
Nuove opzioni terapeutiche 
per le infezioni fungine 

invasive nell’ospite 
compromesso 

Nuove opzioni terapeutiche 
per le infezioni fungine 

invasive nell’ospite 
compromesso 

Claudio Viscoli
Division of Infectious  Disease

University of Genova, Italy



Potential conflicts of interest
• Received grants as speaker/moderator in national or 

international meetings sponsored by  Pfizer, Gilead, MSD, 
Astellas,  Abbott, BMS, Novartis

• Received grants for participation in national or international
advisory boards by Gilead, Astellas, MSD, Pfizer, Novartis

• Obtained research grants for my institution from Pfizer, MSD, 
Gilead, Abbott, Jansen, BMS, Novartis 

• Expert for  the SAG (Scientific Advisory Group) for 
antibacterials and antifungals of CHMP-EMA and consultant
for Italian Medical Drug Agency

• Member of several local boards (Genoa, Liguria, Italy and my
hospital) (Hospital Infection Control and Antibiotic
Stewardship,  HIV, vaccination, Hospital Formulary)



Antifungal Therapy:
The Last 50 Years

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

ABCD
L-AmB
ABLC

Terbinafine

5-FC
Miconazole

Ketoconazole

Year

Fluconazole
Itraconazole

Caspofungin
Voriconazole

Micafungin
Anidulafungin
Posaconazole

2006

Isavuconazole





60 double-colum pages!!!!!





Condition Primary therapy Alternative
Invasive Pulmonary Voriconazole L-AmB, isavuconazole;

posaconazole, itraconazole, 
echinocandin

Invasive sinus “                 “ “                 “
Tracheobronchial “                 “ “                 “
CNS “                 “ “                 “
Bone/joint “                 “ “                 “
Heart (endocarditis, etc) “                 “ “                 “

Eye Intraocular AMB AND voriconazole
Empiric or Pre-emptive L-AMB, itraconazole, 

voriconazole
Prophylaxis Posaconazole Itraconazole, micafungin

Chronic necrotizing Itraconazole, 
voriconazole

“                 “

Allergic bronchopulmonary 
aspergillosis (ABPA)

Itraconazole voriconazole, posaconazole

Patterson TF, et al. Clin Infect Dis. 2016;64:e1-60.
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Isavuconazole - In	vitro	activity

• Aspergillus spp.	Fusarium spp.	and	
organisms	of	the	Mucorales	order

• Yeasts	such	as	Candida spp.	
• Cryptococcus spp.,	Trichosporon and	
Rhodotorula spp.

• Dermatophytes

Falci DR,	Pasqualotto AC.	Infect	Drug	Resist	2013;6:163-74.	
Lepak AJ,	et	al.	Antimicrob Agents	Chemother 2013;57:6284-9.	
Luo	et	al.,	Antimicrob Agents	Chemother 2014;58:2450-3.	



Isavuconazole	

• Prodrug	(isavuconazonium	sulfate)	that	is	rapidly	converted	to	
isavuconazole	by	plasma	esterases

• Predictable	linear	pharmacokinetics	and		long	half-life
• Once-daily	iv	or	oral	administration	
• Protein	binding	99%
• Highly	bioavailable	and	its	bioavailability	is	not	influenced	by	food	intake	
• Does	not	require	potentially	nephrotoxic	co-administration	of	

cyclodextrin,	
• Metabolized	by	cytochrome	P-450	enzymes	(CYP3A4)
• Interactions	possible
• Apparently	no	racial	differences	in	metabolism	
• No	adjustment	in	patients	with	renal	impairment
• Dosing	200	mg	TID	for	48	hrs;	then	200	mg/day

Falci DR,	Pasqualotto AC.	Infect	Drug	Resist	2013;6:163-74.
Livermore	 J,	Hope	W.	Expert	Opin.	Drug	Metab Toxicol 2012;	8:759–765.



