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\ @ Anti-cancer Chemotherapy or Radiation Therapy
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Glutamine Is Essential for Repair
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Mechanisms of enteral and parenteral
glutamine (GLN) supply
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IV glutamine 1ncreasing serum
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Fig. 2. Graphic illustration of plasma glutamine {Gin) response with parenteral {-a-) or
enteral (-e-) infusion of Ala=GIn. Mean value was significantly differant from that at baseline
[*P<0.05), Mean value for parenteral nutrition was significantly different from that for entaral
nutrition (tP<0.05).79

British Journal of Nutrition (2005), 94, 19-26
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Glutamine vs Cancer Fatigue

Clinical Nutrition 34 (2015) 12581265

CLINICAL
RN

Contents lists available at ScienceDirect

Clinical Nutrition

journal homepage: http://www.elsevier.com/locate/clnu

Original article

[s glutamine deficiency the link between inflammation, malnutrition, @Cmsswk
and fatigue in cancer patients?™

Marcus Schlemmer °, Ulrich Suchner °, Barbara Schdpers ©, Eva-Maria Duerr *,
Birgit Alteheld 9 Thomas Zwingers ©, Peter Stehle 9" Heinz-Gerd Zimmer

* Department of Internal Medicine Ill, Ludwig-Maximilians-University-Grofhadern, Munich, Germany

b Fresenius Kabi-Deutschland, GmbH, Bad Homburg, Germany

© Schon Klinik, Bad Aibling, Germany

4 Department of Nutrition and Food Sciences — Nutritional Physiology, University of Bonn, Bonn, Germany
® Estimate, Augsburg, Germany

[ Carl-Ludwig-Institute of Physiology, University of Leipzig, Germany



Serum glutamine vs Cancer Fatigue Scale
(CSF)
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Fig. 3. Correlation between Cancer Fatigue Scale (CSF) including physical, affective, cognitive and global fatigue and the plasma levels of glutamine (umol/l).
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Serum glutamine level in TW colorectal
cancer patients

S98 Asia Pac J Clin Nutr 2015;24(4):598-604

Original Article

Relationship between pre-treatment nutritional status,
serum glutamine, arginine levels and clinicopathological
features in Taiwan colorectal cancer patients

TN . 2 =
Y1-Ping Pan BAl, Pei-Hung Chang MD". Chung-We1 Fan MD’, Wen-Ko Tseng MD",
2 ] ! 5 .
Jen-Seng Huang MD". Chih-Hung Chen MD*, Wen-Chi Chou MD". Cheng-Hsu Wang
2 * r
MD, Php”, Kun-Yun Yeh MD, Php’

IDfpm'miem of Nutrition, Chang Giung Memorial Hospital, Keelung and Chang Gung University, College of
Medicine, Taiwan

“Division of Hemato-oncology, Department of Internal Medicine, Chang Gung Memorial Hospital, Keelung
and Chang Gung University, College of Medicine, Taiwan

“Division of Colorectal Surgery, Chang Gung Memorial Hospital, Keelung and Chang Gung University,
College of Medicine, Taiwan

*Division of Endocrinology and Metabolism, Department of Internal Medicine, Chang Gung Memorial
Haspital, Keelung and Chang Gung University, College of Medicine, Taiwan

“Division of Hemato-oncology, Department of Internal Medicine, Chang Gung Memorial Hospital, Kweishan
and Chang Gung University, College of Medicine, Taiwan
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Table 1. Demographic and clinicopathologic data for 164 CRC patients

Variables expressed as number (%) or mean=SD ALL Stage I Stage [T Stage IIT Stage IV p value’
Patient number (%) 164 (100) 37(22.6) 45274 56 (34.1) 26(15.9)
Sex

Men 108 (65.9) 30(81.1) 27 (60.0) 36 (64.3) 15(57.7) 0.10

Women 56 (34.1) 7(18.9) 18 (40.0) 20 (35.7) 11(42.3)
Age 64.0+13.7 6282105 67.6:15.8 64.1£139 65.0=135 042
Location

Colon 109 (66.5) 20(784) 34 (75.6) 32(31.1) 14(53.8) 0.05

Rectum 55(33.5) 8(21.6) 11(244) 24 (42.9) 12(46.2)
Histologic grade differentiations

1 50 (30.5) 19(51.4) 14(31.3) 12(24.1) 5(19.2) 0.02"

2 104 (63.4) 18 (48.6) 20 (64.4) 39 (62.6) 18 (69.2)

3 10(6.1) 00 2(44) 5(8.9) 3(1L5)
BH (cm) ~ 161=88 162£0 3 159=83 162=82 161090 041
BW before diagnosis (kg)' 61.8+112 63 8=118 60.8=11.6 62.0=102 601=117 0.55
BW at diagnosis (kg) 60.3x122 61.9=114 58.7=115 61.7+13.6 57.5=108 0.34
BMI before diagnosis (kg/m’)’ 230+39 24336 23946 24.0+34 23241 0.77
BMI at diagnosis (kg/'m’) 24.4+14.1 23.535 23346 26.8+235 222435 0.46
WBC (cells/uL) 10,517+4.392 10.851=4.403 10.026=3.907 ©.882+3.230 12,261£5,574 0.11
TLC (cells/mm®) 1.424=733 1.618=850 1,390=369 1.434=721 1.174=606 0.13
Hb (g/dL) 12.0+10 12.5:2.2 11519 12.2+19 11.9+13 0.08
Albumin (g/dL) 36207 3.9:04 35208 3.7:0.6 3.2:0.7 <0.0001"
CRP (mg/dL) 24.6+48.0 4065 27.8:425 21.6+52.6 51.7=64.2 0.01
AST (UL) 27.6+22.9 26.7=6.7 27.3+13.8 23,1202 40.8=55.2 0.04"
Glutanune (ng/mL) 04 6+121 123=134 105=130 06.2+11¢ 200+53.1 0.04°

e (ng/ml) | R ) 1Ta=/0.0 THo=800 I12=731 113=00.9 U.Zs

(Ei\_[ng mL) 14252733 23+21 6.0:0.8 7.9+10.9 2081313 0.08
Hospital stay after curative surgery (days) 10.2+17.6 135278 18.0=132 231236 NA 0.03°
3-year progression-free survival rate (%) 6.2 100 033 732 1922 <0.001°

°p value was determined by ANOVA using Bonfersoni adjustments (for age. BH. BW. BML, WBC, TLC. Hb. albumin, CRP. AST. glutamine, arginine. CEA, and hospital stay) or chi-square test (for sex, stage. loca-
tion. histologic differentiation. and progression-free survival rate) for multiple comparisons.

