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A cost-benefit analysis on tandem mass spectrometry
of inherited metabolic diseases in Korea

Hyoung Ock Ryu, M.D.1, Dong Hwan Lee, M.D.1,
Tae Youn Choi, M.D.z, and Hye-Ran Yoon®

'Department of Pediatrics and “Clinical Pathology, College of Medicine, Soonchunhyang University, Seoul, Korea
3College of Pharmacy, Duksung Women's University, Seoul, Korea

Purpose : Tandem mass spectrometry (MS/MS) is effective screening test for inherited metabolic dis-
eases. In this study, we estimate potential costs and benefits of using tandem mass spectrometry
(MS/MS) to screen newborns for inherited metabolic diseases (phenylketonuria, BH4 deficiency, citrulli-
nemia, maple syrup urine disease, propionic aciduria, isovaleric aciduria, glutaric aciduria type 1, LCHAD
deficiency) in Korea.

Methods : From April 2001 to March 2004, 79,179 newborns were screened for amino acid disorders,
organic acid disorders, and fatty acid oxidative disorders. T wenty —eight newborns were diagnosed with
one of the metabolic disorder and the collective estimated prevalence amounted to 1 in 2800 with a
sensitivity of 97.67%, a specificity of 99.28%, a recall rate of 0.05%, and a positive preditive value of
6.38% . W e calculated and compared the total costs in case when neonatal screening on phenylketonuria,
BH4 deficiency, citrullinemia, maple syrup urine disease, propionic aciduria, isovaleric aciduria, glutaric
aciduria type 1, LCHAD deficiency is implemented, and when not.

Results : If the neonatal screening on phenylketonuria, BH4 deficiency, citrullinemia, maple syrup urine
disease, propionic aciduria, isovaleric aciduria, glutaric aciduria type 1, LCHAD deficiency is imple-
mented, total benefits far exceed costs at a ratio of 1.40:1.

Conclusion : Although, this study only concerns the monetary aspects of the neonatal screening,
tandem mass spcetrometry for neonatal screening is cost-effective compared with not screening. T he
study appears to support the introduction of tandem mass spectrometry into a Korea neonatal screening
programme for inherited metabolic diseases.

Key Words : Tandem mass spectrometry, Screening test, Cost-benefit analysis, Inherited metabolic

diseases
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Table 1. Incidence of confirmed positive cases through screen-
ing by tandem mass spectrometry (MS/MS)

Inborn error of metabolism Patient No.

Animoacidopathy
Phenylketonuria
BH4 deficiency
Citrullinemia
Tyrosinemia
Maple syrup urine disease
HHH syndrome

Organic acidemia
Propionic aciduria
Isovaleric aciduria
3-methylcrotonylglycinemia
Glutaric aciduria type |

Fatty acid oxidative disorder
LCHAD deficiency
VLCAD deficiency
SCAD deficiency

Newborn with inborn error of metabolism/
Total newborn

Incidence

1

— WO — WO —=NMN— WwMN B~ Ww

28/19,179
1/ 2,827

BH,: tetrahydrobiopterin deficiency, HHH: hyperammonemia-hy-
perornithinemia-homocitrullinemia syndrome, LCHAD: long chain
3-hydroxyacyl-CoA dehydrogenase, VLCAD: very long chain acyl-
CoA dehydrogenase, SCAD: short-chain acyl-CoA dehydrogenase
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Table 4. Cost for treatment of a BH; deficiency patient

Table 2. Cost for treatment of a classic phenylketonuria patient Duration and frequency Costs (W)
Duration and frequency Costs (W) Inpatient 1 week 287,000
Inpatient 1 week 287.000 Outpatient 0-11 months  monthly
Outpatient 0-11 months monthly 1-2 years every 2 months
1-2 years every 2 months 3-15 years every 3 months
3-15 years every 3 months 16-75 years  every 6 months 2,098,300
Laboratory works 16-75 years every 6 months 2,098,300 Laboratory works
CBC 0-15 years every year 72,900 CBC 0-15 years every year 12,300
LFT 0-15 vears every 6 months 465,300 LFT 0TS years every 6 months 465,300
Phenylalanine same outpatient 2,056,400 Phenylalanine same outpatient 2,056,400
™ once 19,850 ™ once 19,850
0 once 15,090 BH4 once 113,250
EEG 45,470 1Q once 15,090
Total costs 5,060,310 EEG 45410
Total costs 5,173,560