Latest triazoles: PK properties
Characteristic Antifungal drug

Isavuconazole Voriconazole Posaconazole 
Available formulations Oral – IV Oral – IV Oral, iv
Bioavailability Over 95% Up to 95% Low and variable 

with oral solution; 
tablets improved

Protein binding 98% 58% 99% 
Food effect No Slightly 

reduced 
absorption; 
better give 
before or 
after meal

Solution absorption 
improved with food; 
tablets same effect 
but lower 

Vd (l/kg) High (4.4 – 7.7) High (4.6) High (6.5)

CNS penetration Low in CSF, 
high in brain

High (> 50%) Low

CL (l/h) Low (1.9 – 2.8) High (8.4) High (21.7)
t½ (h) 56 – 104 6 – 12 16 – 35 
Probability of drug interactions Moderate High Moderate

Use in mild/moderate hepatic 
insufficiency*

Reduce dose Reduce dose No adjustment

generic



Involvement of cytocrome P450 enzymes and P-glycoprotein 
(P-gP) in the metabolism of azole antifungal drugs

ENZYME SYSTEM

2C192C9

P-GP3A4

Substrate Inhibitor 

Voriconazole Fluconazole
Itraconazole
Voriconazole

Substrate Inhibitor 

Voriconazole Fluconazole
Voriconazole 

Substrate Inhibitor 

Itraconazole
Voriconazole 

Fluconazole
Itraconazole
Voriconazole
Posaconazole
Isavuconazole

Substrate Inhibitor

Posaconazole Itraconazole
Posaconazole

Bruggemann RJ et al., Clin Infect Dis, 2009 Courtesy Andrea Novelli
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Study design

1:1 ratio

Randomization*

Isavuconazole: 200 mg IV TID (Days 1-2) → 200 mg QD IV or PO 

Voriconazole: 6 mg/kg IV BID (Day 1); 4 mg/kg IV BID (Day 2); 4 mg/kg IV or 
200 mg PO BID (Day 3 onwards) 

Treatment duration up to 84 days (12 weeks)
Option for oral switch from day 3 onwards



Primary endpoint (ITT)*

Isavuconazole
N = 258

Voriconazole
N = 258

All-cause mortality, n (%) 48 (18.6) 52 (20.2)

Adjusted treatment difference, % (95% CI)a –1.0 (–7.8, 5.7)

Deaths, n (%) 45 (17.4) 50 (19.4)

Unknown survival status, n (%)b 3 (1.2) 2 (0.8)

All-cause mortality (ACM) through Day 42 (ITT population) 

*ITT = proven, probable and possible treated with at least one study drug dose





System Organ Class (%) Isavuconazole
(N=257)

Voriconazole
(N=259)

Patients with any AE 96.1 98.5

Skin and subcutaneous 
tissue disorders

33.5* 42.5

Eye disorders 15.2* 26.6

Hepatobiliary disorders 8.9* 16.2

Maertens J et al. Lancet 2016: 387; 760-9

*p<0.05

• Other adverse events were not significantly different between
isavuconazole and voriconazole





Mucormycosis

• Sinuses,	rhinocerebral,	pulmonary,	wounds.
• Emergence	on	suppressive	therapy??	(voriconazole,	

echinocandin)		
– Severely	immunosuppressed	(allo	BMT),	trauma,	
burns,	uncontrolled	diabetes)

• Primary	therapy	with	high-dose	lipid	formulation	of	
amphotericin	B;

• Surgery
• Posaconazole	also	active	

2
4



Isavuconazole Mortality/Treate
d

(%)

All	patients 14/37 38%
--Primary 7/21 33

--Salvage 7/16 44

Fungiscope Mortality/Treated (%)

Untreated 29/29 100

AmB treated 41/107 38

L-AmB treated* 36/116 31







Isavuconazole versus Caspofungin in 
the Treatment of Candidaemia and 
Other Invasive Candida Infections: 

the ACTIVE Trial

28

Disclosure:
I was part of the DRC for this study, but I had no role in the design of the trial
I commented and approved, with others, the final version of the ESCMID presentation 



Efficacy outcomes (mITT population)
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Adjusted difference (%; 95% CI) between isavuconazole 
versus caspofungin

Category, n (%) Isavucona
zole

(n = 199)

Caspofung
in

(n = 201)

Successful overall 
response at EOIV* 120 (60.3) 143 (71.1)

Successful overall 
response at EOT + 2 
weeks

109 (54.8) 115 (57.2)

All-cause mortality Day 
14 29 (14.6) 25 (12.4)

All-cause mortality Day 
56 61 (30.7) 60 (29.9)
*Stratified by geographical region and baseline neutropenia 
status

