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at least once after dose escalation was 20.0%, 40.0%, and
53.3%, respectively. The percentage of patients who showed
clinical remission, CR-100 or CR-70 at the time of the last
dose was 16.7%, 33.3%, and 40.0%, respectively.

3.4. Quality of life

3.4.1. Induction trial

Induction therapy with adalimumab 160/80 mg or
80/40 mg significantly improved SF-36 MCS from Baseline
to Week 4 compared with placebo. The mean change from
Baseline for adalimumab 160/80 mg was 6.2 versus —1.6 for
placebo (p=0.0005); for adalimumab 80/40 mg the mean
change from Baseline was 5.5 versus —1.6 for placebo
(p=0.0002). There was a trend toward a greater improve-
ment in SF-36 PCS and IBDQ for patients in the adalimumab
160/80 mg group compared to placebo, although the changes
were not significant

3.4.2. Maintenance trial

In the mFAS, adalimumab 40 mg eow treatment led to
significantly greater improvement from Week 0 to Week 8x in
SF-36 MCS and IBDQ compared with placebo (12.0 versus 2.0,
p=0.03 and 34.8 versus 8.3, p=0.05, respectively); improve-
ment was sustained. Although the difference between the 2
groups was not statistically significant through Week 52x, the
improvement in SF-MCS scores from Week 0 to Week 52x was
9.6 with adalimumab 40 mg eow treatment versus 0.3 for
placebo. The improvement in IBDQ from Week 0 to Week 52x
was 27.9 for adalimumab-treated patients versus 1.8 for
placebo-treated patients. The average IBDQ score at Week
52x for adalimumab-treated patients was 170.1, which is
above the threshold of remission (170), whereas the average
IBDQ at Week 52x for placebo-treated patients is below the
remission threshold (Fig. 6).

SF-36 PCS scores did not differ significantly between the 2
treatment groups at Week 52x. However, from Week 0x
through Week 52x, patients treated with adalimumab were
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able to maintain the Week Ox improvement of 5.8 while
patients treated with placebo showed a decrease in
improvement from 2.4 at Week 0x to 0.2 at Week 52x.

3.5. Pharmacokinetics and immunogenicity

Overall, during the induction phase the mean serum
adalimumab concentrations from the adalimumab
160/80 mg dose groups were approximately twice those of
the adalimumab 80/40 mg group (Fig. 7A). In the mainte-
nance trial, serum concentrations in patients who remained
on adalimumab 40 mg eow through Week 52x (n=15)
remained relatively constant from Week 4x to Week 52x
(Fig. 7B—C). Mean serum concentrations tended to increase
in patients who increased from adalimumab 40 mg eow to
80 mg eow (Fig. 7B-C).

The overall AAA+ rate was 0% in the induction trial, and
6.1% in the maintenance trial (5 of 82 patients who received
at least 1 dose of adalimumab in the trial). In the 5 patients
who developed AAA, including 1 patient who increased from
adalimumab 40 mg to 80 mg, the serum adalimumab con-
centrations decreased to below or near detectable limits of
the assay by the end of the maintenance trial. Three of the 5
patients discontinued early from the trial due to adverse
events (abdominal abscess in 1 patient, liver abscess in 1
patient, aggravation of CD in 1 patient) and 2 patients were
not in clinical remission at Week 52x. None of the 5 patients
were treated with concomitant immunosuppressant therapy.

3.6. Changes in C-reactive protein

Baseline CRP values from the induction and maintenance
trials are reported in Table 1. The mean change in CRP values
from Baseline to Week 52x was 0.4+0.7 mg/dL for placebo-
treated versus —1.3+£1.2 mg/dL for adalimumab-treated
patients (mFAS).
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Figure 6  Mean IBDQ scores by week in the maintenance trial. Analyses were conducted using last observation carried forward in the
mFAS (patients who received adalimumab in the induction trial, entered the double-blind portion of maintenance trial and received at
least 1 dose of study drug); n=22 for placebo; n=21 for adalimumab. Week 0 is Baseline of the induction trial; Week 0x is Baseline of
the maintenance trial; “x” beside the week number designates the follow-on nature of the maintenance trial. *p=0.05 versus placebo;
all other p-values>0.05. *Cutoff point for IBDQ remission (IBDQ score>170). mFAS=modified full analysis set; eow = every other

week; IBDQ = Inflammatory Bowel Disease Questionnaire.
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Figure 7 (A) Mean serum adalimumab concentrations in the

(A} Induction trial; (B) Double-blind phase of the maintenance
trial and (C) Open-label phase of the maintenance trial. Week
0 is Baseline of the induction trial; Week 0x is Baseline of the
maintenance trial; “x” beside the week number designates the
follow-on nature of the maintenance trial. n=33 for adalimumab
160/80 mg; n=34 for adalimumab 80/40 mg; n=15 for double-
blind adalimumab 40 mg eow, stay/switch to open-label
adalimumab 40 mg eow; n=10 for double-blind adalimumab
40 mg eow, dose escalate to adalimumab 80 mg eow; n=19 for
open-label adalimumab 40 mg eow; n=13 for open-label 40 mg
eow, dose escalate to 80 mg eow. ADA = adalimumab; eow =
every other week; SD = standard deviation.

3.7. Safety

Serious adverse events (SAEs) were reported in 6.0% of
adalimumab-treated patients versus 8.7% in the placebo
group of the induction trial (FAS), and 8.0% of adalimumab-

treated patients versus 24.0% in the placebo group of the
maintenance trial (FAS) (Table 3). Most SAEs were related to
the underlying CD. No deaths, lupus-like syndromes, demy-
elinating diseases, or cases of tuberculosis were reported in
either trial. The incidence of injection site pain was low and
similar in all groups in both trials.

4, Discussion

The purpose of the present trials was to demonstrate that
efficacy of adalimumab was numerically greater than
placebo for the treatment of Japanese patients with CD.
Due to the low prevalence of CD in Japan, these trials were of
small size, however, were expected to demonstrate similar
trends with regard to efficacy and safety of adalimumab as
previously shown in Western patients.

