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Magnitude of the Problem
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Drug-Induced Lung Disease:
The Price of Progress




1,519 drugs/agents/procedures - 602 patterns 28777 (35.000) papers
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By 1960 (n:198)—Mostly solo

o Aspirin-induced:

oPulmonary edema

oCatastrophic bronchospasm

o p-aminosalicylate eosinophilic pneumonia
o Radiation-induced lung injury ————

o Exogenous lipoid ' \
pneumonia r

o Hydralazine-induced Iupus\ =POA§




1960s

Pleuropulmonary Reaction

to Nitrofurantoin

Benjamin R. Robinson, MD, Woodland, Calif

NITROFURANTOIN is frequently used for short
and long term treatment of urinary tract infections.
As with many drugs, various types of allergic or
toxic reactions have occurred, the most serious ot
which is anaphylactic shock.'

An unusual reaction to nitrofurantoin consisting
of pulmonary infiltration and pleural effusion was
reported by Israel and Diamond in May, 19627
Three other reports have appeared in the foreign
literature.™®

Because of its rarity of occurrence, but alarming
picture that it may present, this case is presented.

1258

THE NEW ENGLAND JOURNAL OF MEDICINE

CHRONIC NITROFURANTOIN PULMONARY REACTION*

Report of Five Cases

Dec. 5, 1968

E. C. Rosenow, III, M.D., Ricuarp A. DEReEMEE, M.D., anDp Davip E. Dines, M.D.

Abstract In five cases diffuse interstitial pneumoni-
tis or fibrosis, or both (as proved by lung biopsy),
was seen after long-term therapy with nitrofuran-
toin. The acute form of nitrofurantoin pneumonitis
is characterized by the sudden onset of cough,
dyspnea and fever, and the rapid disappearance of
the symptoms and findings when the use of the

drug is discontinued. The chronic form is insidious
in onset, is not associated with a febrile reaction,
produces a nonspecific histologic and radiologic
picture of diffuse interstitial pneumonitis or fibrosis,
or both, and may be at least partially reversible
when the drug therapy is discontinued and steroids
are employed.




1960s: Nitrofurantoin

oAcute
o<2w] into Rx

oSOB, cough, chest pain,
fever

oMinimal pleural effusions
oModt blood eosinophilia
oWithhold the drug
oW/wo corticosteroids




Nitrofurantoin, subacute-chronic

ORIGINAL ARTICLE

Chronic Nitrofurantoin—Induced Lung Disease

OBJECTIVE: To reassess the clinical and radiological features of
chronic nitrofurantoin-induced lung disease and eventual clinical
outcome.

PATIENTS AND METHODS: We retrospectively reviewed the medi-
cal records of 18 patients with chronic nitrofurantoin-induced
lung disease who were seen at the Mayo Clinic in Rochester,
Minn, from January 1, 1997, to December 31, 2002.

RESULTS: The median age of the 18 patients was 72 years (range,
47-90 years) at the time of diagnosis; 17 (94%) were women.
Onset of symptoms occurred after a median interval of 23 months
(range, 10-144 months) following the initiation of nitrofurantoin
therapy for the prevention of recurrent urinary tract infections. All
patients presented with persistent dyspnea and cough associated
with lung infiltrates detected on chest radiography. Ten com-
puted tomograms were availahle for review and revealed bilater-
al areas of ground-glass opacities in all cases and showed sub-
pleural irregular linear opacities and patchy consolidation in some
cases. Nitrofurantoin therapy was discontinued in all patients,
and most improved subsequently; 9 patients received corticoste-
roid therapy.

CONCLUSIONS: Chronic nitrofurantoin-induced lung disease is
seen predominantly in older women who present with respiratory
symptoms after a year or more of nitrofurantoin therapy. Associ-
ated radiological features are relatively nonspecific but usually
include bilateral areas of ground-glass opacities on computed
tomography of the chest. Cessation of nitrofurantoin therapy leads
to improvement and suffices in the management of some patients,
although corticosteroid therapy may be helpful in those more
severely affected.




Mendez et al. 2005

o Idiopathic ILD mimic
o 18 patients 17 women
o Mean time of onset: 23 months |
o Mean time to diagnosis: 4 months
o Eosinophilia: 17%

o Lung biopsy: NSIP, OP, giant cells
o Withdrawal: 18/18

o Steroids: 9/18

olmproved: 16
nStable: 2
nResidual disease: 12




Nitrofurantoin, chronic

o S >

FIGURE 2. High-resolution computed tomograms of a 67-year-old woman with chronic nitrofurantoin-induced lung disease. This
nonsmoker had been receiving nitrofurantoin therapy, 50 mg/d, for 7 years and had been symptomatic with exertional dyspnea and
cough for the preceding 12 months. Left, Image at initial presentation shows scattered areas of ground-glass attenuation that are
located in subpleural areas and along the bronchovascular bundles. Right, Image obtained 5 months after cessation of nitrofurantoin
therapy (no corticosteroid therapy) reveals substantial improvement in the parenchymal infiltrates.
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Is “nitrofurantoin lung”on the increase? : *

Adam D L Marshall respiratory registrar, Owen J Dempsey consultant chest physician

Chest Clinic C, Aberdeen Royal Infirmary, Aberdeen AB25 2ZN, UK

Fatal Nitrofurantoin Lung
Jai B Mullerpattan’, Rucha S Dagaonkar™, Hardik D Shah™, Zarir F Udwadia™

Abstract

Nitrofurantoin is a drug commonly used for urinary tract infections. It acts by damaging bacterial DNA.
Itis given in dose of 50-100 mg orally and is generally considered a safe drug but has occasionally been
known to cause pulmonary toxicity which is usually reversible and only rarely fatal. We present a case of
an elderly lady receiving nitrofurantoin for her urinary tract infection who developed sudden acute lung
injury to which she finally succumbed within a few weeks.




60s '‘Chemotherapy lung’

oBleomycin, busulfan
chlorambucil, CPM
melphalan, NUs
oEarly:
oPE, NSIP, DAD, ARDS




Chemotherapy-Associated Pulmonary Toxic Reactions
During Treatment for Breast Cancer

Dorathy A. White, MD; Marilyn Orenstein, MLy, Thomas A, Godwin, MD; Diane E. Stover, MD

* Chemotherapy-related pneumonitis developed in eight
patlents during treatment for breast cancer. Six were receiving
adjuvant therapy and two were being treated for metasiatic
disease. Fever, chilis, dyspnea, and dry cough were the initial
symptoms. Observations from chest roentgenograms varied
tfrom normal to bilateral interstitial-alveolar infitrates. Results
of puimonary function tests were markedly abnormal, with a
decreased diffusing capacity being the most characteristic
abnormality. The pneumonitis developed in six patients whila
receiving 20 mg or leas per day of prednisone and appeared
temporarily related to tapering of steroid therapy in four
patients. All patients recovered clinically, although pred-
nisona therapy of 60 mg/day or its equivalent was reguired in
three cases. Mild pulmonary function abnormalities persisted.
Drug-induced pnaumonitis should be considered in the differ-
ential diagnoses of patlents with breast cancer in whom unex-
plained fever, dyspnea, or inflltrates develop during multidrug
chemotherapy.