CBC: complete blood count, LFT: liver function test, Phenylalan-
ine: phenylalanine level, TM: Tandem mass spectrometry (MS/

MS) 1Q:

intelligence quotient, EEG: electroencephalogram

Table 3. Cost of special formulae needed for a classic pheyl-

ketonuria patient

' Protein ~ Special  Monthl Total

?;%eears) V\éekgwt needed forpmulae costsy costs

(g/day) (g/month) (W) (W)
0-1 7-9 80-133 3,375 127,500 1,530,000
1-3 9-11  78-189 5,850 221,000 5,304,000
3-5 11-15 103-108 3,150 175,000 4,200,000
5-10 18-25  113-141 4,500 250,000 15,000,000
10-16 35-45  113-141 4,500 250,000 18,000,000
16-75 55 172 5,400 300,000 212,400,000
Total costs 256,434,000

CBC: complete blood count, LFT: liver function test, Phenylala-
nine: phenylalanine level, TM: Tandem mass spectrometry (MS/
MS) BH: tetrahydrobiopterin level 1Q: intelligence quotient, EEG:
electroencephalogram

Table 5. Cost of medication needed for a BH4 deficiency patient

. 5-HTP L-dopa BHs Monthl Total

(A;ggars) V\ée;g;]t (mg/ (mg[} (mgA/ costsy costs

day) day) day) (W) (W)
0-1 7-9 375 375 15 102250 1,227,000
1-3 9-11 50 50 20 136,340 3,272,160
3-5 11-15 75 75 25 204,510 4,908,240
5-10 18-25 100 100 40 272,680 16,360,800
10-75 35-55 150 150 60 409,030 319,043,400
Total costs 344,811,600
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Table 6. Cost for treatment of a citrullinemia patient

Duration and frequency Costs (W)

Inpatient 1 week 287,000
Outpatient 0-11 months monthly

1- 2 years every 2 months

3-15 years every 3 months

16-75 years every 6 months 2,098,300

Laboratory works

CBC 0-15 years every year 72,900
LFT every 6 months 465,300
AAA 0-15 years every 3 months 3,438,720
16-75 years every 6 months 6,340,140

™ once 19,850

(0] once 15,090
EEG 45,470
Total costs 12,782,710

CBC: complete blood count, LFT: liver function test, AAA: amino
acid analysis, TM: Tandem mass spectrometry(MS/MS) 1Q:
intelligence quotient, EEG: electroencephalogram

Table 7. Cost of special formulae and medication needed for a
citrullinemia patient
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Table 8. Cost for treatment of a maple syrup urine disease

Age Wei- Arginine Sodium  L-car-  Monthly Total
(vears) ght (g/ benzoate nitine costs costs
(kg) day) (g/day) (mg/day) (W) (W)

patient
Duration and frequency Costs ()
Inpatient 1 week 2817.000
Outpatient 0-11 months monthly
1-2 years  every 2 months
3-15 years  every 3 months
16-75 years  every 6 months 2,098,300
Laboratory works
CBC 0-15 years every year 72,900
LFT every 6 months 465,300
AAA 0-15 years  every 3 months 3,438,720
16-75 years  every 6 months 6,340,140
™ once 19,850
10 once 15,090
EEG 45.470
Total costs 12,782,710

0-1 7-9 4 3 825 15,528 186.330
1-3 9-11 5 3.75 990 18.990 455,760
3-5 11-15 6.5 4.87 1.485 26,700 640,850
5-10 18-25 11 8.25 1.980 39,760 2,385,720
10-75  35-55 15 11.25 2.970 56.970 4,443,660
48,105,260

Age Protein needed Monthly  Total

(years) costs costs

(g/day) (g/month) (W) (W)
0-1 42-96 2.880 160.000 1,920,000
1-4 53-80 2.400 132,500 4,770,000
4-7 80-100 3.000 167,500 6,030,000
-1 93-113 3.390 187,500 9,000,000
11-15 133-213 6.390 355,000 17,040,000
Total costs () 38,760,000