Primary endpoint

Key secondary 
endpoint

Key secondary 
endpoint

Key secondary 
endpoint

Favours caspofunginFavours isavuconazole

2520151050–5–10–15–20– 25

–2.7–12.6 6.8

–2.5–8.9 3.8

–1.4–10.0 7.1

– 10.8–19.9 –1.8



Time to first confirmed negative blood culture  
(mITT with candidaemia only)
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Log-rank test p value= 
0.590

1

Patients were censored on their last visit day, represented by the circles

Time to first confirmed negative blood 
culture (days)
Isavuconazole Caspofungin

Median 
(95% CI)

4.0 (3.0, 6.0) 3.0 (3.0, 4.0)



All-cause mortality: time-to-event (mITT 
population)
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Voriconazole Posaconazole Isavuconazole
Non linear metabolism; genetic 
influence; TDM indicated

Linear metabolism; no genetic 
influence; TDM in some cases

Linear metabolism; no genetic 
influence; TDM uncertain

Oral and IV Oral and IV Oral and IV
Loading dose Loading dose Loading dose

Many interactions Less interactions than vori Few interactions

Toxicity is an issue Well tolerated; high dose? Well tolerated
Very well absorbed Oral absorption is an issue 

with solution: improved with 
tablets

Very well absorbed

Approved for prophylaxis of 
IFI in given populations and 
therapy of Aspergillus, 
Candida and rare molds

Approved for prophylaxis of 
IFI in given  populations and 
salvage therapy (Aspergillus); 
no Candida)

Approved for therapy 
(Aspergillus and Mucor); no 
Candida) 

Approved in children No children No children
IV formulation with 
cyclodextrin (renal toxicity)

IV formulation with 
cyclodextrin (renal toxicity)

Prodrug; no renal issues

Large clinical experience Large clinical experience in 
prophylaxis; not in therapy

Little experience

Generic



I’ll stop here
Thank you for your attention







Combination antifungal therapy with 
voriconazole and an echinocandin 
may be considered in select patients 
with documented IPA (weak 
recommendation; moderate-quality 
evidence)

IDSA Guidelines









NOXAFIL	OS	SOSP	105	ML	40	
MG/ML

POSACONAZOLO 200	MG	4	VOLTE	AL	GIORNO

NOXAFIL	TABLETS	100	MG POSACONAZOLO 300	MG	DUE	VOLTE	AL	GIORNO	IL	PRIMO	
GIORNO	(6	COMPRESSE)
300	MG	AL	GIORNO	I	GIORNI	SUCCESSIVI	(3	
COMPRESSE

VFEND	INF	EV	FL	200	MG	10	
MG/ML

VORICONAZOLO 6	MG/KG	2	VOLTE	AL	GIORNO	IL	PRIMO	
GIORNO
4	MG/KG	2	VOLTE	AL	GIORNO	I	GIORNI	
SUCCESSIVI

VFEND	CPS	200	MG VORICONAZOLO 400MG	2	VOLTE	AL	GIORNO	IL	PRIMO	
GIORNO
200	MG	2	VOLTE	AL	GIORNO	I	GIORNI	
SUCCESSIVI

CRESEMBA	EV	FL	200MG	10ML ISAVUCONAZOLO 200MG	OGNI	8	0RE	PER	48	ORE	
200MG	0GNI	24	ORE	GIORNI	SUCCESSIVI

CRESEMBA	CPS	100MG ISAVUCONAZOLO 200MG	EV	OGNI	8	0RE	PER	48	ORE	
100MG	0GNI	24	ORE	GIORNI	SUCCESSIVI

DOSAGGI



• Check if the patient was taking prophylaxis
(compliance)

• Check blood levels
• Posaconazole oral absorption (tablets?

Solution?
• Voriconazole metabolism

• An azole-resistant aspergillus?
• Not a fungal infection? Negative GM
• Probably a fungal infection, but another mold

(GM negative: Mucor?)

• Check if the patient was taking prophylaxis
(compliance)

• Check blood levels
• Posaconazole oral absorption (tablets?

Solution?
• Voriconazole metabolism

• An azole-resistant aspergillus?
• Not a fungal infection? Negative GM
• Probably a fungal infection, but another mold

(GM negative: Mucor?)

IF THE PATIENT WAS ON AN ASPERGILLUS-ACTIVE
PROPHYLAXIS (LOW PROBABILITY OF ASPERGILLUS) WHAT TO

DO?