{Arch lnlern Med 1984;144:953-9586)

The average age of the patients was 48 years {range, 42 to 63
years). The diagnosis of breast cancer had been confirmed histo-
logically at Memorial Hospital, New York. Four were estrogen
receptor positive and one had had a bilateral oophorectomy. No
patient had had an adrenalectomy. Six patients were receiving
adjuvant chemotherapy and two were receiving therapy for meta-
static disesse. Chemotherapy included methotrexate, fluo-
routracil, vineristine sulfate, and prednisone in all cases. In addi-
tion, evelophosphamide was given except in patients 1 and 3 whao
received chlorambucil. Alkylating agents were taken arally daily
and methotrexate was given intravenously in weekly dogesz, Four
patients had & notable history of smoking and two of these had
maderately severs obstructive lung disease.

Chest roentgenograms were performed in all eight patients,
Lung function teats that included apirometry, lung volumes, and
single-breath diffusing capacity were performed in seven of the
gight patients. Spirometry was performed using standard
spirometric techniques. Yolumes were determined by the closed
circuit helium dilution method.* The single-breath diffusing capae-
ity for carbon monoxide was determined by the method of Ogilvie
et al* All values for diffusing capacity for carbon monoxide were
carrected for hemoglobin concentration by applying the corree-




White et al. 1984

Fig 1.—Case 1. Chest roentgenogram
shows minimal interstitial infiltrates (left).
Gallium scan shows marked diffuse uptake

in lungs (right).
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1960s DI lone, isolated pleural effusion

oW/wo the lupus syndrome (ANA)
oW/wo pericardial effusion
oAmiodarone
oDasatinib
oDantrolene
oNow: 91 drugs




1960s: DI pleural thickening

oErgots (methysergide, bromocriptine, pergolide)




1960s: DI pulmonary edema

oNoncardiac (now 213)

oContrast media, aspirin
B2 agonists, drug overdose

oCardiogenic (now 42)
oDl heart failure
olmmune checkpoint inh.




Delay can be very quick

n23s > RCM




1970s DI DAH (now 144)

oW/wo ANCA




o Vit-K antagonists

o Superwarfarins
oDOAC

o Platelet inhibitors
oAmiodarone

oChemo agents
oCocaine, crack, heroin
o Fluid silicone
oE-cigarette




The NEW EMGLAND JOURNAL of MEDICINE

CASE RECORDS ofthe MASSACHUSETTS GENERAL HOSPITAL

Founded by Richard C. Cabot
Eric 5. Rosenberg, M.D., Editor
Virginia M. Pierce, M.D.., David M. Dudzinski, M.D., Meridale V. Baggett, M.D.,
Dennis C. Sgroi, M.D., Jo-Anne O. Shepard, M.D., Associgte Editors
Kathy M. Tran, M.D., Case Records Editorial Fellow
Emily K. McDonald, Tara Corpuz, Production Editors

I

Case 38-2019: A 20-Year-Old Man with
Dyspnea and Abnormalities on Chest Imaging

Robert W. Hallowell, M.D., Michael B. Feldman, M.D., Ph.D.,
Brent P. Little, M.D., Rebecca S. Karp Leaf, M.D., and Lida P. Hariri, M.D.,, Ph.D.
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A Confirmed and Suspected Cases

B Confirmed and Suspected Cases over Time
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CLINICAL STUDY WITH BLEOMYCIN
1 9 7 OS SACHIDANANDA SHASTRI, MD,* ROBERT E. SLAYTON, MD' JANET WOLTER, MD,?

CHARLES P. PERLIA, MD,} AND SamuEL G, TAvrLor 111, mp"

Bleomycin is an antitumor antibiotic produced by Streptomyces verticillus.
Seventy-five patients with various neoplasms were studied using this drug.
Fourteen out of 20 patients with epidermoid carcinoma of the head and neck
region, 5 out of 14 cases of lymphoma including Hodgkin's disease, 3 out of 6
patients with testicular tumors, and one patient with lymphangiosarcoma of the
arm showed evidence of objective regression. Common side effects encountered
were hyperthermic reactions, gastrointestinal disturbances, hyperkeratosis and
vesiculation of fingers, alopecia, and stomatitis. Pulmonary fibrosis is a rare but
serious complication. One patient in this series died of this complication. There
was no evidence of bone marrow, liver, or renal toxicity. Bleomycin promises to
be a useful therapeutic agent and merits further study.
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Aminorex-induced PHTn

BRITISH MEDICAL JOURNAL 30 JANUARY 1971

Drug-induced Pulmonary Hypertension?

F. FOLLATH, F.BURKART, W.SCHWEIZER

British Medical Fournal, 1971, 1, 265-266

Summary

Of 40 patients with obstructive pulmonary hypertension
studied in Basle, Switzerland, during the period 1966-68, 32
had been taking an amorectic drug, aminorex fumarate.
Rapidly progressing exertional dyspnoea, central chest pain,
and syncope on effort were characteristic features. The
absence of the usual causes of pulmonary vascular disease
seems to suggest the possibility of drug-induced pulmonary
hypertension. Further studies are necessary, however, to clar-
ify the role of aminorex fumarate in this condition.

had recognized pulmonary
postpartum, one during a
unknown cause). All other
present illness. A feature
prolonged intake of the an
- amino - 5 - phenyl - 2
been widely used in Swit;
(Table I). The treatment
one year in 11, 6-12 montt
patients. In most the dysp
the intake of aminorex fu
used oral contraceptives.

