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Life in Erasmus MC 



Back Office

• 135 FTE
• Manufacturing, Logistics, 

Laboratory, Robots etc. 

Front Office

• 60 FTE
• At the wards

Research &Teaching 

• 30 FTE and partly in other 
institutions

• Teaching

• Residency
• Research 



Our patients



Louise*

* Fictional name



Nora*

* Fictional name



Bart*

* Fictional name



Robin*

* Fictional name



William*

* Fictional name 



Ideal world of drug development



Our world 



Why?

Roberts et al, CID 2014

Abdulla et al, 

Critial Care 2020

Vervalcke et al, 

Clin PK 2023

Tang Girdwood 

et al, Frontiers 

in Pharmacology 

2022

De Lima Moreira et al,

TDM 2023





Darwich et al, CPT 2017: 646-656

Model-informed Precison Dosing 



Therapeutic Drug Monitoring 

Pharmacokinetic variability

Side effects and therapeutic effects

Small therapeutic index

Adherence?

A          B          C

TDM

Individualising therapy

Monitoring of drugs

Improving dosing 

Less toxicity 

HPLC-

MS/MS

BiosensorsImmunoassay

Lab 

Pharmacist



During the lifespan

Pregnant Patients 

Neonates (and antibiotics)

Children (and antipsychotics)

Intensive Care Patients

Older patients with PJI

Older patients with hypertension and (non)adherence -> polypharmacy
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* Fictional name



1950’s – 1960’s:

phocomelia

1971: FDA warning…

THALIDOMIDE CHANGED THE WORLD



… on milk production

… on neonate via lactation

… benefits of lactation after 

intra-uterine exposure?

MATERNAL DRUG USE WITH EFFECT…

… intra-uterine 

… on neonatal start



Related image
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… on milk production

… on neonate via lactation

… benefits of lactation after 

intra-uterine exposure?

MATERNAL DRUG USE WITH EFFECT…

… intra-uterine benefits

… on neonatal start



    relative risk + 95 % CI

perinatal death    0.72, 0.58-0.89

neonatal death    0.69, 0.56-0.77

respiratory distress syndrome  0.59, 0.38-0.91

intraventricular haemorrhage  0.55, 0.40-0.76

necrotising enterocolitis   0.50, 0.32-0.78

mechanical ventilation needed  0.68, 0.56-0.84

systemic infections in early life  0.60, 0.41-0.88

hemodynamics, circulatory stability any inotropics 67 to 47 %

     inotropic score 

Roberts et al.  Cochrane 2017; Moise et al. Pediatrics 1995

… intra-uterine benefits

ANTENATAL CORTICOSTEROIDS FOR 
FETAL LUNG MATURATION



Raikkonen et al, JAMA 2020

Conclusion: 
exposure to maternal antenatal corticosteroid treatment was significantly 
associated with mental and behavioral disorders in children

HARM ANTENATAL CORTICOSTEROIDS?

… intra-uterine benefits?



Dosing of Corticosteroids 

All patients receive the same dose, but do not have the same effect

Influence of inflammation

Pre-eclampsia



Cannulation of fetal 

and maternal vessels

Fetal circulation

Maternal circulation

pumps

warm water bath

Oxygenation / 

measurements

fetal maternal

Erasmus MC placenta lab



PE

Healthy

Hitzerd et al EBioMed 2019

SILDENAFIL FOR PREECLAMPSIA
… intra-uterine harm?



MATERNAL TACROLIMUS USE

… intra-uterine harm?

Ex vivo placenta perfusion experiments

Tissue concentration

Ex vivo placenta perfusion experiments

Placenta transfer

In vivo placenta passage and tissue concentrations

Freriksen et al Eur J Pharm Sci 2018



… on milk production

… on neonate via lactation

… benefits of lactation after 

intra-uterine exposure

MATERNAL DRUG USE WITH EFFECT…

… intra-uterine 

… on neonate 



IT’S UP TO THE NEONATE…

… on neonatal start

Swantje Völler et al. Arch Dis Child Fetal Neonatal Ed, 2019 Elke Krekels et al. Clin PK, 2011

Fentanyl Morphine



… on milk production

… on neonate via lactation

… benefits of lactation after 

intra-uterine exposure

MATERNAL DRUG USE WITH EFFECT…

… intra-uterine 

… on neonatal start



MAMMARY EPITHELIUM
Secrete milk

Contract to 

secrete

Nauwelaerts et al. 2021 Biomedicine & Pharmacotherapy

… on neonate via lactation



DRUG FACTORS IN FAVOR OF PASSAGE 
TO BREASTMILK 

Lipid solubile (high logP value)

Low molecular weight

Not ionized (pKa value dependent)

Unbound to plasma protein

Long maternal elimination half life 

… on neonate via lactation



CONCENTRATION PROFILES IN 
PLASMA AND MILK



퐌퐢퐥퐤 퐭퐨 퐩퐥퐚퐬퐦퐚 퐫퐚퐭퐢퐨 M: P =
(AU)C

(AU)C

퐀퐛퐬퐨퐥퐮퐭퐞 퐈퐧퐟퐚퐧퐭 퐃퐨퐬퐞 AID = C V

퐑퐞퐥퐚퐭퐢퐯퐞 퐈퐧퐟퐚퐧퐭 퐃퐨퐬퐞 RID =
Dosage infant (AID) / /

Dosage mother / /

IMPACT ON NEONATE: 
EXPOSURE CALCULATION

… on neonate via lactation



… on milk production

… on neonate via lactation

… benefits of lactation after 

intra-uterine exposure

MATERNAL DRUG USE WITH EFFECT…

… intra-uterine 

… on neonatal start



At six years, children of mothers on AEDs had a higher (11.5% instead of 4.8%) risk 

of impaired fine motor skills compared with controls and a lower and dose dependent 

IQ (from −6 to −9 IQ point) following fetal valproate exposure when compared to other 

AEDs. 

Subsequent breastfeeding in infants of women using AEDs was associated with 

improved neurodevelopment outcome compared with those with either no 

breastfeeding or breastfeeding for less than six months. 

Overall, the adjusted IQ was higher by 4 points for children who were breastfed 

compared to those who were not. The difference in IQ was most pronounced in the 

valproate group (+12, range, 1–24 IQ). 

