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=Abstract=

Cost-effectiveness analysis of proton pump inhibitors and
ranitidine in the treatment of gastroesophageal reflux disease

Hyung Ran Yun, M.D., PhD", Hwoon-Yong Jung, M.D., PhDT,
Hyo Jin Park, M.D, PhD" and Sang-Cheol Bae, M.D., PhD, MPH

The Hospital for Rheumatic Diseases, Department of Internal Medicine,
Hanyang University College of Medicine, Seoul, Korea's
Department of Internal Medicine, University of Ulsan College of Medicine, Seoul, Korea 7
Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea’

Background : The aim of this study was to compare the cost-effectiveness of proton pump
inhibitors (PPI) and ranitidine in gastroesophageal reflux disease (GERD) in Korea.

Methods @ We assessed the cost-effectiveness two ways. First, mean costs for the complete
healing of one patient with GERD within one year were calculated. Second, Markov (state-transition)
models were used to simulate a cohort of patients with GERD, taking one of following strategies for
5 years : 1) PPI (rabeprazole 10 mg, omeprazole 20 mg, or lansoprazole 30 mg), 2) ranitidine 300 mg
per day. Data on healing rate, relapse rate, surgical complication rate, success rate of surgery were
taken from the literature. Direct medical costs of each strategy and surgical complications were
calculated. Health effects were expressed as quality—adjusted life years (QALYs). Sensitivity
analyses using various ranges of probability of healing rates and costs were performed. Costs and
health outcomes were discounted at a rate of 3% per year.

Results : The mean costs for complete healing of one case within one year was #475,836 in PPI
and W1,064,704 in ranitidine, respectively. In the base case analysis using Markov model, the treatment
costs of PPl were W155,238 and 214,781 in ranitidine and the effects were 4.81 QALYs and 4.26
QALYs, respectively; PPI strategy was more effective and less costly than ranitidine strategy. The
sensitivity analyses using varying ranges of probability, cost, discount rate and utility were robust.

Conclusion : PPl was superior to ranitidine in terms of cost-effectiveness in the treatment of
GERD.(Korean ] Med 62:504-512, 2002)

Key Words : Cost Effectiveness, Esophagitis, Peptic, Inhibitors, Proton pump, Ranitidine
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Figure 1. Decision tree. The diagram illustrates decision tree for economic
evaluation in patients with reflux esophagitis (continued).
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Figure 1. Decision tree. The diagram illustrates decision tree for economic
evaluation in patients with reflux esophagitis. PPI, Proton pump inhibitor;

wk, week; Postop, postoperative

- 505 -



L CECEEE

a7rol7] wiie] B A&l Aol W Aok
Ty @ed] oFA vjgRte 2 Hrlste] ofA] Alg-ol
g3t FA4S A= A B} 7)1 kAo HE] X2 &

W= 9 s vlEol o B A, HE-ay) 14
= Aldste] AdE JmvE &8 le 2 ARgEte A
o] g Holgt T 4 Ut}

olo] A wEvtet & o8 A JFA 2
£9 A=l PPISF H2-+&A ZdAE /*}%ffl 7354
H-E-a3 A4S 1dE gX3ted La¥E v)83
decision analytic model S ©]-8-3}e] A}3]stA Q1 #H o

A A,

Chay o e

M 8- 3k WA AN okdst ge % A
W olgstel BAsT,

1. 9&/4Y A 10 2Rl 22=& HAYTA HIE

A AR TA 1oE AAT Y 208 1
dzke] Mg wmaly] 918l PRI BUER o 1

i =
7 AgY e o 85 89| wHe-E S Bardhan' 9| 7
&

B
S
N

of wat Z7F 0817 051 o]ga3ith o F
|3 Ak 8502 1277 FASHES Alds F A
ES 0217 064S AHESFATHS 1, w2 okAn),
A} ot N &S WG, X8 AF AT 8T F whg
#H4E el WAAS ABE FRLY F AERE 73
O YAAS TA AldEE AL 7|Eo R Flo] F AL
He vE-s ALt

2. Markov model& 0| &3t H|E-23 B4

1) 2g 2x o 71

)4 A= Markov (state transition) E2S A&

3lo] dFA A AFTEE 71A3IUL o] AT EQ]
BE #x= (D 3 20 mg (omeprazole 715%)2] PPI

(2) 3 300 mgel BFYEIY Fo] F 3 7lx|9] RS
W obA|el] gjgk whgof uhe} AEjrF WslEle o R
7Hdstda, A= Al & 5zt #EskE Ao 71
shaAtk (¥ 1),