Induction treatment with adalimumab increased remis-
sion and response rates at Week 4 compared with placebo
treatment in Japanese patients with moderate to severe CD.
The effect was more pronounced at the higher adalimumab
dose (160/80 mg). In Japanese patients previously exposed
to anti-TNF, only adalimumab 160/80 mg was able to induce
clinical remission at Week 4. The results of this trial are
consistent with induction results of adalimumab in Western
patients from the CLASSIC | and GAIN clinical trials.>1®

Maintenance treatment with adalimumab increased the
clinical remission and response rates at Week 52x compared
with placebo treatment in this trial. These results are similar
to maintenance results from the CHARM clinical trial.”

Only 1 maintenance regimen of adalimumab, 40 mg eow,
was tested in a parallel blinded design in the maintenance
trial. However, the efficacy of adalimumab 80 mg eow was
explored in patients that had an inadequate response to
adalimumab 40 mg eow in the open-label portion of the
maintenance trial. From the 90 patients included at Week
0 of induction trial, 30 patients subsequently moved to the
open-label arm and increased their dose of adalimumab to
80 mg eow, which corresponds to the reported dose-
escalation rate of 27% in Western patients.' More than
half of the Japanese patients who increased to adalimumab
80 mg eow achieved a clinical response CR-70, which is
similar to data from Western studies in which 63% of the
patients who increased to adalimumab 40 mg weekly dosing
achieved CR-70 at any time after dose escalation. !’

Adalimumab therapy resulted in a trend toward an
improvement in quality of life, as measured by SF-36 MCS,
SF-36 PCS, and IBDQ scores, in Japanese patients evaluated
in these trials. The improvement of quality of life was most
pronounced for SF-36 MCS and IBDQ scores.

Serum adalimumab concentrations reached a steady state
following induction, and remained relatively constant from
Week 4x to Week 52x in the maintenance trial, as was
previously observed in studies of adalimumab in Western
patients with CD.>'® The rate of immunogenicity through
1year of treatment with adalimumab in the Japanese
patients enrolled in these trials (6.1%) was slightly higher
than the 2.6% rate observed in the CLASSIC Il clinical trial in
Western patients with CD."® A trend towards a lower plasma
level of adalimumab and a higher rate of AAAs in Japanese
patients compared with Western patients has already been
noted in rheumatoid arthritis.'® The difference of AAA
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production between Japanese and Western patients may
relate to the different distribution in the 1gG1 allotype GM1%2
across racial groups; 84% of Japanese carry the allotype
GM1??, compared with only 29% of Western Europeans.
Circulating adalimumab, which is an IgG1 GM172, may reach a
more optimal integration into the immunoregulatory net-
work in GM1%®-carrying patients, and cause a higher rate of
physiological anti-idiotypic antibodies. 20

Adalimumab therapy was well-tolerated, and no deaths
were reported in either the induction or maintenance trial.
Adverse event profiles were similar to those reported in
other clinical trials of adalimumab in Western patients with
CD.

The similarity of the clinical remission and response
rates in these small trials to the results of larger pivotal
clinical trials of adalimumab in CD supports the use of

adalimumab for induction and maintenance of remission in
Japanese patients with moderate to severely active CD.
However, because of the limited number of patients
enrolled, these trials lacked statistical power to conclu-
sively demonstrate the efficacy of adalimumab in this
population. A further limitation of these trials was the
exclusion of patients who had previously been exposed to
but had failed to respond to infliximab (primary non-
responders). The response of such Japanese patients to
adalimumab treatment cannot be estimated from the
results. Nevertheless, the results of these 2 trials in
Japanese patients with CD are consistent with results
reported in prior clinical trials of adalimumab. Our findings
show that adalimumab is an effective and well-tolerated
therapeutic option for inducing and maintaining clinical
remission of moderate to severe CD in this population.
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Introduction

Colon cancer is a well known complication of ulcerative colitis
(UC) and the cumulative risk of developing UC-associated colon
cancer increases with the duration and extent of the disease.?
Therefore, patients with rotal colitis, whose disease has lasted over 7

years, are considered to be at high risk of developing cancer and are

recommended to undergo regular colonoscopy.' However, to im-
prove the efficacy of surveillance, and provide more selective treat-
ment strategies, more effective markers for identifying patients at a
higher risk of developing cancer are urgently needed.
UC-associated colon cancer develops in a different way from

sporadic colon cancer, and is sometimes called an “inflammation
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Palues for all characteristics group comparisons were not significant.
Abbreviations: 6MP/AZA = 6-mercaptopurine/azathiopring; Ca = cancer; CSA = cyclosporing
A; PSC = primary sclerosing cholangitis; UC = ulcerative colitis.

dysplasia carcinoma sequence.”® Dysplasia is often seen in pa-
tients with UC-associated cancer around or at a distance from
cancer lesions and it is considered to be a precursor of cancer.” It
has also been suggested that there are some differences in the
genetic changes in sporadic and UC-associated colon cancers.
Previous studies have shown thar patients with UC-associated
colon cancer have widespread genetic alterations not only in neo-
plastic lesions but also in the nonneoplastic colonic mucosa, re-
ferred to as a “field effect.””'* These studies suggested that ge-
netic changes in the nonneoplastic mucosa might be effective
markers for predicting the development of UC-associated colon
cancer.

Figure 1

reaction (PCR) an
dition.