CBC: complete blood count, LFT: liver function test, AAA: amino
acid analysis, TM: Tandem mass spectrometry (MS/MS) 1Q:

intelligence quotient, EEG: electroencephalogram

Table 9. Cost of special formulae needed for a maple Syrup

urine disease patient

Arginine 1 g = W138 (500 mg/kg/day), Sodium benzoate 1 g =
W14 (375 mg/kg/day), L-carnitine 330 mg/tablet = 280 (100
mg/kg/day)

Specific formulae 1 bottle = 450 g = W25,000 (less than 1 year
- only formulae feeding, more than 1 year - formulae feeding for
50% of protein needed)

Protein needed Monthly Total

Age (years) costs costs

(g/day) (g/month) (W) (W)
0-1 13-147 4,400 247,500 2,970,000
1-4 140-160 4,800 275,000 9,900,000
4-7 165-185 5,550 307,500 11,070,000
7-11 185-215 6,450 357,500 17,160,000
11-15 225-320 9,600 532,500 25,560,000
Total costs 66,660,000




ok

ol Bl i~ ZALe| MY 2A 57

Table 10. Cost for treatment of a propionic aciduria patient

Table 12. Cost for treatment of a isovaleric aciduria patient

Duration and frequency Costs (W) Duration and frequency Costs (W)
Inpatient 1 week 2817.000 Inpatient 1 week 2817.000
Outpatient 0-11 months monthly Outpatient 0-11 months monthly
1-2 years every 2 months 1-2 years every 2 months
3-15 years  every 3 months 3-15 years every 3 months
16-75 years  every 6 months 2,098,300 16-75 years every 6 months 2,098,300
Laboratory works Laboratory works
CBC 0-15 years every year 72.900 CBC 0-15 years every vear 72,900
LFT every 6 months 465,300 LFT every 6 months 465,300
OAA 0-15 years  every 3 months OAA 0-15 years every 3 months
16-75 years  every 6 months 30,552,340 16-75 years every 6 months 30,552,340
™ once 19,850 ™ once 19,850
10 once 15,090 [0] once 15.090
EEG 45,470 EEG 45,470
Total costs 33,556,250 Total costs 33,556,250

CBC : complete blood count, LFT : liver function test, OAA : or-
ganic acid analysis, TM : Tandem mass spectrometry (MS/MS),
1Q : intelligence quotient, EEG: electroencephalogram

Table 11. Cost of special formulae and medication needed for a
propionic aciduria patient

CBC : complete blood count, LFT : liver function test, OAA : or-
ganic acid analysis, TM : Tandem mass spectrometry (MS/MS)
IQ : intelligence quotient, EEG: electroencephalogram

Table 13. Cost of special formulae and medication needed for a
isovaleric aciduria patient

Age Weight  Biotin
(years) (kg) (mg/day)

L-carnitine  Monthly Total costs
(mg/day) costs (W) (W)

Age Weight Glycin L-carnitine
(years) (kg) (g/day) (mg/day)

Monthly Total costs
costs () (W)

0-1 7-9 10 825 30,600 367.200 0-1 79 20 825 17.340 208.080
-3 911 10 990 31.720 761.280 -3 911 25 990 20.895 501.480
35  11-15 10 1.485 43080  1.033.920 35 11-15 35 1,485 31.125 747,000
510 18-25 10 1.980 52440 3.146.400 510 1825 50 1.980 41.790 2.507.400
10-75  35-55 10 2.970 71160 55.504.800 10-75 35-55 15 2.970 62.685  48.894.300
60,813,600 52,858,260
Age Protein needed Monthly  Total costs Age Protein needed Monthly  Total costs
(vears) (g/day) (g/month) costs (#) () (vears) (g/day) (g/month) costs (W) (#)
0-1 48-130 3900 217.500 2.610.000 0- 1 55-136 4,080 221,500 2,730,000
1-4 140-160 4800 275.000 9.900.000 1-4 140-160  4.800 215,000 9.900.000
4-7 165-185 5550 307.500 11.070.000 A- 1 165-185 5,550 307,500 11,070,000
7-11 185-215 6450 357.500 17.160.000 -1 185-215  6.450 357,500 17.160.000
11-15 255-320 9600 532500  25.560.000 11-15 255-320 9,600 532,500 25,560,000
Total costs 66,300,000 Total costs 66,420,000