Meador et al, JAMA Pediatr 2014

… benefits of lactation after intra-uterine exposure

MATERNAL ANTI-EPILEPTIC DRUG USE

Also beneficial for other drugs? Reduce abstinence symptoms 
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Maturational covariates

large between subject variability - receptor expression & sensitivity      - validity of effect parameters

body composition

rapid enzyme maturation

kidney function

Kearns et al. NEJM 2003

unpredictable absorption



No adequate reflection of kidney function
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Allegaert et al, Frontiers Pediatr 2020



Suggestions for individualized 
medicine in neonatology

Ped Research 2017



Translation to practice

• Label the appropiate PK models per patient and drug

• Use MIPD before start of antibiotocs

• Early sample collection

• Multidisciplinairy approach

8:00 20:00

day 1

8:00 20:00

day 2
8:00 20:00

day 3



Dutch pediatric formulary

Dosing advise 

GA and PNA 

(↑CL after 1 

week)

44



MIPD of aminoglycosides in children

45

Discover the world at Leiden University

Results: Target attainment (≤0.5 mg/L) evaluation 

2

4. 5 mg/kg

PNA, BW

Intervals (24h-72h)

5 mg/kg/48h or 

4 mg/kg/24h 

PNA

86% of trough concentrations were 

in the target range (≤0.5 mg/L)



Pain
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Voller, Flint et al. Arch Dis Child Fetal, 2019

Pain – pharmacokinetics
maturation of fentanyl clearance
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1,0 mcg/kg/hour

0,75 1,0 mcg/kg/hour
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50% dose at PNA <5 days
75% dose at PNA 6-9 days
100% at PNA > 10 days

Voller, Flint et al. Arch Dis Child Fetal, 2019

Pain – pharmacokinetics
continuous fentanyl infusion

Grey area reflects LARGE

between-subject variability of 
clearance (4-fold!)
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Time (hours)

postnatal age day 1 day 20

250 10 205 15250 10 205 15

T1/2 ~ 24 hours T1/2 ~ 4 hours

Voller, Flint et al. Arch Dis Child Fetal, 2019

Pain – pharmacokinetics
bolus dose fentanyl 2 mcg/kg

Grey area reflects LARGE

between-patient variability of 
clearance (4-fold!)



One bodyweight-based dose does 
NOT fit all

dose



Implemented morphine individualization 
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Vinks et al. 2020 CPT

Effectiveness

Dosages

Achieved exposure

Predicted exposure

(Side-) effects

SUGGESTED OPTIMIZATION:

Co-medication

Genomics

Algorhitm-alerts for: 

• (Side-)effect data collection

• Dose-adjustments

• Register evaluation

• Organ function
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4 years

Antipsychotics in Dutch Youth: Prevalence, Dosages, and Duration of Use from 2005 to 2015. 

Kloosterboer SM, el al. J Child Adolesc Psychopharmacol. 2018 Apr;28(3):173-179





Feasibility of Dried Blood Spots in Children with Behavioral Problems. 
Kloosterboer SM, et al.Ther Drug Monit. 2020; 42(4):648-651.

https://pubmed.ncbi.nlm.nih.gov/32453305/


Measures 

DBS/Venapunction: 2 x 2 moments (Risperidon/Aripiprazol en Pipamperon)

Efficacy:

 Questionnaires (CBCL, ABC and CGI)

Side effects 

 Questionnaires (AIMS)

 Lab values 

 Weight

Pharmacogenetics 

Medication adherence (MARS and MEMS)

Assessing methods of measuring medication adherence in chronically ill children-a narrative 

review. Al-Hassany L, et al. Patient Prefer Adherence. 2019 Jul 22;13:1175-1189

https://pubmed.ncbi.nlm.nih.gov/31413546/
https://pubmed.ncbi.nlm.nih.gov/31413546/
https://pubmed.ncbi.nlm.nih.gov/31413546/
https://pubmed.ncbi.nlm.nih.gov/31413546/


Analysis 

LC-MS/MS

PK modeling via NONMEM

PD relate to PK via mixed modeling

Dried Blood Spot Analysis for Therapeutic Drug Monitoring of Antipsychotics: Drawbacks of Its Clinical 

Application. Kloosterboer SM, et al. Ther Drug Monit. 2018 Jun;40(3):344-350

Dried Blood Spots Combined With Ultra-High-Performance Liquid Chromatography-Mass Spectrometry for the 

Quantification of the Antipsychotics Risperidone, Aripiprazole, Pipamperone, and Their Major Metabolites. Tron 

C, et al. Ther Drug Monit. 2017 Aug;39(4):429-440

https://pubmed.ncbi.nlm.nih.gov/29505492/
https://pubmed.ncbi.nlm.nih.gov/29505492/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/
https://pubmed.ncbi.nlm.nih.gov/28700523/


Twice daily
0,6 mg/kg

Pipamperone Population Pharmacokinetics Related to Effectiveness and Side Effects in Children and 

Adolescents. Kloosterboer SM, et al. Clin Pharmacokinet. 2020 Nov;59(11):1393-1405

https://pubmed.ncbi.nlm.nih.gov/32394297/
https://pubmed.ncbi.nlm.nih.gov/32394297/


PK analysis

Risperidone

Aripiprazole
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Risperidone plasma concentrations are associated with side effects and effectiveness in children and adolescents with 

autism spectrum disorder. Kloosterboer SM, et al.Br J Clin Pharmacol. 2021 Mar;87(3):1069-1081

https://pubmed.ncbi.nlm.nih.gov/32643213/
https://pubmed.ncbi.nlm.nih.gov/32643213/


Follow-up research 

SPACE 2 STAR

 TDM versus standaard dosing of risperidon

 ZonMW/Erasmus MC grant

 Multi-center International 

TORPEDO 

 Precision dosing of olanzapine in AN patients 
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ECMO: extracorporeal membrane oxygenation. RRT: renal replacement therapy.   Abdulla et al, Crit Care 2020

Critically ill patients   

Variable  PK        

Variable  AB 

concentration     

Changing Fluid balance
Differemces in Vd

Suboptimal AB 

concentrations

Failure/Toxicity/AB 

resistance

RRT/ECMO 

Renal/hepatic failure

Hyperdynamic status 
Increased cardiac output/Clearance

Patients on the ICU 



Dose individualization of antibiotics in ICU patients: 

to TDM or not to TDM and the effects on outcome

Study design

Multicenter, prospective randomized study active TDM vs no-TDM 

Study population

Adult ICU patients, started with antibiotics (beta-lactams or ciprofloxacin

Aim

Fast adaptation  of dosing ->TDM -> shorter ICU admittance 

Abdulla et al, BMC Infec Dis. 2020: 20(1): 57



Erasmus MC, FG&V

HMC, Haga

Amphia

Isala
Diakonessenhuis

Groene Hart

N = 450 (450)

