ABSTRACT

Objective: Increased use of herbal/dietary supplements (HDS) in the US has led to
more adverse reactions. Hepatoxicity of some HDS has even necessitated urgent
liver transplantation (LT). Our objective is to determine the frequency of US liver
transplants secondary to HDS usage and to characterize this cohort.

Study Design: This was a retrospective chart review of Scientific Registry of
Transplant Recipients (SRTR) data of patients who underwent urgent liver
transplant (Status 1) from 2003-2015. Data collected included demographics,
etiology of disease, blood type, waiting time, graft status and survival. Cases in
which the etiology included HDS were identified and analyzed.

Results: Of 3,195 cases, 2,408 were adults and 787 were pediatrics (excluded
from analysis). From the adult cohort, 25.96% of acute liver failure (ALF) was
secondary to drugs; of this group, 21 cases were found to involve HDS and
occurred from 2007-2014. The 4 most common drug groups causing ALF were
acetaminophen (n=300), anti-tuberculosis drugs (n=30), antibiotics (h=30), and
herbal/dietary supplements (n=20). The mean age of HDS-induced transplant
patients was 36.76 + 11.67 years (range 21-64 years). 14 (66.67%) were female.
The racial distribution was as follows: 6 (28.57%) Asian, 2 (9.52%) Black, 2
(9.52%) Hispanic, 1 (4.76%) Multiracial, and 10 (47.62%) White. 18 (85.71%) are
currently living. A total of 1,046 (43.44%) adult cases were classified as
“Unknown/Difficult to Determine” or “FHF/ALF Unspecified”; 154 (24.64%) of DILI
cases were “Unknown”.

Conclusion: HDS use is the 3@ most common cause of drug-induced ALF leading
to LT. Though 21 (0.87%) adult cases of HDS-induced Status 1 LT have been
reported, the actual value may be higher since 1,200 (49.83%) total adult cases
have an unspecified reason for LT. The literature names multiple hepatotoxic HDS
not mentioned in the United Network for Organ Sharing (UNOS) database.
Transplant professionals should specifically educate and inquire about HDS use in
patients to identify inciting agents and properly notify the Food and Drug
Administration (FDA) and SRTR of adverse effects. These measures will help
discern etiologies as well as enhance liver utilization for non-preventable cases as
the public more cautiously uses HDS.

BACKGROUND

- The demand for liver transplant exceeds the supply with nearly 15,000
people on the waitlist and an estimated 7,000 performed annually.

- Drug-induced liver injury (DILI) is the most common cause of acute liver
failure (ALF) in the US responsible for 15% of ALF transplants from 1990-
2002.2

- Drug Induced Liver Injury Network (DILIN) found 15.5% of DILI cases to be
from HDS in 8 US referral centers.’

- HDS found to be 2" most common cause of idiosyncratic DILI.8

- HDS is a $180 billion industry® and used by over 50% of US adults.3

- HDS bypass FDA safety measures and approval and therefore result in
multiple adverse effects including hepatoxicity* (see Table 1).

- 2013: Hawaii Department of Health (HDOH) notified of an ALF outbreak
necessitating transplantation or resulting in death, all linked to OxyElite Pro
(OEP), a dietary supplement.®

Table 1. Tabular compilation of dietary supplements related to liver injury.4
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MATERIALS AND METHODS
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Statistical Analyses e
. Descriptive statistics 21 recipients reported HDS usage
«  Fisher’s exact test for categorical variables prior to acute liver failure and
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- Student’s t test for continuous data (comparing means) Figure 1. Diagram of study population.

RESULTS
Herbal/Dietary

Viral Supplements - HDS use was found to be the 39 most common cause of drug-induced ALF
2.91% 3.20% A v TB Dry leading to urgent liver transplantation, after acetaminophen (1st) and anti-
Other DILI e tuberculosis drugs tied with antibiotics for 2nd,
14.56% FEOU0 g . .
A - Of 2,408 adults, 25.96% had ALF by DILI; of this group, 21 cases involved HDS.
4.80% The mean age of HDS-induced transplant patients was 36.76 + 11.67 years (range
21-64 years). 66.67% were female. Racial distribution: 28.57% Asian,9.52% Black,
9.52% Hispanic, 4.76% Multiracial, and 47.62% White. Transplants were received
from deceased donors with a mean wait time of 4.7 days (range 0-19).
Unknown DILI - Looking at the treatment years, there is an increased frequency of cases being
DILI 24.64% reported (Tab. 1). In the first half of the 13-year period, only 6 cases associated
25.96% | N with HDS were reported, compared to 15 cases in the last 6.5 years. The OEP
AcezaSmo'g‘g/phe” | outbreak in Hawaii most likely explains the large number of cases in 2013.
e - For the 21 cases, 1-year survival was 95.24% and 3-year survival was 92.31%.
85.71% of patients transplanted for HDS use are still alive lending to a relatively

positive prognosis after transplantation.
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Figure 2. Distribution of Status 1 adult liver recipients based on etiology with secondary chart displaying

DIETARY SUPPLEMENT* # CASES MARKETED PROPERTIES
Camellia sinensis (green tea extract) Weight loss
Euforia, Exolise, Onshido, SlimQuick, X-elles, Cha verde, Curr, 92

Camilina-Arokapsulas, Lipolyz Stop hair loss

Linoleic acid 3 Reduction in body fat mass

Usnic acid 18 Weight loss

Lipokinetix, UCP-1 Lipolyz

Vitamin A , Retinol 60 Immunostimulant, prevention of night
Plethoryl blindness, acne

e 68 \é\/eei;%ht loss nutritional support, well
Hydroxycut 29 Weight loss

Oxy ELITE Pro 71 Weight loss, muscle building

lllicit androgenic anabolic steroids: 153 Body-building, improving fitness and
Celtic dragon, Episdrol, Epistane, SUS500, Uprizing 2.0 exercise performance

