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Laetrile for cancer: a systematic review
of the clinical evidence

Abstract Background: Many cancer
patients treated with conventional
therapies also try ‘alternative’ cancer
treatments. Laetrile is one such
‘alternative’ that is claimed to be
effective by many alternative thera-
pists. Laetrile is also sometimes
referred to as amygdalin, although the
two are not the same. Objective: The
aim of this review is to summarize all
types of clinical data related to the
effectiveness or safety of laetrile
interventions as a treatment of any
type of cancer. Materials and
methods: All types of clinical studies
containing original clinical data of
laetrile interventions were included.
We searched the Cochrane Central
Register of Controlled Trials (CEN
TRAL), MEDLINE (from 1951),
EMBASE (from 1980), Allied and
Complementary Medicine (AMED),
Scirus, CancerLit, Cumulative Index

to Nursing and Allied Health (CI-
NAHL; all from 1982), CAMbase
(from 1998), the MetaRegister, the
National Research Register, and our
own files. For reports on the safety of
laetrile, we also searched the Uppsala
database. No language restrictions
were imposed. Results: Thirty six
reports met our inclusion criteria. No
controlled clinical trials were found.
Three articles were nonconsecutive
case series, 2 were consecutive case
series, 6 were best case series, and 25
were case reports. None of these
publications proved the effectiveness
of laetrile. Conclusion: Therefore,
the claim that laetrile has beneficial
effects for cancer patients is not
supported by sound clinical data.

Keywords Laetrile . Amygdalin .
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Background

Numerous surveys have reported that many people
suffering from cancer turn toward so-called alternative
cancer cures, i.e., unconventional treatments that are
claimed to be effective either as a sole or concomitant
therapy for cancer. “Alternative cancer cures” seem to be
not supported by encouraging evidence, and some of them
are associated with considerable risks [4]. The information
currently available on the Complementary and Alternative
Medicine (CAM) for Cancer Treatment has the potential to
seriously mislead patients [5]. Many websites suggest a
variety of “alternative cancer cures,” and most of them
advertise and sell such products (http://www.quackwatch.

org/04ConsumerEducation/News/apricotseeds.html, cited
27 September 2004).

For about 40 years, laetrile has been one of the most
popular “alternative cancer cures” [6]. Confusingly, laetrile
is also sometimes called amygdalin, mandelonitrile beta-
glucuronide [7], vitamin B17, bitter almond (http://www.
curezone.com/foods/laetrile.html, cited27September2004),
mandelonitrile, apricot kernels, Xing Ren, amygdaloside,
Prunus armeniaca (http://66.102.9.104/search?q=cache:
i9d8wjzdGncJ: tcm.health-info.org/Herbology.Materia.Med
ica/xingren-properties.htm+amygdaloside+cancer+&hl=en,
cited on 7November 2004), nitriloside,Prunus persica seeds
[8], Prunus amygdalus (http://www.1cure4cancer.com/
controlcancer/information/laetrile.htm, cited 19 January
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2005), TaoRen or Semen persica (http://www.herbasin.com/
database/taoren.htm, cited 27 September 2004), or prunasin
(http://www.mskcc.org/mskcc/html/11571.cfm?RecordID=
485&tab=HC, cited October 2004). Considerable confusion
also exists concerning the relationship between the struc-
ture and nomenclature of laetrile and amygdalin. These
names are often used interchangeably, although they do not
describe the same product.

Amygdalin (Fig. 1) is a cyanogenetic glycoside plant
compound [9] found in the pits of many fruits and in
numerous plants belonging to the Rosaceae family such as
P. persica (peach), P. armeniaca (apricot), P. amygdalus
var. amara (bitter almond); it has also been found in the
bark of Prunus africana (pygeum) [10], which is some-
times (wrongly) named bitter almond. Natural amygdalin
has a dextrorotatory (R) configuration that is considered to
be the active form [11]. Neo-amygdalin is its inactive (S)
isomer and does not occur in nature; isoamygdalin (Fig. 2)
is the name of the mixture of the epimers R-amygdalin and
S-amygdalin [12].