TBW or BMI of patients was obtained at 6 months before diagnosis.

AST: aspartate aminotransferase; BH: body height: BMI: body mass index; BW: body weight;: CEA: carcincembryonic antigen: CRC: colorectal cancer; CRP: C-reactive protein: Hb: hemoglobin; NA: not available;
TLC: total lymphocyte count; WBC: white blood cell

Stagef Albumin, Glutamine, Surrival rate‘, CRPt
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Chemotherapy induced mucositis

Adverseevent-] [ Grade 1 ] [ Grade 2 ] [ Grade 3 ] [ Grade 4 ]
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Treatment: Morphine is the treatment of choice for pain control; cryotherapy or low level laser therapy

was suggested for ulceration.




Chemotherapy—-Induced Mucositis
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CLINICAL INVESTIGATION Head and Neck

DOUBLE-BLINDED, PLACEBO-CONTROLLED TRIAL ON INTRAVENOUS
L-ALANYL-1.-GLUTAMINE IN THE INCIDENCE OF ORAL
MUCOSITIS FOLLOWING CHEMORADIOTHERAPY IN PATIENTS
WITH HEAD-AND-NECK CANCER

Leanoro C. A. Cercuierti, M.D..* Avmepo H. Navieante, M.D., Pu.D..*'
Marmer A. Lurrerar, M.D.." Monica A. Castro, M.D..* Ricarpo Kirchuk, M.D..
MarceLo Bonomi, M.D..** Maria Estaer CaBarar, M.D.," Berta Rot, M.D.,}
GRACIELA NEGRETTI, PuarRM.D..* BEATRIZ SHEINKER. PHARM.D..* AnD Patricia UcaiMa, Paarm.D.f

*Translational Research Unit, "Internal Medicine Depariment, *Radiotherapy Department, Pharmacy Department, Instituto de
Oncologia Angel H. Roffo, Universidad de Buenos Aires, Buenos Adres, Argentina

Purpose: We performed this double-blinded, placebo-controlled study to determine the safety and efficacy of
L-alanyl-L-glutamine in the prevention of mucositis in patients with_head-and-neck cancer.

Methods and Materials: Thirty-two patients with head-and-neck cancer were treated with chemoradiotherapy
(CRT) (radiotherapy daily up to 70 Gy plus cisplatin/5-fluoruracil once a week) and were asked to participate.
Twenty-nine patients received the CRT schedule and were double-blindly assigned to receive either intravenous
L-alanyl-L-glutamine 0.4 g/kg weight/day or an equal volume of saline (placebo) during chemotherapy days.
Results: Fourteen patients received L-alanyl-L-glutamine and 15 received placebo. Mucositis was assessed by the
Objective Mucositis Score (OMS) and the World Health Organization (WHO) grading system. There was a
significant difference in incidence of mucositis developed in patients receiving placebo compared with those who
received L-alanyl-L-glutamine (p = 0.035). The number of patients with severe objective mucositis (OMS >1.49)
was higher in the placebo group compared with the v-alanyl-L-glutamine group (67% vs. 14%, p = 0.007).
L-alanyl-L-glutamine patients experienced less pain (three highest Numeric Rating Scale scores of 1.3/10 vs. 6.3/10
respectively, p = 0.008) and need for feeding tubes (14% vs. 60% respectively, p = 0.020) compared with placebo
patients. No adverse effects related to the drug or the infusions were noted in either group.

Conclusion: For patients with head-and-neck cancer receiving CRT, intravenous L-alanyl-L-glutamine may be an
effective preventive measure to decrease the severity of mucositis. © 2006 Elsevier Inc.

Int. J. Radiation Oncology Biol. Phys., Vol. 65, No. 5, pp. 1330-1337, 2006



Schedule of the antineoplastic
and intervention treatments

Chemotherapy Radiotherapy
One Dose/day/cycle One dose/week

T
I E L] B []

1 5 21 25 356 42 49 56
_ /) AN
\C 4

|_U L-alanyl-l-glutamine 0.4g/kg weight/day or Placebo
[l Cisplatin 100 mg/m?/day1 + 5-FU 1000 mg/m?*/day
[] Cisplatin 30 mg/ m? + 5-FU 300 mg/m?

@ Hyperfractionated radiotherapy

Int. J. Radiation Oncology Biol. Phys., Vol. 65, No. 5, pp. 1330-1337, 2006
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Effect of glutamine and free of

severe mucositis

Table 2. Effect of glutamine on several outcomes

Endpoint Placebo (n = 15) Glutamine (n = 14)

Intensity of objective mucositis developed (mean 3 highest OMS) 1.33 (= 0.4) 0.82(*0.3)
Patients with severe objective mucositis (OMS >1.49) 10 (67%) 2 (14%)
Patients with mucositis WHO Grade 4* 5(33%) 0 (0%)

eed for feeding tube 9 (60%) 2 (14%)
Body weight change, kg (mean) =577(%x2.2) =3.3(£ 2.6)
Hospital admission due to severe mucositis 5(33%) 1 (7%)

Abbreviations: OMS = Objective Mucositis Score; WHO = World Health Organization. i

* Oral alimentation not possible. |

" Wilcoxon rank sum test.

* Fisher exact test.