5 |UC-CA Group (n = mﬂ ' - {UC—NonCa Group (n = 43) o

| mucosa

Reverse Transcription-Polymerase Chain
Reaction Analysis (Low density array)

Prediction of Cancer and/or Dysplasia

We previously performed DNA microarray analysis of the non-
neoplastic colonic mucosa of UC patients and were able to build a
predictive model for the development of UC-associated colon can-
cer.'> However, microarray analysis is known to lack reproducibility
as a means of analyzing gene expression quantitatively and it requires
verification using an alternative quantitative method. This constraint
seill imits the use of microarrays in clinical practice. However, real time
reverse transcription polymerase chain reaction (RT-PCR) is a more
reliable method for quantifying gene expression and it is widely used to
validate the expression levels of genes identified in microarray analy-
ses."*1® Recenty, RT-PCR analysis has been used in the predicton of
outcomes in a vatiety of diseases. For example, studies have shown that
RT-PCR analyses of selected genes can accurately predict outcomes for
patients with diffuse large-B-cell lymphoma and lung cancer.*>1®

Therefore, in this study, we aimed to clarify how well RT-PCR anal-
ysis could be used ro predict the development of UC-associated colorec-
tal cancer (UC-CRC). In addition to 40 genes and transcripts thar we
previously used in a predictive model, based on our microarray study, we
selected an additional 149 genes that have been shown o be important
in the development of cancer in various organs including the colon and
rectum. We validared levels of expression of these genes by RT-PCR and
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we formulated a predictive model of UC-CRC based on these results. To
the best of our knowledge, this is the first study to use gene expression
profiles in nonneoplastic rectal mucosa, determined by RT-PCR, to
predict the development of UC-CRC.

Materials and Methods
Patients and Samples

This study used the same set of 53 UC patients as our previous
microarray study’> and their characreristics are shown in Table 1.
Informed consent was obrtained from all patients for the collection of
specimens, and the study protocol was approved by the local Ethics
Committee. All UC patients had total colitis with their disease last-
ing mote than 7 years; they were therefore considered to be at high
risk of developing cancer and/or dysplasia. Of these 53 padents, 10
had UC-associated neoplastic lesions, including 8 adenocarcinomas
and 2 dysplasias (UC-Ca group). Forty-three UC patients had no
neoplastic lesions (UC-NonCa group). In all UC cases, specimens
were obtained from the nonneoplastic rectal mucosa for RNA exorac-
tion (Figure 1). Samples were collected either from surgically re-
sected specimens or during colonoscopy. Samples were snap-fro-
zen in liquid nitrogen and stored at "80°C until use. Parallel
tumor specimens were formalin fixed and paraffin embedded for
histologic examination. Samples were only used for RNA extrac-
tion when microscopic examination had verified that no neoplas-

tic cells were present.

Clinical Colorectal Concer June 2011

RNA Isolation and RT-PCR Using TagMan Low
Density Arrays

Total RNA was isolated from each of the frozen samples using
RNeasy Mini Kit (QIAGEN) and gene expression levels were
determined using TaqgMan real-time PCR (Applied Biosystems)
as described previously.'” RNA quantity and integrity were
checked by spectrophotometry and Bioanalyzer microfluidic
analysis (Agilent Technology). First-strand ¢DNA was synthe-
sized from total RNA using the High Capacity cDNA Reverse
Transcription kit (Applied Biosystems) in 50 uL reaction vol-
umes, using these cDNA samples for low density array (LDA)
analysis according to the manufacturer’s instructions. Each
c¢DNA sample (100 ng per 2 ul) was added to 48 ul. RNase-free
water and 50 ul of 2X TagMan Universal PCR Master Mix
{Applied Biosystems). Final primer and probe concentration was
900 uM and 250 uM, respectively. The mixture was then trans-
ferred into a loading port on a LDA card. The card was centri-
fuged twice, sealed, and placed in an Applied Biosystems Prism
7900HT Sequence Detection System for PCR amplification using
the following thermal cycler conditions: 2 minutes at 50°C and 10
minutes at 34.5°C for 40 cycles (30 seconds at 97°C and 1 minure at
59.7°C). Forty genes identified in our previous microarray analysis as
predictive of patients at risk for developing UC-Ca were chosen and
the corresponding validared primer/probe sets were incorporared
into the LDA. The LDAs included ACTB, B2M, GAPDH, GUSB,
HMBS, RPLPO, YWHAZ, and 188 as reference genes, based on their
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proven role as housekeeping genes.”®' In addition to the 40 genes
and transcripts previously identified, 149 new genes that had been
reported to be important in carcinogenesis were also included in the
LDA analysis (Figure 2). Table 2 shows a classification of the newly

selected genes according to the pathways in which they funcrion.

Toshiaki Watanabe et al

Data Processing and Statistical Aunalysis

To determine the stability of the selected reference genes, the
gelNORM algorithm (MS-Excel add-on-macro program) was used as
described previously by Vandesompele et al.** This program caleu-
lates the gene stability measure M by determining the average pair-
wise variation between a particular reference gene and all other con-
trol genes. Using genes with M values below 1.5, a normalization
factor was calculated based on the geometric mean of the expression
levels of the selected genes. Relative gene expression was calculated by
comparing ACT as previously described.”® Normalized data were
loaded into the GeneSpring software version 7.3 (Agilent Technol-
ogies). To identify discriminator genes, whose expression levels dif-
fered significantly berween patients with and without UC-Ca, ex-
pression levels were compared using unpaired r tests and the
Benjamini and Hochberg false discovery rate (FDR) control proce-
dure.** Two-dimensional hierarchical clustering was then applied to
the log-transformed data for the discriminator genes obuained by
RT-PCR, and variations in multigene expression between patients
with and without UC-Ca were compared by principal component
analysis (PCA). The discriminator genes identified in these analyses
were then used in supervised class predictions, using the support
vector machine and a leave-1-out cross-validation as previously de-
scribed, ' to test their ability to distinguish UC-Ca and UC-NonCa
patients.