The term ‘laetrile’ (Fig. 3) is an acronym from
laevorotatory and mandelonitrile, used to describe a
purified form of amygdalin [7, 8, 13]. The chemical
composition of the US-patented laetrile (D-man-
delonitrile-ß-glucuronide), a semisynthetic derivative of
amygdalin, is different from the laetrile/amygdalin pro-
duced by Mexican manufacturers (D-mandelonitrile-ß-
gentiobioside; Fig. 4) that is made from crushed apricot
pits [7, 14].

Amygdalin was isolated by two French chemists,
Robiquet and Boutron, and in 1837, it was named ‘emulsin’
by Liebig and Wöhler [14] (http://www.pasteur.fr/
recherche/unites/REG/causeries/dates_1800.html, cited No-
vember 2004). In 1845, it was tried as a cancer treatment in
Russia, and its first recorded use in the USA dates back to
the 1920s (http://www.nci.nih.gov/cancertopics/pdq/cam/

laetrile/healthprofessional/allpages, cited October 2004). In
the 1950s, a purportedly nontoxic intravenous form of
amygdalin was patented as laetrile. The results of an analysis
conducted by the National Cancer Institute (NCI) of the
purity of both oral and injectable amygdalin products
manufactured by Cyto Pharma of Mexico indicated that
these products did not comply with US pharmaceutical
product standards [15]. Other analyses showed the presence
of contaminants in both injectable and oral supplements of
laetrile [14]. In spite of these concerns, many Americans
continued to use laetrile so that the NCI decided to
investigate its effectiveness. The results of their study failed
to show anticancer activity: Of 22 cases, only 6 patients
experienced a positive response [16]. In 1979, the Food and
Drug Administration (FDA) ruled that laetrile products were
toxic and ineffective, and laetrile was consequently banned
[18]. In 1980, 23 US states legalized its use for terminal
cancer patients [19, 20]. In the 1980s, two clinical trials were
sponsored by the NCI with the approval of the FDA. Their
results did not suggest laetrile to be effective. In 1987, Judge
Bohanon issued an order effectively rendering the import of
laetrile into the US as illegal [20]. Since then, laetrile has
been banned in the USA and in Europe [21]. In the UK,

Fig. 1 R-Amygdalin, C20-H27-N-011. It is a cyanogenetic gluco-
side. When cleaved by betaglucosidase, it releases at the first stage
R-prunasin and a molecule of glucose

Fig. 2 Isoamygdalin, C20-H27-N-011. This is the name of the
mixture of the two epimers R-amygdalin and neo-amygdalin
(S-amygdalin)

Fig. 3 D-Mandelonitrile-ß-glucuronide or laetrile, C14-H15-N-07.
This compound is similar to prunasin except for the COOH group
that makes it a glucuronide rather than a glucoside
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cyanogenetic substances are considered as “prescription
medicine only” and can be prescribed under medical
supervision only (http://medicines.mhra.gov.uk/ourwork/
licensingmeds/legalstatus/lista.doc, cited 13 December
2004). Nevertheless, laetrile continues to be manufactured
and administered as an anticancer therapy, primarily in
Mexico [22]. Many websites are promoting and selling
laetrile (http://www.quackwatch.org/04ConsumerEducation/
News/apricotseeds.html, cited 27 September 2004), claiming,
for instance, that the FDA has ruled laetrile as illegal to
protect the profits of the pharmaceutical industry and permit
testing on laetrile only by its opponents (http://www.
cancertutor.com/WarBetween/War_Fda.html, cited 3 Octo-
ber 2004; http://www.u-magazine.com/magazine/articles.
php?articleid=109, cited 3 October 2004).

Laetrile therapies are usually used alongside conven-
tional cancer treatments or in combination with other
unconventional methods such as metabolic therapy, urine
therapy, diet therapy, fruit seeds intake (apricot, bitter
almond, peach), oral supplements, and injections of
betaglucuronidase [23]. Betaglucosidases enzymes found
in intestinal bacteria [24] and in some commonly eaten
plants break down laetrile and amygdalin to benzaldehyde,
glucose, and cyanide (HCN) [14, 25], which is a
constituent of mandelonitrile (Fig. 5). This is a structural
component of both amygdalin and laetrile products,
thought to be the active compound in laetrile products [26].

Laboratory studies have suggested anticancer effects of
amygdalin [8, 11, 27–29]. Amygdalin and other cyanoge-
netic glucosides have been discussed as anticancer
prodrugs [30, 31]. A Cochrane review found no rando-
mized clinical trials (RCTs) of laetrile [32].

