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Cannabis sativa is an annual, dioecious, and anemophilous
flowering plant that belongs to the Cannabaceae family. It
contains more than 400 compounds, including more than 60
cannabinoids.
Although its recreational use is illegal in most countries, it
is often consumed for its relaxing and euphoric effects.
The different preparations of C sativa include marijuana,
hashish, and hashish oil.
Different routes of exposure and sensitization to C sativa
have been described, as follows: (1) inhalation by smoking or
vaporizing the drug, inhalation of C sativa pollen or exposure
by proxy when allergens become airborne; (2) cutaneous
contact through handling of C sativa buds or indirect cutaneous
contact; (3) chewing; (4) ingestion; and (5) intravenous use.
The clinical presentation of IgE-mediated allergy
to C sativa varies from mild to severe and often seems to
depend on the route of exposure [1].
To date, severe IgE-mediated allergic reactions
(anaphylaxis) have only been described in adults after
ingestion of hempseed [2], drinking marijuana tea [3], and
active marijuana smoking [4].
We report 2 cases of anaphylaxis in children after passive
second-hand exposure to C sativa cigarette smoke.
The first patient was a 14-year-old boy (Patient 1) with a
previous history of anaphylaxis due to mustard seed ingestion
and asthma caused by cypress pollen. He tolerated fruits
(including peach), as well as nuts and wheat. His mother
reported 2 episodes of generalized urticaria, difficulty
breathing, and wheezing over a period of 3 months. In the first
episode, he was skating on an open ice-skating rink where he
reported smelling marijuana cigarette smoke; in the second
episode, he was exposed to smoke from marijuana being
consumed beside him at an open-air bus station. In neither of
the 2 episodes was he carrying his epinephrine autoinjector
and he treated the symptoms himself with inhaled salbutamol
first and oral antihistamine at home. The symptoms resolved
in less than an hour.
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CSE was analyzed using SDS-PAGE under reducing
conditions (2-mercaptoethanol) [5] and transferred onto
polyvinylidene difluoride membrane filters. Incubation of
sera from both patients revealed an IgE-binding band of
approximately 10 kDa in each case. A band with the same
molecular mass was revealed with rabbit serum anti–Pru p 3
(Figure, A).
SDS-PAGE immunoblotting inhibition with CSE as solid
phase and Pru p 3 as inhibitor was performed with both sera.
The inhibition assay for Patient 1 showed partial inhibition of
IgE binding, whereas that of Patient 2 showed total inhibition
of IgE binding (Figure, B). An immunoblotting inhibition
assay with Pru p 3 as solid phase and CSE as inhibitor was
performed with serum from patient 1, with total inhibition of
IgE binding (Figure, C).
These results indicate that the ns-LTP from C sativa
(Can s 3) [6] is the trigger protein involved in the anaphylactic
reaction experienced by both patients as a result of inhalation
of C sativa cigarette smoke. Furthermore, the results obtained
with serum from patient 2 lead us to suppose that Pru p 3 was
the primary sensitizing agent in this case and the IgE reaction
with Can s 3 was a consequence of a cross-reaction event.
However, the serum results for patient 1 (partial inhibition with
Pru p 3 as inhibitor, and total inhibition with CSE as inhibitor)
informed us that Pru p 3 was not the primary sensitizing
allergen in this case and that the primary sensitization allergen
was probably Can s 3 itself or some other vegetable ns-LTP.
Although a marijuana cigarette smoke challenge test
would have been the gold standard for diagnosis in these
cases, it was not performed for obvious practical and ethical
reasons, ie, both patients were under age and had previously
had an anaphylactic reaction. The fact that both patients were

The second patient was a 13-year-old girl (Patient 2) with
a previous history of oral allergy syndrome with peach and
allergic rhinoconjunctivitis induced by grass, olive, and plane
tree pollen. The girl tolerated other fruits including apple and
nuts. She reported an episode of generalized urticaria, facial
swelling, difficulty breathing, wheezing, and dizziness while
she was in a park where a group of people were smoking a
marijuana cigarette close to her. She received emergency
treatment with intramuscular epinephrine, intravenous
dexchlorpheniramine, and methylprednisolone sodium
succinate and was discharged from hospital after 6 hours of
observation. Tryptase levels were not measured.
Neither of the children had previous direct contact with
C sativa.
Protein extract from C sativa buds (CSE) was prepared
by homogenization in phosphate-buffered saline, dialyzation,
and lyophilization. Both patients underwent skin prick testing
(SPT) with CSE (10 mg/mL, Roxall), commercial peach
lipid transfer protein (Pru p 3, ALK-Abelló), and palm pollen
profilin (Pho d 10, ALK-Abelló).