% 1 test, o
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Free of severe mucositis
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(B) Ghutamine Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% C| M.H, Random, 95% CI
Chattopadhyay 2014 32 35 34 35 121% 0.94 [0.84, 1.06) —r—

Huang 2000 8 8 9 9 4.3% 1.00 [0.81,1.24) —
Huang 2019 29 30 28 20 171% 0.97 [0.88, 1.06) —r
Lopez-Vaquero 2017 19 25 i 24 28% 0.87 [0.66,1.13)
Pachon Ibanze 2018 66 131 7% 13 Mot estimable
Pattanayak 2007 81 81 81 81 47.3% 1.00 [0.98,1.02)
Tsujimoto 2015 20 20 20 20 16.5% 1.00 [0.91,1.10)
Total (95% Cl) 199 198 100.0% 0.98 [0.94, 1.03]
Total events 189 194
Heterogeneity: Tau®= 0.00; Chi*= 7.37,df=5 (p= 0.19); /*=32% 10 5 I]:? ] 1:5 2:
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Muang 2019 1 i 8 8 B7% D800z 128
Loper-Vaguera 2017 1 i 2 4 [l 048 008, 485
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Saruralhy 2002 0 £ 3 15 4.8% 2181001, 3.38
Tauiimeolo 20148 i8 o # 0% pagmre 1y
Tolal (B5% Ch 254 258 100.0% 038 {020, 0,74
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0.85

0.2 1 5
Favours [Glulamine] Favouwrs [Conlrol

20



Glutamine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Cerchietti 2006 216 14 3212 15 227% -0.83 [-1.59,-0.07) &
Huang 2019 1.6 0.6 30 21 0.8 29 47.8% -0.70 [-1.23, -0.17] —_—
Tsujimoto 2015 29 03 20 33 04 20 295% -1.11 [1.78, -0.44) &
Total (95% CI) 64 64 100.0% -0.85 [-1.21, -0.49] "."
Heterogeneity. Chi*= 0,89, df= 2 (p = 0.64), /*= 0% Ez i 3 {L
Test for overall effect Z= 4.57 (p < 0.00001)

Favours [Glutaming] Favours [Control)

FIGURE 5 Forest plot showing the pooled standardized mean difference of the maximal grade of radiation-induced oral mucositis
between glutamine and control groups [Color figure can be viewed at wileyonlinelibrary.com]

Ghtamine Corttyal St Mean Dillerance Sl Mean Difference
Study or Sulnoun flean 50 Total Wean 3D Total Weig W, Fled, 85% 1 I, Fixed, 95% C1
Chatiopadhyay 2014 66 41 35 892 84 35 BI5% -0.54 [-1.01, -0.08)
Taujirnolo 2015 2.2 14 it 2.8 11 20 3EA% 347 L1 00 0]
Total (85% C0 85 55 100.0% 51088 013
Heterogenelly, Chi®= 0.03, df= 1 (p=0.86); F=0% 5 + :;% 1
Tegi oy overall affeel 2= 283 {p= 0008 V

Favours [Glutamineg]  Favours [Control

FIGURE 6 Forest plot showing the pooled standardized mean difference of the duration of severe (>grade 3) radiation-induced oral
mucositis sensitivity between glutamine and control groups [Color fipure can be viewed at wileyonlinelibrary.com]



Mucositis

(B) Glutamine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean__ SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chattopadhyay 2014 165 136 3§ 71 112 35 57.9% 0.75(0.26,1.23) -
Diwan 2018 3268 461 30 1706 347 30 0.0% 3.78(2.92, 4.64)
Tsujimoto 2015 23 08 20 21 08 20 421% 0.25[-0.38, 0.87 i
Total (95% Cl) 55 55 100.0% 0.53[0.05, 1.02] <
Heterogeneity: Tau®= 0.04; Chi*= 1,55, df=1 (p=0.21); /*=35% 1 5 5 3 t

Test for overall effect: 7= 2.16 (p=0.03) Favours [Control] Favours [Glutamine)

§%§ Glitaming Contiol Fiak Batie Hisk Batle
Study or Subgroup  Bvents Tolal Bvents Tolal Welght WM, Rendemn, 85% O BB, Bandom, 959 O
Carchistl 2008 4 i 12 15 161% (.44 1021, 0.84]
Diwean 2018 10 3¢ 20 3 A% .50 10, E@ .28
Huang 2000 & 8 it g 17.3% 0,84 [0.46,1.50
HMuang 219 13 30 19 28 AT 8% 086 04t 1.08
Teujimolo 2018 17 0 14 0 00% peEsloy1an
Tolal (559 a2 23 100.0% DG I045, 002
Total pyenis 22 57
Heterogenelly, Tau®= 0,00, Chi*= 2.73, df= 3 (p= 0.44); P=0% g 3 e ; ¥ r

Testfor overall effect 2= 3.22 (= 0.001) Favours [Glutamine]  Favours [Control]



(B) Glutamine Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
Cerchietli 2006 2 14 g9 15 11.1% 0.24 (0.06,092) *
Diwan 2018 6 30 9 30 24.9% 0.67 (0.27,1.64) -
Pachon Ibanze 2018 4 131 13 131 16.9% 0.31(0.10,092) * -
Pathak 2019 8§ 30 17 30 44.6% 0.47 [0.24,0.92) @
Pattanayak 2007 0 81 781 25% 0.07 (0.00,1.15] *
Tsujimoto 2015 16 20 19 20 0.0% 0.84 (0.66,1.07)
Total (95% Cl) 286 287 100.0% 0.42[0.27, 0.66] —a—
Tolal events 20 65
Helerogeneity. Tau®= 0,00, Chi*= 4.01, df= 4 (p = 0.40), /7= 0% -‘0.2 0?5 5 54
Test for overall effect: Z= 3.76 (p = 0.0002) Favours [Glutaming] Favours [Control]
Glutamine Lontral sk Ratio Hisk Hatio
Sty o Sulior o Dvants Total Bvents Toted Welght BLML Plred, 9500 O MLH Fined, 959 01
Fachon lhange 2018 g 1w I3 SBE% 0381707 BT
Palhan 2014 5 g 14 30 323%  Ooaspas o el
Teujimolo 2015 o 3000 B0% Q4 20
Todal (B5% CH 81 181 1000 G330, 088
Total avenis i4 43
Helerogenely Chi¥s 008, dfs 3 {ps 00, /M= 0% .01 o i 00