Markov stated] 2¥3= (1) A5 & 9
/ol A= AFEH Q) 54 2% & At
% (3HF 40 mg®] PPI, 600 mg HEIR)S oF
+o &5 Jhﬂ He 7o 3AFYT} §X

)

Ae2A A58 A

A 501 & 2002 —

HF AL e (4) 28Fe AY AT e F
A HE Azol TAEA ol O o] X5 E A
2= A 6) € F A" A 6) FE FAE F
gol A&EE AH (7) FEE A% APdez sa.
AFA Axdel g dig e PAEE BkeS
7o g SR 9 WAL XFE Ay 2XFE F F
WS RS 98 BE SAfoA |EH oz Aldstar
Aol H A g0l F7tR Al Ao gt 74
89 3 ALY AL FHaYo] Fhe 1259 ok
Ao sl Faol o3t F28S AAHA Ao
skt SAEe Bl U o] 8o 93
7t ol s EE AoR JHgslAth Am F AlLkA <}
2 A oFEe] A FEHR ¢, $hxpe] kAo
3t =SEE 100%= 7HE 3k

2 28 %2 5

2o A AMEgt 2R E 196658 2001d 744 9
MEDLINES: o] &8 ©|8 #@lo] fas gkl 7] 23
Atk Aol ALgF ol thgwt 2t}

omeprazole or rabeprazole or pantoprazole or

ranitidine;

lansoprazole; gastroesophageal reflux disease or reflux
esophagitis; domperidone or prokinetics; surgery or
laparoscopic fundoplication or open fundoplication. %
4 Bg F B AT =l A4 WEH AT ¥

7]5,2_ Zy A g0 th3k vk

A 7&" s TS AR A5E 45 WY (meta-
analysis)< ©
73%% AE7F A 7]—r°§ stk A7kl 7 Tt

A G A P gl A5 HAE AT
Zio 7]—X4’5]_Oﬂ];]_

ol Al 2 Aol whE ng ARG AR
o4 Wrkehs lmrd AR ot Asiye] o
£ ARAY AR FEFe], B AT G A%
gol At NRAoR el N Az AL NFL
2 sl ANRSE ARE, NHAA, FAH], ZAR, 7]
BRAY| R, FRPE, BOAER, o)k He s
Fotol AFAAG. £EI £E A4 (I, NE, 5
& 99 49, FETA TP gL JANEE /)F
o= 77te] wWrel U@ ¥E Aw 2UE APate] 4t



— &3 9 390 ARA A= Amol A FAHZAA A} ranitidine AHE-S] H-§-EI} 4] -

Table 1. Baseline data estimates

Probabilities Baseline Range Reference

PPI (dose)

Healing rate, (20 mg) 8wk treatment 0.81 0.81~0.8 15, 16

Healing rate, (40 mg) 8wk retreatment 0.8 0.8 ~0.9 15

Relapse rate, (10 mg) 12wk maintenance 0.21 0.21~0.66 15, 23

Relapse rate, (20 mg) 12wk maintenance 0.12 0.12~0.42 15, 23
PPI (dose)+prokinetic

Healing rate, (20 mg) 8wk treatment 0.89 0.8 ~0.9 17

Relapse rate, (10 mg) 12wk maintenance 0.09 0.06~0.2 15
Ranitidine (dose)

Healing rate, (300 mg) 8wk treatment 0.51 0.51~0.63 15, 16

Healing rate, (600 mg) 8wk retreatment 0.75 0.75~0.84 15

Relapse rate, (150 mg) 12wk maintenance 0.64 0.40~0.64 15

Relapse rate, (300 mg) 12wk maintenance 0.37 0.12~0.68 15, 18
Ranitidine (dose)+prokinetic

Healing rate, (300 mg) 8wk treatment 0.67 0.46~0.76 17, 19

Relapse rate, (150 mg) 12wk maintenance 0.26 0.26~0.7 15
Surgery in medically intractable GERD 0.05" 0.00~0.1
Success rate, surgery 0.94 0.81~0.98 20, 24
Surgical complication rate 0.15 0.06~0.25 21, 22, 25
Surgical mortality 0.005 0 ~0.016 22, 24

“Authors best estimate

PPI, proton pump inhibitors; GERD, gastro-esophageal reflux disease.
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Table 2. Cost estimates

Cost ()" ? Range
Endoscopy 32,940
Physician visit 5,300
Drug cost
PPI (Omeprazole 20 mg, Rabeprazole 10 mg, 1,431 1,117~1,665
Lansoprazole 30 mg)
Ranitidine (300 mg) 627 569~1,020
Prokinetics 123 48~198
Prescription
Bweek 11,560
12week 14,730
Preparing medicines
8week 11,360
12week 11,360
Surgery 1,630,000 815,000 ~4,890,000
Surgical complication 646,000 323,000~1,938,000

