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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration 
Rockville, MD  20857

NDA 19-591/S-023      PRIOR APPROVAL SUPPLEMENT

Hoffmann-La Roche Inc. 
Attention:   Ms. Lynn DeVenezia-Tobias 
 Program Manager 
340 Kingsland Street 
Nutley, New Jersey  07110-1199 

Dear Ms. DeVenezia-Tobias: 

We have received your supplemental new drug application submitted under section 505(b) of the 
Federal Food, Drug, and Cosmetic Act for the following: 

Name of Drug Product: Lariam® (mefloquine hydrochloride) Tablets, 250 mg 

NDA Number:   19-591 

Supplement number:   023 

Date of supplement:  November 9, 2007 

Date of receipt:   November 13, 2007 

This supplemental application proposes the following revisions to the product label (underline 
indicates addition; strikethrough indicates deletion):   

    •   Under ADVERSE REACTIONS/Postmarketing,

Respiratory Disorders:  dyspnea, pneumonitis of possible allergic etiology

Other Symptoms: visual disturbances, vestibular disorders including tinnitus and hearing 
 impairment, dyspnea, asthenia, malaise, fatigue, fever, sweating, chills, dyspepsia and loss of 
 appetite 

  • Under OVERDOSAGE,

Symptoms and Signs

 In cases of overdosage with Lariam, the symptoms mentioned under ADVERSE 
 REACTIONS may be more pronounced.  





---------------------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.
---------------------------------------------------------------------------------------------------------------------
 /s/
---------------------
Diana Willard
11/28/2007 02:47:28 PM
NDA 19-591/S-023  Acknowledgement
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Introduction: 
NDA 19-591 (Tablets) was approved by the FDA on May 2, 1989. The most recent 
approved labeling change for the Lariam® Prescriber Information and Lariam® 
Medication Guide occurred on August 20, 2003.  The sponsor has submitted a revised 
draft label that includes a new adverse event, pneumonitis of possible allergic etiology, 
which was observed in postmarket data.  

 
Literature Review 
Mefloquine hydrochloride is widely used for the prophylaxis and treatment of malaria. A 
search of PubMed revealed five case reports in adults of mefloquine-induced 
pneumonitis. One of the patients (case no. 3) developed a second episode of pneumonitis 
following a re-challenge with mefloquine. The cases are summarized below. 
  
Case 1 (Greece): A 67 year old female was admitted to hospital with a fever of 39 C, 
malaise, productive cough, dyspnea on exertion, and peripheral blood eosinophilia. Her 
medications included mefloquine and ketoconazole shampoo; both were discontinued on 
admission. The patient had taken mefloquine for 8 weeks during a trip to S. Arica and for 
4 weeks on her return.  The patient was hypoxemic (PaO2: 59.5mmHg) on admission. 
High-resolution chest CT showed bilateral diffuse airspace consolidation and ground-
glass attenuation and interlobular septal thickening. Evaluation for infection including 
tuberculosis and HIV were negative. Laboratory blood tests showed leukocytosis, 
increased C-reactive protein (CRP), and increased LDH. Serological tests for 
autoimmune disease were negative. The patient improved with discontinuation of 
mefloquine. BAL fluid cell count contained 48.5% contained eosinophils (normal < 1%) 
and in a transbronchial biopsy the alveolar spaces were filled with eosinophils. No 
mention is made in the report of how the patient was managed during her admission. 
Topical ketoconazole was restarted without recurrence of symptoms, and a re-challenge 
with mefloquine was not attempted. The patient improved within a week and was 
discharged in a few weeks. Follow-up high resolution CT showed significant 
improvement in lung with minimal residual subpleural infiltrates remaining.1 
 
 
Case 2 (Japan): The second case is from Japan. A summary abstract in English was 
available for this case. A 59-year-old man took mefloquine, total dose of 1,000 mg, to 
prevent malaria before and during travel to South Africa. Three weeks after the first 
administration, he was admitted complaining of fever and dyspnea. Chest high resolution 
chest CT showed ground-glass opacities and consolidation in both lung fields. 
Withdrawal of mefloquine and treatment with corticosteroid resulted in improvement of 
the clinical findings.2 
 