De Merel, ZonMw, Erasmus grant



Post-hoc analysis

• SOFA < 8 (Mortality)

• Intervention within 24 hours (ICU LOS)

• Neurotrauma

Ewoldt et al, IJAA 2023

Wieringa, Antibiotics 2023

Ergezen, ECICM 2023



Bioanalysis 

Method
EXPAT study

Target 

attainment

Cefotaxim

PopPK model

Ciprofloxacin

PopPK model

DOLPHIN study

Ciprofloxacin

Validation PopPK

Cost analysis 

Review risk 

factors

Protocol RCT 

Cost analysis
Case series  

Sustainable 

sampling

Review TDM 

EXPAT 

kids study

SurveyTDM 

implementation

Review sustainable 

sampling

ARC

Meropenem

Model validation

Integration risk 

factors in HiX

Inflammation 

markers

Review 

MIPD

MIPD RCT 

Outcome data

Abdulla et al, 31952493, 32933574, 32307575 33463382, 33708753, 34657093, 28618388

Ewoldt et al, 33770020

https://www.sciencedirect.com/science/article/pii/S1570023217303197?via=ihub
https://www.sciencedirect.com/science/article/pii/S1570023217303197?via=ihub
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03272-z
https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03272-z
https://link.springer.com/article/10.1007/s00228-020-02873-5
https://link.springer.com/article/10.1007/s00228-020-02873-5
https://journals.lww.com/drug-monitoring/Abstract/9000/Health_Care_Costs_of_Target_Attainment_for.98640.aspx
https://www.tandfonline.com/doi/full/10.1080/17425255.2021.1879049
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-4781-x
https://www.frontiersin.org/articles/10.3389/fped.2021.624639/full
https://www.frontiersin.org/articles/10.3389/fped.2021.624639/full
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Changes in PK and PD

PK 

Absorption

Distribution

Metabolism

Excretion

PD

Loss of arterial elasticity

Kidney function 

RAAS-system 



Other problems

Frailty

Falls

Comor-
bidities

Poly-
pharmacy

Adherence



Starting dose recommendations in 
elderly

• In general: elderly patients have higher plasma 

concentrations when taking the seem amount of 

drug as younger patients



Plasma concentration and age

P = 0.054



1 question remains.. 

Do elevated plasma concentrations antihypertensive drugs in 
elderly lead to lower blood pressure values and more adverse 

events? 

And is it necessary to lower the starting dose? 



What is old and what is young? 

 Biological age vs Chronological age

 Definition of what age is old is unclear 
 Elderly are often defined as > 65 years or >70 years

 Definition of ‘younger’ patients even more unclear
 <65 years? 
 <60 years? 
 Previous study of amlodipine: 28-45 years
  We choose < 50 years



Objective

Primary objective: 
Is a difference in the AUC of losartan and perindopril when comparing elderly (>70 years) with 
younger patients (<50 years)?

Secundary objective: 
Is there a difference in the drop of blood pressure in response to losartan or perindopril between 
older (>70 years) and younger (<50 years) patients; and if so, can this difference be explained by 
a difference in the plasma concentration of the drug?



Measurements 

 24 hour ABPM  most reliable method to determine blood pressure 

 Before and after the use of antihypertensive drugs

 Dried Blood Spot 

 5 measurements

 Easy to use

 Good instruction is crucial for correct sampling

 Restmaterial  RAAS-activity



Non-adherence

30/06/202378

Gupta et al. 2017; Zeller et al.  2008

1 0 - 5 0 %  

c a u s e  r e s i s t a n t  h y p e r t e n s i o n

M o r e  no n - a dh er e nc e  w i t h  i nc r e as e d  

n um b er  o f  p r e s cr i be d  

a n t i hy pe r t e ns i v e s

O v e r es t m i n a t i o n b y  he a l t h  ca r e  p r o v i de r s

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Identification of non-adherence

30/06/202379

Burnier M. Drug adherence in hypertension. Pharmacological Research 2017;125.Under pressure: improving adherence and optimizing antihypertensive drug therapy



RHYME-AD: Resistant hypertension: Measure antihypertensive drugsTo measure is to know..

30/06/202380

Prospective observational study

Inclusion of patients at vascular and nephrology outpatient clinics

Inclusion criteria: 

• Use of ≥ 2 AHDs that could be measured with a validated UHPLC-MS/MS 

method 
enalapril [enalaprilate], perindopril [perindoprilate], irbesartan, valsartan, losartan [losartan-carboxylic acid], 
bumetanide, spironolactone [canrenone], amlodipine, barnidipine, nifedipine, metoprolol and doxazosin

• Office blood pressure ≥140 and/or ≥90 mmHg 

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Inclusion flowchart Results RHYME-aD

30/06/202381

Peeters et al, J Hypertens 2023.Under pressure: improving adherence and optimizing antihypertensive drug therapy



AdherenceResults RHYME-AD

30/06/202382

Figure 1 Adherence to antihypertensive drugs in hypertensive patients visiting the outpatient 

clinic assessed by means of drug concentrations in blood

*combination of partial and total non-adherence to antihypertensive drugs

Figure 2 Prevalence of adherence to antihypertensive drugs measured by drug concentrations in 

blood in patients with and without resistant hypertension (YES/NO) and/or with and without kidney 

transplantation (YES/NO)

Less non-adherence after kidney 

transplantation, more non-

adherence after fullfilling the 

criteria of resistant hypertension

Peeters et al, J Hypertens 2023.Under pressure: improving adherence and optimizing antihypertensive drug therapy

78.2

% 



ASTERICS study
Sampling: 

1. Surgery hip/knee prosthesis extraction

• 15-30 minutes after start AB

• 90-120 minutes after start AB 

2. 2 weeks after first surgery:

3. a. OK prosthesis herimplantation: see 1
b. Antibiotics free interval: see 2

PopPK model (now n = 70) 

Synovial fluid

Synovial tissue + bone 

Synovial fluid

Demir et al, J Chrom B 2021 /Ringeling et al, Bahmany et al. 