Results
Comparisen of Gene Expression Levels Between
the UC-Ca and UC-NonCa Groups

Of the 176 genes and 13 transcripts (189 in total) used in the LDA
analysis, 7 genes were housckeeping genes. After excluding these 7
genes, we finally selected 20 genes whose expression levels were sig-
nificandy different in the UC-Ca and UC-NonCa groups (P <
-0052; FDR P value < .05) (Table 3). As shown in Figure 3, all 20
genes showed a fold change greater than 1.5 between the 2 groups.
Five genes showed higher and 15 genes lower expression levels in
patients in the UC-Ca group compared with those in the UC-
NonCa group. Of these 20 genes, the following 8 were included in
the 40 predicror genes and transcripts analyzed in our previous mi-
croarray study‘3: GBP4, SAMSN1, SLA, NOD27, SEPW 1, EDIL3,
NOL3, and LCP2 . Results of a hierarchical cluster analysis of the 20
genes are presented in Figure 4A. Visual inspection of the signal
intensity map clearly showed the presence of a branch of the tree
enriched for patients in the UC-Ca group (10 out of 18 patients),
indicating that almost all patients were appropriately clustered into 2
distinct groups. We then used the 20 discriminator genes to generate
a 3-dimensional plot of the dara from a 20-dimensional plot (Figure
4B). PCA-based mulridimensional scaling visualization separated
samples in the UC-Ca and UC-NonCa groups into linearly separable
gene expression data spaces.

Class Prediction for the Development of UC-Associated
Neoplasm

Using the 20 discriminator genes as predictors, we performed super-
vised class prediction for the UC-Ca and the UC-NonCa groups using
the support vector machine (SVM) and leave-1-out cross-validation,*
We were able to predict the development of UC-associated neoplasm
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with an accuracy of 83.0%. The sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) were 100.0%,
79.1%, 52.6%, and 100.0%, respectively. Nine patients, all in the UC-
NonCa group, were misclassified. To determine the number of genes
that provided the best separation between patients with and without

UC-Ca, we next ranked the 20 genes on the basis of the significance of

their FDR Pvalues and made predictions using 19 genes, 18 genes, and
50 on, starting from the bottom of the rank-ordered list. Figure 5 shows
the prediction rates using different numbers of discriminator genes and

shows that the greatest accuracy, 83.0%, was obrained using 16 to 20 of

the top-ranked genes.

(linical Colorectal Concer June 2011

identifier; UC = ulcerative colitis.

Discussion

Using quantitative RT-PCR analysis, we have been able to select
20 discriminator genes whose expression differed significantly be-
tween the UC-Ca and UC-NonCa groups. Two-way hierarchical
clustering and PCA analyses using these 20 genes could distinguish
patients in the UC-Ca and the UC-NonCa groups. In addition,
based on the expression profiling of these 20 genes in nonneoplastic
rectal mucosa by RT-PCR, we were able to build a predictive model
which identified patients with UC-Ca or UC-NonCa with a high
accuracy of 83.0%. This suggested that our predictive model may be
useful for distinguishing patients with high and low risk for develop-
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ing UC-Ca and this may lead to improvements in the efficacy of
surveillance in UC patients. By stratifying patients according to their
risk of UC-Ca, intensive surveillance could be targeted at high risk
patients, and lower risk patients could receive less intensive surveil-
lance. However, itis also important that this type of predictive model
does not miss patients at high risk of developing UC-Ca. To achieve
this goal a predictive model needs to show not only a high accuracy
rate but also a high NPV. In our model the NPV was 100.0%,
showing that it would be expected to identify all high risk partients
correctly. These results suggest that our model may be useful for
improving the efficacy of surveillance colonoscopy for UC patients in
the clinic.

In our previous study, we demonstrated a predictive model for
UC-Ca using a microarray. However, in a microarray analysis it is
difficulr to evaluate the expression of all genes because of the detec-
tion limit for each probe. Genes with low expression levels have to be
excluded from the analysis by the dara-cleaning process used. In fact,
in our previous study, we had to exclude the expression data for
26,181 out of an original 54,675 probes in the final analysis. It is
therefore possible that some important genes may have been ex-
cluded by this process. To overcome these problems associated with
the use of microarrays, we included an additional 149 genes, which
have been shown by others o be important in colon cancer carcino-
genesis, in the present RT-PCR analysis. By analyzing a toral of 189
genes and transcripts, we were finally able to select 20 discriminator
genes whose expression differed significantly between the UC-Ca
and UC-NonCa groups and could therefore be used in a predictive
model.

Of these 20 discriminator genes, 8 were common to the genes
identified in our previous microarray study. These genes included
SAMSNI, SEPWI, EDIL3, and NOL3. SAMSN1 maps to human
chromaosome 21q in a region that frequently shows loss of heterozy-
gosity (LOH)} in lung cancer, and a recent study reported that
SAMSNI may act as a possible tumnor suppressor gene for lung can-
cer.*® EDIL3 is a member of a family of extracellular matrix proteins

Toshiaki Watanabe et al

with multiple endothelial growth factor (EGF)-like repeats.”” The
molecular function of the SEPW1 protein is unknown to date, bura
role as an antioxidant has been proposed based on its ability to bind
glutathione.”® Other studies have demonstrated overexpression of
EDIL3 in hepatocellular carcinoma and SEPW1 in breast can-
cer.””*” However, the roles of SAMSN1, EDIL3 and SEPW1 in
colorectal carcinogenesis remain unknown, NOL3 an is inhibitor of
apoptosis,”® whose expression is markedly increased in the epithe-
lium of primary human breast cancers compared with benign breast
tissue and is also known to be high in colon cancers compared with
adjacent benign colonic tissue.”® Because the ability of cells to escape
apoptosis is critical during carcinogenesis, NOL3 may play an im-
portant role in UC-associated carcinogenesis.