IF THE PATIENT WAS ON AN ASPERGILLUS-ACTIVE
PROPHYLAXIS (LOW PROBABILITY OF ASPERGILLUS) WHAT TO

DO?

• Appropriate antibacterial therapy
• Antifungal: change family



The	anti-mold	azoles:	a	comparison

Voriconazole

• Metabolism	complicated
• Loading	dose
• Interactions
• Toxicity	not	negligible

• Hepatic
• Ocular	and	neurological
• Phototoxicity (skin	

cancer	described	on	
long	trem treatment)

• Bone	toxicity
– Orally	very	well	absobed
– Changed	the	prognosis	of		

aspergillosis
– Approved	for	prophylaxis	

and	therapy
– Approved	for	Candida,	

Aspergillus,	Scedosporium
and	Fusarium

– Approved	in	children
– Becoming	generic
– i.v. formulation	(not	the	oral)	

controindicated in	GFR<50%

Posaconazole
• Easier	metabolism
• Loading	dose
• Pretty	well	tolerated
• Few	interactions
• Limited	approval

• Anti-mold prohylaxis
• Salvage	therapy	(second	

line)	
– Oral	absorption	erratic	

with	the	solution	(food),	
but	improved	(not	
completely)	with	capsules

– No	i.v. formulation	in	Italy
– Not	approved	for	children
– Not	approved	for	Candida
– No	problem	in	renal	

insufficiency	with	the	oral	
formulation

– Same	problem	as	iv	vorico

Isavuconazole
• Easy	metabolism
• Loading	dose
• Few	interactions
• Better	tolerated	than	

vorico in	a	face-to-face	
study

• Oral	absorption	reliable
• No	cyclodextrine for	i.v.

formulation,	but	prodrug	
(isavuconazonium
sulphate converted	to	
isavuconazole)	

• Approved	for	 Aspergillus
and	Mucor

• Not	approved	for	
Candida

• Not	approved	in	
prophylaxis

• Little	experience

Going
generic







Currently available triazoles

Rybak JM et al., Pharmacother, 2015



Denning,	Science,	2015



PK/PD indices of antifungals

Classification PK/PD index Explanation Example of 
antifungals

PAFE

TIME-DEPENDENT T > MIC Efficacy is related to maintaining 
the concentration above the MIC 
for a certain period of time

Flucytosine No 

CONCENTRATION-
DEPENDENT

Cmax/MIC
(AUC0-24/MIC)

Efficacy is optimised by 
achieving high peak 
concentrations

Amphotericin B
Echinocandins

Yes 
(prolonged)

CONCENTRATION-
INDEPENDENT

AUC0-24/MIC Efficacy is optimised by 
increasing total drug exposure

Triazoles Yes 
(prolonged)

Sinnoallareddy M et al., Int J Antimicrob Agents, 2012, mod



Triazoles
Potential plasma and tissue concentrations

Felton T et al., Clin Microbiol Rev, 2014



Voriconazole metabolism

• CYP2C19 genetic polymorphism results in significant inter-
subject variation in plasma levels and drug exposure

• Genotype, age and gender result in wide inter-subject 
variability in exposure

Patterson BE et al., ICAAC, 1995; Flockhart DA, Clin Pharmacokinet, 1995; 
Dest Z et al., 
Clin Pharmacokinet, 2002; Lat A & Thompson GR  Infection and Drug 
Resistance 2011



Pascual A et al. CID 2008; 46:201-211Pascual A et al. CID 2008; 46:201-211

Voriconazole: 
variability of blood concentrations



Voriconazole trough blood levels and clinical
response to antifungal therapy
Voriconazole trough blood levels and clinical
response to antifungal therapy

Pascual A et al. CID 2008; 46:201-211Pascual A et al. CID 2008; 46:201-211



Voriconazole trough blood levels and safety of antifungal 
therapy

Voriconazole trough blood levels and safety of antifungal 
therapy

Pascual A et al. CID 2008; 46:201-211Pascual A et al. CID 2008; 46:201-211



Factors associated with a significant change in voriconazole 
concentration 

Dolton MJ et al., AAC, 2012

95% Confidential 
Interval

Model term Coefficient Lower Upper P-value
Oral administrationa -1.348 -1.741 -0.955 < 0.01
Age (years)b 0.026 0.017 0.036 < 0.01
Weight (kg) -0.028 -0.038 -0.018 < 0.01
Daily dose (mg) 0.005 0.003 0.006 < 0.01
Concomitant CYP2C19 
inducerc