Test for overall effech = 382 {7 = DOUDY)

Favours [Clutamingl  Favowrs [Conliad)



Summary




3500, 74F, cholangiocarcinoma,
rycTINOM1
-;AEF{EMDipeptiven

Recurrent of cholangiocarcinoma with
lung metastesis, rycTIN(OMI,STAGE : 4

Start Nivolumab/Gemzar/TS-1 since

2023/5/13

Hold TS-1 on 2023/5/19 due to gr. 3

mucositis and skin eruption

with dipeptiven

Gr.] mucositis was noted since C2




H O 0/68M, Pancreatic cancer,
PT2NOMO, stage 1 - /BB EF
Dipeptiven

Pancreatic head ductal adenocarcinoma, grade
2, pT2NOMO, STAGE : 1B

single—incision laparoscopic
pancreatoduodenectomy on 2022/8/29

Adjunvant Chemotherapy with SLOG since
2022/11/2

Gr.2 mucositis after cycle 1 chemotherapy

No mucositis development after C2 with
dipeptiven

Complete 12 cycles SLOG on 2023/4/13
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Dlarrhea

Managing Physical Side Effects: | C ancer. N ef

CHTie Doctor-Approved Patient Information from ASCO*®



Chemotherapy 1nduced diarrhea

| Adverseevent- | | Grade1i | | Grade2 | | Grade3 | [ Gradea |

LR SXUESEE | ERLE%EZ |SXUGEES7 | BRES

1~3%/24h 4~6R/24h ST IES =
SEELAERR -

EREME | EREME [FFEEER |FHEEER
i, YRR, | IR, EBYaE, | K8, =8 |RE, =8
SBXF, |B8XfF, |X5EBEEF |XEESR
BEEAE | BEMRAZ [ZE- fFzz -
REFEAR RRTESE - (SR
(RFiEE7Y) (RFfEE7N)

All patients with severe (grade 3 or 4) diarrhea are considered complicated. Patients
with mild to moderate diarrhea (grade 1 or 2) with one or more complicating factors
also are considered complicated (Cherny, 2008; Richardson & Dobish, 2007).




Chemotherapy-
Induced Diarrhea
(CID)

- FRERN :

o PRI
; N7 AR — RARGFIRSZ
=

HEA B B EEE R
SRRz + KO BT R

Dipeptiven® ?

SEIAHRE - 5-FU,

Capecitabine, Irinotecan

(H: sN-38 R#EY))

Vi=ys Wil

—4&R
1R

TR

Octreotide

IKEFE T
=B

BRESZFRY

B AHERR

W EEY) | 8

¢ Loperamide ( Imodium® ) : B
- #R 4mg - Z%&F 4 /N 2mg -
Be—Kk 16-24mg

¢ Diphenoxylate/Atropine (
Lomotil ) HE[ZE

¥ refractary diarrhea : #48
100-150 mcg SC - 8 /NIF (BI54E
wE)

EHEREK - ABRMBIE » DERFFR
HHER

4% Grade 23 - FEEE(LEEIEST

supportive care
AR GHE ~ AR ~ BRI - ok
FEHREY)

e 48/ NREREE AR - B inE
Clostridium difficile - BE(FEhsE

%




Dipeptiven® Reduces GI Toxicity
in Chemotherapy

e 44 gastric or colorectal cancer
patients undergoing C/T

» Receiving 20 g of Dipeptiven @ ol

3 14r
e Lower plasma endotoxin levels S Ll / :

» Less severe Gl adverse effects & ol / \\

HELET | //

® O

Scale of Nausea/Vomiting / /
2 [
2.63 = 0.21 1.18 = 0.31 < 0.05
] 0 A ! \ L
Scale of Diarrhea | " Prechemo = Postchemo
2.82 = 0.34 1.31 £ 0.25 < 0.05 Comparison of plasma endotoxin levels

Li Y et al. Aliment Pharmacol Ther 2009; 30:452-8.



rmmredicirta %

Article

Ameliorative Potential of L-Alanyl L-Glutamine Dipeptide in
Colon Cancer Patients Receiving Modified FOLFOX-6
Regarding the Incidence of Diarrhea, the Treatment Response,
and Patients” Survival: A Randomized Controlled Trial

Nesreen M. Sabry "0, Tamer M. Naguib 7, Ahmed M. Kabel *-*10, El-Sayved Khafagy %70, Hany H. Arab °
and Walid A. Almorsy !

Table 3. The incidence of diarrhea in the studied groups.

Glutamine Group Placebo Group
(n=22) (n=22)

! No diarrhea 12 (54.55%) B (36.36%)
Grade 1 8 (36.36%) 5 (22.73%) 0.066
Grade 2 2 (9.09%) 7 (31.82%)
Grade 3 0 (0%) 2 (9.09%)
No diarrhea ' 8 (26.36%) 1 {4.55%)
Grade 1 11 (50%) 2 (9.09%)
Grade 2 2 (9.09%) 11 (50%) <0.001%*
Grade 3 1 (4.55%) 8 (36.36%)
Mo diarrhea 12 (54.55%) 1 (4.55%)
Grade 1 6 (27.27%) 3 (13.6%)
Grade 2 4 (18.18%) T o (40.91%) [ <0.001%
Grade 3 0 (0%) 5 (22.73%)
Grade 4 0 (D%) 4 (18.18%)

Data are presented as frequency (%), *: significant as p-value = 0.05.