Objectives

The aim of this review is to summarize any type of clinical
evidence related to the effectiveness or safety of laetrile (or
amygdalin interventions) in patients of all ages suffering
from cancer of any type or stage. We wanted to go beyond
the RCT evidence—not least because enthusiasts might

argue that our Cochrane review [32] was too narrow to
generate meaningful conclusions.

Materials and methods

All types of human studies reporting original data of any
kind of laetrile intervention for any cancer patient were
considered for our systematic review. Studies on laetrile in
any form such as oral supplements or parenteral (intrave-
nous or intramuscular) were included. Since laetrile is used
in combination with other therapies, such as ‘metabolic
therapy’, we also included reports of laetrile use in
combination with other treatments. In vitro and animal
studies were excluded.

The Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE (from 1951), EMBASE (from
1980), Allied and Complementary Medicine (AMED),
Scirus, CancerLit, Cumulative Index to Nursing and Allied
Health (CINAHL; all from 1982), and CAMbase (from
1998) were searched. The MetaRegister (http://www.
controlled-trials.com/) and the National Research Register
(http://www.update-software.com/national/) were also
searched. In addition, the bibliographies of all studies
were scanned, and unpublished or on-going trials were
identified through correspondence either with companies
supplying or manufacturing laetrile or with clinics employ-
ing laetrile. For safety case reports, we searched the
Uppsala database (Uppsala Safety Case Reports Database,
https://websearch.who-umc.org, cited 1 June 2005). Fi-
nally, our own files were hand-searched. No language
restrictions were imposed.

To search AMED, CINHAL, EMBASE, and MED-
LINE, we used ‘NHS dialog’, a portal that provides the
above-mentioned databases. MEDLINE was also searched

Fig. 5 Mandelonitrile, C8-H7-
N-O. In an aqueous solution, it
may decompose spontaneously
into benzaldehyde and HCN at a
pH above 5, whereas the en-
zyme reaction also occurs at
lower pH values

Fig. 4 D-Mandelonitrile-ß-
glucoside or D-mandelonitrile-
ß-gentiobioside or prunasin is a
cyanogenetic glycoside. When
cleaved by prunasin beta-D-
glucohydrolase in water, it
releases glucose and
mandelonitrile
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through PubMed. All the search terms used to search
PubMed were also used in NHS dialog (except for the
truncation symbol ‘*’ that was replaced by ‘$’ in the latter;
Table 1). To limit truncation and avoid the possibility of
overflow, a number of characters after the wildcard also
had to be specified.

All titles and abstracts were examined independently by
the two reviewers. In case of discrepancies, the third author
acted as an intermediator. Copies of potentially relevant
articles were obtained. The eligibility of retrieved papers
was assessed independently by the two reviewers. All
articles were evaluated, and key data were extracted by the
two reviewers according to predefined criteria: patient’s
age, sex and diagnosis, type of intervention and dosage,
nature of adverse event and adverse effects, blood cyanide
level [33], significant urine cyanide changes [34], use of
prior conventional treatments, and clinical outcome.

Results

Of the 64 articles retrieved through our searches, 36 articles
met our inclusion criteria. The 28 excluded reports related
to in vitro or animal studies or were not about cancer
therapy (Fig. 6). No controlled clinical trials were found.
Three articles reported nonconsecutive case series, 2 were
consecutive case series (one of which was not published), 6
were best case series (series of case reports selected by the
authors for the remarkably positive outcomes), and 25 were
case reports (Tables 2 and 3).

A nonconsecutive case series [33] included six cancer
patients and was designed as a pharmacological and
toxicological study. Patients were administered both oral
and intravenous laetrile together with “metabolic therapy”
that included vitamins plus mineral preparations and
pancreatin. Two patients were also given raw bitter
almonds concomitantly with oral amygdalin. One patient
who consumed raw almonds with laetrile experienced

adverse events. No tumor regression or other beneficial
results were reported.

The six patients from Moertel’s study [33] were further
analyzed, and 50–60 additional patients were given
intravenous and oral amygdalin [34]. No hydrolysis of
amygdalin to cyanide was noted, even with extremely high
plasma concentration of the drug. No serious acute toxicity
was encountered, and no tumor regression was reported.