A large “a” wave in th




Precaplillary PHTn (now 70)

o Aminorex
oFenfluramine
oDexfenfluramine
oBenfluorex
oAmphetamines
oDasatinib
oPonatinib
oBosutinib




Methotrexate lung

o Mostly acute
o Hemato-oncology
o Rhumatology ~1%/patient/year
oBAL: Ly & exclusionary for Pneumocystis

o Withdrawal and corticosteroids
o Can relapse with rechallenge (fatalities)
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J Stauffer Chief-Resident 1973

TABLE 2.—Patterns of Drug-induced Lung Disease

. Pulmonary fibrosis
. Pulmonary edema

Asthma
Hypersensitivity reactions
Respiratory failure
Opportunistic infections
Pulmonary embolism
Pulmonary infiltrates
Mediastinal and hilar disease

SemNAMAWN=

12: Systemic lupus erythematosus
13. Nitrofurantoin lung disease
14. Oxygen toxicity

e ——
e

TABLE 3.—Drugs That May Cause Pulmonary Fibrosis

Busulfan (Myleran®)
Cyclophosphamide (Cytoxan®)
Hexamethonium
Mecamylamine (Inversine®)
Pentolinium (Ansolysen®)
Methysergide (Sansert®)
Bleomycin

Diphenylhydantoin (Dilantin®)
Nitrofurantoin (Furadantin®)

TABLE 4.—Drugs That May Cause Pulmonary Edema

Heroin (smack)

Methadone (Dolophine®)
Propoxyphene (Darvon®)
Hydrochlorothiazide (Hydrodiuril®)
Epinephrine (Adrenalin®)
Phenylbutazone (Butazolidin®)




TABLE 5.—0Drugs That May Cause Asthma

Penicillin Nitrofuranioin
Tetracycline { Furadantin®)
Erythromycin Reserpine
Meomycin Antisera
Streptomycin Vaccines
Griscofulvin Allergenic extracts
Cephaloriding { Keflin®, Aspirin

Loridine®) Histamine phosphate

Ethionamide (Trecator®) Methacholine (Mecholyl®)
Monoamine oxidase in- Acetylcysieine (Mucomyst®)

hibitors (Parnate®) Cakiom gluconate
Radio-opaque organic Disodium cromoglycate
iodides (Cromolyn®)
Local anesthetics Polymyxin B
Mercurials Isoproterenol (Isuprel®)
Vilamin K Propranolol (Inderal®)
Bromsulphalein Pituitary snuf
Sodiom dehydrocholate 7Synthetic lysine vaso-
{ Decholin®) pressin
Iron dextran (Imferon®) Hashish
Prostaglandin FaA Succinylcholine

Pentazocineg (Talwin®) d-Tubocurarine
Indomethacin (Indocin®) Gallamine (Flaxedil®)

TABLE 6~—Drugs That May Cause Respirafory Failure
Cemtral Nervair Spatem Berp Musele
Depressdon

Oxygen in patients with  Streptomycin

[CaH i
Alcohol Polymyxin
THAM Colistin
Antihistamines Succinylcholine
Anesthetics Curare, quinine, and

qUATEINATY AmMMOnium
compounds

TABLE 7.—Drugs Assoclated with Pulmonary Infiitrates

FWith Eoniacphilia

Wukowt Eosimophilla

Aminosalicylic acid (Pas)

Isoniazid (INM)
Penicillin
Mitrefurantoin
{ Furadantin®)
Aurothioglucose
(Solganal®)
Mephenesin carbonate
{ Tolseram®)
Poison ivy allergen
Chlorpropamide
i Diabinese®)
Disasdium cromoglycate
{ Cromolyn®)
Aspirin
Sulfonamides
Imipramine (Tofranil®)
Pituitary sooff

Methotrexate

( Amethopterin®)
Azathioprine (Imuran®)
Paraguat
Illicit drugs
Procarbazine (Matulan=®)




TABLE 8.—Drugs That May Cause Sysfemic Lupus

Erythematosus

Procaine amide Cold salts

{ Pronestyl®) Diphenylhydantoin
Hydralazine { Apresoling®)  ( Dilantin® )
lsoniazid (INH) Mephenytoin  (Mesantoin® )
Penicillin Propylthiouracil
Tetracycline Methylihiouracil
Sulfonamides Thiazides
Streptomycin Reserpine
Griseofulvin Methyldopa (Aldomet®)
Aminosalicylic acid (ras) Oral contraceptives
Phenyibutazons Digitalis

[ Butazolidin® )

TABLE 9—Drugs Associated with Miscellanesous
Reaclions In the Lungs

Polyarteritis: Pulmonary caleification:
lodides Calcium gluconate
Arsenicals Vitamin D
Mercurials Necrotizing vasculifis:

VR Yeorticosterolds
Guanethidine { [smelm® ) _—
Gold salts Pu!nmlnar}' hypertension,
Thicuracils Aminorex fumarate
Phenothiazines Intrapulmonary
Sulfonamides hemorrhage:

Hydralazine {Apresoline® ) Anticoagulanis

O — —




1980s: Amiodarone

o Now: 1015 papers ~2000 cases

o ~Dose-related (Ernawati et al. 2008: n=237)

o Typically male >60y0-6-12 mo-100-150g of Am
o[2 days — 14 years]

o Need be separated from LVF (imaging, echo, BNP,
diuresis) - Both may coexist

o BAL: ‘some contribution’

o Corticosteroids often required

o Dosage — duration (60mg taper over 6-12 mo)
o Pulmonary fibrosis may follow

o Overall mortality: 10-50%
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oSir Godfrey Hounsfield
01919-2004
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Amiodarone-associated pulmonary fibrosis




1980s

oDrug-induced cough
oACEl
oNow 62




ACEI & angioedema




Angioedema — Tongue edema

e

e




Figure 1. Example of life-threatening ACE inhibitor-induced angioedema with attempted emergency
fiber optic nasotrachael intubation. The procedure was unsuccessful, and an emergency cricothyroid-
otomy was performed with great difficulty.



CASE REPORT

Dorothy E. Dean,' M.D.; Daniel L. Schultz,> M.D.; and Robert H. Powers,> Ph.D.

Asphyxia Due to Angiotensin Converting Enzyme
(ACE) Inhibitor Mediated Angioedema of the
Tongue During the Treatment of Hypertensive
Heart Disease

FIG. 2—Angioedema of tongue.

Minimal submental edema was also
noted (Figure 1).