ll'] rResenss  Nesreen M. Sabry et al. Medicina 2022, 58, 39

KABI Fresenius KabiAG 2 September 2023 | Oetob



Patient Profile

e Age [Sex: 58M

e Diagnosis: Pancreatic ductal adenocarcinoma,
grade 2 (pT2NO, stage IB)

e Past procedures:

e Whipple procedure + left venous port 1mplantation on

2024/08/13

e History of recurrent acute pancreatitis (grade C)
and duodenal shallow ulcer

e NOo surgical complications



Adjuvant Chemotherapy

-GeméTS—l/oxaliplatin(SLOG) from 2024/9/23 to to
2025/3/6 with dipeptiven use before chemotherapy

« 2025/3/7 CT: suspicious soft tissue/infiltration
around anastomosis/SMA region (possible PD).

e Tumor marker CA19-9: 1516 — 401 — 1300

e Subsequent Therapy
e Onivyde (irinotecan{ffgfe & F) + 5-FU
« Cl on 4/14
e —> 4/24 OPD: watery diarrhea > 10 times per day

« C2 on 5/6, -> add atropine, catilon (Otilonium bromide), imolex

(Loperamide)

e —> mild improving, but still watery diarrhea 4-5 times per day

e C3 on 5/23 with pre-medications including atropine (0.25 amp)
to reduce cholinergic symptoms, adding Dipeptiven



( DIPEPTIVEN
(IV GLUTAMINE
DIPEPTIDE)




Neuropathy

Pinprck temperatur, Migk/\: @R

vibration, mator strength o

Normal

Diminished

B o

contact sensitivity

Normal or decreased
- knee reflexes

Decreased ankie
e reflexes
Decreased or normal
strength

{
Decreased pin, temperature,
vibration



Chemotherapy induced
peripheral neuropathy (CIPN)

[ Adverse event- ] [ Grade 1 ] [ Grade 2 ] [ Grade 3 ] [ Grade 4 ]
et 3o g e EUMHNRERE | DEERNOE | BEERYES | FROHBREE
BE S RE FHNRRSHE |  TONRRS | BEE
5 HE EEEE S
ECOG EERANE |SR2RANE |EEFEy |ZEZz:FzE-

(RFFERN) (RFFERN)




Neurotoxic chemotherapeutic agents
target multiple aspects of CIPN

THEEER AL HEEEY) B PREAR

Platinum 8 (4

aff et al. e db y2isy ey = ,Eﬁ ==id 9
s P A AR oA A Cisplatin) IR SRR S
Dorsal Root Ganglia ( DRG ) Bortezomib %&J//L ?ly_jﬁiii‘
P lon Channels
Platinum compounds
%&%?@iﬁ(lon %‘f@%@? A ﬁ%%@? ’
. . ) AL, N
Microtubules Channels) Oxallplatln ( %[\ét) %%E/\\\ FOLFOX %ﬂ
| Vinca alkaloids ,EE
> Taxanes
- | Bortezomib ) )
E(zg:t}r;!one ﬁl&% Vinca alkaloids 0

f e 2e s - H 2

Brentuximab vedotin (Microtubule Taxanes, Eribulin,

0T
s) Ixabepilone Zf R

Immune/Inflammatory (| i L : £ . - .
& > & & Rriags - TEERRH - St
Bortezomi (rare) = 0 _ : Mi t ochondrs Platinum, Taxanes, - [ s 3 Pbhal
artezomil! rar P - 9
PD-1 inhibitors. : ' (Mitochondri Vinca, Bortezomib J;:j]JJDB‘EJ Ji=TD QA
CTLA4 inhibitors : a ) HEE

Pl.-‘1\[UChGI'i.dl'ia

Platinum compounds ?$%§%ﬁﬂﬁ"ﬁ o S B

% N\ WN . ‘@j‘
Toxanas " (Nerve Taxanes, Bortezomib 5 [ VU il /A

Bortezomib ‘{gﬁ

Terminals)

Taxanes‘ [» e ]
GREMEREIE  po-1ocTiad g LD iIIIHRER

Nathan P. Staff et al. Ann Neurol. 2017 June ; 81(6): 772-781.



adjuvant FOLFOX

Planned for 1

12 cycles of

L management. A

Neuropathy...

think it is more
difficult to

IV glutamine
maybe prevent

and lower the
incidence.

MS. Wu, 55-year-old woman
with ascending colon cancer
stage 3B, post-LAR

e Planned for 12 cycles of
adjuvant FOLFOX.

e She was advised to consider
IV glutamine during
chemotherapy, but reported
using oral glutamine
instead.



Developed distal limb
numbness worsened by
cold starting from
cycle 4, symptoms
progressed through
cycles 12, and
persisted for 6
months post—-treatment.




Oxaliplatin—-induced peripheral
neuropathy

e Patients typically beglin experienciling
peripheral neuropathy, often after cumulative
doses exceed ~540mg/m? (commonly around cycle
4-6) .

e Symptoms 1nclude acute cold-triggered
dysesthesias (transient), which can evolve into

chronic sensory neuropathy (tingling, numbness)
wlith continued treatment.

e Neuropathy risk and severity 1ncrease with
higher cumulative doses of oxaliplatin.
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Background

Oxaliplatin and infusional fluorouracil/leucovorin
Or capecilitabine has emerged as i1mportant options
in the adjuvant and palliative treatment of
colorectal cancer.

Severe Oxaliplatin induced neurotoxicity may
requlire chemotherapy dose reduction or cessation.

The i1ncilidence of oxaliplatin—-induced neurotoxicity
has varied from 12% - 18%.

Several attempts have been proposed to prevent or
treat oxaliplatin—-induced neurotoxicity, but
treatment of established chronic Oxaliplatin
induced neurotoxicity 1s limited.



e Purpose:

To assess the efficacy of parenteral Glutamine dipeptide
(L-Alanyl-L-Glutamine Dipeptide, 20 g 'm/100ml, IV) for
preventing of oxaliplatin induced neurotoxicity.

e Patients and Methods:

A pilot study was performed. 120 patients with
metastatic colorectal cancer (mCRC) entered into the
study. 60 patients randomly assigned to receive IV
glutamine dipeptide (20 g'm IV) day 1-2 with FOLFOX-4 to
be repeated every 15 days as a first line of treatment of
metastatic colorectal cancer and 60 patients assigned to
receive only FOLFOX-4 (control group). Neurotoxicity
symptoms and signs were evaluated before each cycle.