This study also selected 12 new genes that were not among the
previous 40 predicror genes identified. These genes included
CYP27B1, RUNX3, CXCL9, ITGB2, and LYN. CYP27BI plays an
important role in calcium homeostasis by catalyzing the synthesis
of the active form of vitamin D. Vitamin D prevents proliferation
and induces apoptosis in colon cells, and an insufficiency of this
vitamin is associated with an increased risk of colorectal cancer,?
Ogunkolade et al. showed that concentrations of CYP27B1
mRNA were similar in colon cancer samples and in nonneoplastic
colon samples from individuals without cancer, but were signifi-
cantly lower in the nonneoplatic mucosa of patients with can-
cer.”’ They suggested that the downregulation of CYP27B1 could
contribute to cancer risk. Our study has also shown that
CYP27B1 expression in nonncoplastic colon tissue was signifi-
cantly lower in patients with UC-Ca than in cancer-free patients.
Together with the results from Ogunkolade er al., our results
suggest that the downregulation of CYP27B1 may indeed indi-
cate an increased cancer risk in UC-Ca patients. RUNX3 is in-
volved in the transforming growth factor B (TGE-B)-induced

233 and is known to act as a tumor

tumor suppressor pathwa
suppressor gene in gastric cancer.>® Previous studies reported that
changes in RUNX3 gene expression were also found in a number
of cancers including breast, lung, hepatocellular, prostate, bile
duct, pancreatic, and colon cancers.>?>* However, to dare, ge-
netic changes in RUNX3 have not been reported during UC-
associated carcinogenesis and this study is the first to show the
upregulation of RUNX3 expression in UC patients. CXCLY is an
antiangiogenic chemokine that has previously been shown to be
overexpressed in colon cancer®® and the expression of ITGB2 has
been shown to correlate with clinical course of colorectal cancer
after surgery.*® LYN is a member of the Src family tyrosine ki-
nases (SFK) and a negative regulator of apoptosis in various cell
types. LYN plays an important role in cellular proliferation and
metastasis in many human malignancies and the overexpression
of LYN in colon cancer cell lines has been shown to induce
chemoresistance.”” Although these genes have been reported to be
closely related to carcinogenesis in various cancers, a relationship
to UC-Ca has not been reported previously. This study suggests
that these genes may have important roles in UC-associated
carcinogenesis.

One possible limitation of this study is the relatively small number
of patients used, so that we could not validate the accuracy of our
predictive model. To further confirm the accuracy of the model, we

(linical Colorectal Cancer June 201]

—206—

139



140

Predicting Ulcerative Colitis-Associated Cancer

I uc-Ca ¢ uc-NonCa
-2.2 0 2.2
8| 0.50 050 040 020 0 ~0.20 ~0.40 ~0.60 ~0.80
0.40 @ m%%
o . g
ey
&032%; . . H s @ - 0.40
0" @@ Sl em @ uC-NonCa
00 @ @ Yo.Ca
o . i 20 @ UG-
-§10 @ : Qé a0
%@ 6@ & && RN X: PCA component 1 (69.17% variance)
M N . 0) .
ﬁ:} @ o0 Y: PCA component 2 (13.89% variance)
,&% B— VSIS S Z: PCA component 3 (6.80% variance)
-0.3%. : oo\ ~0.20
-0.20 S : \\
-010 ; 030
0. ~ ,
010 ~0.40

0.20 s ) .
080 060 040 020 0 -0.20 -040 -0.60 «0.80\2

will need to validate the predictive value of the present model by use
of an independent test set of patients to show clear robustness in a
prospective trial. A second important point concerns the number of
genes we have used for this predictive model. We derived this model
using 20 discriminator genes, but in a dlinical setting, using a smaller
number of genes would be more practical. We therefore investigated
using a smaller number of predictor genes and found that the same
accuracy was obrained when we used 16, 17, 18, 19, or 20 of the
top-ranked genes. This clearly suggested that we could reduce the

Clinical Colorectal Cancer June 2011

number of predictive genes to 16. However, using any fewer predic-
tor genes resulted in reduced accuracy for the predictions made by
the model.

Conclusion

Based on the expression levels of 20 genes in the nonneoplastic
rectal mucosa of UC patients, we have been able to predict the de-
velopment of UC-Ca in patients with high accuracy. To our knowl-
edge, this is the first study to show that RT-PCR analysis can be
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useful for accurately predicting the development of UC-associated
neoplasms. This model may be useful for improving the efficacy of
surveillance in UC. However, as the number of patients in this study
was limited, the results need to be validated in a prospective study
with a larger number of padents. Furthermore, the role of discrimi-
nator genes in UC-associated carcinogenesis needs to be clarified and
this may provide useful directions for future research into the molec-
ular mechanisms of UC-associated cancer.
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Abstract

Purpose Crobn's disease (CDY) commonly recurs after surgery,
and a number of patients need repeated surgery, especially
smokers and those with repeated surgeries or penetrating
disease. Whether infliximab prevents postsurgical recurzence
in high-risk CD remains unknown. In the present pilot open-
labeled study, we investigated the safety and efficacy of sched-
uled infliximab, which was started early after surgery, in main-
taining remission of CD patients who have undergone multiple
surgeries due to penetrating disease.

Methods Eleven patients (nine male, two female; age range,
26-48 years) who had undergone repeated surgeries (medi-
an, 4; range, 2--5) for penetrating discase were enrolled. Two
to 4 weeks after surgery, the patients were started on intra-
venous infliximab (5 mg/kg) at an 8-week interval. The
primary end points were the proportion of patients in clinical
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remission at the end of the study, the rate of endoscopic/
radiologic remission at 24 months, and the rate of adverse
effects.

Results One patient dropped out due to non-compliance,
and ten patients were eligible for analysis. Clinical remis-
sion was maintained in six of ten patients (60.0%) at the end
of the study. At 24 months, four out of ten patients were in
endoscopic or radiological remission (40.0%). Two patients
experienced adverse effects (18.2%), one of whom elected
to withdraw from the study.

Conclusion The findings of no major safety concemn and
possible clinical benefit in our study suggest that further
investigation of infliximab as a treatment for prevention of
postsurgical recurrence in high-risk CD is warranted.