Both patients had a positive SPT result to CSE (Patient 1,
4×4 mm; Patient 2, 10×8 mm) and Pru p 3 (Patient 1, 9×6 mm;
Patient 2, 10×8 mm); Patient 1 also had a positive result to Pho
d 10 (10×8 mm). SPTs with CSE performed in 3 nonatopic
individuals yielded negative results.
Serum specific IgE (sIgE, ImmunoCAP 250 [Thermo
Fisher Scientific]) to Pru p 3 was positive in both patients
(patient 1, >100 kUA/L; Patient 2, 44.2 kUA/L), as well as to
other nonspecific lipid transfer proteins (ns-LTPs) from plant
foods (Patient 1, Tri a 14, 45.2 kUA/L; Cor a 8, 96.6 kUA/L;
Ara h 9, >100 kUA/L; Patient 2, Mal d 3, 23.4 kUA/L; Cor a
8, 5.34 kUA/L; Ara h 9, 5.63 kUA/L).
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Figure. A, SDS-PAGE IgE-Immunoblotting with Cannabis sativa buds extract (CSE). Lane P1, serum from patient 1; Lane P2, serum from patient 2; Lane C,
control serum (pool of sera from nonatopic individuals); Lane M, molecular mass standard; SDS-PAGE IgG-Immunoblotting. Lane S, rabbit serum anti-Pru
p 3; Lane C1, rabbit serum before Pru p 3 immunization. B, Immunoblotting-inhibition with CSE as solid phase. Lanes 1-3, patient serum preincubated
with CSE (1), with Pru p 3 (2), and with ovalbumin (3). C, Immunoblotting-inhibition with Pru p 3 as solid phase; Lanes 1-3, patient serum pre-incubated
with Pru p 3 (1), with CSE (2), and with ovalbumin (3).
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adolescents could have led us to doubt that the reaction was
produced by indirect inhalation of marijuana cigarette smoke
and not by direct inhalation. However, in the case of Patient 2,
the reaction occurred in the presence of relatives; Patient 1 was
a professional soccer player who underwent antidoping drug
testing on a regular basis, with negative results.
As mentioned above, anaphylaxis related to C sativa
consumption in different preparations has been reported, but
not in relation to passive smoking. To our knowledge, these
are the first 2 cases of anaphylaxis in children induced by
passive second-hand exposure to C sativa cigarette smoke.
The ns-LTP Can s 3, which is involved in the cannabis–fruit/
vegetable syndrome [7], could be the allergen responsible for
this severe reaction.
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Regorafenib is an oral protein kinase inhibitor approved
for the treatment of hepatocellular carcinoma, metastatic
colorectal cancer, and stromal tumors. The recommended dose
is 160 mg/d for 3 weeks followed by 1 week off therapy (resting
week). Hand-foot skin reaction, mild rash, and mucositis are
common mucocutaneous adverse effects frequently requiring
dose modification [1]. Severe skin reactions such as erythema
multiforme or Steven-Johnson syndrome may preclude
further administration [2-3]. There are no published data on
desensitization to regorafenib.
A 58-year-old woman diagnosed with metastatic
hepatocellular carcinoma, was treated with sorafenib
followed by nivolumab-ipilimumab. Given the progression
of her disease, she started third-line therapy with regorafenib
160 mg/d, decreasing to 120 mg/d on day 10 owing to oral
mucositis. On day 12, she developed fever (39ºC) and took
acetaminophen and amoxicillin (for the fifth time during the
previous months owing to recurrent high fever of unknown
origin, probably neoplastic fever). On day 16, she was
admitted to hospital with a pruritic generalized maculopapular
rash (Supplementary Figure, A), vaginal and conjunctival
erythema, and persistent high-grade fever. There were no
corneal or genital ulcers, blisters or epidermal detachment.
The blood work-up showed no eosinophilia or increase
in liver transaminases. Regorafenib, acetaminophen, and
amoxicillin were discontinued. Intravenous antihistamines
and corticosteroids were initiated. The fever subsided and
the exanthema improved markedly in 24 hours, resolving
within 1 week. The skin biopsy revealed extensive vacuolar
degeneration of the basal layer, necrotic basal keratinocytes,
and a dermal perivascular lymphocytic inflammatory infiltrate
with scarce eosinophils (Supplementary Figure, B). The
results of serology testing for cytomegalovirus, Epstein-Barr
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