Treatment included 0.3 mg epi-
nephrine subcutancously every 20
minutes for three doses, 300 mg cim-
ctidine IV, 250 mg mctbylptcd-
nisolone IV, and 50 mg diphenhydr-
amine IV for two doses. There was no
response to this antiallergic treat-
ment, and the soft-tissue swelling of
the neck gradually increased. Because
of the patient’s inability to control




1990s

oMore DI:

oAnaphylaxis (cetuximab, oxaliplatin)
oEosinophilic pneumonias

oOrganizing pneumonia (BOOP) (statins,
irradiation to the breast)

oMethemoglobinemia




: how 53

oAEP

Ine

daptomyc

minocyc

IN

depressants

anti
NSAIDs

marijuana

cocCalne

tte

cigare

e_



Organizing pneumonia

o OP now 110 incl. ICI
o AFOP now 15 incl. ICI
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DI-Methemoglobinemia

nl1-to-4 of 4 iron In oxidized state Fe+++
oFully oxidized (4/4) Hb (MetHb) unable to

bind and carry oxygen (O,)

I 1
CH2 CH2 met-Hgb
|I:un|-| .'3.;..;.|.| reductase

Ferric Herme

CHz |

1 1
iz GHa
CO0H COoH

» Ferrous Heme




oBenzocaine-dapsone-NO

2




TABLE 1. Known Etiologies of Acquired Methemoglobinemia

Medications
Benzocaine'*”'* used as a spray: endotracheal
: - 39,72,82,114 :
TEDIATRICIAN intubation , transesophageal echocardiography
21 A 9
R COMMENDED PEARZ (TEE)"*'%| esophagogastroduodenoscopy (EGD)-1734-35,

bronchoscopy>”-%%; used as a topical cream for hemorrhoids

or teething preparation®>3*:'"3

Cetacaine!92497:99:116
Chloroquine
Dapsone70,77,87,95,1 18,119
EMLA (Eutectic Mixture of Local Anesthetics) topical
anesthetic (lidocaine 2.5% and prilocaine 2.5%)?2129:110.111
Flutamide®*®-6->%%%
Lidocaine'""
Metoclopramide
Nitrates!5:51:68:86
Nitric oxide*
Nitroglycerin®®
Nitroprusside
Nitrous oxide

Phenazopyridine (Pyridium)
Prilocaine™20-22:29.110,111,120

ST
I EETHING

13,102

55,74

6.,9,106
66,69

12,31,81

TOPICAL

ANESTHETIC Primaquine!3-51:53:90.96.102.103
WENZOCAINE 20%) Riluzole'!”
Silver nitrate®
METERED Sodium nitrate®®3?
SPRAY Sulfonamides (sulfasalazine, sulfanilamide, sulfathiazide,
: sulfapyridine, sulfamethoxazole)®*77:8-115
B MULTIPLE-DOSE - Medical conditions
= Pediatric gastrointestinal infection, sepsis®>¢7-88:103
TILIDOCAINE HC' e MWenda o Sepsis 7554108114
ajection, USP "::., Recreational ;171;“55 overdose with amyl nitrate (a.k.a.
— wean? ““poppers’’)’
Io mg/ml' ' Dapsone B ow :;' Sickle cell crisis*®
Y e :
T 81-227-0K £XP 13 20ea%e -}I;E.Q"s: gsqll::l'.l:ﬂ q— Mﬁi?]lilﬁge;;sszms
I nl Sogeaome g P % . .
Nargte Fume 1nhal:'f1t105r}t gglétsomoblle exhaust, burning of wood
Ripcion, USP and plastics)™"™
e ————— tzajﬂ"" Herbicides' 83108
Industrial chemicals: nitrobenzene®”®!, nitroethane
S T v (found in nail polish, resins, rubber adhesives)*>8>:10!

Pesticides®”
Petrol octane booster'®




2000s

oBiological-induced opportunistic infections In
RA (TB) Now 1022 papers

oAnti-TNF-induced ILD...
o Targeted agents (TKI)

oDrug-induced systemic reactions
olLupus
oSarcoid-like
oGPA, EGPA (+ANCA)
oGoodpasture (anti-GBM)




Targeted agents

Afatinib
Aflibercept
Alectinib
Alemtuzumab
ALK inhibitors
ATRA
Anti-PD1-Ab
Arsenic trioxide
Azacytidine
Basiliximab
Bentuximab
Bevacizumab
Bortezomib
Bosutinib
Brentuximab vedotin
Cladribine
Crizotinib
Darbepoetin
Dasatinib
Denosumab
Erlotinib
Everolimus
Fingolimod

G- GM-CSF
Icotinib
Idelalisib
Imatinib
Immune checkpoint Ab
Interferon alpha, beta
Ipilimumab
Lambrolizumab
MTOR inhibitors
Matuzumab
Nilotinib
Nivolumab
Obinutuzumab
Ofatumumab
Oprelvekin
Osimertinib
Panitumumab
Pemetrexed
Pomalidomide
Ponatinib
Prinomastat
Raltitrexed

Ridaforolimus
Rituximab
Sirolimus
Sorafenib
Sunitinib
TGN1412
Tacrolimus
Temsirolimus
Temozomolide
Temsirolimus
Thalidomide
Trastuzumab
TKI
Vantedanib
Vemurafenib
Zotarolimus
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& pneumotox.com

Osimertinib 2 SEARCH
Last update 22/11/2017 B Search by keyword Q
Advanced search
E Pneumonitis (ILD), acute, severe (may occasion an ARDS picture) 1
n Pneumonitis (ILD) A
u Eosinophilic pneumonia (pulmonary infiltrates and eosinophilia) 1
“ Subclinical pulmonary infiltrates/ILD 1
Xll - Cardiovascular involvement / toxicity
W QT prolongation 1
“ Congestive heart failure 1
XV - Pathology
“ Path: Cellular NSIP pattern (see also la, Ib) 1

)A'A: B Path: Eosinophilic pneumonia (subacute or acute) (see also Ic)




—  |_ Interstitial/parenchymal lung disease — —
u Pneumonitis (ILD), acute {can produce ARDS)

E Pneumecnitis (ILD} 4

E Organizing pneumonia pattern {(an area or areas of
—

consolidation on imaging)
E Pulmonary fibrosis (Hot otherwise specified)

u Diffuse alveolar damage (DAD) (see alsoo under Il and XVT)

Rapidly progressive ILD/pulmonary fibrosis (Hamman-Rich
syndrome)

H Radiation recall pneumonitis 1

Il - Pulmonary edema - Acute lung injury - ARDS

“ ARDS - Acute lung injury 2

Il - Pulmonaryalveolar hemorrhage

“ Diffuse alveolar hemorrhage (DAH)

Y- Pleural andior pericardial invalvement

Pneumothorax 1

A1 - Miscellaneous
“ Cavitation/necrosis of lung tumor or metastases

A - Cardiowascular involeement ftoxicity
“ Cardiomyopathy (acute, subacute, chronic)

FM - Fulmonary pathology
ﬁ Path: Organizing pneumonia (OP/BOOP) pattern (see also Id)

“ Path: Diffuse alveolar damage (DAD-pattern) (see also IL)

FM - Imaging
W Imaging: Lung cysts or bullae (see also XVI ah/bf)

m Imaging: Asymmetrical, predominantly unilateral involvement



Bevacizumab

No undisputable evidence for bevacizumab-induced ILD as of Oct, 2014

Last update  18/10/2014

| - Interstitial/parenchymal lung disease

Pneumonitis (ILD)

| - Pulmonary edema - Acute lung injury - ARDS
ARDS - Acute lung injury

lll - Pulmonary/alveolar hemorrhage
Alveolar hemorrhage, diffuse (DAH)