Improving non-adherence = improving blood pressure

30/06/202384

A randomized controlled trial

• Selection of patients
• Resistant hypertension

• Phase of medication use

• Blood pressure measurement
• 24-h ABPM

• Adherence measurement
• Drug concentrations in blood

• Intervention
• A solution for as many patients as possible

Vrijens et al. BMJ 2008;336:1114-1117Under pressure: improving adherence and optimizing antihypertensive drug therapy



Communication toolAdherence intervention

30/06/202385

Peeters et al, J Hypertens 2022.Under pressure: improving adherence and optimizing antihypertensive drug therapy



Resisant hypertension: Measure to reach targetsRHYME-RCT

30/06/202386

Does the prevalence of RH decrease after 12 

months due to an increase in adherence by the 

use of measuring drug concentrations with a 

DBS sampling method combined with 

personalized feedback?Primary objective

Under pressure: improving adherence and optimizing antihypertensive drug therapy



RHYME-RCTMethods

30/06/202387

Multicenter, single-blinded randomized, controlled trial (RHYME-RCT, 

ICTRP NTR6914) 

Patients selection 

- office blood pressure >140/90mmHg

- use of 3 antihypertensive drugs including a diuretic or ≥antihypertensive drugs

- 2 antihypertensive drugs that could be measured with UPLC-MS/MS

Randomization 

- Standard of care (SoC) OR Intervention

SoC = BP measurement and DBS sampling at baseline, 3 months (t3), 6 months (t6), and 12 months (t12), 

but results on antihypertensive drug concentrations were not reported in this arm. 
- Researcher and analysist unblinded

Intervention = results on antihypertensive drug concentrations were discussed during a personalized 

feedback conversation at baseline and t3. 

Adherence = all drugs detected in blood 

Non-adherence = one or more drugs undectable in blood (<LLOD)

Peeters et al. BMC Cardiovasc Disord. 2023



RHYME-RCTMethods (2)

30/06/202388

Under pressure: improving adherence and optimizing antihypertensive drug therapy

SoC

Interventio

n



Inclusion flowchart Results

30/06/202389

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Patient characteristicsResults

30/06/202390

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Resistant hypertension and blood pressureResults

30/06/202391

Under pressure: improving adherence and optimizing antihypertensive drug therapy



AdherenceResults

30/06/202392

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Conclusion
30/06/202393

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Results from RHYME-RCTHawthorne effect

23/06/202394

Definition: 

The alteration of behavior by the subjects of a 

study due to their awareness of being observed.

1. White coat adherence
2. Adjustments in lifestyle

Inevitable while conducting a RCT

due to the need for an informed consent.

Systolic and diastolic blood pressure change between the visits divided by the 

intervention+SoC and standard of care (SoC) arm

Under pressure: improving adherence and optimizing antihypertensive drug therapy



Societal impact of individualized 
medicine

Less nurses required

Rich data collection

Machine learning

Parent empowerment

Education tools

Privacy?



Life in Erasmus MC 



NONMEM/Pmetrics

WINNONLIN/PK solver

MWPharm /InsightRx

Research Group: Clinical Pharmacometrics 



Lab: 11 technicians, 5  hospital laboratory pharmacists 

6 LC-MS/MS, 1 GC-MS, 2 HPLC-UV , 1 immuno-assay

120 drugs, FDA/EMA validated, ISO-15189

75.000 samples per year

 Diagnostics

 Research

Therapeutic Drug monitoring 

Toxicology

Forensic toxicology

Our group: TDM and Toxicology Lab



Assays: 110 in a weekly schedule 

App: smartphone application (Elabgids) and via 

Flow 

Alternative Sampling

DBS 

WBC

Meconium

……

Clinical Practice 



Issues with dose optimization (MIPD/TDM)

• Collaborations

• Which model to choose?

• Validation of the model

• Can we incorporate all covariates?

• Clinicians resistant to model-based dosing

• Stand-alone

• TDM fast turnaround time

• Time consuming

• Skills available?



Risk predictors

Machine learning

Suggestions
‘Observe comfort’

‘Measure CRP’

Video imaging

Health Care 2030
Computational Medicine



Summary and future 

MIPD and TDM

• TDM in the Netherlands 

Integration of model-based dosing in clinical practice

 Pediatric Pharmacology

 Anti-infectives

Near future 

AI/machine learning 

InsightRx integration and collaboration 

More formulary, such as pregnancy, obese/anorectic

Dahsboard

Real-time Biosensors 



Hsiang-Yin Chen, PharmD
Professor and Associate Dean 

College of Pharmacy
Taipei Medical University

Ł



1. Drug Safety Newsletter 2020 JUN Vol . 70  /2.Food and Drug Administration, Ministry of Health and Welfare Website

Adverse reactions associated with 
antibiotics in Taiwan from 2015 to 2019



1. Chien, et.al (2022). Healthcare (Basel, Switzerland), 10(4), 601./ 2. Hao-Hsin Wu (2024) Taiwan Epidemiol Bull, 10.6524/TEB.202411_40(22).0002

Clinical Decision Support 
Systems (CDSS)



Steps for AI-based clinical decision support

Loftus TJ, et al. (2022) Nat Rev Nephrol. Jul;18(7):452-465.



Model Performance Metrics

Loftus TJ, et al. (2022) Nat Rev Nephrol. Jul;18(7):452-465.



Odone A., et al. (2025) The Lancet. Infectious diseases, S1473-3099(25)00412-8. Advance online publication. 

AI-Based CDSS
Theoretical Framework



Shapley Additive exPlanations (SHAP)

Shapley value :

Å 휙 푣푎푙 = ∑ ⊆{ ,…, }∖{ }
! !

!
푣푎푙 푆 ∪ {푥 } − 푣푎푙 푆 )

푋 : 푥 ,⋯ , 푥

푆 : 푥

: 푋={푥 , 푥 , 푥 } , 푗=2 
⇒ 푆 ={∅, {푥 }, {푥 },{푥 , 푥 }}

Ǜ

Ǎ ̙

푥



SHAP (SHapley Additive exPlanations)

Model explanation and interpretation

8
©  2022 GitHub, Inc.

Shapley value for a feature and an instance

Model interpretability does not mean causality !