Significantly reduced the incidence and severity
of oxaliplatin induced neurotoxicity

Dipeptiven® Thec e 50% bl oA Ea SR EER 1S
T » BRDRAEYEIERMEER Oxaliplatin BIEMREE

Table 4. Electrophysiological examination after 4 cycles in different group.

FOLFOX + Dipeptiven FOLFOX
Nerve
Median + SD Median + SD
: TS o =
T Duaeotiueny T e Oraloati B
Conduction velocity 45+ 6 40+ 6 0.05 ; g
5 5
Distance of latency 34+05 35+ 1.1 0.03
Ulnar . ) 5 85
Conduction velocity 43+ 6 42+ 8 0.05
Distance of latency 3.5+3 3.7+1.2 0.04 40- 40
Sural
e Conduction velocity 45+6 41 £8 0.04 ;\8 %5 ;\S %
o N
o o o ) 3y
Table 5. Electrophysiological examination after 6 cycles in different group. o 67% o
v 5 0 5
FOLFOX + Dipeptiven FOLFOX g g
Nerve P 020 0 2
Median + SD Median + SD D B
] ]
Distance of latency 34108 3.6+0.7 0.02 £ b £h
Median
Conduction velocity 45+ 6 39+9 0.05 10 10
Distance of latency 33+09 35+15 0.03 5
Ulnar
Conduction velocity 44+ 6 42+9 0.05 I
Sural Distance of Iatexicy 54 L 0.002 Mucositis Diarrhea with Dipeptiven®  without Dipeptiven®
Conduction velocity 46+ 6 41+£9 0.04

Wvith Dipeptiven® 1 without D‘\peptiven®



Neutraceutical agents for prevention
of the development of CIPN

TABLE 1 | List of clinically used neutraceutical agents for prevention of the development of GIPN.

Nutraceutical agent Class Chemotherapy Study outcome
agent
Vitamin E Vitamins Cisplatin +Decreased incidence and severity of peripheral neurotoxicity (Face et al., 2003)

+Reduced risk of developing neurotoxicity (Pace et al., 2010)
+Meuroprotective effect (Argyriou et al., 2005)
Oxaliplatin —Mo significant decrease in the incidence of acute CIPN (de Afonseca et al., 2013)

Paclitaxel +MNeuroprotective effect (Argyriou et al., 2005)

Starobova H et al. (2017) Front. Mol. Neurosci. 10:174.



64F,
Ascending
colon cancer
wlth
pericolic
invasion and
regilonal
metastatic
lymph nodes
(cT4aN1MO,
stage IIIB)

9/10/2024: Colonoscopy biopsy: grade 2
adenocarcinoma.

9/23/2024: Laparoscopic exploration + ileostomy
+ port implantation.

IHC: ERCC]/2 positive; MMR shows loss of

MLHI /PMS2 (suggesting MSI pathway involvement
— recommended MLH] promoter methylation/BRAF
testing). Codon 600 mutation (+).

FOLFOX chemotherapy:
Cl-C6: 10/28/2024-1/7/2025
CT on 1/21/2025: enlarged tumor

3/13/2025: Right hemicolectomy — mucinous
adenocarcinoma grade 3 (pT3Nla).

Refused immunotherapy.
Continued FOLFOX C7-Cl2 — completed 7/3/2025.

7/9/2025: CT performed (pending detailed
findings).



4 e

Patient received Dipepti-
ven (IV glutamine dipeptide)
one day prior to

chemotherapy

\_ throughout treattment. J>

Only mild numbness
noted during cycle 11.

No episodes of WBC
count <3000 during
treatment.

2025/2/1 202531 2025/41 2025511 2025/6/1

—=— WEC



Leukopenia o ]‘
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CTCAE Grading for
Leukopenia/Neutropenia

WBC (Leukopenia) [ ANC

Grade (Neutropenia)
.

1 - - - (LLN) -
3,000 /pLANC: LIN -
1,500/uL

) WBC: 2,999-2,000/uLANC:
1,499-1,000/uL

3 WBC: 1,999-1,000/uLANC:
999-500 /pL

4 WBC: <1,000/pLANC:

<500 /1L

Clinical Description

e e
intervention needed

Mild to moderate;
non—-invasive intervention
may be indicated ()

Severe; medically
- ... _ . @
8

Life-threatening; urgent
intervention indicated ()



T-cell—-medilated i1mmune responses
to glutamine—-targeted treatment

1n cancer cells

A Glutamine deprivation
Glutamine transporter inhibition

PD-L1

= G5 -

T cell

Cancer cell

1 Glutamine metabolism
TEGFR/ERK/c-Jun signaling pathway
TCalcium/NF-kB signaling pathway

1 Antitumor T cell function

f#{K glutamine (> H "EfE
BEORERIE ) 30 TR T YHAMSRRESRE

Glutamine #RZHFEHIE] Glutamine
Transporter  /

Glutamine {3 fE — EGFR/ERK/c-Jun EZ NF-kB
ERARIEIL
FEAIRERIR PD-L1 > HIf| RN

B DON or JHU-083 treatment ( [FE{EiGlutamine ¥

)

4 Hypoxia Y
» 1 Acidosis » i
1 Nutrient depletion -
1MDSC recruitment )a
lECM o {
Cancercell | TME Tcell
1Glucose metabolism
1 Glutamine metabolism
1 CSF3 secretion T Antitumor T cell function
1Kynurenine




Patient Profile

« WOO, M/58
e Diagnosis:
e Multiple myeloma, kappa light chain, International Staging System

(ISS) stage II, Durie-Salmon stage III, post 4 courses VTD
(velcade, thalidomide, dexamethasone) on 2019/01/10-2019/05/03