Hemoptysis
Bleeding/hemorrhage from/around preexisting lung tumor

(Localized AH)
lL.h Major/massive hemoptysis

L.k Epistaxis

IV - Airway involvement

IV.a Bronchospasm - Wheezing - Asthma

V - Pleural and/or pericardial involvement

f Pneumothorax

i

<

| - Pulmonary vasculopathies

l.a Venous thrombo-embolism - Pulmonary embolism

‘

<

Il.b Pulmonary arterial hypertension

VIl - Central-large-upper airway (incl pharyngeal-nasal)
involvement

\"/||K'W Perforation of the nasal septum

\"/[|:1°8 Tracheal/bronchial fistula

X - Systemic conditions, syndromes and reactions
X.f Anaphylaxis

x

.S Vasculitis, pulmonary/systemic (ANCA-positive)

VIl - Central-large-upper airway (incl pharyngeal-nasal)
involvement

\"/||K-W Perforation of the nasal septum

\'/|[F-1sW Tracheal/bronchial fistula

X - Systemic conditions, syndromes and reactions
Anaphylaxis

Vasculitis, pulmonary/systemic (ANCA-positive)

X

| - Miscellaneous

Cavitation/necrosis of lung tumor or metastases

x

Il - Cardiovascular involvement / toxicity

Left ventricular dysfunction/failure

Takotsubo (stress) cardiomyopathy

Myocardial ischemia/infarction - Coronary artery disease, acute
Cardiotoxicity

Aortitis

XVI - Imaging

yA'/K:1'8 Imaging: Cavitating lung nodule or nodules (see also Iq, Xls, XiIli,
XVlaa and XVIIp)

Imaging: Lung cysts or bullae (see also XVI ah/bf)

W Imaging: Tumoral cavitation



o Dasatinib

| - Interstitial/parenchymal lung disease
Pneumonitis (ILD)
Organizing pneumonia pattern (an area or areas of consolidation

on imaging)
Pulmonary alveolar proteinosis (PAP)

Progression, acceleration or exacerbation of preexisting
ILD/fibrosis

V - Pleural and/or pericardial involvement

Pleural effusion

(1]

< <
3

Pleural thickening

Pleural/pericardial effusion, ANA positive (DI lupus)

Chylothorax

Pleuritis (may cause acute chest pain (see also under Xlic)

Pleuropericardial effusion (ANA unknown or negative)

<

| - Pulmonary vasculopathies

Pulmonary arterial hypertension

X - Systemic conditions, syndromes and reactions

Fluid retention

n
Iz

x

| - Miscellaneous

Noncardiac chest pain (acute or subacute). Lone or prominent

XIlI - Cardiovascular involvement / toxicity

»{|N 8 Pericarditis - Pericardial effusion - Tamponade

x
<
.
)
=
=
e
<}
Q
<

Path: Organizing pneumonia (OP/BOOP) pattern (see also Id)

Path: Pulmonary alveolar proteinosis pattern (PAP pattern)

Path: Pleuritis, pleural fibrosis

Path: Organizing fibrinous pleuritis (OFP)

XVI - Imaging

Imaging: Interlobular septal thickening

Imaging: Pleural effusion

SEE ALSO UNDER

Bosutinib

Imatinib

Ponatinib




DI Al systemic reactions

Hydralazine Minocycline Propylthiouracil Levamisole Cocaine
o)
(0]
0
N | NH N Hac\ok /U\©
N " /K =
HaC N s b 2 H H
H
NH
HoN”

Chemical structures of hydralazine, minocycline, propylthiouracil (PTU), levamisole and cocaine. There is a paucity
of information regarding structural similarities and differences of these compounds in the literature; therefore, they are
represented here for visual review (created using DrugBank).

1040-8711 © 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins www.co-rheumatology.com 43
Hydralazine Minocycline PTU Levamisole-adulterated cocaine
ANCA serotype MPO-ANCA MPO-ANCA MPO-ANCA MPO-ANCA and PR3-ANCA
ANCA IF pattern Perinuclear Perinuclear Perinuclear Perinuclear
MPO-ANCA and Rare Rare Rare Very common
PR3-ANCA double

positivity
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Fig 1. Clinical presentation of patient shows bilateral collapse Fig 2. Palatal defect after loss of maxillary sinuses, ethmoid
of ala. sinuses, turbinates, and nasal septum. Note unaffected max-
illary alveolus.







2010s

oDirect anticoagulant-induced

oBleeding
oAcute ILD

o Direct-acting antiviral
agents & ILD

oDl PPFE




|ICl-related lung Iinjury




Wang et al. 2018

C | Cases and fatality rates

Colitis®
Pneumonitis
Hepatitis
Hypophysitis
Neurologic
Adrenal
Myositis
Myocarditis

Hematologic

Nephritis

1500 1000 500 0 25
| Number of irAEs Reported Fatality Rate, %



IRP: Clinical profile

n Class effect

o Easily dismissed as disease progression, an
Infection, or incidental ILD

o Can progress rapidly and become life-threatening or
lethal if not managed properly

o Cause of treatment-related death

oNSCLC (Chuzi, 2017)
o4/43 (Naidoo, 2017)

o Watchful vigilance/early Dg encouraged
o Most cases respond to CST
o Watch AEs In other organs




IRP: Incidence (EI-Osta, 2017)

irAE (any grade) CTLA-4 PD-1 PD-L1 PD-1 + CTLA- PD-L1 + CTLA-
4 -

4783 5176 790 462 117
Diarrhea 31.80% 10.50% 4.40% 42.90% 29.90%
Colitis 7.70%  0.80% 1.10%  13.90% 12.10%
Pruritus 22.00% 11.10% 6.70% 35.10% 20.50%
Rash 24.40% 12.80% 7.20% 45.20% 14.50%
Vitiligo 0.60% 3.70% NR" 8.00% NR
Hypophysitis 5.40%  0.30%  NR 8.00% NR
Hypothyroidism  2.90%  5.50% 4,.30% 13.90% 10.30%
Hyperthyroidism 0.40% 2.10% 2.30% 7.60% NR
Pneumonitis 0.30% 2.60% 2.30%  7.10% 5.10% |
Increased ALT 4.50%  2.20% 2.60% 18.80% 10.10%
Increased AST 4,70% 2.10% 2.70% 17.10% 7.70%
Increased lipase  0.30%  0.30%  NR 4.80% 12.10%

* Not Reported.

