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: Glucuronidation represents a major route of drug

detoxification. However, deconjuation of the drug-
glucuronide by intestinal microflora beta-glucuronidase (e
betaG) can reactivate the detoxified drugs and induce
intestinal injury and chemotherapy-induced diarrhea (CID).
CID is the main drawback for cancer patients, which can
occur in 50-80% of patients depending on the chemotherapy
regimen, especially in patients with advanced cancers. For
example, irinotecan (CPT-11), a first-line therapeutic drug
mainly used for the treatment of metastatic colorectal
cancer, has been clinically demonstrated to induce diarrhea
varies 60-80% depending on treatment regime. Currently, the
anti-diarrheal agents or antibiotics were used to reduce
the CID. However, these treatments are not specific to the
e betaG, thus they only have palliative effects to relieve
symptoms. To overcome these problems, we will develop an e
betaG specific inhibitor as oral adjuvant to protect
intestine against chemically-induced toxicity and reduce
CID, thus enhancing chemotherapeutic efficiency. In our
previously result, we have identified a lead compound 57
which can effectively inhibit eG activity but have no
effect on human betaG (h betaG). The inhibition ability of
the compound 57 (IC50 = 0.15 micromolar) is better than
beta-G Inh (a Science-published compound 1, IC50 = 2
micromolar). Importantly, oral administration of the
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inhibitor 57 can inhibit CPT-11 induced weight loss and
diarrhea by blocking intestinal e betaG activity. Based on
these results, we will promote e 8G specific inhibitor 57
(lead compound) to be oral adjuvant 57 (candidate) against
CID. Toward this goal, we have the following aims based on
the suggestion of NRPB and the Gap Analysis report. (1)
Examine the in vivo anti-tumor efficacy of CPT-11 combined
with the e 8G specific inhibitor 57. (2) Optimal
formulation of the e 3G specific inhibitor 57 as oral
adjuvant for chemotherapy. (3) Examine the pharmacokinetics
and toxicity of the oral adjuvant 57 towards IND enabling
studies. We believe, upon completion, the e G specific
inhibitor 57 as an oral adjuvant will reduce chemotherapy-
induced toxicity and improve patients’ quality of life.

beta-glucuronidase, intestinal beta-glucuronidase specific
inhibitor, oral adjuvant, chemotherapy induced diarrhea
(CID), reduce side-effect, enhancing chemotherapeutic
efficiency
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Glucuronidation represents a major route of drug detoxification [1]. However, deconjuation of the
drug-glucuronide by E. coli B-glucuronidase (eBG) produced in the intestinal microflora can reactivate the
detoxified drugs and induce sever toxicity resulting in intestinal injury [2]. Chemotherapy-induced diarrhea
(CID) is one of the main drawbacks for cancer patients, which can occur in 50-80% of patients depending on
the chemotherapy regimen, especially in patients with advanced cancers [3]. Severe diarrhea may result in
dose reductions or even cause the interruption of chemotherapy [4]. Several chemotherapy agents, such as
Epirubicin [5], Fulvestrant [6], and Thalidomide [7] which are detoxified through glucuronidaiton have been
reported to cause CID. Irinotecan (CPT-11), a first-line therapeutic drug mainly used for the treatment of
metastatic colorectal cancer, has been clinically demonstrated to induce diarrhea varies 60-80% depending on
treatment regime [3, 8, 9]. The main mechanism of CPT-11-induced diarrhea is due to its activation and
subsequent metabolism. CPT-11 is a prodrug that is hydrolyzed to the active topoisomerase 1 inhibitor, SN-38.
SN-38 subsequently undergoes glucuonidation in liver to form SN-38 glucuronide (SN-38G) [10], which is
excreted into the gastrointestinal tract. When SN-38G reaches the intestines, it is subjected to efG that
converts SN-38G back to free SN-38, and thus inducing diarrhea during cancer chemotherapy [11-13]. This
intestinal injury is debilitating and a potentially life-threatening side effect that have significant effects
on patients’ quality of life [4]. Therefore, inhibiting the intestinal eBG activity may decrease exposure of
the intestine to the re-activated glucuronide drugs, thereby protecting intestines from injury, reducing
CID, and enhancing the therapeutic index (Figure 1).

Currently, available treatments against CID are antidiarrheal agents such as loperamide or octerotide in

clinical [14, 15]. However, since these treatments are not specific to efG, they only have palliative

effects to relieve symptoms, and the outcomes are sometimes limited and not effective [16]. There are

several approaches indicating that inhibiting G activity can reduce CID in vivo [17]. Inhibition of intestinal
BG by antibiotics (streptomycin/penicillin or neomycin/bacitracin) reduced CPT-11-induced diarrhea in vivo
[18-20]. Unfortunately, antibiotics will kill all native gut floras, including probiotics within the digestive tract,
which is not recommended to chemotherapeutic patients. Glucaro-1,4-lactone, a specific fG inhibitor, has
been shown to alleviate CPT-11-induced mucosal damage in the small intestine in vivo [2]. However,
glucaro-1,4-lactone preferentially inhibits human BG (hBG) activity [9], which will induce
mucopolysaccharidoses (MPS) [21]. Although these approaches for eBG inhibition have been proposed to
reduce CID in vivo, there are drawbacks and limited to be applicable for clinical use. Therefore, it is strongly

needed for an effective anti-CID treatment to increase therapeutic efficacy and improve patient’s quality of

life. In order to reach this goal, our strategy is to develop an eBG specific inhibitor as oral adjuvant to
protect intestine against chemically-induced toxicity and reduce CID, and thus enhancing
chemotherapeutic efficiency (Figure 1).