« Autologous stem cell transplantation on 2019/10/16 (Day 0)

e Conditioning regimen: Melphalan 200mg/m? on 2019/10/14 (Day -2)
e P.H.:

e Chronic obstructive pulmonary disease

e Hemorrhoid

e Major depressive disorder, moderate

e Hypertension



Clinical
course

21 Oct. 2019

* (Day 5)
eGrade 1 mucositis[oral rash]

22 Oct. 2019 - 28 Oct.

* (Day 6-Day 12)
e Intermittent Fever
*worsening mucositis, Grade 1 -> 3

26 Oct. 2019

* (bay 10)
*WBC: 1280/ulL, persistent thrombocytopenia around
20000 /uL
*persistent grade 2-3 mucositis, poor oral intake
*Refused NG, Add PPN for nutrition supplement

1 Nov. 2019

* (Day 16)

*Diarrhea, grade?2, clostridium difficile related

11 Nov. 2019

* (Day 26)
*CMV viral load: 2836 -> add ganciclovir
*persistent oral mucositis and poor oral intake,

add NG




wapa g fYi2019/107 5 ~

gy [V 2019/11/17 ~

oy
T T T
2019/10/5 _L-F 05:43:00 2019M10M19 L-F 06:54:00 201901143 £ 05:39:00

250
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1004 |i
504 |

ol = ~
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kg |M2019/11/17 ~

WBC
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—a— 1.26 20191018 T4 07:31:00
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—a— 0.01 20191021 £ 05:55:00
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—=— 34 20181018 9 08:54:00
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—a— 57 201810020 5 05:47:00
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—— 3.91 201911065 _EF 05:43:00

—=— 4,58 20191014 4 09:41:00
—=— 3.4 20181021 _LF 05:55:00

—=— 3.25 20191025 |+ 05:06:00
—=— 3.56 2018110028 _£F 07:12:00
—=— 3.22 201910030 9 05:10:00
—m— 314 20191114 L 05:43:00

—a— 315 20191111 9 04:36:00
—=— 311 201911/13 T4 03:45:.00
—— 3.28 20191115 4 03:15:00

Persistent oral mucositis and
poor oral intake

Recurrent pneumonia
Persistent thrombocytopenia
ICH, respiratory failure
Expired on 2019/12/17
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ER?
e Better nutrition

supplement: TPN, NG
feeding....... .

To our best

e Glutamine use




Patient Profile

mmmm OO, F/66

s Dlagnosis:

e Multiple meyloma, IgA kappa, ISS I, DSS stage I

*post 4 courses VID (velcade, thalidomide, dexamethasone) on
2020/11/03-2021/02/23

« Autologous stem cell transplantation on 2021/07/01 (Day 0)

* Conditioning regimen: Melphalan 200mg/m?> on 2021/06/29 (Day -2)

av]
e

e HTN




Clinical course

29 June 2021 *Dipeptiven use for 2 days before
= 30 June and on the day of chemotherapy

e )
29 June 2021 sConditioning regimen: Melphalan
200mg /m2

2021.07.01 EScEEEai)

*(Day 9
10 July 2021 SWBE; )329()/uL, Eld: 1000/ ul




2021%F 6H21H~ ~ 2021#F 7H21H~

20 1769 L]

—a— WEBC

2021/6f27 2021(7/4 2021171 2021718

WBC

(2021/06/21 14:41  7.81)
(2021/06/24 05:56 1 7.33)
[2021/06/29 06:10 + 9.04)
(2021/06/30 05:49 1 8.31)
(2021/07/01 05:10 1 8.37)
(2021/07,/02 05:10 + 5.35)
{2021/07/03 04:55 + 10.68)
(2021/07/04 04:56 1 4.16)

[m] »

X

2021%F 6H21B~ ~ 2021F 7H21H~
200 =
151 156 o
150
100

50

2021/6(27 2021174 2027177111 2021/7/18

PLT

(2021/07/03 04:55 1 70)
(2021/07/04 04:56 1 54)
(2021,/07/05 06:19 1 26)
(2021,/07/06 05:17 1 106)
(2021/07/07 05:22 1 56)
(2021/07/08 05:14 1 33)
(2021,/07/08 05:10 1 91
(2021/07/10 05:13 + 71)

]

X

No oral mucositis was noted
when Day -2 to Day 9 and
mild decreased oral intake
No infection
Grade 1 oral mucositis was
noted on 7/7

» Add Dipeptiven on 7/7-7/8
MBD on 11/12



Patient Profile

— e lo NP

e Diagnosis:

*Multiple myeloma, Kappa light chain, ISS stage 1, DS stage 1

*post 4 courses VTD (velcade, thalidomide, dexamethasone) on 2021/02/09—
2021/06/01

*Autologous stem cell transplantation on 2021/10/11 (Day 0)
*Conditioning regimen: Melphalan 200mg/m? on 2021/10/09 (Day -2)

H

|

*Chronic venous insufficiency with thrombosis in the bilateral calves, left
iliac femoral veins

*Stress fracture at right femoral neck,suspect pathologic fracture
*Fatty liver related




8 Oct. 2021 - 10 Sep.

* Dipeptiven use for 2 days before
and on the day of chemotherapy

9 Oct. 2021
* (Day -2)
‘:’i"i‘:i’l « Conditioning regimen: Melphalan

200mg /m2
colurse 1

2021.10.