                                                 
1 Katsenos et al.  Mefloquine-Induced Eosinophilic Pneumonia. Pharmacotherapy, 2007;27(12):1767-1771 
2 Inoue et al.  Case of Drug-Induced Pneumonia Possibly due to Mefloquine (antimalarial drug). Nihon 
Kokyuki Gakkai Zasshi, 2005;43(2):103-7 
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Case 3 (Belgium):  A 60 year old Caucasian female took mefloquine for 3 weeks prior to 
a visit to Kenya. Her medications included aspirin (atherosclerosis), bisoprolol fumarate 
(hypertension), and ciprofibratum (hyperlipidemia). After the first dose of mefloquine she 
developed fever, and chills. And four days later the patient was admitted with fever of 
38.5 C, shortness of breath, cyanosis, non productive cough, myalgia, and headaches. 
Evaluations for an infectious etiology, including tuberculosis and HIV, were negative. 
Laboratory blood tests showed leukocytosis, increased C-reactive protein (CRP), and 
increased LDH. A chest x-ray showed bilateral interstitial infiltrates.  And the patient was 
discharged a few weeks later with a diagnosis of diffuse interstitial pneumonia of 
unknown etiology. Four months later the patient self- started mefloquine before traveling 
to Kenya. On re-challenge with mefloquine the patient became severely ill with high 
fever, and respiratory distress requiring admission to ICU. Investigations showed similar 
results (leukocytosis, a raised CRP, and elevated LDH). There was severe hypoxemia 
(PaO2: 45mm Hg, pCO2: 32 mm Hg, pH: 7.44) on arterial blood gas analysis. High 
resolution computed tomography (HRCT) showed diffuse pulmonary infiltration and 
ground-glass attenuation. All the microbiological investigations were negative. The 
patient responded well clinically and radiologically to treatment with corticosteroids.3  
 
Case 4: Drent et al. described a case of acute lung injury due to prophylactic mefloquine 
(total dose of 1,000 mg) in a 64-year-old patient with hemizygote glucose-phosphate 
dehydrogenase deficiency (G6PD).  The patient became dyspneic and febrile two days 
after taking mefloquine. Chest radiograph showed diffuse nonspecific interstitial 
infiltrates and lung CT showed diffuse opacities of ground-glass attenuation. All cultures 
remained sterile and transbronchial lung biopsy revealed diffuse alveolar damage (DAD). 
The patient was treated with systemic corticosteroids and recovered completely. This 
patient was reported to have hemizygote deficiency of glucose-phosphate dehydrogenase. 
The author hypothesized that the severe lung injury resulted from a failure to induce 
glutathione redox cycle enzyme and from oxidative stress. The author notes this case as 
the first report of mefloquine-induced pulmonary toxicity reported in the literature. 4 
 
 
Case 5 (Switzerland): Udry et al. described a case of acute lung injury possibly due to 
mefloquine. A 53-year- old male patient was treated with a full-day course of therapeutic 
mefloquine (total dose of 1,500 mg) before admission for a low-level infection 
(parasitemia = 0.2%) with Plasmodium falciparum which was still persistent at one week 
after self-treatment with halofantrine.  The patient received 1,500mg of mefloquine over 
24 hours and then developed fever, cough, and dyspnea. He was admitted to the hospital 
with temperature 38 C, leukocytosis, elevated CRP, elevated LDH, and hypoxemia 
(PaO2:47mmHg).  Hepatic and renal function was normal. A glucose-6-phosphate 
dehydrogenase level was normal. There was no evidence to suggest a toxin exposure. 
Computed tomography (CT) confirmed the presence of diffuse bilateral pulmonary 
infiltrates of ground-glass attenuation and mild thickening of interlobular septa. A BAL 