Biotin 1 g = 48,000 (10 mg/day), L-carnitine 330 mg/tablet =
W280 (100 mg/kg/day)

Specific formulae 1 bottle = 450 g = 25,000 (less than 1 year
- only formulae feeding, more than 1 year - formulae feeding for
70-80% of protein needed)

= 54 Ef-(eucine-free formulae)E 15417k
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Glycin 1 g = W29 (250 mg/kg/day), L-carnitine 330 mg/tablet
= W?280 (100 mg/kg/day)
Specific formulae 1 bottle = 450 g = 25,000 (less than 1 year
- only formulae feeding, more than 1 year - formulae feeding for
70-80% of protein needed)
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Table 14. Cost for treatment of a glutaric aciduria type | patient

Duration and frequency Costs (W)
Inpatient 1 week 281.000
Outpatient 0-11 months monthly
1-2 years every 2 months
3-15 years every 3 months
16-75 years every 6 months 2,098,300
Laboratory works
CBC 0-15 years every year 72.900
LFT every 6 months 465,300
OAA 0-15 years every 3 months
16-75 years every 6 months 30,552,340
™ once 19.850
10 once 15,090
EEG 45,470
Total costs 33,556,250

CBC: complete blood count, LFT: liver function test, OAA: orga-
nic acid analysis, TM: Tandem mass spectrometry (MS/MS) 1Q:
intelligence quotient, EEG: electroencephalogram

Table 15. Cost of special formulae and medication needed for a
glutaric aciduria type | patient
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Table 16. Cost for treatment of a LCHAD deficiency patient

Age Weight Riboflavin L-carnitine  Monthly Total
(years) (kg) (mg/day) (mg/day) costs (W) costs (W)

0-1 7-9 200 825 16,500 198,000
1-3 9-11 200 930 19,620 470,880
3-5 11-15 200 1,485 28,980 695,520
5-10 18-25 200 1,980 38,340 2,300,400
10-75 35755 200 2970 57,060  44,506.800
48,171,600

Protein needed

Age Weight Monthly Total

(years)  (kg) (g/day) (g/month) ©OSts (W) costs ()
0-1 5-10 55-136 4,080 221,500 48,260,160
1-8 14-23 140-160 4,800 275,000 420,110,880
8-15 23-55 165-185 5,550 307,500 478,579,920
Total costs 946,950,960

Riboflabin 100 mg = W104 (250 mg/day), L-carnitine 330 mg/
tablet = 280 (100 mg/kg/day)

Specific formulae (XLYS LOW TRY Analogue) 0-1 year (1 bottle =
400 g = W?257,800), 1-15 years (1 bottle = 500 & = W257,800)

Duration and frequency Costs (W)
Inpatient 1 week 2817.000
Outpatient 0-11 months  monthly

1- 2 years every 2 months

3-15 years every 3 months

16-75 years every 6 months 2,098,300

Laboratory works
CBC every year 72,900

LFT 0-15years — olery 6 months 465300
OAA 0-15 years every 3 months

16-75 years every 6 months 30,552,340

™ once 19,850

10 once 15.090

EEG 45,470

Total costs 33,556,250

CBC: complete blood count, LFT: liver function test, OAA: or-
ganic acid analysis, TM: Tandem mass spectrometry(MS/MS)
1Q: intelligence quotient, EEG: electroencephalogram

Table 17. Cost of medication needed for a LCHAD deficiency
patient

Age Weight L-carnitine  Monthly costs Total costs
(vears) (kg)  (mg/day) (W) (W)
0-1 7-9 825 15,600 187,200
1-3 9-11 990 18,720 449,280
3-5 11-15 1,485 28,080 673,920
5-10 18-25 1,980 37,440 2,246,400
10-75 35-55 2,910 56,160 43,804,800
Total costs 47,361,600
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Table 18. Costs when tandem mass spectrometry (MS/MS)

performed
TM : Tandem mass spectrometry, MSUD : Maple syrup urine dis-

Glutaric aciduria type 1
ease

BH4 deficiency
Citrullinemia
Propionic aciduria
Isovaleric aciduria
LCHAD deficiency
costs : million wons

Phenylketonuria
MSUD
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