Table 3. Patient flow and costs

Week PPI Ranitidine
0 1 patient treated with each drug for 8 week (W)
Drug 80,136 37,576
Physician visit 5,300 5,300
Endoscopy 32,940 32,940
Others’ 22,920 22,920
8 Maintenance treatment for 12 week (W)
Drug 97,365 28,746
Physician visit 4,293 2,703
Endoscopy 26,681 16,79
Others 18,565 11,689
Evaluation for relapse (%)
20 Physician visit 902 1,728
Endoscopy 5,603 10,752
Mean cost/1 patient complete healing 475,836 1,064,704

PPI, proton—pump inhibitors. ~ Fee for prescription+preparing medicine. Healing rate of PPI at 8week is 0.81, ranitidine
is 0.51 and relapse rate after maintenance treatment for 12week is 0.21 and 0.64, respectively.
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Table 5. Sensitivity analyses using varing ranges of probabilities and costs

PPI Ranitidine Incremental C/E ratio
Cost (W) QALYs Cost (W) QALYs (#/QALYs)
Probabilities
Ranitidine (dose)
Healing rate, (300 mg) 8wk treatment 155,238 4.81 229,926 4.30 PPI superior
Healing rate, (600 mg) 8wk retreatment 155,238 4.81 214,862 427 PPI superior
Relapse rate, (150 mg) 12wk maintenance 155,238 481 177,014 439 PPl superior
Relapse rate, (300 mg) 12wk maintenance 155,238 481 212,595 4.26 PPl superior
Ranitidine (dose)+prokinetic
Healing rate, (300 mg) 8wk treatment 155,238 4.81 214,711 437 PPI superior
Relapse rate, (150 mg) 12wk maintenance 155,238 481 214,781 4.26 PPl superior
Surgery in medically intractable GERD 154676 481 204,922 4.26 PPI superior
Success rate, surgery 155,238 481 214,784 4.26 PPI superior
Surgical complication rate 155,259 481 215,147 4.26 PPI superior
Surgical mortality 155,238 481 214,772 4.26 PPI superior
Costs
Highest cost of PPI 159,861 481 214,850 4.26 PPI superior
Lowest cost of PPI 149,255 481 214,691 4.26 PPI superior
Highest cost of ranitidine 155,238 481 225,441 4.26 PPI superior
Lowest cost of ranitidine 155,238 481 204,459 4.26 PPI superior
Highest cost of prokinetic 155,549 481 215,695 4.26 PPI superior
Lowest cost of prokinetic 154926 481 213,866 4.26 PPI superior

QALYs, quality-adjusted life years; C/E, cost-effectiveness; GERD, gastro—esophageal reflux disease; PPI, proton pump

inhibitors.

- 509 -



— g #es]A] o Al62 W A5% FE A501 & 2002 —

8o A omeprazoles AHEsH= Aol SHYUEIHS AL§
= A K} 0629 H]-8-3 3 H|ZE omeprazole®] H]-&-
ARl WA 43S Bkt

Aol M AAEL PPISH BB AFE-2] HE-

p

2]
A= Holde Bla, FUEHY] A5&I} A
=] [}

449 Adag Bl

o 04572 Ao Sk ol 9o w
P Anw, el s 9Ry A
PPIE AH8SHE o] Wl g Eat Wl
#olth,

T B ATl AEE AP AESAG 08
& AR AR Q8 et ge Aol Ak A
A, PPISH BhE o] Angst ALE S B
o ARE 7ER F Aotk T AT Ausk
of 9% ARE ol g o), SR )
Aozt g1 Ao AZEh ol theke W9l
% R4 AvblA] wEe] #4] Aato] 2 FeL vIHA
W Ao A7E B, B ATAE FA LS
125 7120 Sgou, ol te Azt 255 6
AY FALY F ALES 2 AR AESH
PPL 40 mg® 857+ AH S ARE ¥ Qo)A 23
ol vkl gli BAel A 40 mg AHEIHES 3
Q8 ARE 40 mg 2NRE A AR
gtk £9 APV ERAAT BET P, 87

7

Aok 125 A2 I AR7F SEEA g

243} 2ol
@ o7t B

d W82 A g3t

Aol 1e) e o] a3

1 =
3 285 W] sdrs

PPV esid s & g glenw

B
o7} Q18 Ao = Azt tAlA, H-E

gkttt e X & o] PPI X & ol vls] o
Ae] gol 23 o7 vE 99 vEL ¢ gl &
[e3]

olm Aol 2 o] gle Aow AztH)