                                                 
3 Soentjens et al.  Mefloquine-Induced  Pneumonitis. J.  Travel Medicine, 2006;13(3):172-174 
4 Drent M. Drug-induced pneumonia associated with hemizygote glucose-6-phosphate-dehydrogenase 
deficiency . Eur J Haematol 1998 ; 61 : 218 – 220 . 
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sample did not show eosinophils and was negative for PCP and other bacterial and fungal 
pathogens. A video-assisted thoracoscopic (VATS) lung biopsy showed diffuse alveolar 
damage (DAD).5  
 The case was confounded because acute lung injury can occur due to malaria; however, 
the authors state that, although acute lung injury can occur secondary to malaria, it 
typically occurs only in the more severe forms of the disease and usually not in a patient 
with a low parasitemia who improves rapidly on treatment. Medications before admission 
included halofantrine, paracetamol, mefloquine. Quinine, doxycycline and ceftriaxone 
were administered in the hospital. Mefloquine and paracetamol were the only 
medications that had a temporal relation with the patient’s respiratory symptoms. 
 
Medical Officer’s Comment 
Mefloquine has not been previously associated with drug-induced eosinophilic lung 
disease or pneumonitis.6 The first reported case was in 1998 and the most recent case in 
2007.  The five cases reported in PubMed illustrate that pneumonitis is a rare but serious 
side effect associated with mefloquine. There was a temporal relationship with 
mefloquine use and the development of pneumonitis in these cases. One of the patients 
(case no. 3) had a recurrence of the same symptoms following a re-challenge with 
mefloquine. An infectious etiology was unlikely in these cases and I find them to be 
convincing cases of mefloquine-associated pneumonitis. It is important that clinicians are 
aware of this rare but serious adverse event to prevent delay in diagnosis and 
appropriate treatment of patients. 

Summary of Safety Consult 

A consult was sent to DDRE on 01/07/08 for a review of reports of 
pneumonitis/eosinophilic pneumonitis possibly associated with mefloquine. The final 
safety review is pending sign-off but a draft review (OSE RCM#2008-28) by S. 
Christopher Jones, Pharm. D. MS. was provided to the DSPTP on 3/24/2008.   

The safety reviewer found the same five cases of probable mefloquine-associated 
pneumonitis in PubMed that are included in the DSPTP clinical review. Twenty-four 
AERS cases of pulmonary adverse events associated with mefloquine are summarized, in 
the safety review, Appendix I. Clinical details from ten supporting cases were provided in 
the safety review in Appendix II. The majority of the reports were foreign (n=3 US, n=7 
non-US). There was a lot of variation in the quality of the clinical details in the cases. All 
the patients were hospitalized with various respiratory diagnoses that included 
pneumonitis, diffuse interstitial pneumopathy, and dyspnea/lung infiltration. For these 10 
cases, the reporters believed the events to be related to mefloquine or sufficient details 
were provided to establish a temporal association between drug administration and event 
onset.  

                                                 
5 Udry E , Bailly F , Dusmet M , et al . Pulmonary toxicity with mefloquine . Eur Respir J 2001 ; 18 : 890-
892. 
 
6 Allen JN. Drug-induced eosinophilic lung disease. Clin Chest Med 2004; 25: 77-88. 
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 Four of the ten patients developed pneumonitis while taking mefloquine for prophylaxis,. 
Another four patients received mefloquine for treatment of malaria and these cases were 
very difficult to assess because pulmonary symptoms and signs possibly associated with 
malaria confounded an evaluation for a possible mefloquine-associated pulmonary 
adverse event. In two cases the indication for mefloquine was not stated. Most patients 
fully recovered upon discontinuing the presumed offending agent and most patients 
improved with corticosteroid therapy.  However, among the four cases of mefloquine 
prophylaxis, there was one death in a four-year-old female with no prior medical history 
who developed pulmonary fibrosis and interstitial pneumonitis and eventually died after 
several prophylactic doses of mefloquine.  