Positive value: positive impact
Negative value: negative impact

Pink dots: high feature value
Blue dots: low feature value



1.Huang, et al. (2024) Molecules (Basel, Switzerland), 29(11), 2663./ 2. Centers for Disease Control, Ministry of Health and Welfare, Executive Yuan, Taiwan. Taiwan guidelines for TB diagnosis and treatment. 5th ed./ 3. Chih, et al. (2014) Journal of food and drug analysis, 22(3), 356–362.

Anti-tuberculosis drug-
induced hepatotoxicity



Lai H., et al. (2022) Computer methods and programs in biomedicine, 188, 105307.*ANN, artificial neural network; SVM, support vector machine; RF, random forest; T, 
traditional parameters; G, genetic parameters; C, combined parameters.

Using Machine Learning Algorithm to predict 
anti-tuberculosis drug-induced hepatotoxicity



Lai H., et al. (2022) Computer methods and programs in biomedicine, 188, 105307.*ANN, artificial neural network; SVM, support vector machine; RF, random forest; T, 
traditional parameters; G, genetic parameters; C, combined parameters.

Using Machine Learning Algorithm to predict 
anti-tuberculosis drug-induced hepatotoxicity

The present ANN combined model would be an innovation to predict ATDH, decrease TB
treatment failure and potentially save healthcare resources and expenses on public health.



Nguyen P, et al.(2024) BMJ health & care informatics, 31(1), e100890.

Taipei Medical University Clinical Research Database



Drug-induced nephrotoxicity: 
Drugs and Risk factors

Å Antibiotics: Aminoglycosides,
cephalosporin, Beta-lactams 
penicillin, sulfonamides, 
Amphotericin B, Vancomycin

Å Chemotherapy: Platinum
Å Antiviral Medication: Acyclovir 

NSAID: Diclofenac, 
Ibuprofen,Celecoxib, Naproxen

Dobrek L. (2023). Life (Basel, Switzerland), 13(2), 325.



Colistin-induced nephrotoxicity

1.Dai C., et al. Antimicrob Agents Chemother 58:4075–4085 / 2. Zhu, Y.,et al. Pharmacokinetics and Perspectives. Microorganisms, 9(6), 1154.

MR: Megalin receptor
PEPT2 :Peptide transporter 2
OCTN2:Organic cation transporter 2



Using Machine Learning Algorithm to 
predict colistin-induced nephrotoxicity 

Chiu, et al. (2024) International journal of antimicrobial agents, 64(1), 107175.



Interpretation of the best predictive model

Chiu, et al. (2024) International journal of antimicrobial agents, 64(1), 107175.

Most important features: the number of days, cumulative dose, and daily dose of colistin



Interpretation of the best predictive model

Chiu, et al. (2024) International journal of antimicrobial agents, 64(1), 107175.

A cutoff dose of 4.0 mg/kg body weight/d for patients with a higher risk of colistin-induced AKI



Interpretation of the best predictive model

Chiu, et al. (2024) International journal of antimicrobial agents, 64(1), 107175.

True Negative Patient 159: SHAP 0.05
15 d of colistin use, a haemoglobin level of 15.1 g/dL, a potassium level of 2.4 mEq/L, 
the latest CRP level of 0.7 mg/dL, no sepsis, and high accumulative colistin dose of 4409 mg

True Positive Patient 8: SHAP value 0.85
A cumulative colistin dose of 210.8 mg, daily dose of 52.7 mg, 4 d of colistin use, 
a haemoglobin level of 8.9 g/dL, and the latest CRP level of 17.3 mg/dL



Oxidative stress Allergic reactions Tubular casts

Å High intracellular drug concentration 

within the renal tubules

→ generation of reactive oxygen species

→ oxidative stress

→ mitochondrial dysfunction

→ cellular apoptosis

Å T-cell-mediated type-4 delayed 

hypersensitivity reaction or 

complement system activation

Acute tubular necrosis (ATN) Acute tubulointerstitial nephritis (ATIN) Intratubular crystal obstruction

Å Vancomycin-associated tubular casts

→ obstruct distal tubular lumens

→ block urine flow

→ trigger inflammation

(uromodulin)

Vancomycin-induced nephrotoxicity

1. Kan WC, et al. Int J Mol Sci. 2022;23(4):2052. / 2. Perazella MA. Curr Opin Crit Care. 2019;25(6):550-557. / 3. Perazella MA, et al. Clin J Am Soc Nephrol. 2022;17(8):1220-1233. 



Using Machine Learning Algorithm to predict vancomycin-
and teicoplanin-associated acute kidney injury 

Unpublished (under revision)



Using Machine Learning Algorithm to predict vancomycin-
and teicoplanin-associated acute kidney injury 

Unpublished (under revision)



Interpretation of the best predictive model

Unpublished (under review)



Interpretation of the best predictive model

Unpublished (under review)



Xu Z, et al. (2024) NPJ Digit Med. Oct 17;7(1):286.

Equality of Odds (EO) Metric Prediction

Positive

Positive

Negative

Negative
Reality

Overall Elderly Young

TPR (True positive Rate) 0.6 0.6 0.6

FPR (False positive Rate) 0.5 0.5 0.5

EO (Equalized odds) -  

Not more/less than 0.1

Elderly Young

푇푃푅 =
푇푃

푇푃 + 퐹푁
퐹푃푅 =

퐹푃

퐹푃 + 푇푁



Short model

Long model

Post-processing threshold optimizationEquality of Odds (EO) Metric 

Bolton, W.J., et al. (2024) Nat Commun 15, 506



Optimizing Antibiotic Use in Older Adults Through Digital Health Initiatives

Bear, M. et al. (2025) Curr Infect Dis Rep 27, 7



1. Odone A., et al. (2025) The Lancet. Infectious diseases, S1473-3099(25)00412-8. Advance online publication. / 2. Howard, A., et al. (2025). The Lancet Infectious Diseases.

AI in Infectious Disease



1. Odone A., et al. (2025) The Lancet. Infectious diseases, S1473-3099(25)00412-8. Advance online publication. / 2. Howard, A., et al. (2025). The Lancet Infectious Diseases.

AI in Infectious Disease



Big Data Analysis for Monitoring Pharmacotherapy
From Rule-based techniques to AI computation



Thank you for listening!
shawn@tmu.edu.tw 



藥害救濟制度介紹&

抗生素相關藥害案例分析

簡美夷組長
2025年9月26日
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大綱

藥害救濟制度及藥害救濟法

藥害救濟申請及作業流程

藥害救濟業務

審議案例分析

結語
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藥品傷害之發生
No drug is 100% safe for all people in all circumstances.

