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1. EXECUTIVE SUMMARY AND BENEFIT RISK DISCUSSON (This section was 
excerpted from the review of Dr. Donna Przepiorka. Please see her review for details.):

NDA 204630 for Provayblue (Methylene Blue Injection 0.5%) was initially submitted August 13, 
2012 under 505(b)(2) for the indication “treatment of acquired methemoglobinemia.” There was 
no reference listed drug. A Refuse-To-File (RTF) Letter was issued October 11, 2012 citing a 
lack of data to support the efficacy and safety claims. 

On September 13, 2013, a revised application was presented as amended to address the RTF 
comments, but neither the efficacy nor safety data submitted were considered adequate. On 
October 13, 2013, a Complete Response Letter was issued due to a lack of substantial evidence 
that the drug product will have the effect it purports or is represented to have under the 
conditions of use prescribed, recommended, or suggested in its proposed labeling (21 CFR 
314.125(b)(5)).  To address the deficiency, the applicant will need to submit either a prospective 
trial of Provayblue for treatment of acquired methemoglobinemia, or data to establish that 
reliance on published outcomes with Methylene blue USP 1% is scientifically valid.

On October 9, 2015, a third application was received from Provepharm SAS which was designed 
to address all of the issues outlined in the CR.

Background: Methemoglobin is a state in which the iron in the heme molecules is in the 
oxidized form, which does not bind oxygen well.  The result is a net reduction in delivery of 
oxygen to tissues. Numerous oxidizing drugs, chemicals and toxins are known to cause acquired 
methemoglobinemia.  

If the offending agent is withdrawn, homeostatic mechanisms reduce the oxidized hemoglobin at 
about 15% per hour, normalizing the level over time.  However, when the proportion of 
hemoglobin that is oxidized is high, the lack of oxygen delivery may be severe enough to cause 
adverse cardiovascular effects, coma, and death.

Provayblue is a formulation of methylene blue purported to reduce oxidized heme.  In 
presubmission meetings, the Division established with the applicant that efficacy of Provayblue
for treatment of acquired methemoglobinemia could be concluded if treatment resulted in a rapid 
reduction in methemoglobin, and that concurrent rapid improvements in heart rate or respiratory 
rate and/or resolution of coma would be clinical benefits.

Summary of Efficacy: The data to support efficacy came from Protocol PVP-2013001, a 
retrospective chart review of patients with acquired methemoglobinemia precipitated by any 
etiology treated with Provayblue during the period 2010 - 2012.  The sponsor identified 12 
patients (nine adults and three children) treated with Provayblue. The median methemoglobin 
was 44% (range, 11-75%) at baseline.  The reported initial dose of Provayblue was 1 mg/kg for 7 
patients, 1.5 mg/kg for 1 patient, and 2 mg/kg for 4 patients. One subject had 4 doses, 1 had 3 
doses, and the others received a single dose of Provayblue.

The primary endpoint of the protocol was the proportion of patients with at least 50% reduction 
in methemoglobin at one hour after the first dose of Provayblue.  Only three patients had a repeat 
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methemoglobin measured within the required timeframe. The methemoglobin was reduced by at 
least 50% in all three subjects by one hour.  Although the response rate was high (100%), the 
95% confidence interval (CI) was wide (44-100%) due to the small sample size, so the point 
estimate was not considered credible.  No data on the effects of treatment with Provayblue on 
heart rate, respiratory rate or mental status were submitted. 

On review of the literature, FDA identified 42 cases of treatment of methemoglobin with 
methylene blue that included a follow-up measurement within 1 (+/- 0.25) hours.  There were no 
cases that reported use of Provayblue specifically.  Of the 42 reported cases, 38 (90%; 95% CI 
77-97%) had a methemoglobin decrease of at least 50% by one hour after intravenous 
administration of methylene blue. However, these reports could not be used to establish the 
efficacy of Provayblue, since the applicant did not submit sufficient information to bridge its 
product to any other formulation of methylene blue.