Real world ~10%

OR Combo 2.04-2.86 Nishino, 2016




Time to onset

oMean delay: 2.8 mo (9 days — 19.2 - 24
months)

oShorter If severe and/or with combo therapy

oWindow for lung damage can be longer than
actual period of exposure




All grades (n = 43) :“{1‘_‘*4_{% o sa L > 'Very late
eDelayed

..:'ZIZ === :::I: 0 o " Fig 1. Time from first dose of anti-
L programmed death-1/programmed death
ligand 1 therapy to date of pneumonitis event
stratified by grade, with interquartile range

Grade 1-2 (n =31) { 2= 1

Grade 3 or higher (n = 12) 1 o‘l—ﬂ»—} [] ® and median values shown.
0 180 360 540
Time Since Beginning Therapy (days}
A Patient with pneumonitis @ Patient with grade 3-5 pneumonitis

: Patient with grade 1-2 pneumonitis # Median time to development of pneumonitis

Dose 6

10

Dose 4
6| 7] e

Hyper:t_hyroid Colitis Hepatitis

Hyperthyroid

Pneumonitis Renal dysfunction

Figure 2 Median time for appearance of immune-related adverse events (irAEs) with nivelumab based on a phase IIT studv (9).




Risk factors

oDose (CTLA4 — ?PD-1 PD-L1)
oCombination IT

oln lung cancer
oSquamous histology (Khunger, 2017)

oBeing treatment-naive (4.3% v. 2.8%; p<.03)
(Khunger, 2017)

nPrior radiation to the chest; 33.9% v. 24.8%
(Antonia, 2017)

oHXx of RILI: 26.5% v. 9.6% (Tamiya, 2017)

oPreexisting ILD/IPF
oKanai 2018: 31%/12% v. 19%/5%




Clinical presentation

o Pulm. infiltrates and the asymptomatic state 25-30%

o Unresolving dyspnea: 53%

o Cough (usually dry): 35%

o Fever (low-grade): 12%

o Chest pain (unusual): 7%

o Low SpO2 (Grade 3-4 in ~33%)
o May progress rapidly

o T-cell iImmmune response considered not tissue
specific

o IFAE In distant organ(s) ~50%




Imaging

o CXR may miss >25% of cases - CT referred
o Measure overall tumor burden (irRC)

o Ground-glass: 10/27 [37%] (Naidoo 2016)

o Mosaic attenuation HSP-like: 6/27 [22%)]

o Consolidation & air bronchograms OP-like : 5/27
[19%]
oMay be more common in lung cancer patients
oMay require CST more often
o Reticular interstitial opacities : 2/27 [7%]
o Lobar involvement
o Unclassifiable : 4/27 [15%]




o Extent (will help guide steroid therapy)
oMild 15/27 [56%]
oModerate 6/27 [22%)]
oDiffuse 6/27 [22%]

o Radiologic subtypes more often consistent
throughout a patient’s clinical course




Delaunay et al. 2017
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Fig. 3. Autopsy findings. A. Fixed lung sections demonstrate multifocal consolidations (arrows) with only focal areas of grossly uninvolved lung parenchyma (asterisk). B. These
consolidations correspond to a histopathologic organizing pneumonia pattern. C. Patchy areas of acute lung injury with airspace fibrin (arrows) were identified.



Bronchoalveolar lavage cell data: review

Author Ly SD4+/CD8 PMN Comment

Fragkou 2016 P 28,7% 0,4 NS
CD4>CD8 =08 2%
0 0) .
Sehgal, 2016 P 5% i mucsa 39% Pathology:
CD4

Brahmandam, 2017 N Unremarkable
ﬁlamantopoulos, 2017 Predominant
Ishiwata, 2017 N 53% 30%
Franzen, 2017 | ‘Lymphocytosis’
Oda, 2018 P/P 29%/36% 1,0/1,9 TIM3/PDL1




Pathology

nNaidoo et al. 2017

ol11/27 patients at MSKCC
oCellular interstitial pneumonia (NSIP): 4
oOP: 3
oDAD: 1
oPoorly formed granulomas: 3
oEosinophilic infiltrate: 2

Fig A2. Histologic patterns of pneumonitis associated with anti-programmed death-1/programmed death ligand 1 therapy on lung biopsy (hematoxylin and eosin [HE]
stain magnification, X200) included (A) cellular interstitial pneumonitis (mild case shown), (B) organizing pneumonia, and (C) diffuse alveolar damage. Additional findings
(HE stain magnification, X400) include (D) poorly formed granulomas, and (E) eosinophils (arrows).
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Abb. 3 « [Cl-induzierte
Schadigungsmuster der
Lunge. a—c Sarkoid-like re-
action der Lunge. 35-jahri-
ge Patientin mit metasta-
siertem Melanom nach se-
quenzieller Therapie mit
Ipilimumab und Nivolu-
mab. Keine vorbekannte
Pneumopathie. Autop-
siebefund der Lunge mit
septalen epitheloidzelli-
gen und riesenzellhalti-
gen Granulomen mit in-
terlobularer, peribronchia-
ler und subpleuraler Ver-
teilung (a, H.E.-Farbunq).
DeutlicherfibrotischerRing
in der Elastica-van-Gieson-
Farbung (b). Immunhisto-
chemischer Nachweis zahl-
reicherintra- und perigra-
nulomatdser CD8-positiver
T-Zellen (c). d Diffuser Al-
veolarwandschaden mit
Ausbildung hyaliner Mem-
branen. Ebenfalls Autop-
siebefund der Lunge dieser
35-jahrigen Patientin mit
metastasiertem Melanom.
H.E.-Farbung