個別體質狀況

特殊生理反應

未必有人應負責

因果關係難以證明

因藥品風險而興訟，曠日費時

訴訟

耗資源

醫學

有侷限

責任

難歸咎

病人無辜受害?

已知的科學技術，無法完
全避免或預防藥害
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藥害救濟制度及藥害救濟法
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藥害救濟法 89年5月31日公布實施
100年5月4日修正

88年：

實施「藥害

救濟要點」

89年：

總統公布施

行「藥害救

濟法」

90年：

成立藥害救

濟基金會

100年：

藥害救濟法

修正

沿革
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藥害救濟法

目的

• 使正當使用合法藥物而受害者，獲得及時救濟

• 避免不必要訴訟浪費社會成本

• 維護廠商及醫療機構名譽

• 避免事件過度渲染，健全醫藥產業發展

原則

• 人道救濟補償制度，非過失賠償

89年5月31日公布實施
100年5月4日修正
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藥害救濟法適用範圍 藥害救濟法第3-4條

 正當使用合法藥物

• 正當使用-依醫藥專業人員之指示或藥物標示使用

• 合法藥物-領有衛生福利部核發藥物許可證，依法製造、輸入及販賣的藥物

(不含中藥、試驗用藥、醫療器材)

 藥害

因藥物不良反應致死亡、障礙或嚴重疾病(住院)

符合身心障礙者保護法令
所定障礙類別、等級者

104.12.7衛福部公告：
限於因藥物不良反應致危及生命、導致病人住院、
延長病人住院時間且需作處置以防止永久性傷害者

可申請藥害救濟給付
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藥害救濟法

 申請時效(第14條) ：知有藥害之日起三年內

 申請類別與資格(第12條) ：

嚴重疾病(住院)
由受害人本人或
法定代理人申請

身心障礙(身心障礙證明)
由受害人本人或
法定代理人申請

死亡
法定繼承人申請
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衛生福利部 公告
114年2月11日 發文字號衛授食字第1141410859號

主旨：公告財團法人藥害救濟基金會為辦理114年度藥害救濟業務之受託單位。

依據：藥害救濟法第6條第1項、行政程序法第16條第1項及第2項

公告事項：本部114年度委託「財團法人藥害救濟基金會」

1. 受理藥害救濟案件之申請

2. 藥害救濟金之給付

3. 藥害救濟徵收金之收取及管理

4. 藥害救濟審議之先行及後續作業，

包含向醫療機構調閱申請個案之完整病歷資料或醫療費用等相關資料。
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藥害救濟法－資料提供及保密

 為辦理藥害救濟及其相關業務，主管機關得向財稅機關、醫療機構及其他

相關機關(構)或團體要求提供有關資料，被要求者不得拒絕、規避或妨礙。

《第10條》

 辦理本法所定藥害救濟相關業務之人員，因執行業務而知悉、持有藥物製

造業者、輸入業者或藥害受害人之秘密者，不得無故洩漏，並不得為自己

利益而使用。《第11條》

• 醫療機構或其他相關機關(構)或團體違反第10條規定者，處新台幣2萬元以上10萬元以下

罰鍰，並得按次處罰。《第23條》

• 違反第11條規定者，處新台幣6千元以上3萬元以下罰鍰。《第24條》
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藥害救濟法-基金來源

 藥物製造業者及輸入業者繳納之徵收金

 罰鍰、滯納金

 藥害救濟徵收金調高金額

(每單一案例給付救濟金額的25％；97年度起停止執行)

 代位求償之所得

 捐贈收入

 其他有關收入

 （102年度公告調整藥害救濟徵收金之比率為千分之0.5）

徵收金: 一定比例註之前一年度藥物銷售額
註:一定比例-
1. 基金總額<3億0.1%
2. 基金總額>3億0.02%~0.2%    藥害救濟法第7條

西藥製劑

藥害救濟法第5條
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最新條文修正
《藥害救濟申請及審議委員會審議辦法》第十三條、第十四條規定

發布日：112年6月15日

原

110年9月3日後發生藥害事件者適用新標準

死亡和障礙給付
最高救濟給付上限調升至三百萬
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110年9月3日前、後發生之藥害事件
適用不同給付標準
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適用於110年9月2日
以前發生之藥害事件
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適用於110年9月3日以後發生之藥害事件 (1)
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適用於110年9月3日以後發生之藥害事件 (2)
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適用於110年9月3日以後發生之藥害事件 (3)
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藥害救濟給付原則 為人道救濟而非過失賠償

死亡給付、障礙給付、嚴重疾病給付

 可合理認定係因藥品之不良反應致死亡/障礙者，依給付裁量表之金額

範圍給付。無法排除其相關性者，於最高額度內酌予給付

 嚴重疾病類別，給付其至醫療機構診療所支出並具有正式收據之必要

醫療費用

 給付內容並不包含：

精神賠償、看護費用、工作賠償、其他：如交通費用等
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藥害救濟審議組織 藥害救濟法第15條

• 主管機關為辦理藥害救濟及給付金額之審定，應設

藥害救濟審議委員會；其組織及審議辦法，由主管

機關定之。

• 藥害審議委員會置委員11至17人，由主管機關遴

聘醫學、藥學、法學專家及社會公正人士擔任之，

其中法學專家及社會公正人士不得少於三分之一。
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是否屬實?
嚴重程度為何?
(死亡、障礙、嚴重疾病)

是否屬實?
(症狀、診斷、照片)
發生時間?發生多久?
處置是否適當?

使用之合理性?
是否有其他疑似藥物?

藥害

結果

臨床
事件藥品

惟一因素？
比重？
Underlying disease? 中藥?

藥害救濟法
第13條
排除情形

因果關係?
-Micromedex
-Uptodate
-臨床文獻

藥害救濟審議原則（通則）
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為什麼藥害救濟申請不通過?

註：
包含所有《藥害救濟法》
第13條項目

本法施行前

適應症外使用

人為過失

輕微的不良反應

已獲賠償

臨床試驗用藥物
急救時超量藥物

打疫苗受害

常見且可預期

其他經
主管機關公告
之情形

申請不一定會通過救濟
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為什麼藥害救濟申請不通過?