* ASCT (Day 0)

20 Oct. 2021

" (Pay 9)
*WBC: 4620/ulL, PLT: 32000/uL
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—— WBC

WBC

(2021/10/16 06:26 + 0.05)
(2021/10/17 06:06 + 0.01)
(2021/10/18 05:59 « 0.04)
(2021/10/18 05:47 + 0.31)
(2021410720 05:20 + 1.39)
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(2021/10/04 06:09 1 403)
(2021/10/10 06:12 1 436)
(2021/10/11 05:43 1 375)
(2021/10/12 05:47 1 292)
(2021/10/13 05:29 1 263)
(2021/10/14 05:57 1 188)
(2021/10/15 06:15 1 108)
(2021/10/16 06:26 1 64)

6 (2021/10/21 05:08 » 3.22)
4P (2021/10/22 05:09 1+ 4.11)
2 (2021/10/23 05:28 1 4.04)
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"
=== Albumin

Albumi

(24}2@10/04 06:09 1 4.62)
(2071710/18 05:59 1 3.67)
(2021/10/25 04:06 1 3.92)

No oral mucositis was noted
when Day -2 to Day 9 and
mild decreased oral intake
No infection
Prolong thrombocytopenia
Grade 1 oral mucositis was
noted on 10/12 and 10/18

* Add Dipeptiven on 10/12-

10/13, 10/18-10/19

MBD on 11/12



From 2022/09/01-2023/6/30

e Multiple myeloma with ASCT

e Total 11 cases

Days when WBC > 1000/uL

\ /\




Regimen

FOLFOX-4
FOLFOX-6

FOLFIRI

Comparison of
leukopenia/neutropenia risks 1in
colon cancer chemotherapy

Grade 3-4
Neutropeni
a

~35-47%
~36%

24-T71 %

Febrile
Neutropenia

~4-6%

(not
specified)

4-11%



61-yvear-old man with descending
colon adenocarcinoma, grade 2
(PT4aN2bM), stage I1IIC)

11/27/2023: Underwent laparoscopic anterior
resection with side-to-side stapled anastomosis.

1/4/2024: Left infraclavicular venous port
implanted.

1/5/2024: Began adjuvant FOLFOX6 chemotherapy;
completed 12 cycles.

9/6/2024 - 5/9/2025: Received Tegafur + Uracil
(UFUR)




2024% 14 1H~ ~ 2024= 8H30B ~

i i
6.65
_ 7 —e— W/BC
BE'—':“# ” 3 h.81
4l N36 15, 1 >
— ¢ t
5 2gg 3/37 3;3 ¢ 387 1. ¥
¢ t
0 $ G-csr(+)
2024721 2024/41 2024761 2024181
2024731 2024751 20247711

WBC dropped to 2980 around early March 2024 (cycle 2-

Treatment course ")

e G-CSF started at that point and used regularly after
chemotherapy cycles.

¢ Subsequent WBC trends show fluctuations but generally
stable counts, avoiding prolonged severe neutropenia.



61M, colon ca with liver meta

-4414/2025: Abdominal CT showed new metastases 1n
S7 and S8 of the liver.

e Gene tests: HER2 (—), NRAS (—), BRAF (—), KRAS (+).

e Treatment adjustment:

e Avastin + FOLFIRI (with IV glutamine prior to some
cycles).
e Cl: 5/15-5/17
e C2: 5/27 (glutamine given 5/26)
« C3: 6/12
e C4: 6/27



Treatment course

* 5/26: Dipeptiven éIV
glutamine dipeptide)
administered; no G-CSF

support given. 2025% 58 1H~ ~ 2025& 85308~

e WBC remained relatively 5‘43 s -
stable post-treatment: 4- kﬂhﬁ#éi__jﬁ//hihh““}

-2.84 (5/26) — 3.09 (6/5)2 3= -
— 5.36 (6/11) — 3.46 0

6 2 5 20255 2025/5025 2025/6/8 202506722
¢ 2025/5118 2025781 20237613 202506/29

e NO severe or prolonged IDipeptiven
neutropenia observed (+fp
despite lack of G-CSF.



sSummary

IV Glutamine

Oral Glutamine

Plasma Level

Achieves high/stable
levels

Lower/variable
levels

Strong evidence of

incidence/severity

Mucositis reduced Some benefit
severity/duration
Red d ti by ~ . . .
, educes duration by ~I Mixed/inconsistent
Diarrhea day (supported by . .
findings
RCTs /meta-analyses)
Pilot studies show , ,
Sparse, 1nconclusive
Neuropathy reduced

data

WBC Recovery

Improves neutrophil

N e e e T e - ~t a2 A~

No clear evidence




Myth
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Glutamine@®w A& H fij#Cancer cell growth ?
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- - - . NK Activity In Vivo
Glutamine and its use in selected oncology settings s =
Reinette Tydeman-Edwards=* 20 4 g T
Tumour growth 101 :
Tumour cells use GLN in protein catabolism for tumour growth,
depleting GLN in the skeletal muscles of cancer patients, leading IR e
to cachexia (Figure 1). It is believed that tumours become GLN
traps and worsen GLN loss in cancer patients, but also that GLN Temeryome
has the potential to retard or halt tumour growth due to its w0 ] = el

immuno-modulatory action.®

Tumor Volume (CC)

1

o
“P < 0.06 vs all other groups

Tumor(TUM)+Glutamine(GLN)
Tumor(TUM)+Glycine(GLY)

Tumor(TUM)+Glutamine(GLN)+Ketamine(K)
Reinette Tydeman-Edwardsa et al. South African Journal of Clinical Nutrition 2017; 30(4):109-117 Tumor(TUM)+Glycine(GLY)+Ketamine(K)

V. Suzanne Klimberg et al. J Surg. 1996;172:418-424



Proposed mechanism

v-GLUTAMYL ACCEPTORS

. \ i ° NS Giutamine GLUTATHIONE (MTX)
« HEEBEAEBP - Glutamine > comoman

L_-—
CELL MEMBRANE

CANCER TREATMENT REVIEWS 2003; 29: 501-513



Therapeutic indications &
contraindications

Indications

* For hypercatabolic
and/or -metabolic states
during clinical nutrition

e It should be given
together with parenteral
or enteral nutrition or a
combination of both.

Contraindications
Patients, who suffer from ...

» Severe renal insufficiency (CCr
ml/minute)

o Severe had

t _aq®
B cyov'® no
o re®mietabolic acidosis (Plasma pH <
7.20)

* Known hypersensitivity to the active
substances or to any of the excipients

80



Take home Message

Dipeptiven® can reduce side effect

of anti-cancer treatment which may

lead to less treatment interruption
and better survival

Dipeptiven® should be

considered to administrate as
soon as possible when patients
recelved anti—-cancer treatment