Another nonconsecutive case series examined a popu-
lation of 178 cancer patients [23], including the six patients
of the previous study [33]. Patients received laetrile
intravenously and orally at different dosages as adjunct to
“metabolic therapy” (see above). Of the 153 symptomatic
patients, 20% claimed subjective benefit at some time
during therapy. One patient on oral laetrile and raw almond
had symptoms characteristic of cyanide toxicity, which has
also been observed in animal studies [35].

Tumor response and blood cyanide level (fatal when
above 3 μg/ml) [33] were analyzed according to
subgroups: oral laetrile vs intravenous laetrile, high-dose
laetrile vs low-dose laetrile, and laetrile with other
interventions (raw almonds) vs laetrile as sole intervention.
Due to lack of essential data, these subgroup analyses are
difficult to interpret. For instance, the comparison “high
dose vs low dose” indicated a no dose–response relation-
ship, although animal and human studies suggest that the
toxicity of laetrile depends on the dosage and route of
administration [33, 36]. High blood cyanide levels were
noted in three patients who underwent low-dose therapy,
and high blood cyanide levels were not documented in any
patient receiving high-dose therapy. Oral administration is
said to be associated with greater toxicity than intravenous,
intraperitoneal, or intramuscular injection [25]. Yet of the
178 patients, 135 (76%) who had received intravenous
laetrile experienced a toxic reaction, whereas 95 (72%) out
of the 132 patients on oral laetrile experienced a toxic
reaction, thus demonstrating a slightly higher toxicity
among intravenously administered patients. No tumor

Total relevant studies 
retrieved: 64 

Included studies: 36*

Animal studies: 13  

In-vitro studies: 14 

Not cancer: 1 93

Fig. 6 Flowchart of inclusion
process. *Included studies:
nonconsecutive case series, 3
publications; consecutive case
series, 2 (1 is from an unpub-
lished data); best case series, 6
publications; case reports, 25
publications
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regression was observed in this study. One patient had a
partial response for 10 weeks, but it was not specified
which group this patient belonged to. A total of 95 patients
showed progressive disease.

One uncontrolled trial was conducted in Japan in 1995
by CPW-Rahlstedt. This unpublished report was obtained
by contacting laetrile manufacturers (Hospital of Anhui
Medical University, 1995, unpublished report, “Summary
of Clinical Efficacy of CDA-II”). It included 47 patients
with various types of cancer undergoing cell differentiation
agent II (CDA-II) therapy consisting of intravenous
infusions of laetrile together with urine therapy, diet
therapy, and vitamin C. Two complete responses were
mentioned.

The Cancer Commission’s study [37] is a case series that
included 44 patients followed for 6 months. Some of the
patients (no numbers were provided) experienced pain
relief and an increase in well-being. This indicated,
according to the authors, that laetrile might have exerted
a temporary metabolic effect. One patient experienced
complete remission but, as the authors pointed out, this
could have been spontaneous.

Guidetti [38] reported on some patients (no exact
number was provided) with various types of cancer treated
with laetrile compresses applied locally to the affected area.
Patients experienced tumor regression allegedly due to the
lytic and destructive action of laetrile. However, because
no numbers were provided, these data are uninterpretable.

Navarro [39] reported a case series with 14 patients with
various types and stages of cancer. Patients were given
different dosages of laetrile intravenously together with
betaglucuronidase. The results suggested positive effects of
laetrile on pain relief, appetite, reduction in odor of
ulcerations, analgesia, weight gain, and tumor shrinkages
in some cases. One patient allegedly had a complete
response, but no follow-up was reported.

An Italian case series included 21 patients with
advanced cancer [40]. Laetrile was given intravenously,
and some patients were also treated with local compresses
of laetrile solution. In some patients, normalizations of
crythrocyte sedimentation rate and improvements of well-
being were noted. Although, none of the patients had a
complete response, survival rate was better than ex-
pected. The author concluded that laetrile was well
tolerated and that pulmonary cancer was responsive to
laetrile therapy. This report lacks crucial detail for a
critical assessment.