Dr. Jones’s recommendation is as follows: “Findings from the AERS cases and literature 
review in this consult suggest that pneumonitis or eosinophilic pneumonitis may occur 
with both mefloquine treatment and prophylactic dosing regimens. These pulmonary 
adverse events are most likely rare as a broad AERS search only retrieved 24 potential 
events reported since the drug was first approved in 1989. However, when events have 
been reported, they do not occur in a predictable fashion and may be difficult to 
recognize as a drug induced event. Because the current labeling does not contain 
information based on these post marketing observations, this could potentially delay 
health care provider recognition of a mefloquine induced pulmonary adverse event. 
Considering the current AERS data, the published literature, and the serious nature of 
the events, there appears to be no downside risk to modify the label to more adequately 
alert prescribers. Therefore, the safety evaluator concurs with the firm’s recommend 
labeling changes.”  

Medical Officer Review of Lariam® Prescriber Information  
The following review contains proposed revisions to the current Lariam® Prescriber 
Information and the Medication Guide for mefloquine hydrochloride. Revisions proposed 
by the sponsor to the POSTMARKETING and Overdosage sections are as follows: 
 
Strikethrough = deleted text 
Double underline = added text by Sponsor 
 
 
ADVERSE REACTIONS 

Postmarketing 
Postmarketing surveillance indicates that the same kind of adverse experiences are 
reported during prophylaxis, as well as acute treatment. 

The most frequently reported adverse events are nausea, vomiting, loose stools or 
diarrhea, abdominal pain, dizziness or vertigo, loss of balance, and neuropsychiatric 
events such as headache, somnolence, and sleep disorders (insomnia, abnormal dreams). 
These are usually mild and may decrease despite continued use. 
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Occasionally, more severe neuropsychiatric disorders have been reported such as: 
sensory and motor neuropathies (including paresthesia, tremor and ataxia), convulsions, 
agitation or restlessness, anxiety, depression, mood changes, panic attacks, forgetfulness, 
confusion, hallucinations, aggression, psychotic or paranoid reactions and 
encephalopathy. Rare cases of suicidal ideation and suicide have been reported though no 
relationship to drug administration has been confirmed.  

 

Other infrequent adverse events include: 

Cardiovascular Disorders: circulatory disturbances (hypotension, hypertension, flushing, 
syncope), chest pain, tachycardia or palpitation, bradycardia, irregular pulse, 
extrasystoles, A-V block, and other transient cardiac conduction alterations 

Skin Disorders: rash, exanthema, erythema, urticaria, pruritus, edema, hair loss, erythema 
multiforme, and Stevens-Johnson syndrome 

Musculoskeletal Disorders: muscle weakness, muscle cramps, myalgia, and arthralgia 

Respiratory Disorders: dyspnea, pneumonitis of possible allergic etiology 

Other Symptoms: visual disturbances, vestibular disorders including tinnitus and hearing 
impairment, asthenia, malaise, fatigue, fever, sweating, chills, dyspepsia and loss of 
appetite 

 

OVERDOSAGE 

Symptoms and Signs
In cases of overdosage with Lariam, the symptoms mentioned under ADVERSE 
REACTIONS may be more pronounced.  

Treatment
The following procedure is recommended in cases of overdosage: Induce vomiting or 
perform gastric lavage, as appropriate. Patients should be managed by symptomatic and 
supportive care following Lariam overdose. There are no specific antidotes. Monitor 
cardiac function (if possible by ECG) and neuropsychiatric status for at least 24 hours. 
Provide symptomatic and intensive supportive treatment as required, particularly for 
cardiovascular disturbances. 

Medical Officer’s Comment  

The sponsor’s proposed revisions to ADVERSE REACTIONS, Postmarketing section of 
the current Lariam® Prescriber Information are appropriate based on the small number 
of cases of pneumonitis/eosinophilic pneumonia that appear to be related to mefloquine 
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use. There is no substantial change to the section on OVERDOSAGE, Treatment as 
symptomatic and supportive care could include induction of vomiting or gastric lavage. 
Information on the lack of an antidote for mefloquine overdosage is useful clinical 
information for health care providers.   