*藥害救濟法第13條參照

本法施行前
本法施行前已發見之藥害

已獲賠償
同一原因事實已獲賠償，
但不含人身保險給付在內

人為過失
有人應對藥害負責
如.吃錯藥、開錯藥…

打疫苗受害
依傳染病防治法申請
預防接種受害救濟
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為什麼藥害救濟申請不通過?

適應症外使用
符合當時醫學原理及用
藥適當性者，不在此限

常見且可預期
WHO定義發生率ʿ1%
為common[常見]

輕微的不良反應
未達死亡、障礙或嚴重
疾病(住院)程度

臨床試驗用藥物
急救時超量藥物

其他經主管機關
公告之情形

*藥害救濟法第13條參照
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適應症外使用藥品之審議原則
（100.09.28行政院衛生署令）

 藥害救濟法第十三條第八款所稱「符合當時醫學原理及用藥適當性者不在此

限」，其審議原則如下：

一. 有「藥品查驗登記審查準則」所稱十大醫藥先進國家已經核准之適應症，而我國尚

未核准之情形，列為符合醫學原理之參考文獻之一。

二. 所治療疾病已收載於國內外專科醫學會或政府機關出版之臨床診治指引。

三. 屬於傳統治療方法，且已廣為臨床醫學教學書籍收載列為治療可選用藥物（drugs 

of choice），並符合目前醫學常規等。另，必要時可由本署藥害救濟審議委員會請

相關專科醫學會提供專業治療指引。

 符合前項原則之案件，仍應由行政院衛生署藥害救濟審議委員會視整體個案情形判斷之。
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藥害救濟申請及作業流程
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藥害救濟業務運作圖

衛生福利部

審議結果

藥害救濟申請
審定結果通知
救濟金給付

救濟金撥付

徵收金催繳及
核退

徵收金繳庫案件提審

藥害救濟審議委員會
(設罝要點、審議辦法)

衛生福利特別收入基金
(藥害救濟基金)

財團法人藥害救濟基金會

藥害救濟申請人 領有藥品許可證廠商

徵收金徵收、
核對
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藥
害
救
濟
申
請
書
第
一
頁

受害人

申請人

申請事實
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藥
害
救
濟
申
請
書
第
一
頁

申請需
檢附資料

申請藥害
救濟應注
意事項
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申請書需簽名正本，其餘文件檢附影本

嚴重疾病類別 障礙類別 死亡類別

申請書正本

受害前後病歷摘要

診斷證明書

醫療費用收據影本

身分證正反面影本

戶口名簿影本（申請人為法定代理人

時檢附）

申請書正本

受害前後病歷摘要

診斷證明書

障礙證明正反面影本

身分證正反面影本

戶口名簿影本（申請人為法定代理人時

檢附）

申請書正本

受害前後病歷摘要

受害後診斷證明書

死亡證明

解剖報告影本(若有)

申請人身分證正反面影本

戶口名簿影本

藥害救濟申請應檢附文件



31

藥害救濟申請作業

依據個案案情複雜程度不同，
從受理通知到審議結果一般需費時6~9個月不等
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藥害救濟業務
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歷年藥害救濟受理案件申請類別統計圖
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1ʲ389װ

(1999 –2025.8)*Лᵶ Ṯ ắ Ԉ

Ҁ ᵑ
ἤᵑ

Ԉ
ἤᵑ

  (а)
Ѕ ḽ Ѕ ḽ

Ϻײ Ҁ 294 424 718 NT$208,947,500 NT$297,903,750 NT$506,851,250

Ҁ 66 56 122 NT$63,750,542 NT$53,616,588 NT$117,367,130

Ҁ 946 764 1710 NT$39,532,665 NT$31,271,006 NT$70,803,671

1306 1244 2550 NT$312,230,707 NT$382,791,344 NT$695,022,051

歷年給付類別及金額之性別差異統計
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(1999 –2025.8)
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*Лᵶ Ṯ ắ Ԉ

Ҁ  Ɫ$6 9,502 2,051аȷ

ӂᶁ ѩ Ɫ 59.85%

歷年通過救濟之金額與給付率
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Лṏч ᵑ
ἤᵑ

ᾭи ЊЅ ḽ

Skin and subcutaneous 

tissue disorders

ӫ цӫϯ
885 813

1698

(66.59%)

Stevens Johnson Syndrome

ҭ ѝӢѫ- Ӣ
873

Toxic Epidermal Necrolysis

◖ἤῶӫ ײ (ҔᵶSJS/TEN overlap)
326

Drug reaction with Eosinophilia and Systemic 

Symptoms

ᾬ ֥Ẇ ԁּמᴨ цԓṝ ᾭ
218

Other Ẕ҃ 281

Hepatobiliary disorders

Ṋ
95 127

222

(8.71%)

Hepatitis (≡ἤ)Ṋᾣ 87

Hepatic failure (≡ἤ)Ṋ 56

Drug-induced liver injury ᾬἤṊ 26

Fulminant Hepatitis ἤṊᾣ 24

Other Ẕ҃ 29

Immune system disorders

ᵍꜟṆ 94 107
201

(7.88%)

Anaphylactic shock ἤԅᵌ 158

Drug hypersensitivity ᾬ 26

Other Ẕ҃ 17

(1999 –2025.8)

1ʲ389װ

*Лᵶ Ṯ ắ Ԉ

藥害救濟給付案之前五大藥品不良反應統計 (1)

37



Лṏч ᵑ
ἤᵑ

₇Лṏч Њ
Ѕ ḽ

Blood and lymphatic system 

disorders

ᴨ ц ђṆ
77 31

108

(4.24%)

Agranulocytosis ἤӪᴨ ю 36

Pancytopeniaԓᴨ ю 28

Thrombocytopenia ᴨЊὰ ю 12

Neutropenia Мἤ ю 10

Leukopenia Ӫᴨ ᵅϯ 7

Other Ẕ҃ 15

Nervous system disorders

Ṇ
42 46

88

(3.45%)

Neuroleptic malignant syndrome

ᶼ ᾬ ἤ
18

Encephalopathy 7

Cerebral infarction 6

Hypoxic-ischaemic encephalopathy 

ἤ 5

Other Ẕ҃ 52

(1999 –2025.8)

1ʲ389װ

*Лᵶ Ṯ ắ Ԉ

藥害救濟給付案之前五大藥品不良反應統計 (2)
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(1999 –2025.8)