-2.367 -3.181 -1.553 < 0.01

Concomitant Prednisone/ 
Prednisolone

-1.012 -1.346 -0.678 < 0.01

Concomitant 
Methylprednisolone

-1.833 -2.445 -1.221 < 0.01

Concomitant Dexamethasone -1.245 -1.991 -0.5 < 0.01
Concomitant PPI (range) 0.685  –

1.414
0.33 – 0.8 1.041 –

2.028
< 0.05 - < 

0.01

R2 = 0.24; n = 736 concentrationmeasurements; a comparedto IV administration; b age at time of first voriconazole concentration
measurement; c phenytoin or rifampicin



Voriconazole TDM
Practical indications

• Suspected treatment failure

• Suspected suboptimal dosing (interaction
with other drugs, children, cerebral infections)

• Suspected suboptimal absorption

• Suspected non-compliance

• Suspected neurologial or other toxicity
possibly related to overdosing

Mikulska M et al., J Chemother, 2012



TDM (n =37) Non-TDM (n = 34) P value

Treatment success 30 (81)* 20 (59) 0.04

Complete response
Partial response

21 (57)
9 (24)

13 (38)
7 (21)

0.12
0.71

Stable response 1 (3) 2 (6) 0.60

Treatment failure 6 (16) 12 (35) 0.07

Treatment response in Therapeutic Drug
Monitoring (TDM) vs Non-TDM groups

* = %                                                                                                           Park WB et al., Clin Infect Dis, 2012



Current recommendations of voriconazole dosing

Recommended dose by treatment type

Patient age/wt
Intravenous (mg/kg/12h) Oral 

Loading Maintenance Loading Maintenance 

< 2 yr* 9 8 9 mg/kg/12h

2 – 12 yr or 12- 14 
yr/ <50 kg

9 8 9 mg/kg/12h
(max 350mg/12h)

> 14 yr/<40 kg 6 4 200 mg/12h 100 mg/12h

> 12 – 14 yr/>40 kg 6 4 400 mg/12h 200 mg/12h

* For patients <2 years of age, the dose as recommended in the summary of product characteristics
for patients 2 to 12 years of age was used

Bartelink IH et al., Antimicrob Agents Chemother, 2013; Pfizer Limited. 2012. Vfend summary of product 
information. Pfizer Limited, London, United Kingdom



Posaconazolo oral solution

• Variable and erratic absorption
• Absorption improved

–With fat meal
–With any meal or nutritional supplement
–Coke-like drink
–By subdividing doses (4x)
–Avoiding proton pump inhibitors

• Absorption seems to worsen if drug 
administered through naso-gastric tube



Walsh et al, CID 2007





FEASIBLE???



• Posaconazole tablets are absorbed in the small intestine in 
an elevated pH environment

• This leads to improved exposure and less absorption variability
• No effect of PPI on absorption
• Still some problems in hematological patients
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Posaconazole	gastroresistant	tablet	
and	IV	formulations

Pharmacology:When	should	 concentrations	be	evaluated?

• Pending	 further	data,	TDM	is	still	recommended	 in	patients	receiving	posaconazole	
tablets	or	IV	formulation	 for	prophylaxis	 (CIII)

• TDM	is	recommended	 in	patients	receiving	posaconazole	 tablets	or	IV	formulation	
receiving	treatment	for	suspected	or	documented	 fungal	infection	 (CIII)

• TDM	is	indicated	for	patients	receiving	tablets	or	IV	formulation	 in	the	setting	of	
breakthrough	 or	progressing	 infection	unresponsive	 to	treatment,	treatment	of		
pathogens	with	reduced	susceptibility,	or	drug	 interactions	(CIII)				

additional	data	are	needed

1.	Cumpston	et	al.	Antimicrob	Agent	Chemother	2015;59:4424-4428
2.Durani	et	al.	Antimicrobial	Agent	Chemother	2015;59:4914-4918
3.	European	Medicine	Agency.	Assessment	report:	Noxafil.	2014.	
Accessed	30	April	2015.