 

Medical Officer’s Recommendation 
The sponsor’s proposed changed to the ADVERSE REACTIONS, Postmarketing 
subsection and the OVERDOSAGE, Treatment subsection are acceptable and can be 
approved.  
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DIVISION OF SPECIAL PATHOGEN AND TRANSPLANT PRODUCTS 
PM LABELING REVIEW 

NDA #:  19-591/S-023 
Drug Name:   Lariam  (mefloquine hydrochloride) Tablets, 250 mg 
Sponsor:   Hoffman LaRoche, Inc. 
Submission date:  November 9, 2007 
Receipt date:   November 13, 2007 
Reviewer:   Kristen Miller, Pharm.D. 

Sponsor:  Hoffman LaRoche, Inc. 

Product:  Lariam  (mefloquine hydrochloride) Tablets, 250 mg 

Materials Reviewed:

SLR  Date submitted  Date received
023 November 9, 2007 November 13, 2007 

Background:

NDA 19-591 (Tablets) was originally approved on May 2, 1989. The last labeling change 
for the Lariam  package insert occurred on August 20, 2003. No other labeling changes 
have been approved since that time. 

Supplement 023 was submitted for prior approval and provided for the addition of new 
information to the ADVERSE REACTIONS/Postmarketing subsection and the 
OVERDOSAGE section of the Lariam labeling to include information on pneumonitis, 
of possible allergic etiology, which was observed in post-market data. 

Labeling comparison:

The approved package insert for Lariam dated August 20, 2003 was compared to the 
proposed package insert dated November 9, 2007. The changes were as follows: 

Strikethrough=deleted text 
Double underline=added text 

1. The following was added alphabetically under “Other infrequent adverse events 
include:” in the ADVERSE REACTIONS/Postmarketing subsection

Respiratory Disorders: dyspnea, pneumonitis of possible allergic etiology



2. The OVERDOSAGE section was modified as follows: 

Symptoms and Signs
In cases of overdosage with Lariam, the symptoms mentioned under ADVERSE 
REACTIONS may be more pronounced.  

Treatment
The following procedure is recommended in case of overdosage: Induce vomiting or 
perform gastric lavage, as appropriate. Patients should be managed by symptomatic 
and supportive care following Lariam overdose. There are no specific antidotes.
Monitor cardiac function (if possible by ECG) and neuropsychiatric status for at least 
24 hours. Provide symptomatic and intensive supportive treatment as required, 
particularly for cardiovascular disturbances. 

Conclusions/Recommendations:

These labeling changes are acceptable. According to the Medical Officer Review by Elizabeth 
O’Shaughnessy, M.D. dated March 31, 2008, the sponsor’s proposed changed to the ADVERSE 
REACTIONS/ Postmarketing subsection and the OVERDOSAGE section are acceptable and 
can be approved.

An approval letter should be sent advising the applicant that this supplemental NDA submission 
is approved.

Kristen Miller, Pharm. D. 
Regulatory Safety Project Manager 

Diana Willard 
Chief, Project Management Staff 
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APPLICATION NUMBER: 
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ADMINISTRATIVE and CORRESPONDENCE  
DOCUMENTS 



 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

PUBLIC HEALTH SERVICE 
FOOD AND DRUG ADMINISTRATION 

 
REQUEST FOR CONSULTATION 

 
TO (Division/Office):  Office of Surveillance and Epidemiology - Division of 
Drug Risk and Evaluation  

 
FROM:  Division of Special Pathogen and Transplant Products 
Kristen Miller, Regulatory Project Manager (301) 796-0762  

DATE 
January 7, 2008 

 
IND NO. 
N/A 
 

 
SNDA NO. 
19-591/S-023 

 
TYPE OF DOCUMENT 
literature 

 
DATE OF DOCUMENT 
  

 
NAME OF DRUGS 

Lariam (mefloquine)  
 