1ʲ389װ

֤ иכ₇ Ẃ

1 Allopurinol 283

2 Rifampin/Isoniazid/Pyrazinamide ( ѠἨ Ѡ) 162

3 Phenytoin 160

4 Carbamazepine 146

5 Diclofenac 110

6 Co-trimoxazole 93

7 Lamotrigine 70

8 Ibuprofen 68

9 Sulfasalazine 66

10 Mefenamic acid 63

藥害救濟給付案之可疑藥品前十名
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1ʲ389װ

֤ ЛС Ҁ ֪
ἤᵑ

Ѕ ḽ

1 ₇ ד 312 355 667

2 ṓѹҠ П ᾬЛṏч 206 228 434

3 ӑṼ ᾬ Ҡ Ἤ П Ἠ ᴖⱢ ᾬПṿӣ 176 122 298

4
Ṷצ Ṝѿ ứ П Ӣ Ӧ ắ Ϣȳ ᾬ ῏Ἠ Ϥ ῏ȳ Ἠ
Ẕ҃ПϢ Ẕ ԉ

45 55 100

5 ᾬЛṏч ӑ Ϻȳײ Ἠ П ⇔ 46 51 97

6 П Ḗ Ȳᴞ Ḗ Ϣ῀צ Ȳ֪Ϯד Лᴩṿᴖ 18 11 29

7 ‍ ᾎ 3 1 Ἤ ֪ ᾬЛṏч Ϻȳײ Ἠ П 15 7 22

8 ֝Ϛ ֪Ṷ Б Ἠ ȴᵀЛᵶϢṝ’ Ҁ֯в 13 5 18

9 Ӑᾎ╟ᴩ›Б ṓП 8 6 14

9
‍ ᴩ ᾎ 3 2 Ἤ ѻצ ᾬ Ҡ ȲṼᾎ ȳ
ϤἨ П ᾬ

7 7 14

9 Ẕ҃ ѻ еᵫП ᶮ 7 7 14

10 ԈἨ Ḗ Ϣ Л 2 0 2

11 ֪ ắ Ṯ ᴖắ Ȳᴖ ṼẔ҃ᾎ҆ 0 1 1

11 ֪ṿӣ ӣ ᾬᴖắ 0 1 1

855 856 1711

審定結果不予救濟之理由分析
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(1999 –2024)

1ʲ381װ

֤ ᾬ ᵑ ATC ᴍиѩ

1
Combinations of penicillins, incl. beta-lactamase 

inhibitors ɎẂֽ: Amoxicillin/ClavulanateȳPiperacillin/Tazobactamɏ
J01CR 136 14.66%

2 First-generation cephalosporinsɎẂֽ: Cephalexinȳ

CefazolinȳCefadroxilɏ
J01DB 121 13.04%

3 FluoroquinolonesɎẂֽ: Levofloxacin̡Ciprofloxacin̡Moxifloxacinɏ J01MA 118 12.72%

4
Combinations of sulfonamides and trimethoprim, 

incl. derivativesɎẂֽ: Co-trimoxazoleɏ
J01EE 91 9.81%

5 Third-generation cephalosporinsɎẂֽ: Ceftriaxone​̡

Ceftazidimeɏ
J01DD 85 9.16%

抗生素相關案例之疑似藥品類別 Top 5
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Лṏч ₤ ᾭи Ԉװ ᵑᴍиѩ

Skin and subcutaneous tissue disorders

ӫ цӫϯ
534

(78.65%)

Stevens Johnson Syndrome

ҭ ѝӢѫ- Ӣ
255 47.75%

Toxic Epidermal Necrolysis

◖ἤῶӫ ײ (ҔᵶSJS/TEN overlap)
147 27.53%

Drug reaction with Eosinophilia and Systemic Symptoms

ᾬ ֥Ẇ ԁּמᴨ цԓṝ ᾭ
48 8.99%

Other Ẕ҃ 84 15.73%

Immune system disorders

ᵍꜟṆ
66

(9.72%)

Anaphylactic shock ἤԅᵌ 55 83.33%

Drug hypersensitivity ᾬ 9 13.64%

Other Ẕ҃ 2 3.03%

Hepatobiliary disorders

Ṋ
22

(3.24%)

Hepatitis (≡ἤ)Ṋᾣ 7 31.82%

Hepatic failure (≡ἤ)Ṋ 5 22.73%

Drug-induced liver injury ᾬἤṊ 4 18.18%

Other Ẕ҃ 6 27.27%

(1999 –2024)

1ʲ381װ

抗生素相關案例之不良反應類型 Top 3
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預防藥害的超前部署

1. 重視藥品安全資訊

–藥品仿單（說明書）與最新藥物安全警訊

3. 處方前後監測追蹤

–藥品過敏史

–定期安排追蹤檢查（e.g., 肝腎功能、血液檢查、視力追蹤）

3. 告知、提醒及溝通

–可能發生的不良反應、症狀與因應方法

–off-label use
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結語

Risks
Benefits

效益 V.S 風險

 藥物傷害

可預防的應儘量避免

不可預防的應謹慎監測

 藥害救濟制度
使受害民眾獲得及時救濟

減少不必要的訴訟

從事後救濟到事前預防



健保醫療資訊雲端查詢系統可查詢
及登錄保險對象之過敏藥物及症狀

就診時，擔心過敏藥物資訊不完整?

瞭解更多

健保醫療資訊

雲端查詢系統
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藥害救濟基金會ɚ醫識能藥識能ɛ：用藥安全資訊，強化醫病正確用藥溝通



《透視藥害危機》新書推薦
—臨床、法務與社工人員的實務應對指南—

《透視藥害危機：臨床案例解析及關鍵50問》聚焦於藥品風險、臨床

案例、制度運作與實務經驗，是一本深入淺出的專業書籍。

無論你是醫療人員、法務、社工，或是關心公共健康的讀者，都值得

一讀。歡迎各界索取參閱。

書中涵蓋：

 藥害事件的臨床案例與分析

 臨床風險辨識的重點與盲點

 藥害救濟制度的適用條件與申請流程

 民眾常見用藥誤解與風險觀念釐清

【書籍索取資訊】

開放機關團體申請索取，依申
請數量酌收圖書處理費。
(郵資另計)

索取洽詢：
02-2358-7343#353 陳小姐

本書於博客來、誠品等各大網路書店上架販售，
請上網搜尋《透視藥害危機》
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