Summary of Safety: Minimal safety data were available from Protocol PVP-2013001.  Follow-
up was limited to the duration of hospitalization (median 2.5 days; range, 2 hours to 15 days). 
There were no deaths and no related serious adverse events.  There were 15 adverse events 
reported.  None were considered related, and none occurred in more than one patient. The data 
files for vital signs and laboratory tests were inadequate, and these parameters could not be 
analyzed.  

Additional information was provided from Protocol PVP-2013002 and from postmarketing 
reports in Europe.  Protocol PVP-2013002 was a compassionate use protocol in France that 
accrued 27 patients (16 adults and 11 children) treated with Provayblue from November, 2010 to 
October, 2011 for hereditary methemoglobinemia (n=1) or ifosfamide-induced encephalopathy 
(n=26).  There were no adverse events reported for patients treated on Protocol PVP-2013002.  
The postmarketing review also indicated that no adverse event have been reported with 
commercial use of Provayblue.

The applicant also submitted the results for Protocol 1MBL12002, a single-center, open-label, 
single-dose study of Methylene Blue Injection, USP 1% manufactured by American Regent, Inc. 
The primary objective was to assess pharmacokinetics, safety and tolerability. Twelve subjects 
were accrued and followed for at least 4 days after treatment. All subjects completed the study.  
There were no deaths or serious adverse events.  The most common adverse events were infusion 
site pain (42%) and nausea (17%).  There was a slight and transient fall in diastolic blood 
pressure and rise in pulse at 2.83 hours from start of infusion for the group as a whole and one 
subject had an episode of hypotension.  There were no grade 3-4 laboratory abnormalities 
reported. One subject had an ALT 1.7x ULN and AST 1.1x ULN at the end of study. Four 
subjects had an abnormal urine leukocyte esterase which the applicant attributed to test 
interference by methylene blue.  

Overall Assessment: The data on use of Provayblue are not sufficient to support a finding of 
safety and efficacy.  Although there are some cases in the literature that might be useful, 
applicability is limited by the lack of bridging information. A demonstration of bioequivalence of 
Provayblue and Methylene Blue USP 1% might be sufficient to allow use of the literature to 
support a claim of activity of Provayblue in the treatment of methemoglobinemia and would 
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supply the data needed to assess safety. The Clinical Pharmacology review concluded (see p.9  
lines 2-3 in paragraph 1 of this review): “Thus, from a clinical pharmacology perspective, the 
study established a PK bridge between Provayblue and Methylene blue 1% USP.”

Benefit-Risk Discussion: Thus, the data submitted by the Applicant supports the efficacy of 
Provayblue which outweighs the acceptable level of toxicity observed.

Recommendation for Regulatory Action: On the basis of the above, the CDTL reviewer
recommends approval providing that the current issues (see Section 5) with the Cenexi 
manufacturing facility can be resolved by the PDUFA action date.

2. BACKGROUND (This section was excerpted from the review of Dr. Donna Przepiorka. For 
details, please see her review.):

2.a. Indication: The indication proposed by the Applicant for Provayblue is the treatment of 
acquired methemoglobinemia.

2.b. Summary of Background: (This section was excerpted from the review of Dr. Donna 
Przepiorka. For details, please see her review.) 

Methemoglobin is a state in which one or more of the iron atoms in the heme molecules is in the 
oxidized form (ferric), which does not bind oxygen well.  The result is a net reduction in delivery 
of oxygen to tissues.  Numerous oxidizing drugs, chemicals and toxins are known to cause 
acquired methemoglobinemia.  

If the offending agent is withdrawn, homeostatic mechanisms reduce the oxidized hemoglobin at 
about 15% per hour, normalizing the level over time.  However, when the proportion of 
hemoglobin that is oxidized is high, the lack of oxygen delivery may be severe enough to cause 
adverse cardiovascular effects, coma, and death.