®* Concomitant involvement of heart, CNS, liver, bone marrow



o Velez, 2017

o Nine asymptomatic patients

o Recelved neoadjuvant anti-PD1
o Surgery for lung cancer

o PCR & stains negative

i ie] Pathologic Patterns of Inflammatory Lung Injury Following
Anti-FO-1 Immunotherapy in Asymptomatic Patients
Madses J Feler, Charles Ledue, Mathes Hellmans, Jomie Chatt, domuchks Noidoo,
Sty M Taube, Parrick M Fowde, Falere Busch, William Teevs, Natecha Relbaosan
Mamorial Sloan Esttering Cancar Camter, New ¥odk, WY, The Johns Eoplcrs University,
Baltizors, MD.
Backgroomd: FD-1PD-L] imweone checkpaoint blockade & an emerging traatmant
opticm for mamy cancars and wocks by potentiating the host Tmune respense against
tumecr Pnecmomitts 15 a0 uncommon: but recognized memme-rebited sdvarse svent
{rAE) associzbed with anti-PD-1/PD-L1 agents, with clinical manifesation moging
from anympomatic to faial. e cxamined the histnpatologic findmg: o the non-temor
hing tiwms of a seriss of patients following pre-opartce anti-PU-] treatment, amd
compared the findings to those i patients with beng samplos obtained for clmirally
svidant PD-1-relited poosmonitis
Deesign: We svalneied the noomeoplastc hing in 9 patents who mmdarwsnt sergical
T action follewing pre-opamites amsi-PO-] treategt for noe-amall cell hmg cancar. The
histelogic fmdings weee compared with bicpsy or sergical specimans from 11 patients
with climically qvident pneunsondtis associated with ans-FD-1FD-L1 therpy mosntdy
Teparted fror o institutiom (Maddoo et al. J Clin Oncol 2016 PAMID: 2764654)
Resnliz: All ¥ paticnts who received pre-oparative ant-FO-1 had pathologic svidence
of mfxrmainry oy = the non-seoplistic ling, incnding organtring proeemomis
{n=1}. callnlar intemtitial prenmsceda {C1F) (p=3, ome alwo with non-necrotiring
gramuloms), mecrotizing grasmbomatons inflammation {(o=1}, non-necrotizing
pramuloreatons inflammation {5=2) and soe-specific dironic infarseotion (3=2). Thare
was no evidemcs of indection im amy sareples based on specil stams, culhures and vird
PCE. wisn svatable. Of thees 9 patients. only one {with CT7) had clmical evidancs of
Posmomits prior to segical mssction. Thess findings weme siolar in the pheamotypic
spectrum and severity to thoss in 11 recantly reported patients with known, clmirally
recogmized preurecmins with the sxcepton that Zifuse alveelar damage was idancfied
only = those with knows paeunscartis.
Concluzion:: The pattems of kg injory in asyorpiomatic patients teabed with anti-
PD-1 ars highly varied, and the u-chn.z.. ars sticlogically poz-specific. Meverthaless,
the lack uf-:r_w.l:a[:;mnrmlcr amd e ovearall similarity of the finding: to those in
symptomatic patents makes it likehy thet the chsarved infarsmatory lasions reprevent
subclinical irAF. The clinical signifiamcs of is potentially commen featurs of PD-1
blockads will mequine furthar 5 u.ui'

o Pathology specimen away from the tumor
o Compared to the 11 just mentioned Memorial

casSes



o Inflammatory injury in all 9 patients
o OP (n=1)
o Cellular interstitial pneumonia (n=3)
oone also with non-necrotizing granulomas)
o Non-necrotizing granulomatous inflammation
(n=2)
o Necrotizing granulomatous inflammation (n=1)
o Non-specific chronic inflammation (n=2)

o Phenotypic spectrum similar to evident/overt
pneumonitis except DAD




Variants

Abb. 2 A Ausgedehnte Pneumonitis in der Rontgeniibersichtsaufnahme (a) sowie in der Transversalebene eines nativen CT
des Thorax (b). Nach Therapie mit systemischen Steroiden kam es zu einer vollstandigen Rickbildung (c). Die Patientin erhielt
zuvor Nivolumab im Rahmen einer Studie zur Erstlinienbehandlung eines klassischen Hodgkin-Lymphoms




o Lobar infiltrate
o May not cross fissures
o Contrasting with RILI




oHalo - Interlobular thickening




olIntralobular thickening




or Bl The Journal of Crtical Care Medicine 2017;3(2):84-88 CASE REPORT
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Extracorporeal Membrane Oxygenation in
Nivolumab Associated Pneumonitis

Thomas-Michael Schneider?®, Friederike Klenner?, Franz Brettner?

! Department of Intensive Care Medicine, Krankenhaus Barmherzige Brueder, Munich, Germany

! Department of Internal Medicine ¥, University of Munich, Germany

Day 1 Day 17
Fig. 1, CT-Scan, with contrast agent, on admission (left side) and high-resolution computer tomography during treat-
ment (right side).




Variants

oAFOP

Figure 1. CT images. Chest CT images after treatment with nivolumab and at 15 weeks before the
onset of dyspnea show normal findings (A, B). At the onset of ILD, multiple bilateral patchy infiltrates
and ground glass attenuation with interlobular septal thickening developed (C, D). After treatment
with corticosteroids, these findings all improved (E, F). ILD: interstitial lung disease



Barjaktarevic, 2013

o Ipilimumab in melanoma




Ficurk 1. A, Chest radiograph on admission with bilateral patchy infiltrates, predominant in lower lung regions. B, Representative
CT scan of chest 24 h after the admission showing extensive biﬂateral consolidation. C, Transbronchial biopsy specimen from right middle
lobe showing intraalveolar granulation tissue with myofibroblasts and collagen consistent with organizing pneumonia; Masson bodies can
be seen in the insert image (hematoxylin and eosin, original magnification X 100; inset, X 200). D, Repeat CT scan of chest 6 weeks after
the admission with significant improvement of parenchymal changes.



Tumoral cavitation

H. Kimura et al. / Lung Cancer 108 (2017} 7-8

A
Image of Fig. 1




Cysts

o Rampinelli et al;
2017




o Tree-in-bud (consistent with subacute
bronchiolitis)

nSome with CAO

Y




RUsoeaal

Fig. 1. Nonaontrast chest computedd tomography taken S5 months prior © ad
mission (A) and on admission (B). Representative adal mage demonstrate the
diffuse nodular infiltration with inter- and intra-lobular septa or subpleural
area.



Sarcoid-like granulomatous reactions

o Seen with ipilimumab, nivolumab,
pembrolizumab

o 5-7% in melanoma patients exposed to
Ipilimumab or nivolumab

ol1,1-54 mo into Rx

o De novo or flare of previously diagnosed
sarcoidosis

o In isolation or with bilateral upper or middle lung
GGO, nodules or consolidation




Figure 1. (A) CT scan and FDG-PET scan before and after 2 months of pembrolizumab treatment of the case report patient showing hypermetabolic medias-
tinal and hilar lymph nodes appearance. (B and C) CT scans of the second and third patients before and after 2 months of pembrolizumab treatment showing
mediastinal lymph nodes appearance. (D) Lymph node biopsy showing well-formed giant cell granulomas.