A new entry: isavuconazole
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Isavuconazole-concentration	efficacy
Pharmacology:What	target	levels	are	recommended?

https://www.us.astellas.com/docs/cresemba.pdf

TDM	is	indicated	for	patients	receiving	tablets	or	IV	formulation	 in	the	
setting	of	breakthrough	 or	infection	unresponsive	 to	treatment,	
treatment	of	pathogens	with	reduced	susceptibility,	or	in	the	setting	of	
drug	 interactions	(CIII)				

additional	data	are	needed

Isavuconazole package labelling:



Clinical indications



Type of drug Grading

Fluconazole BI
Itraconazole BI
Voriconazole BII
Posaconazole AI

L-AmB aerosol and 
oral fluco

BI

ECIL V 2013 in AML



Type of Drug Pre-
engraftment 
and low risk 
for moulds

Pre-
engraftment 
and high risk 

for moulds

GVHD

Fluconazole AI AIII against AIII against

Itraconazole BI BI BI

Voriconazole BI BI BI

Posaconazole BII BII AI

Mikafungin BI CI CII

Caspo/anidula
L-AmB

No data No data No data

Aerosol AmB + 
fluco

CIII BII No data

L-AmB CII CII CII

ECIL V 2013 in HSCT



ECIL V-VI (2013-2015)
Invasive aspergillosis

ECIL V-VI (2013-2015)
Invasive aspergillosis

• Voriconazole A I
• Isavuconazole A I
• Ambisome B I
• ABLC B II
• Caspofungin C II
• Itraconazole C III
• ABCD C I
• Vorico+Anidula C I
• Other combinations C III
• AmB deoxycholate A I against

Similar strenght of recommendation and
quality of evidence for ESCMID guidelines
Similar strenght of recommendation and
quality of evidence for ESCMID guidelines



Thank you for your attention







Isavuconazole: Recommendations 

Contraindications Used with caution No interaction
Carbamazepine
Efavirenz
Etravirine
High dose ritonavir
Ketoconazole
Long-acting barbiturates
Nafcillin
Phenytoin
Rifabutin
Rifampicin
St. John’s wort

Aprepitant
Bupropion
Clarithromycin
Colchicine
Cyclophosphamide
Ciclosporin
Dabigatran etexilate
Digoxin
Metformin
Midazolam
Mycophenolate mofetil
Other anticancer agents
Other NNRTIs
Pioglitazone
Prednisone
Other protease inhibitors
Short-acting opiates
Sirolimus
Statins
Tacrolimus
Vinca alcaloids

Caffeine
Dextromethorphan
Esomeprauole
Ethinyl estradiol
Methadone
Methotrexate
Norethindrone
Omeprazole
Repaglinide
Warfarin

Confidential and proprietary information of Basilea Pharmaceutica International Ltd.73

NNRTI = Non-nucleoside reverse transcriptase inhibitors



ISAVUCONAZOLE   VERSUS   VORICONAZOLE

Voriconazole Isavuconazole*
Active	against	Mucorales No Yes

Food/ph	 effect Yes/yes No	clinically	relevant/no

ß-cyclodextrin Yes No

Administration Twice/d	following	loading	dose Once/d	following	loading	dose

Predictable	PK	in	adults No Yes	(at	least	up	to	600	mg)

Need	for	TDM Yes Unlikely

Drug	interactions +++ ++

Safety	(visual) ++ +	(no	visual)

Renally	impaired	patients Avoid	IV	creatinine	clearance	<50 No	dose	adaptations	(ind	ESRD)

Clinical	experience Extensive Limited

*Miceli MH and Kauffman CA. Clin Infect Dis 2015 Jul 15



Voriconazole metabolism: expression of different 
CYP2C19 genotypes for different ethnic groups

Phenotype
Population frequencies

White African-
American

Hispanic Ashkenazi
Jewish 

Asian 

Ultrarapid metabolizers 31.2% 33.3% 18.3% 24.6% ~ 1%

Extensive metabolizers 42% 39% 58% 46% 35-43%

Intermediate metabolizers 19% 15% 20% 22% 43-46%

Poor metabolizers 2.8% 6.7% 0.87% 1.8% 14-19%

*1 = normal function; 
*2, *3, *4, *5, *6, *8 = loss of funcion or null alleles; 
*17 = increased function

Owusu Obeng A et al., Pharmacotherapy, 2014 

Courtesy Andrea Novelli