In previously, we have identified eBG specific inhibitor 57 which can selectively block intestinal efG

activity without effects on hBG. Moreover, oral administration of eBG specific inhibitor 57 can reduce

CPT-11-induced diarrhea and weight loss. Therefore, the eBG specific inhibitor 57 is a good candidate to be

further developed as oral adjuvant against CID. In order to promote eBG specific inhibitor 57 (lead
compound) to oral adjuvant 57 (candidate) against CID, we have the following aims based on
suggestion from the NRPB and the Gap Analysis report: (1) Examination of the in vivo anti-tumor

efficacy of CPT-11 combined with eBG specific inhibitor 57. (2) Optimal formulation of efG specific
1



inhibitor 57 as oral adjuvant for chemotherapy. (3) Examination of the pharmacokinetics and
toxicology of oral adjuvant 57 towards IND enabling studies. We believe that inhibitor 57 is an ideal eBfG
specific inhibitor to fulfill the demands for drugs that are able to prevent intestinal damage eliminating
diarrhea induced by chemotherapy. Inhibitor 57 is indeed a potential chemotherapy-adjuvant to prevent CID

and improve the chemotherapy index.

SN-38
(Active metabolites of CPT-11)

Liver C-
UG} | Inhibitor 57
’ Chemotherapy-induced diarrhea ¥ o

" Chemotherapy efficacy #

SN-38G %
Diarrh
Intestine Cp mmy ‘oot

SN- 386 Intestinal toxicity
(Inactive drug) SN38
(Active drug)

Figure 1. Development of E. coli p-glucuronidase specific inhibitor 57 reduces chemotherapy-induced
diarrhea enhancing the chemotherapeutic index. Irinotecan (CPT-11), a clinical used chemotherapy drug to
treat colon cancer, will be activated to SN-38, which then is inactivated to SN-38G by
UDP-glucuronosyltransferase (UGT) via glucuronidation in the liver. SN-38G is sent to the intestines and
converted back to SN-38 by E. coli B-glucuronidase (efG) and thus causing diarrhea and intestinal toxicity.
Therefore, specific efG inhibitors are expected to block the efG activity and thus reducing
chemotherapy-induced diarrhea and improving chemotherapy efficacy.

The potential for commercialization and marketing of eBG specific inhibitor 57

The Spectra Intelligence published report indicating that the marketing of chemotherapy are about
USD#$42 billion. Several chemotherapy agents, such as Epirubicin, Fulvestrant, and Thalidomide have been
reported to cause CID. The Evaluate™ website reported that the world sales of Irinotecan is USD$17 million
and Epirubicin is USD$18 million in 2011. The DrugAnalyst website estimated that the world sales of
Fulvestrant is USD$654 million and Thalidomide is USD$302 million in 2012. We believe that successfully
development inhibitor 57 as oral adjuvant which combined with Irinotecan-based therapy will worth at least
the same market of Irinotecan. For the other of the chemodrugs, the market for inhibitor 57 is estimated at
USD$21~33.6 billion. Therefore, inhibitor 57 has great potential and is valuable to be promoted to clinical

use.
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Checkpoint Items Description
(&7 2k) (B35 7)) (FE3-2 %35 P 2 i & 477))
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Specific aim 3: Examine the pharmacokinetics and toxicology of eBG specific inhibitor 57 towards IND

3-1

3-4

enabling studies.
In vitro ADME study of oral adjuvant 57. (metabolism, suitability, distribution, drug-drug
interaction). (£ 7 # & » A§47)
B3R d NRPB/J 3R P B PRIZAF T L H £ 7 7 L AR F TR FHE
FBFFHS 0 Fd BT EEF

28 TRIE G

‘%&?

Single/ multiple oral PK study of oral adjuvant 57.
% 32DCBF| * f fic > 3] (DMA:PG:HPBCD:H20 = 3:10:25:62)i& 7 % if FBGHr+]#/572 H — &
BEF G Bk 20 S4TAMIT F o PR LR RIS A FRAEA T

Genotoxicity test of oral adjuvant 57.
% A RIER Y I FPGIT ] MISTL R h R A 3% (Ames test) ©
;Eljéé E% S‘E' *E‘:]"BG;}'L'P#;YJ)?IJ57_7\ F% lE’ :%‘ JI‘:}_ ~ E;’( f&y’@ﬂ; )

Cardiac safety assay of oral adjuvant 57. (hERG act|V|ty assay) (£ 7 7 & ° #3147
BIEEd NRPB] 3F 4 P RBRBAR 7> L H = 4% 7 L AN 7258 FH e%#ﬁv* g
*Ii‘l'_ﬁ,%mé«’ﬁ—dxé.g?%séﬁ"