In another case series, the outcomes were reported of
five cancer patients treated with intravenous laetrile,
sometimes together with betaglucosidase enzyme [41].
The patients experienced benefits after the therapy, and the
author concluded that small doses of laetrile injected or
administered by iontophoresis were particularly effective
in early cases of metastasis (axilla) from surgically treated
breast cancer. He also suggested that, in advanced cancer,
laetrile could be better utilized at a dosage range of 3,000

up to 5,000 mg. Only two patients qualified as complete
responses according to X-ray examinations.

The same author also reported positive outcomes for
nine patients with different types of cancer in a best case
series [42]. Patients were given laetrile intravenously or
intramuscular with betaglucuronidase. One patient had a
complete response with 7 months follow-up. Four other
patients had a partial response, but follow-up data were
provided in one case only. The author concluded that
laetrile was likely to be an effective palliative treatment for
advanced cases and speculated that it might even be
curative in early cases. The lack of denominator data
renders this report difficult to interpret.

Morrone [43] published a best case series of ten patients
with different types of cancer treated with intravenous
laetrile. All patients experienced pain relief. According to
the authors, this was due to the benzoic acid given after
laetrile. It is hydrolyzed by betaglucuronidase enzyme,
which is thought to be highly concentrated in malignant
lesions. Some patients experienced a reduction in adeno-
pathy. No complete remissions were observed. Again, the
lack of denominator data poses a problem.

Twenty-five case reports were found [44–68]. Laetrile
was ineffective in five cases and effective in four cases. In
three further cases, no clear outcome was indicated. Sixteen
case reports reported adverse effects after laetrile admin-
istration in various forms and different dosages (Table 4).
Among these 16 patients, two died because of adverse
events due to cyanide poisoning. Seven additional toxicity
case reports were excluded because they either referred to
patients with diagnoses other than cancer or did not report
in sufficient detail.

In total, our systematic review included 368 cancer
patients, 14.4% of whom experienced adverse reactions
mainly consisting of nausea, vomiting, headache, fever,
and abdominal pain. Adverse events were usually asso-
ciated with intravenous administration of laetrile, but they
were also experienced by patients undergoing oral and
intramuscular injections as well as enemas. No toxic effects
of laetrile use in pregnant women were observed [42, 47].

To evaluate tumor response and symptomatic benefits, a
total of 352 relevant cases are included in our systematic
review; 3.1% of them allegedly had a complete response,
9.4% had a partial response, 6.8% had a stable disease, and
36.4% had tumor progression. Symptomatic benefits were
reported in 22.9% of the cases. Due to the lack of
denominators, these figures are likely to be biased.

Discussion

This systematic review found no sound evidence that
laetrile is effective as an anticancer agent. The claim that
laetrile has anticancer effects is, therefore, not supported by
data from controlled clinical trials. In a small number of
reports, however, laetrile has been suggested to be of benefit
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Table 4 Results of case toxicity reports of laetrile for cancer

First author Type of
cancer

Patient
gender

Patient
age

Name and type of
intervention and
dosage

Duration Adverse events reported Maximum
blood cyanide
level

Final
outcome

Smith (1977)
[78]

Lymphoma Female 48 Laetrile (6 mg intra-
venously weekly+
500 mg tablets 3 per
day)

2months Fever, malaise, headache, se-
vere abdominal cramps, lym-
phadenopathy, hepatospleno-
megaly

1 mg/dl
(10 μg/ml)

Recovered

Lung and
brain

Male 46 Laetrile (500 mg
tablets one per day)

6months Neuromuscular weakness Recovered

Sadoff
(1978) [75]

Astrocytoma Female 17 10.5 g laetrile
ampoules ingestion

1 day Headache, dizziness, collapse
convulsions, labored breathing,
dilated pupils, comatose, titanic
contractures

Not reported Dead

Ortega
(1978) [74]

Kidney Male 2 Laetrile (3.5 mg
enemas daily)

2 days Vomiting, diarrhea 214 μg/dl
(2.14 μg/ml)

Recovered

Maxwell
(1978) [73]

Sarcoma Male 69 Laetrile (oral) 1 year Weakness, light-headedness,
palpitations, headaches

0.6 μg/dl
(6 μg/ml)

Recovered

Morse
(1979) [72]

Lung cancer Female 48 Laetrile intravenous,
intramuscular, oral,
and rectal suppository
routes daily

9 days Cold sweats, headaches, nausea,
lethargy, dyspnea

1.16 μg/ml Recovered

Horwitz
(1979) [71]