Keywords Crohn's disease - Infliximab - Maintenance -
Postsurgical recurrence

Abbreviations

CD Crohu's disease

IBD Inflammatory bowel disease
5-ASA 5-Aminosalicylic acid

CDAI  Crohn's disease activity index

Introduction

Crohn's disease (CD) is a chronic inflammatory bowel disease
(IBD) characterized by periods of remission interrupted by
episodes of clinical relapse due to recurrent intestinal inflam-
mation [1]. The pathogenesis of CD reflects dysregulated
interaction among environmental factors, intestinal flora, and
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genetic susceptibility factors within the immune system,
which triggers inflammatory activities in the intestinal mucosa
[2-4]. Lesions of CD are characterized by trans-mural inflam-
mation of potentially any section of the digestive tract, leading
to various intestinal and extra-intestinal manifestations that
often need surgery {3, 51

The natural behavior of Crohn's disease is characterized
by recurring active disease interrupted with periods of inac-
tive disease and remission [5]. Approximately 75% of
patients with CD require surgery during their lifetime. Sur-
gery is not curative, since the disease almost invariably
recurs due to the pan-enteric nature of CD. More than
80% of patients with CD develop endoscopic recurrence
1 year after surgery if they are not given any prophylactic
treatment [6]. Clinical relapse occurs in approximately 50%
of patients 5 years after surgery. The rates of recurrence
requiring re-surgery have been reported to be 25% to 35%
at 5 years and 40% to 70% at 15 years [7]. The risk for
recurrence is higher for ileocolonic disease (50% at 5 years)
than for ileal disease and higher for perforating disease than
nonperforating disease [8, 9]. Furthermore, penetrating dis-
ease, multiple surgeries, and smoking have been reported as
risk factors of disease recurrence. There is concem that
reoperative surgery for Crohn's disease leads to a higher
rate of major postoperative complications and ultimately
the development of short bowel syndrome.

Conventional medications including 5-aminosalicylic acid
(5-ASA), prednisolone (PSL), and immunomodulators like
azathioprine/mercaptopurine have been used for many years
in the treatment of active CD [10]. 5-ASA, metronidazole, and
immunomodulators are also used for the maintenance of re-
mission [11, 12]. However, a certain number of patients will
experience relapse that requires surgery. Therefore, there is a
need for effective and well-tolerated therapies for prevention
of relapse in CD. Recently, anti-tumor necrosis factor agents,
including infliximab, have been shown to be effective in
inducing and maintaining remission in CD [13]. Several
studies have shown that infliximab is effective in the pre-
vention of postsurgical relapse in CD. Reguiero et al.
evaluated whether infliximab reduces postoperative re-
currence in CD in a placebo-controlled study [14]. They
reported that infliximab therapy (started within 4 weeks
of surgery and continued for 1 year) was effective in
preventing endoscopic and histological recurrence at
1 year after surgery. Yamamoto et al. showed that infliximab
had suppressive effects on clinical and endoscopic recurrence
in patients with early endoscopic lesions after 6 months of
surgical resection [15]. Both of the studies showed fa-
vorable outcome towards infliximab in the prevention of
relapse after surgery. However, in those studies, only a
small number of patients had undergone multiple surgeries
before infliximab. Emerging data suggest that patients with
multiple surgeries or penetrating disease and smokers are at
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high risk for postoperative CD recurrence [8, 9], Whether
infliximab can prevent recurrence in patients who are at high
risk for re-surgery, such as those with 2 history of multiple
surgeries and penetrating disease, remains elusive.

The present prospective pilot study was performed to
evaluate the tolerability and efficacy of infliximab to
prevent postsurgical recurrence in CD patients with a
penetrating disease phenotype who have undergone mul-
tiple surgeries,

Methods

This pilot study was an open-labeled, prospective study
aimed at evaluating the safety and efficacy of infliximab to
prevent postsurgical recurrence in CD patients who have
undergone multiple surgeries. The study period was from
April 2003 to June 2008. The protocol and patients' in-
formed consent forms were reviewed and approved by the
hospital's Institutional Review Board. The study was con-
ducted in accordance with the Declaration of Helsinki, in
compliance with the consolidated Good Clinical Practice
guideline and the applicable regulatory requirements.

Patient population

Male or nonpregnant female CD patients older than 12 years
at Keio University Hospital, Kitasato Institute Hospital, and
Kyousai Tachikawa Hospital who had undergone multiple
surgeries (22) were eligible. The latest surgery had to be
radical (i.e., it completely removed the macroscopically in-
volved intestine). Patients were screened and, if they met the
criteria below, were recruited to the study.

Preoperative assessments with colonoscopy and bar-
wm studies were required to rule out active disease
outside the operated location. Patients without suffi-
cient preoperative evaluation were excluded. Patients
with leukopenia (leukocyte count <3,000/uL), serious
heart or kidney disease, coagulation/liver disorder, and
infection were excluded. Those who developed surgical
or postsurgical complications such as ileus, wound
infection, or anastomosis leakage were not recruited.
Chest X-ray and Mantoux tuberculin skin test were
performed to exclude tuberculosis infection. Oral main-
tenance treatment was permitted if given at a stable
dose for at least 8 weeks before the surgery for 5-ASA
and immumomodulators (mercaptopuring), and was contin-
ued at the same dose postoperatively. Patients already receiv-
ing infliximab before surgery were excluded. Doses of PSL
were allowed to be tapered by the clinician's decision after the
surgery. Concomitant medications, used for other diseases
than CD, which did not violate the protocol inclusion, were
allowed.
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Treatment and follow-up

Infliximab (5 mg/kg) was started 2-4 weeks after surgery
and continued every & weecks. Premedication of hydrocorti-
sone (50 mg iv) was given to every patient before infusion.
The duration of infusion of infliximab was 2 h in every case.
With respect to the CD disease status, at each visit {every
8 weeks), diaries were reviewed, and clinical and laboratory
assessments were performed to assess Crohn's disease activity
index (CDAT).

Outcomes

Primary end point The primary efficacy parameter was the
rate of patients maintaining clinical remission at the end of
the study period (June 2008). Patients were defined as
having a clinical relapse when they experienced a 250
increase in CDAI compared to baseline. This criterion was
applied, since the majority of patients were having frequent
bowel movements, despite curative surgery, which may
have contributed to high CDATI at baseline. When patients
withdrew due to adverse effects, they were defined as treat-
ment failure as well.