In vivo toxicity study of oral adjuvant 57. (body-weight loss, GOT/GPT, et al.)
2o REE Y A FPGI I AIST2 A & MR E( L R )
4 22DCBA| * g fiz & #| 1] (DMA:PG:HPBCD:H20 = 3:10:25:62) % = #. * 7% L W & B3 ©
% 32DCBF| * g e = | 3] (DMA:PG:HPBCD:H20 = 3:10:25:62):& {7 H - 4| & (90 mg/kg)& iR
e
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%3 FIBG Frl R 57 2 TR B -

WHET R IGLAST 0 LI AP HPLC AR MR BEBT 0 LR FH S E 0L RN 5T D

% i FiPG $ril# 57 2 T H A HiE 2 £ F - (Table 1 > Table 2)

% 2 DCB i& 7 #r #| #& 57 e pre-formulation ¢ fie = & 4] 4p M E2 % > | * ¢ fe > & A
(DMA:PG:HPBCD:H20 = 3:10:25:62)k & 7 i£ 10 mg/ml > # ¥ 372 R R T % 4 % M AiFH £
}i o

% 3 FIBG FrlA 57 2 M ¢ R R A 7% (Ames test) ©

F1#* &% %™ = & (Salmonella typhimurium) 2 & f& ¢ % 4 53] F#R(e 7 TA98 ~ TA100 ~ TA1535
feTA1537 = R FtR):E 7385 o % Bom 0 P& 57 2 iE BIFER TR RREFBEEDER -
% 3 FBG Fr4lA 57 24~ & }R[3E - (Figure 1 ~ Figure 2)

A & ] B (APC™™ )\ fr 43 57 (3 mg/kg/day)id 20 % - & X BB E 1L T BTN ipdk-
SAT WL TR R AP R A h R IR 57 2 EP A

% g FPG #r IR 57 2 i F & - RUEH4 BIE o (Figure 3 ~ Figure 4)

A G 4FF % iE MER 2 A T4 By ] BL(APCT™ ) de 4] & 57 (6 mg/kg/day)E ¥ = = o i ¢
#| DMH (30 mg/kg)# ¥ — = » R A4 ¥ o 4R KRR AR ECP 775 Fral A 57 2 RORE
S RRBA O MSFFIRST A EEFEBLE 0 £ L4 SRR RS L2 okk

% 3E FPBG A 57 2 &+ F XL A £ Rl o (Figure 5)

% 3~ DCB & (7 Fr4 & 57 ** < B2 &~ % LA & BF > 2 30 mg/kg ~ 60 mg/kg ~ 90 mg/kg 2. #| &
AREG- AR BEHET TR EI AR P G2 KERER P T
BT 90mg/kg 2 HEM A S S FEF M A P E AFE - BEF HRIE
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Table 1 % i FBG #r]

A 57 2 FEfe > A A & F

B FRRRR

eBG (concentration target at 10 mg/mL)
WT (mg) Solution Result | Dilute composition
DMA 15 uL+PG 30 ul+ 10%
. DMA:PG:Cremophor:H20
3.121 Cremophor in H20 150 uL + H20 105 (0] 1/10 OK
=5:10:5:80
ul
DMA 10 uL+PG 20 uL+ 10% Tw80Q in DMA:PG:Tw80:H20
2.092 o] 1/10 OK
H20 100 uL + H20 70 uL =5:10:5:80
DMA 10 uL+PG 20 uL+ 10% Solutol DMA:PG:Solutol:H20
2.076 ) (o] 1/10 OK
in H20 100 uL + H20 70 uL =5:10:5:80
DMA 10 uL+PG 30 uL+ 50% HPBCD DMA:PG:HPBCD:H20
2.117 o] 1/10 OK
100 uL + H20 60 uL =5:15:25:55
DMA 6 uL +PG 20 uL+ 50% HPBCD DMA:PG:HPBCD:H20
2.035 0 1/10 OK
100 uL + H20 74 uL =3:10:25:62

O: soluble; X: insoluble

A 9 3% B~ DMA:PG:HPBCD:H20 = 3:10:25:62 i& {7 {& 2% » &
10 B8 > mvE mIFFeG R 57 2% 2R ﬁ#}s 7R G o

BAfERT 2 10mg/ml ¥ J\ﬁ:‘

Table 2 % i PG $r4|#] 57 *> ¢ fe > H| A 4& T3 Rl

Temp. 5C 25C 40C
Time(weeks) 2 4 2 4 2 4

283062 289157 379987 400497 389205 372248
peak area 284210 291819 381680 403498 392591 367038
283223 293224 377844 405811 392440 367134
AV 283498 291400 379837 403269 391412 368207

Con.(mg/mL) 7.30 7.51 9.79 10.39 10.08 9.50
Remaining 73.04% 75.07% 97.86% 103.89% 100.84% 95.02%

$-Fr | | 57 ;% 3t 2 3¢ fe > &) (DMA:PG:HPBCD:H20 = 3:10:25:62) (10 mg/ml) »

25°C ~ 40°C %

2-4%
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