. A multivariate analysis showed that the colitis type and administration of infliximab
were independent factors associated with a prolonged interval until the first surgery in the CD patients with no history of abdominal
surgery. Conclusions. This study suggests that infliximab treatment extends the duration until the first surgery in CD patients with
no history of abdominal surgery. The early use of infliximab before a patient undergoes abdominal surgery is therefore appropriate.

1. Introduction adalimumab, that have improved the success rate of inducing
remission and are useful as maintenance therapy in patients

Crohn’s disease (CD) is a chronic inflammatory bowel disease with refractory CD [2-6]. The administration of biological

whose etiology remains unclear. Deep and refractory ulcers
frequently develop in the small intestine in CD patients,
often causing severe complications, including abdominal
abscesses and ileus. Open surgery is sometimes required
to relieve the patient’s conditions, including ileus due to
severe stricture, refractory abscesses, and fistulas, which lead
to a deterioration of the general condition and quality of
life in the patients, as well as severe intestinal bleeding [1].
Recent advances in therapeutic strategies have led to the
development of biological agents, such as infliximab and

agents also reduces the rate of complications and extends
the duration from the first to the second surgery [7-10].
Because the traditional therapeutic approach for treating CD
is based on a step-up strategy [11], the administration of
treatment with biological drugs is recommended in patients
who fail to respond to conventional therapy, but not patients
who exhibited mild to moderate disease activity without
a history of abdominal surgery. Recently, D’Haens et al.
reported in a 2-year randomized trial that the percentage of
newly diagnosed patients without a need for corticosteroid



treatment or surgery at six and 12 months was significantly
higher in the group administered infliximab [12]. This short-
term observation suggests that the use of infliximab in
CD patients, who were diagnosed within the past four
months, can increase the duration of remission and extend
the duration until the first surgery. Conversely, Jones and
Finlayson evaluated the Nationwide Inpatient Sample in the
US and concluded that, during the period of adoption of
infliximab as a novel CD treatment, the overall rate of bowel
resection either remained relatively stable or moderately
decreased [13]. Domeénech et al. retrospectively reviewed the
clinical outcomes of newly diagnosed Crohn’s disease patients
before and after infliximab availability and concluded that
infliximab availability did not reduce the need for surgery
or the development of disease-related complications [14]. It
remains unclear whether the early use of biological drugs
decreases the risk of the first surgery in CD patients.

The present retrospective study investigated factors
affecting the interval from the time of diagnosis to the first
surgery, including patient demographics, type of disease, and
treatment procedures, in CD patients with no history of
abdominal surgery.

2. Methods

2.1 Patients. Written informed consent was obtained from
all identified patients, and the study was approved by the
institutional review board of Asahikawa Medical University.
The clinical records of 104 patients who were diagnosed as
having CD at Asahikawa Medical University between Febru-
ary 1982 and October 2011 were retrospectively investigated.
The diagnosis of CD was made based on the combination
of the clinical course and the colonoscopy, double balloon
endoscopy, small bowel enterolysis, and histological findings.
Typical lesions of CD, including longitudinal ulcers and a
cobblestone appearance in the small and/or large intestine,
were observed on endoscopy in all patients. Intestinal stric-
tures, fistula formation, and abdominal abscesses were also
observed in the patients. These findings were also referenced
for the diagnosis of CD. Data regarding patient demograph-
ics, treatments, and operative findings were collected by A.S,,
who did not participate in the diagnosis, medical examina-
tion, or treatment of the patients. The onset of the disease
was defined as the time of appearance of symptoms caused by
CD. The date of disease onset was used to divide the patients
into two groups, those treated before 2001 and those treated
after 2002, because infliximab became clinically available
in Japan in 2002. Patients who received infliximab four or
more times, corticosteroids as remission induction therapy,
or immunomodulators for one or more months were classi-
fied as belonging to the infliximab-positive, corticosteroid-
positive, or immunomodulator-positive groups, respectively.
These agents were administered in patients resistant to 5-
aminosalicylate treatment and/or those who requested these
drugs.

2.2. Cumulative Nonoperative Rate until the First Surgery.
The abdominal surgeries performed in this study included
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intestinal resection, strictureplasty, colostomy, and ileostomy.
The demographic and treatment-related factors were retro-
spectively compared with the cumulative nonoperative rate
until the first surgery. In the patients who did not undergo
surgery, the interval from diagnosis to the end of the study
was defined as the nonoperative time (March 2012). In the
patients who underwent either single or multiple surgeries,
the interval from diagnosis to the first surgery was defined as
the nonoperative time.