Secondary end points The secondary efficacy parameter
was the rate of endoscopic or radiological remission at
24 months and the cumulative risk of surgery before and after
the introduction of maintenance infliximab therapy. The en-
doscopic score developed by Rutgeerts was used to assess
endoscopic remission [6]. Briefly, the scores were as follows:
10, no lesions; i1, five or fewer aphthous lesions; i2, more than
five aphthous lesions with normal mucosa between the lesions
or skip areas of larger lesions or lesions confined to the
ileocolonic anastomesis; i3, diffuse aphthous ileitis with dif-
fusely inflamed mucosa; and i4, diffuse inflammation with
large ulcers, nodules, and/or narrowing. Endoscopic remission
was defined by a score of i0 or il. For those patients who
could not be assessed by ileocolonoscopy, a double-contrast
barium small-bowel follow-through study was performed.
The results were assessed by the performing radiologist, and
patients were defined as remission, when there was no sign of
active lesions due to Crohn's disease. When there were aph-
thous, discrete, or longitudinal ulcers, strictures, or any other
lesion related to Crohn's disease, it was regarded as recur-
rence. Ileocolonoscopy and double-contrast barium follow
through were performed and scored by a blinded physician.
The incidence and severity of adverse side effects were also
analyzed during the study period.

Statistical analysis

When appropriate, data are presented as mean=SE values.
The survival curve was assessed by the Kaplan—Meier

method, and the rate of surgery pre- and post-infliximab
was assessed by the Mann—Whitney test. For statistical
analysis, data were processed by using SAS software (SAS
Institute, Cary, NC, USA), and graphs were created with
GraphPad Prism (GraphPad Software, La Jolla, CA, USA).
P<0.05 was considered statistically significant.

Results
Participant flow and follow-up

A total of 11 patients who had undergone two or more surgeries
were enrolled in the study. The median number of surgery per
patient was 4 {range, 2-5; mean, 3.36). Of the 11patients, none
had operative or postoperative complications, and none was
lost to follow-up. Nine patients (81.8%) were taking immuno-
modulators (mercaptopurine) preoperatively. The dose of mer-
captopurine was 0.5 mgfkg which is the suggested dose in
Japanese IBD patients defined in a previous study [16]. The
two patients who were not taking mercaptopurine preopera-
tively had a history of intolerance in the past (nausea and liver
dysfunction, respectively). Three patients were taking PSL
preoperatively. The reasons for the most recent swrgery were
active disease with stricture and abscess in four, entero-
cutaneous fistula in one, entero-cutaneous fistula with abscess
in three, and enterc-enteral fistula in three. Full patients'
demography is presented in Table 1. Detailed characteristics
of each patient are depicted in supplementary Fig. 1.

The flow chart of the study is shown in Fig. 1. One patient
dropped out due to non-compliance after the third infliximab
infusion {6 months) and withdrew from the study. Two
patients developed infusion reactions (hypotension, dyspnea,
and fever) at their second and third infusions, respectively.
The former patient elected to withdraw from the study at
4 months. Treatment failure was defined as either disease
relapse or withdrawal because of adverse effects.

Table 1 Baseline characteristics

Characteristics
Sex (male/female) 9:2
Age (years, range) 34.1 (26-48)
Duration of CD (months, range) 134.4 (48-204)
Disease location (ileum/ileccolonic) 47
Anal lesions () 9
Number of previous surgeries {median, range) 4 (2-5)
Use of 5-ASA (n} i1
Use of steroids {n) 2
Use of immunomodulators (mercaptopurine) (r) 9
Smokers (i) 3
€ springer
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Fig. 1 Flowchart of the study

Total number of patients enrolled, n = 11

M

Maintenance infliximab every 8 weeks

» Drop outaté months, n = 1

Adverse effect at 4 months, n =1
Relapse at 8 months, n= 1
Relapse at 16 months, n =1
Relapse at 20 months, n =1

Patients In clinical remission at 24 months, n=6
Co!onosgqpy or barlum fotlow through

Continue follow up till the end of observation period

Primary efficacy evaluation

As stated above, one patient dropped out due to non-
compliance at 6 months and was removed from analysis
(Fig. 2). As per protocol, six out of ten patients (60.0%)
maintained clinical remission at the end of the study. The
median follow-up period was 33 months (range, 4-65). One
patient relapsed at 8 months, due to an entero-enteral fistula
accompanied with bowel obstruction, and required re-
surgery. This patient also developed an infusion reaction.
One patient relapsed at 16 months due to a bleeding ulcer at
the ileocolonic anastomosis. Another patient developed a
gastric ulcer at 20 months which upon immunchistochem-
istry showed granulomas and was diagnosed that it was
caused by Crohn's disease. Prior evaluation did not show
any upper gastrointestinal lesion in this patient, and it was
presumed that this lesion developed during infliximab treat-
ment. Both of the patients were given three induction infu-
sions (0, 2, 6 weeks) of infliximab followed by maintenance
infusions every 6 weeks to re-induce and maintain remis-
sion. One patient who developed an infusion reaction at her
second infusion (4 months) refused to continue the study.

Secondary efficacy evaluation
Six patients who had maintained clinical remission either

underwent ileocolonoscopy or double-contrast barium fol-
low through by a blinded physician at 24 months. Of the
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four patients who underwent ileocolonoscopy, one patient
had multiple small ulcers on both sides of the ileocolonic
anastomosis (i2), and another patient developed a fistula at
the ileocolonic anastomosis. The two patients who under-
went double-contrast barium follow through had no active
lesions. As per protocol, four out of ten patients (40.0%)
were in endoscopic or radiological remission at 24 months.
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Fig. 2 Changes in the proportion of patients in clinical remission by
maintenance infliximab shown with the Kaplan-Meier method. One
patient dropped out due to non-compliance at 6 months and was
removed from analysis. During the follow-up period {mean,
26.8 months; range, 4-65), six of ten patients (60.0%) maintained
remission. One patient relapsed at 8 months, due to an entero-enteral
fistula accompanied with bowel obstruction and required re-surgery.
One patient relapsed at 16 months due to a bleeding wlcer at the
ileorectal anastomosis. Another patient relapsed at 20 months due to
a bleeding giant pastric ulcer caused by Crohn's disease. One patient
withdrew from the study at 4 months due to infusion reaction
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The cumulative risk of surgery before the current study was
0.43/patient-year (95% confidence interval (CI) 0.26 1o 0.59)
in the present patient population (Fig. 3). The risk decreased to
0.2 1/patient-year after the initiation of maintenance infliximab
treatment (95% CI 0.30 t0 0.73, P=0.015). This suggests that
infliximab, if given early after surgery, may prevent re-suigery
in patients who are at high risk of relapse.