>

L 1o

(proton pump inhihitors, PP)7} AF&-% 31 It} o]o] A
A5 FEvE d 95 oA 974 AEd A=
o PPI9} H2-8-A A3AE 2183 A5 1dE

SH=d A 8% = Y83 decision analytic model S ©]
&35t ALE Al HAFoA HE-aF A4S AlY

Wy RA AR B4 108 ST L8
s 1978 1§ vlwst] ) PPIst ehiEee
= g% aye

T EAE AT o R 1273 £
A&k A5 F 28HE ¥Eg AT did g
A= Markov (state transition) 2 @S AF-&-3she] 74
AEd FASEE VJAHSAJL o] ZTES RE A=
1. 3% 20 mg®l PPI 2. 3% 300 mg®] =tHEd F+
% o 7M1 A8E Bra ofAle] gk ghg-el whel
g7} Wslete Aom HAEaL, Am AlF § 5 1F
HF3= Ao 2 A E AT Markov state] A= 1)
AR F gRA AxdY Sl e AH 2) fA4 &

3l 3) 283 (3 40 mgel PPI, 600
mg SHHE )] AU AFHEEHAA HE AR

¢

200117441 8] MEDLINES ©]-&
s
H

- 510 -



— &3 9 390 ARA A= Amol A FAHZAA A} ranitidine AHE-S] H-§-EI} 4] -

Q,
ot
oy
=

2 AMEE H$ 4758369, 4
ZABE AR 9 1,064,704 01Tk 7 E A
A QALYs+ PPI 4.81, Y EIH 4260|9031, 7HA S
PPl 15523891, 2FUEIY 2147819010tk A7 o

FUE RS PPIEY 7% MR QALYSE Yol
74 A% Azl PP SUEY B 943 A
el

£ : 9o o8 870N 974 Huge A8

e}
of PPIZF eIElRe] wls) u]§-Eahsolne R4
4l A 5ol PPIE AHgeks Aol A9 o wael

& wvpgor Ages WEY Aoz 4z,

REFERENCES

1) e Ags], AFEIagFFAnE. A, ofEd,

2) HAEXR 74 ogn et 7]
AEAY, 2001

3) Wienbeck M, Barnert ]. Epidemiology of reflux
disease and reflux esophagitis. Scan J Gastroenterol
Suppl 156:S7-S13, 1989

4) Olbe L, Lundell L. Medical treatment of reflux
esophagitis. Hepatogastroenterology 39-322-324, 1992

5) Freston JW, Malagelada JR, Petersen H, McCloy RF.
Critical issues in the management of gastroeso—
phageal reflux disease. Eur J Gastroenterol Hepatol
7.577-586, 1995

6) Dent J, Yeomans ND, Mackinnon M, Reed W,
Narielvala FM, Hetzel D], Solcia E, Shearman D]J.
Omeprazole vs ranitidine for prevention of relapse in
reflux oesophagitis: a controlled double blind trial of
their efficacy and safety. Gut 35:590-598, 1994

7) Sandmark S, Carlsson R, Fausa O, Lundell L.
Omeprazole or ranitidine in the treatment of reflux
esophagitis: results of a double-blind, randomized,
Scandinavian multicenter study. Scand J Gastro-
enterol 23:625-632, 1988

8) Harris RA, Kuppermann M, Richter JE. Proton pump

FH

A Mg, ok

HN

inhibitors or histamine-2 receptor antagonists for the
prevention of recurrence of erosive reflux esophagitis:
a cost-effectiveness analysis. Am J Gastroenterol
92:2179-2187, 1997

9) Habu Y, Oyasu K, Wakamatsu T, Sumitomo Y,

Kiyota K, Inokuchi H, Kawai K. Cost-effectiveness of
the treatment of reflux esophagitis: proton pump
inhibitor versus histamine-2-receptor antagonist.
Nippon Rinsho 58:18581-1885, 2000

10) Gerson LB, Robbins AS, Garber A, Hornberger J,
Triadafilopoulos G. A cost-effectiveness analysis of

management  of
gastroesophageal reflux disease. Am J Gastroenterol
95:395-407, 2000

11) Fass R, Ofman JJ, Gralnek IM, Johnson C, Camargo
E, Sampliner RE, Fennerty MB. Clinical and economic
assessment of the omeprazole test in patients with

prescribing strategies in the

symptoms suggestive of gastroesophageal reflux
disease. Arch Intern Med 159:2161-2168, 1999