2.3. Statistical Analyses. The Kaplan-Meier method was used
to test the cumulative nonoperative rates and the data related
to each factor were statistically analyzed using the log-rank
test. A Cox proportional hazards model was used to calculate
the hazard ratios of the factors identified to estimate the
frequency of surgery. A P value of <0.05 was considered to
be statistically significant (two-sided test).

3. Results

3.1 Patient Demographics and Treatments. Seventy-one male
and 33 female patients were included in this study. Sixty-
seven (64%) patients exhibited lesions in both the small
and large intestines (ileocolitis type), 28 (27%) patients had
lesions in the small intestine only (ileitis type), and nine (9%)
patients had lesions in the large intestine only (colitis type).
The age at disease onset ranged from 10 to 66 years, with a
median of 22 years. The date of disease onset was before 2001
in 74 patients and after 2002 in 30 patients. Corticosteroids,
immunomodulators, and infliximab were administered in 33
(32%), 37 (36%), and 39 (38%) of the patients before the first
surgery, respectively. A total of 16 of the 74 patients who had
disease onset before 2001 and 23 of the 30 patients who had
disease onset after 2002 took infliximab. Sixty-nine patients
(66%) underwent one or more surgeries (Table 1). A total of
134 surgeries were performed. Ileal or jejunal resection was
performed in 76 patients, strictureplasty was performed in
10 patients, and colostomy or ileostomy was performed in
six patients. Combination surgeries were performed in 42
patients (Table 2).

3.2. Clinical Factors Associated with the Cumulative Nonop-
erative Rate. The cumulative nonoperative rate among all
104 patients is shown in Figurel. The 50% nonoperative
interval was 107 months. The relationships between the
clinical factors, such as gender, the location of the lesions,
the age at disease onset and treatments, and the cumulative
nonoperative rate, were analyzed. The results of a univariate
analysis of the cumulative nonoperative rate based on the
presence or absence of each clinical factor are shown in
Table 3. The analysis revealed that a female gender the
colitis type of CD, and the administration of corticosteroids,
immunomodulators, or infliximab were factors estimated
to improve the cumulative nonoperative rate (Figure 2). A
multivariate analysis showed the colitis type of CD and the
administration of infliximab to be independent factors asso-
ciated with a prolonged interval until the first surgery. The
hazard ratios of the colitis type of CD and the administration
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TABLE 1: Patient demographics and treatments (104 cases).

TaBLE 2: Surgical procedures performed in 69 patients with Crohn’s
disease (total: 134 operations).

of infliximab were 0.086 (0.011-0.657) and 0.256 (0.122-
0.540), respectively (Table 4).

4., Discussion

The present study showed that the administration of inflix-
imab extends the duration until the first surgery in CD
patients who have not previously undergone abdominal
surgery. This suggests that the administration of infliximab
is useful in CD patients with no experience with abdominal
surgery. While the usefulness of biological drugs for inducing
and maintaining remission of CD and extending the duration
from the first to the second surgery has been established [2, 3,
10], it remains unclear whether these biological drugs should
be administered in CD patients with no history of abdominal
surgery. Recently, D'Haens et al. reported in a 2-year open-
label-randomized trial that the percentage of CD patients
who were diagnosed within four months in clinical remission
and were neither receiving corticosteroids nor requiring
surgery at six and 12 months was significantly higher in

Number of
patients Total of 134
(n=104) operations
i%

Sex Bowel resection 76
Male 71 (68%) Strictureplasty 10
Female 33 (32%) Colostomy or ileostomy 6

Type of disease Bowel resection and strictureplasty 27
Ileitis 28 (27%) Bowel resection and colostomy (or ileostomy) 13
Tleocolitis 67 (64%) Strictureplasty and colostomy (or ileostomy) 1
Colitis 9 (9%) Boxyel resection and strictureplasty and colostomy 1

The age of onset (or ileostomy)

Median 22
Range 10-66 __ 1004

The history of corticosteroid use until the first 3\:/

operation £ 80 -
(+) 33 (32%) g
) 71 (68%) g 601

The history of immunomodulator use until the &

first operation g 40
(+) 37 (36%) 2

s 20 4
=) 67 (64%) g

‘The history of infliximab use until the first S o]

operation T . ; : T . T : : :
+) 39 (38%) 0 50 100 150 200 250 300 350 400 450
=) 65 (62%) Duration of disease (months)

" The history of enteral nutrition ’ FIGURE 1: The cumulative nonoperative rate among all 104 patients.
+) 96 (92%) The nonoperative rate was inversely proportional to the duration of
) 8 (8%) the disease.

Bowel surgery
*) 69°(66%) o .