Official Case Reports Journal of the Asian Paci

Respirology Case Reports S 155 QSR

Differential diagnosi

Concurrence of nivolumab-induced interstitial lung disease
and cancer invasion

Osamu Kanai ¥, Koichi Nakatani, Kohei Fujita, Misato Okamura & Tadashi Mio

o Infection (pneumonia)
oPneumonia (Chlamydia, Mycoplasma, virus)
oOpportunistic (if CST/Infliximab)
o DILD from drugs used to treat comorbidities
o Myocarditis - CHF - Pulmonary edema

o Particulars in lung cancer
oProgression
oPseudoprogression - Tumoral inflammation
oAtelectasis
oRadiation-induced lung injury
oThromboembolism
oMixed patterns



Interfering IT-related conditions

o 1-Thoracic nonpulmonary
oPericardial effusion w/wo tamponade
oCardiac involvement, myocarditis w/wo HF
oPhrenic nerve injury
oMyositis
o 2-Systemic - Distant
oMyasthenia gravis
oThyroid storm
oAdrenal failure




QOutcomes In the real world

o 75%-85% Iimprove
oNishino, 2016
oCorticosteroids: 17/20
olnfliximab: 3
oRestarted nivolumab therapy : 7
oRelapse: 2 (were retreated with corticosteroids)
O

Pneumonitis flare after completion of
corticosteroid taper : 1




Time to improvement with steroids

o Detectable response within 2-3 days

o Nivolumab: 3.3 weeks

o Combo ipilimumab + nivolumab: 6.1 weeks
o If steroids >20mg >1 month consider

preemptive TMP

B. Time to resolution (median, range)
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Rescue

olVIG
oInfliximab
oMycophenolate
o Tocilizumab




Case “Smoking Wet"”

Reports
Respiratory Failure Related to
Smoking Tainted Marijuana Cigarettes

Christopher R. Gilbert, DO Reports have suggested that the use of a dangerously tainted form of marijuana, referred
Michael Baram, MD, FCCP to in the vernacular as “wet” or “fry,” has increased. Marijuana cigarettes are dipped into
N"I’::‘(’:'gs C. Cavarocchi, MD, 15004 with other substances, typically formaldehyde, phencyclidine, or both. Inhaling
smoke from these cigarettes can cause lung injuries.
n St re et d r u g S We report the cases of 2 young adults who presented at our hospital with respiratory
failure soon after they had smoked “wet” marijuana cigarettes. In both patients, progres-
sive hypoxemic respiratory failure necessitated rescue therapy with extracorporeal mem-
brane oxygenation. After lengthy hospitalizations, both patients recovered with only mild
pulmonary function abnormalities.

To our knowledge, this is the first 2-patient report of severe respiratory failure and res-
cue therapy with extracorporeal oxygenation after the smoking of marijuana cigarettes
thus tainted. We believe that, in young adults with an unexplained presentation of severe
respiratory failure, the possibility of exposure to tainted marijuana cigarettes should be con-
sidered. (Tex Heart Inst J 2013; 40(1):64-7)

Fig. 1 Patient 1. Chest radiograph at the time of ECMO cannula- Fig. 2 Patient 2. Chest radiograph at the time of ECMO cannula-
tion shows diffuse pulmonary infiltrates bilaterally. tion shows diffuse pulmonary infiltrates bilaterally.
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FIGURE. Number of overdose deaths with carfentanil and any fentanyl analog detected* — Ohio and nine other SUDORS states,t July 2016-
June 2017

350
[l Chio, any fentanyl analog [0 Ohio, carfentanil
300 4 Other states, any fentanyl analog  [J Other states, carfentanil
250 -
c
200
-
Q
G 150 -
=
100 -
50 - -
7 _ 7|18l
N 2% A 187
T T
Jul Aug Sep Oct Nov Dec lan Feb Mar Apr May Jun
2016 2007

Month and year




SECTIONS & HOME Q SEARCH €he New ork Times m &

JOST: HUAWEL

Saying You Want to 9 ‘{- Y Why New York Hires 200 Federal Prosecutors Announce Plans to In a Shift, Mayor Voices Huawel Steps Into the Future \"’
Reform the Tax Code? People to Pretend They're Retry Senator Menendez Openness to Congestion With All-Intelligent Network
% Easy. Doing It? Less So. Homeless Pricing HUAWE!

Drug 85 Times as Potent as Marijjuana Caused a ‘Zombielike’ State in Brooklyn
By MARC SANTORA DEC. 14, 2016 o ° ° I/\

RELATED COVERAGE

New York City Council Initiates Steps to
Ban the Manufacture of K2

K2, a Potent Drug, Casts a Shadow Over an
East Harlem Block

33 Suspected of Overdosing on Synthetic
Marijuana in Brooklyn

Emergency workers treated a woman in Brooklyn in July in an area where people overdosed on a synthetic

cannabinoid more potent than marijuana



o Fake fentanyl
o AMB-FUBINACA

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

“Zombie” Outbreak Caused by the Synthetic
Cannabinoid AMB-FUBINACA in New York

Axel ). Adams, B.S., Samuel D. Banister, Ph.D., Lisandro Irizarry, M.D.,
Jordan Trecki, Ph.D., Michael Schwartz, M.D., M.P.H., and Roy Gerona, Ph.D.

\\ l“\

© L. Foehrenbach ||!




From the Departments of bedicine
paHLE L MLAS, AN, HM, M.ET) and
Pediatrics (M.OUT., J.C.R.), Uniesrsity of
lllingis College of Medicine at Peoria, and
the Ble=ding and Clotting Disorders In-
stitute {M.D.T., |.C.R) — bath in Pearia.
Address reprint requests to Dr. Kelkar at
the Division of Hematology and Oncal-
oy, Department of Int=mal Medicine,
University of Flarida Shands Hospital,
1600 =W Archer Rd. Gainessille, FL 32610,
or at amar.kelkar@medicine.ufl.=du.

H Engl | Med 20]8;37 5171623,
DOk 101056 ME) Moal £07652
Coppight ) 20048 Mrmichuses Medical Socey.
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ORIGINAL ARTICLE

An Outbreak of Synthetic Cannabinoid—
Associated Coagulopathy in Illinois

Amar H. Kelkar, M.D., Michole A. Smith, M.D., Annia Martial, M.D,
Harsha Moole, M.D., Michael D. Tarantino, M.D., and Jonathan C. Roberts, M.D.

ABSTRACT

BACEGROUND

In March and April X8, more than 150 patients presented w0 hospitals in [inois
with coagu!opacthy and bleeding diathesis. Area physicians and public healch or-
ganizations dentified an association berween coagu!opachy and synthetic cannabi-
noid use. Preliminary weses of pacient serum samples and drug samples revealed
that brodifacoum, an anticoagulant, was the likely adulrerant.

METHODS

We reviewed physician-reported data from patents admietted oo Saint Francis Medi-
cal Center in Peoria, Illinois, between March 28 and Apri!l 21, 201¥, and included
in a case series adule patients who met the criteria used to diagnose synthetic
cannabinoid-associated coagulopathy. A confirmarory anticoagulant poisoning
panel was ordered ar the discretion of the treating physician.



oArmstrong F, McCurdy M T, Heavner M S.
Synthetic cannabinoid-associated multiple

organ failure: Case series and literature
review

Pharmacotherapy 2019: In press

Adult Critical Care Medicine Attending Physician, University
of Maryland Baltimore Washington Medical Center
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