12) Skoutakis VA, Joe RH, Hara DS. Comparative role of
omeprazole in the treatment of gastroesophageal
reflux disease. Ann Pharmacother 29:1252-1262, 1995

13) Bate CM, Richardson PDIL Cost-effectiveness of
omeprazole in the management of gastroesophageal
reflux disease in clinical practice. Br J Med
Economics 7:81-97, 1994

14) Ofman JJ, Yamashita BD, Siddique RM, Larson LR,
Willian MK. Cost effectiveness of rabeprazole versus
generic ranitidine for symptom resolution in patients
with erosive esophagitis. Am J Manag Care
6:905-916, 2000

15) Bardhan KD. The role of proton pump inhibitors in
the treatment of gastro—oesophageal reflux disease.
Aliment Pharmacol Ther 9(Suppl 1):15-25, 199

16) Laursen LS, Havelund T, Bondesen S, Hansen J,
Sanchez G, Sebelin E, Fenger C,
Omeprazole in the long—term treatment of gastro—
oesophageal reflux disease. Scand J Gastroenterol
30-839-846, 1995

17) Hillman AL, Bloom BS, Fendrick M, Schwartz ]S.
Cost and quality effects of alternative treatments for
persistent gastroesophageal reflux disease. Arch
Intern Med 152:1467-1472, 1992

18) Vigneri S, Termini R, Leandro G, Badalamenti S,
Pantalena M, Savarino V, di Mario F, Battaglia G,
Mela GS, Pilotto A, Plebani M, Davi G. A comparison
of five maintenance therapies for reflux esophagitis.
N Engl J Med 333:1106-1110, 1995

19) Hegarty JH, Halvorsen L, Hazenberg BP, Nowak A,
Smith CL, Thomson AB, Vantrappen G, McKenna C]J,
Mills JG. Prevention of relapse in reflux esophagitis:

lauritsen K.

a placebo controlled study of ranitidine 150 mg bid
and 300 mg bid. Can J Gastroenterol 11:83-88, 1997
20) Masci E, Testoni PA, Passaretti S, Guslandi M,
Tittobello A. Comparison of ranitidine, domperidone
maleate and ranitidine + domperidone maleate in the

- 511 -



— Korean Journal of Medicine @ Vol. 62, No. 5, 2002 —

short-term treatment of reflux oesophagitis. Drugs
Exp Clin Res 10:687-692, 19585

21) Bais JE, Bartelsman JF, Bonjer HJ, Cuesta MA, Go
PM, Klinkenberg-Knol EC, van Lanschot JJ, Nadorp
JH, Smout AJ, van der Graaf Y, Gooszen HG.
Laparoscopic or conventional Nissen fundoplication
for gastro-oesophageal reflux disease: randomised
clinical trial. Lancet 355:170-174, 2000

22) Rantanen TK, Halme TV, Luostarinen ME,
Karhumaki LM, Knonen EO, Isolauri JO. The long
term results of open antireflux surgery in a
community-based  health care Am ]
Gastroenterol 94:1777-1781, 1999

23) Anvari M, Allen C, Borm A. Laparoscopic Nissen
fundoplication is a satisfactory alternative to long-
term omeprazole therapy. Br J Surg 82:938-942,
1995

24) McKenzie D, Grayson T, Polk HC Jr. The impact of
omeprazole and laparoscopy upon hiatal hernia and
reflux esophagitis. ] Am Coll Surg 183:413-418, 1996

center.

25) Spechler SJ. Comparison of medical and surgical
therapy for complicated gastroesophageal reflux
disease in veterans. N Engl J Med 326:786-792,
1992

26) Wesdorp IC. Treatment of reflux oesophagitis. Scand
J Gastroenterol Suppl 79:106-119, 1982

27) Decision Analysis by TreeAge Software, Inc
Williamstown, MA, 1999

28) Havelund T, Lind T, Wiklund I, Glise H, Hernqvist H,
Lauritsen K, Lundell L, Pedersen SA, Carlsson R,
Junghard O, Stubberod A, Anker-Hansen O. Quality
of life in patients with heartburn but without
esophagitis: effect of treatment with omeprazole. Am
J Gastroenterol 94:1782-1789, 1999

29) Lipscomb ], Weinstein MC, Torrance GW. Time
preference. In: Gold MR, Siegel JE, Russel LB,
Weinstein MC, eds. Cost-effectiveness in health and
medicine. p. 214-246, London, Oxford University
Press, 1996

- 512 -