) 35 (34%) the group treated with infliximab [12], thus suggesting that
- 0

the early use of infliximab can improve the short-term
outcomes of CD. The present study supports the notion that
infliximab treatment can improve both the long-term and
short-term outcomes in CD patients, even when the patient
has no history of abdominal surgery.

Although the present study demonstrated the efficacy of
infliximab treatment, the period of disease onset may have
influenced the duration from disease onset to the first surgery.
After 2002, the availability of infliximab treatment is not the
only factor that changed from the previous era. The types
and characteristics of microorganisms causing infectious
colitis and the eating habits and lifestyle factors affecting
the pathology of inflammatory diseases have been changed
over the past two decades in Japan. Therefore, the present
study investigated the influence of the date of disease onset
on the duration until the first surgery, the results of which
showed that the date of disease onset is not a significant factor
affecting the duration until the first surgery in CD patients.
An evaluation of the Nationwide Inpatient Sample conducted
in the US concluded that, during the period of adoption of
infliximab as a novel CD treatment, the overall rate of bowel
resection either remained relatively stable or moderately
decreased [13]. Doménech et al. also reviewed the clinical
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TaBLE 3: Factors associated with the nonoperative rate until the first surgery (univariate analysis).
Number of patients (1 = 104) 50% nonoperation time (months) P value

Sex
Male 71 84 <0.05
Female 33 142

Type of disease
Tleitis/ileocolitis 95 98 <0.05
Colitis 9 Undefined

The age of onset
Less than 20 39 17 N.S.
20 or more 65 98

The date of onset
Before 2001 74 107 N.S
After 2002 30 Undefined

Corticosteroid
(+) 33 126 <0.05
) 71 91

Immunomodulator
(+) 37 169 <0.05
=) 67 84

Infliximab
(+) 39 256 <0.05
() 65 78

Undefined: nonoperation time is greater than 50% at the last time point. N.S.: not significant.

TaBLE 4: Factors associated with the nonoperative rate until the first
surgery (multivariate analysis). :

Hazard ratio 95% CI
Sex Female 0.605 0.339-1.081
Type of disease Colitis 0.086 0.011-0.657
Corticosteroid (+) 0.912 0.519~1.604
Immunomodulator +) 1.057 0.569-1.966
Infliximab +) 0.256 0.122-0.540

outcomes of newly diagnosed Crohn’s disease patients before
and after infliximab availability in a retrospective study and
concluded that infliximab availability did not reduce the need
for surgery [14]. These investigations and the present study
therefore indicate that the date of disease onset is not a
strong factor affecting the duration until the first surgery in
CD patients. Further long-term prospective studies of large
numbers of CD patients with no history of abdominal surgery
are needed to confirm the significance of biological agents in
improving the cumulative nonoperative rate in CD patients.
In this study, while the univariate analysis revealed that
the administration of corticosteroids and immunomodula-
tors affected the duration until the first surgery, the mul-
tivariate analysis did not identify these treatments to be
independent factors. Therefore, these therapies are not very
useful for treating CD patients with no history of abdominal
surgery in comparison to the administration of infliximab.
The administration of corticosteroids has been shown to be
effective for inducing remission in patients with CD [15-
20]. However, it is well known that the administration of

100 4

80 -

60

40 4

20 A

Cumulative nonoperation rates (%)

T T T T T T T T —T T

0 50 100 150 200 250 300 350 400 450
Duration of disease (months)

—o- Infliximab (+)
—o- Infliximab (-)

FiGURE 2: The results of a univariate analysis of the cumulative
nonoperative rate based on the presence or absence of infliximab
treatment. The univariate analysis revealed that the administration
of infliximab is a factor estimated to improve the cumulative
nonoperative rate.

corticosteroids is associated with various side effects. Corti-
costeroids should be used as short-term therapy only when
other treatments are ineffective. Although the administration
of immunomodulators alone is useful for maintaining CD
[21, 22], combination therapy with immunomodulators and
infliximab has been shown to be more effective for this
purpose [23]. Because immunomodulators were used in com-
bination with infliximab in most cases in the present study,
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the multivariate analysis did not identify immunomodulators
to be an independent factor.

In summary, the results of the present study suggest that
infliximab treatment has the potential to extend the duration
until the first surgery. This implies that the administration
of infliximab in CD patients with no history of abdomi-
nal surgery, even in CD patients with no experience with
abdominal surgery, can improve the outcomes, including
the cumulative nonoperative rate. Further randomized, con-
trolled trials are needed to establish the appropriate timing
of the initiation of infliximab treatment and determine the
optimal dose, schedule, and duration of the administration
of these biological drugs.
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