Regarding safety and tolerability, two patients experienced
infusion reactions {18.2%), one of whom refused to continue
the study, and the other was successfully treated with acet-
aminophen and chlorphenylamine. One patient (9.09%)
dropped out due to non-compliance after the third infliximab
infusion {6 months), though he did not have any side effects.
No serious infection or malignancy occurred during the study
period. However, one patient (9.09%) experienced herpes
zoster infection after the sixth infliximab infusion, which
was successfully treated with oral valaciclovir.

Discussion

The present pilot study was performed to seek the efficacy and
tolerability of scheduled infliximab in maintenance of remis-
sion of CD patients with a penetrating disease phenotype who
have undergone multiple surgeries. We have shown that main-
tenance treatment with infliximab prevented clinical and en-
doscopic/radiological recurrence in 60% and 40% of patients
who are at risk for recurrence, respectively.

Recently, several studies have shown that infliximab is
effective against postoperative recurrence of CD. Reguiero
et al. reported that infliximab prevented endoscopic recur-
rence at 1 year in more than 90% of patients {14}, Sorrentino
et al. reported that patients treated with infliximab and low-
dose methotrexate showed no endoscopic or clinical recur-
rence after 2 years [17]. No patient required re-surgery in
their studies. In the present study, one patient required re-
surgery due to recurrence of CD, and 60% of patients had
maintained a clinical remission, which are contradictory to
the previous reports. The patient population in our study
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Fig. 3 Changes in the cumulative numbers of surgeries before and
after the introduction of maintenance infliximab therapy. The cumula-
tive risk of surgery before the current study was 0.41/patient-year in the
present patient population. The risk decreased to 0.21/patient-year afier
the induction of maintenance infliximab treatment (P=0.015)

may have carried a higher risk of recurrence; however, the
cumulative risk of surgery in our series of patients still
decreased from 0.43/patient-year before the current study
to 0.21/patient-year after the introduction of maintenance
infliximab. This suggests that infliximab, if given early after
surgery, may prevent re-surgery in patients who are at high
risk of recurrence.

In the present pilot study, we only included patients with
penetrating disease phenotype who had a history of multiple
surgeries. This population carries higher risk of disease
recurrence and needs proper prophylaxis to avoid further
surgery to prevent future complications, such as short bowel
and malnutrition. Smoking and female gender are also risk
factors for postsurgical recurrence, and, in fact, three of the
patients who smoked did continue to do so afier the surgery.
One of the smokers and one of the females experienced
recurrence, respectively, which may have affected the results
of our study. Infliximab was administered 2 to 4 weeks after
surgery and subsequently continued every 8 weeks. We
chose this regimen, because it has been reported that endo-
scopic recurrence may occur early after surgery, and the
main purpose of this study was to assess the efficacy of
infliximab in maintaining surgically achieved remission, but
not inducing remission. Thus, we started infliximab at an
8-week interval and not with the 0-, 2, and 6-week induc-
tion schedule as in Reguiero’s study [14]. Administering
infliximab with an induction schedule may improve out-
come and should be considered in future studies. We did
not check serum infliximab level or antibody against it in the
current study; however, this issue should be taken into
account in future studies, since they may guide subsequent
treatment decisions.

The recurrence rates were relatively higher in our patient
population compared to previous studies; however, the history
and characteristics of our patient population suggest that with-
out proper prophylaxis, they were highly likely to experience
recurrence and re-surgery. One explanation for the discrepan-
cy in the recurrence rate is that we only included patients who
have undergone multiple surgeries due to perforating disease,
who may have had higher risk of recurrence. Furthermore, the
follow-up period was longer in our study, which may have
also accounted for the higher recurrence rate. Majority of the
patients (9 out of 11) continued the preoperative dose of
mercaptopurine in combination with infliximab to achieve as
much clinical benefit as possible. Though the dose of mercap-
topurine used in our patient population was low, we have
previously confinmed its effectiveness in Japanese patients
with IBD.

We are also aware that our pilot study only included 11
patients, and it is difficult to draw a firm conclusion from the
results of our study. The number of participants was limited,
since our inclusion criteria provided that they required mul-
tiple surgeries, penetrating disease phenotype, and should
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not have had any postsurgical complications such as bowel
obstruction, prolonged fever, wound infection, etc. Since our
study was a pilot study, it also lacks a control group, such as
placebo-treated patients. To confirm whether infliximab can
prevent postsurgical recurrence in the current patient popula-
tion, a larger comparative study with a placebo-treated control
group is necessary. )

The results of our study showed that postoperative
scheduled infliximab maintained clinical remission and endo-
scopic/radiologic remission in 60% and 40% of the patients,
respectively. Paradoxically, however, the results of our study
also show that around half of the patients experience either
clinical or endoscopic/radiologic recurrence after surgery de-
spite prophylaxis with infliximab. This reminds us about the
limitations of infliximab in preventing postsurgical recurrence
in high-risk patients and the further need to seek a more
efficacious prophylaxis.

In conclusion, we have conducted a pilot study to assess
the tolerability and efficacy of maintenance infliximab treat-
ment in CD patients, with a penetrating disease phenotype
who had undergone multiple surgeries and who appeared to
be at high risk for postsurgical recurrence. Though our study
population was small, it showed that infliximab was well
tolerated and prevented recurrence in more than half of the
patients. This indicates that infliximab, if given early, may
be capable of changing the natural history of CD patients
who are at high risk of recurrence. A larger-sized, random-
ized, controlled study to firmly establish the safety and
efficacy of infliximab in the prevention of recurrence of
high-risk CD is warranted,
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