 
PRIORITY CONSIDERATION 
Standard 
 

 
CLASSIFICATION OF DRUG 
Antimalarial 

 
DESIRED COMPLETION DATE 
February 19, 2008 

NAME OF FIRM: Roche 
 

REASON FOR REQUEST 
 

I. GENERAL 
 

  NEW PROTOCOL 
  PROGRESS REPORT 
  NEW CORRESPONDENCE 
  DRUG ADVERTISING 
  ADVERSE REACTION REPORT 
  MANUFACTURING CHANGE/ADDITION 
  MEETING PLANNED BY 

 
  PRE--NDA MEETING 
  END OF PHASE II MEETING 
  RESUBMISSION 
  SAFETY/EFFICACY 
  PAPER NDA 
  CONTROL SUPPLEMENT 

 
  RESPONSE TO DEFICIENCY LETTER 
  FINAL PRINTED LABELING 
  LABELING REVISION 
  ORIGINAL NEW CORRESPONDENCE 
  FORMULATIVE REVIEW 
  OTHER (SPECIFY BELOW):  

 
II. BIOMETRICS 

 
STATISTICAL EVALUATION BRANCH 

 
STATISTICAL APPLICATION BRANCH 

 
  TYPE A OR B NDA REVIEW 
  END OF PHASE II MEETING 
  CONTROLLED STUDIES 
  PROTOCOL REVIEW 
  OTHER (SPECIFY BELOW): 

 
  CHEMISTRY REVIEW 
  PHARMACOLOGY 
  BIOPHARMACEUTICS 
  OTHER (SPECIFY BELOW): 

 
III. BIOPHARMACEUTICS 

 
  DISSOLUTION 
  BIOAVAILABILTY STUDIES 
  PHASE IV STUDIES 

 
  DEFICIENCY LETTER RESPONSE 
  PROTOCOL-BIOPHARMACEUTICS 
  IN-VIVO WAIVER REQUEST 

 
IV. DRUG EXPERIENCE 

 
  PHASE IV SURVEILLANCE/EPIDEMIOLOGY PROTOCOL 
  DRUG USE e.g. POPULATION EXPOSURE, ASSOCIATED DIAGNOSES 
  CASE REPORTS OF SPECIFIC REACTIONS (List below) 
  COMPARATIVE RISK ASSESSMENT ON GENERIC DRUG GROUP 

 
  REVIEW OF MARKETING EXPERIENCE, DRUG USE AND SAFETY 
  SUMMARY OF ADVERSE EXPERIENCE 
  POISON RISK ANALYSIS 

 
V. SCIENTIFIC INVESTIGATIONS 

 
   CLINICAL 

 
   PRECLINICAL 

 
COMMENTS/SPECIAL INSTRUCTIONS:  SLR 19-591/S-023 proposes revisions to the labeling regarding pneumonitis/eosinophilic pneumonia.  
Three cases have been found in the literature (listed below).  We are interested to know if there have been additional cases reported in 
AERS.    
Thank you for your assistance with our review.  Please let Elizabeth O’Shaughnessy or me know if you have any questions regarding 
this request.  Thank you! 
 
1. Katsenos et al.  Mefloquine-Induced Eosinophilic Pneumonia. Pharmacotherapy, 2007;27(12):1767-1771  
 
2. Soentjens et al.  Mefloquine-Induced  Pneumonitis. J.  Travel Medicine, 2006;13(3):172-174 
 
3. Inoue et al.  Case of Drug-Induced Pneumonia Possibly due to Mefloquine (antimalarial drug). Nihon Kokyuki Gakkai Zasshi, 
2005;43(2):103-7 
 
SIGNATURE OF REQUESTER 
Kristen Miller, Pharm.D.  

 
METHOD OF DELIVERY (Check one) 

  eMAIL     HAND 
 
SIGNATURE OF RECEIVER 
 

 
SIGNATURE OF DELIVERER 
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