Ma huang (ephedra) _

Xenadrine, Excelerator, Metabolife 356, Thermolite, BetaLin, 10 Welght loss

Thermo diet stack, Hydroxycut

Garcinia cambogia 2 Weight loss

etiological distribution of acute hepatic necrosis secondary to drugs (DILI). Three largest categories include
Unknown/Difficult to Determine (27.33%), DILI (29.96%), and FHF/ALF Non-specified (16.11%). Drugs included in the

LUSION/DISCUS

“Other DILI,, deS|gnat|On are. anti'inﬂammatory (NSAIDS), an’[i-S‘e?ZUI’e, amiOdarone, aneSthet|CS, methOtrexate, 4 The actual frequency of cases secondary to HDS may be higher_ HDS involvement
narcotics (Tylenol/other), anti-hypertensives, disulfiram, HIV antiviral drugs, PTU, statins/anti-cholesterol, and was reported in only 21 out of 2,408 adult cases as the etiology behind urgent
multiple drug” combinations. liver transplantation while 154 (24.64%) of DILI cases remained unknown. In
addition, 1,046 (43.44%) cases of the entire cohort were classified as
Table 2. Cases for liver transplant where herbal/dietary supplements were involved. “Unknown/Difficult to Determine” or “FHF/ALF Unspecified” (Fig. 1). Also, many
Tx: Transplant. OTC: Over the counter. *Recipient listed under "Other: Multiple Drugs” and not “included within the 20 HDS known to be hepatotoxic from literature reviews (Table 1) were not
“Herbal/ Dietary Supplements”-only cases. mentioned in the UNOS reports (Table 2) as a cause for ALF. Underreporting
DAYS and/or lack of detailed descriptions are possible causes for the scarce data and
AGE/SEX RACE YEAR WAITING TO CSUTF;?E'\SIT ETIOLOGY LISTED uncertain etiologies found in our review. It is difficult to isolate HDS as the cause
. X - A for ALF when other medications are involved and/or the patient neglects to
B B — ——
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8 56F Asian 2011 6 Dead Herbal drugs tifiable. Th hi d d ti ith HDS I
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can be utilized more for those with serious, non-preventable diseases.
10 37F White 2012 1 Living Unknown herbals
11 25F Hispanic 2013 8 Living Herbal medication
12 21M Asian 2013 0 Living Non-FDA approved testosterone REFERENCES
1 3 48F BIaCk 201 3 2 LIVIng Unknown herbal Supplements 1. OPTN (Organ Procurement and Transplantation Network), 2016. Transplant trends [Internet]. [Cited 1 July 2016]. Available from https://www.unos.org/data/transplant-
14 35F White 2013 2 Living Diet supplement induced trends/#transplants by_organ_typetyear+2015. : , 4t , S A , |
. . . 2. RussouMW, rﬁalasr;l;%JA,uShresi\t/Z? I:{i,SFrI[]ed I\I/\I/Ve\/r V:l;']t:m:nP. 2(2)(::4. Llyer tra_nsplantatlon for acute liver failure from drug induced liver injury in the United States. Liver Transplant.
15 22M MUItIraCIaI 201 3 1 9 lemg Oxy ELITE Pro 3. gf/]:an rIJ\/Il.I,'A\M(.)'zo\ersky.F?FE, ggel;f LBP20.1|6J.LSLcient-i|;‘icanFéll R;gilat'():;)geo:sgel’g\?:s in Herbal and Dietary Supplement Associated Hepatotoxicity in the United States. Int. J. Mol.
1 6 45F ASian 201 3 2 LIVIﬂg Oxy ELlTE PI’O aci_.d1 I7b Hir?sSon .JA, F{cI;belr_‘tsl_l:|)\/.\</:,i L:ﬁmes LPé§812(.)g/lechanisn:js ;(1;fgitamziqopmfn;l/?dl;ced.Liver Nec/r1o§i1$.olon7:/l;$'ge§h6t4J2, (e)%lécgg %d\;grse Drug Reactions. Vol. 196. Berlin,
1 7 28M Whlte 201 3 8 LIVIng OTC mUSC|e bu”der 4. ?%Liiea&ﬂg?r.tgs?;al?}ec:blee;—lgiaZGIM? Oer':gég—.Alonso A,.lﬁggiensas—eCaliz I, Anuc:]rade]. RJ.p2.O1IrE]3. ﬁgggt%?gi(i)cri?y b;ll Dietary Supplements: A Tabular Listing and Clinical Characteristics.
1 8 43|\/| Asian 201 3 6 L|V|ng Oxy ELlTE Pro 5. L;:uhc.ho%;cavgl.(ul C Reddy KR. 2013.Review article: herbal and dietary supplement hepatotoxicity. Aliment. Pharmacol. Ther. 37:3-17.
6. Roytman MM, P&érzgen P, Lee CL, Huddleston L, Kuo TT, Bryant-Greenwood P, Wong LL, Tsai N. 2014. Outbreak of Severe Hepatitis Linked to Weight-Loss Supplement
X ro. Am. J. Gastroenterol. 109:1296-1298.
19 36M White 2014 6 Dead Oxy ELITE Pro 7. (I\iazgrl_rg\E/JF,) B.al"Ar\mhaI:]t |_C|5 B:mko:;sky HL, Davern T, Fontana RJ, Grant L, Reddy KR, Seeff LB, Serrano J, Sherker AH, et al. 2014. L_iver injury from herbals and dietary
20 33\ Asiar 2014 3 Living Oxy ELITE Pro Lol I e e D e e ol
21* 53F White 2014 1 Living Herbal supplement and Tylenol