Acute
lymphocitic
leukemia

Male 2 Laetrile+vitamin C,
enzyme enemas, and
folic acid

NS Cyanide poisoning NS Recovered

Rubino
(1979) [70]

Nodular
lymphoma

Female 49 Ingestion of 20–40
apricot pits

1 day Headache, weakness,
disorientaion, nausea

3.2 μg/ml Recovered

Liegner
(1981) [69]

Ductal
carcinoma

Female 61 Laetrile (500-mg tablet
twice a day)

5 years Fever, chill aches, malaise,
agrunololcytosis

Not reported Recovered

Vogel (1981)
[68]

Breast
carcinoma

Female 57 Laetrilea NS Comatose 2.18 μg/ml Dead

Uppsala
database
(1981) [78]

Malignant
breast
neoplasm

Female 43 Laetrile oral NS Rigors NS Recovered

Shragg
(1982) [67]

Bowel
carcinoma

Female 67 5–12 bitter almondsb 2 days Light-headedness, nausea,
vomiting, crampy abdominal
pains, collapse

2 μg/ml Recovered

Kalynaraman
(1983) [66]

Lymphoma Female 67 3 tablets of laetrile/
amygdalin daily

NS Neuromyopathy 191.8μg/100m-
l (191.8
μg/ml)

Recovered

Beamer
(1983) [65]

Carcinoma Male 22 12–18 tablets of
laetrilec

1 day Comatose, muscle rigidity NS Recovered

Leor (1986)
[64]

Hepatoma Female 65 Laetrile ampousles
ingestion (9 g)

2 days Coma, hypotension, acidosis 0.23 μg/ml Recovered

Bromley
(2005) [80]

Cancer Female 68 Amygdalin 3 g
concomitantly with
vitamin C

1 day Seizure, reduced glasgow coma
score, severe lactic acidosis

Not available Recovered

NS Not specified
aPatient had laetrile for a year.
bPatient had laetrile together with various drugs: Valium, Librium, stelazine, thorazine, dilantin, phenophen 3.
cPatient had also laetrile tablets daily for 6 months.
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to cancer patients. It should be stressed again that, in the best
case series and the case reports, the denominator, i.e., the
number of cases treated, is not known. Therefore these types
of reports may generate a false positive overall impression.

All positive results came from case reports and case
series where subjective responses could erroneously be
interpreted as objective evidence of efficacy. Many cases
reporting tumor regression were referring to temporary
regression and, in cases of alleged complete remission,
none of the studies gave detailed information on follow-up.
Some patients experiencing tumor regression might also
have received conventional treatments. The nonconsecu-
tive case series by Moertel [23] and the Cancer Commis-
sion [37] did not support the anticancer effect of laetrile and
suggested laetrile to be toxic. The only unpublished study
we found (CPW-Rahlstedt) suggested positive outcomes.
This study lacks methodological details and was not peer-
reviewed.

There are several reasons why the few allegedly positive
results may, in fact, be ‘false positives’. In particular, one
should question whether patients actually had cancer to
start with, whether the alleged benefit was due to laetrile or
to concomitant treatments, and whether the outcome was
real or assumed. None of the “positive” cases have been
reported in sufficient detail to be sure on all these accounts.
Furthermore, some of them were reported by authors who
one might suspect of a conflict of interest.

In most of the studies, insufficient details were provided
regarding chemical structure, brand name, extraction
process, and purification methods. The name laetrile was
often used interchangeably with amygdalin, vitamin B17,
or other terminology. These names represent slightly
different compounds with different pharmacological prop-
erties. Two nonconsecutive case series conducted by
Moertel [33, 23] refer to L-mandelo-nitrile-ß-D-glucuroni-
side-6-ß-glucoside and D-mandelonitrile-ß-D-glucosido-
6-ß-D-glucoside, respectively, but it is not clear whether
the author used the wrong names or was referring to the
actual reported ones. If so, the study published in 1982 [23]
should not be considered as a follow-up of the previous one
[33], because the two substances represent different
compounds. On the other hand, the second study [23]
included patients from the first [33]; thus, we suspect that
Moertel et al. employed the wrong nomenclature. This
exemplifies the importance of rational nomenclature for
phyto-pharmaceuticals as the key to comparisons of
activity, dosage, and price [69].

The risk of developing cyanide (HCN) poisoning after
laetrile seems high and could increase with concomitant
intake of fruit seeds (apricot, bitter almond, peach) [35],
with megadoses of vitamin C [70], and in people with a
genetically predisposed, diminished capacity to detoxify
HCN [71]. Adverse events after laetrile intake could also be
related to overdosing or to the quality of the products
commercially available. Processing conditions are impor-
tant factors affecting the quality of some Rosaceae seeds

[72, 73], and often, laetrile/amygdalin preparations come
from questionable sources. Those preparations could be
mutagenic [7] or could contain bacteria [15] or other
contaminants and impurities [14]. Other preparations may
contain only mandelonitrile glucuronide or various con-
centrations of amygdalin and isoamygdalin, or may contain
no glucuronide at all [7].

Not only is the evidence that laetrile does more good than
harmweak, but also the plausibility of its postulated mode of
action is debatable. Two theories claim that malignant cells
are deficient in rhodanese enzyme and have abnormal levels
of betaglucuronidase and betaglucosidase, enzymes respon-
sible for the breaking down of laetrile and amygdalin,
respectively (http://www.nci.nih.gov/cancertopics/pdq/
cam/laetrile/healthprofessional/allpages, cited October
2004) [74]. Rhodanese can convert cyanide into the
relatively harmless compound thyocyanate [9] when laetrile
is broken down by the betaglucuronidase, producing
cyanide. This would affect cancer cells more than healthy
ones. However, there is no experimental evidence to show
that malignant and healthy cells differ in rhodanese enzymes
[75] nor that betaglucosidase is contained in tumor tissues
[27]. High levels of betaglucuronidase have been noted in
the tissue, blood serum, and urine of cancer patients [76, 77],
so that drugs, such as 1-mandelonitrile-glucuronide, may
selectively release cyanide to tumor tissues [27]. A third
theory refers to cancer as a metabolic disorder and
proposes that cancer develops due to the deficiency
of a vitamin, named vitamin B17, which has been
described indifferently as amygdalin and laetrile (http://
www.curezone.com/foods/laetrile.html, cited 27 September
2004) [78]. Although some (but by no means all) studies
suggest a beneficial effect of vitamins in cancer therapy
[79], there is no evidence that laetrile is a vitamin, that
cancer is a metabolic disease, or that lack of laetrile is
involved in carcinogenesis [80]. A fourth theory suggests
that cyanide leads to the disruption of lysosomes by
increasing the acid content of cancer cells, and that the
lysosomes release their enzyme content, which causes the
death of cancer cells (http://www.nci.nih.gov/cancertopics/
pdq/cam/laetrile/healthprofessional/allpages, cited Octo-
ber 2004). Cyanide can kill cancer cells by diffusing
through the cell membrane and inhibiting mitochondrial
respiration [30]. It could also be useful as a “radio
sensitizer”, improving the effect of radiotherapy in cancer
cells [27] (http://ott.od.nih.gov/db/abstxt.asp?refno=148,
cited 2 February 2005). However, its cytotoxic activity
could also affect healthy cells [30]. A theory promoted by
an unpublished document provided by a laetrile supplier
(CPW-Rahlstedt) claims that laetrile is formed in the body
after amygdalin administration. According to this theory,
amygdalin is transformed in the liver and kidneys into
glucose and mandelonitrile, which subsequently would
combine with glucuronic acid to produce laetrile. No
experimental evidence has been found in the literature to
support this theory. In view of recent promising laboratory
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studies on the anticancer effect of amygdalin [8, 11, 31],
future investigations might be considered–if only to put the
patient’s mind at rest.

Our review has several limitations. The quality and
paucity of data limits the conclusiveness of our findings.
Although our searches were extensive, we cannot be
certain that they retrieved all the available evidence. The
studies we combined in this analysis had different
methodological designs and related to various forms of
cancer with different etiologies. This heterogeneity renders
the interpretation of the evidence difficult.

In conclusion, there is no reliable evidence for the
effectiveness of laetrile, and considerable doubt about its
safety exists. The risk–benefit balance of laetrile as a
treatment for cancer is therefore negative. Well-designed,
controlled clinical trials to test laetrile or amygdalin could
be considered.

Acknowledgement The authors thank Katja Schmidt for her
valuable support and the European Commission for having funded
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