Provayblue is a formulation of methylene blue purported to reduce oxidized heme.  In 
presubmission meetings, the Division established with the Applicant that efficacy of Provayblue
for treatment of acquired methemoglobinemia could be concluded if treatment resulted in a rapid 
reduction in methemoglobin, and that concurrent rapid improvements in heart rate or respiratory 
rate and/or resolution of coma would be clinical benefits.

3. PHARMACOLOGY TOXICOLOGY (This section was excerpted from the review of Dr. 
Brenda Gehrke, PhD. For details, please see her review.):
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a modeling and simulation report to support dosing in pediatric patients, and in vitro metabolism 
and DDI studies.

The applicant conducted a single dose, parallel BE study comparing the PK of MB 1% USP and 
Provayblue. The concentrations of Methylene blue and Azure B, the major metabolite, were
measured in whole blood and plasma. The dose adjusted AUC in whole blood was within the 
bioequivalence bounds; however, the dose adjusted Provayblue Cmax was higher than that of the 
USP solution (Table 1).

It was noted during the conduct of the study that the reference formulation was administered at ~ 
1.6 mg/kg dose instead of the nominal 2 mg/kg dose. Methylene blue exhibits concentration-
dependent partitioning into red blood cells, with higher partitioning at higher concentrations. The 
concentration-dependent partitioning is likely to be the reason for the observed differences in the 
dose adjusted Cmax between the two products.   

The ADME properties of Methylene blue are not very well characterized in humans. Literature
studies report variable PK characteristics of Methylene blue, mainly due to varying sampling 
times and assay selectivity issues. Recent reports that employ more selective bioanalytical
methods suggest 40% of the Methylene blue dose is excreted by renal elimination as parent drug 
and the balance of the dose undergoes hepatic metabolism.

In vitro metabolism data demonstrate that Methylene blue is metabolized in human hepatocytes
(~33% of the initial MB amount). In vitro incubation of Methylene blue with human liver
microsomes suggested that UGT enzymes played a more prominent role in metabolism
compared to CYP450 enzymes. To characterize the role of individual metabolizing enzymes,
MB was incubated with human liver microsomes expressing individual recombinant CYP450 or 
UGT enzymes in vitro. It was found that CYP1A2, CYP2D6, CYP2C19, UGT 1A9, and UGT 
1A4 had the capacity to metabolize Methylene blue. The relative contribution of the individual 
enzymes or elimination pathways is not thoroughly Reference ID: 3903201 NDA 204630 Page 8 
of 24 characterized. However, the multiplicity of the elimination pathways and metabolizing   
enzymes preclude the need for in vivo DDI studies of Methylene blue as a victim drug.

In vitro studies show that Methylene blue is a potent inhibitor of CYP450 1A2, 2C8, 2C19, 3A4,
2B6, 2D6, 2C9 with R values of 59, 43, 32, 21, 11, 9, and 4, respectively. Even with the acute 
dosing regimen of Methylene blue, in vivo DDI study of Methylene blue as a perpetrator drug 
are warranted due to the relatively long elimination half-life (~24 hours).

Based on published safety communications by the FDA, drug interactions of Methylene blue
with selective serotonin reuptake inhibitors (SSRI) and other anti-depressants (bupropion,
buspirone, venlafaxine, etc.) have been reported to be fatal. The fatality of these interactions has 
been attributed to the pharmacodynamic interaction of Methylene blue as a monoamine oxidase 
inhibitor with SSRI. Because it has not been formally investigated, the contribution of 
pharmacokinetic interactions of MB as an inhibitor of many CYP450 enzymes involved in the 
metabolism of SSRI and other anti-depressants cannot be ruled out. To mitigate the risk for drug-
drug interactions, an in vivo study of Methylene blue as a perpetrator drug is warranted.   

Reference ID: 3908160















 Page 
14 

 
  

The Applicant identified a total of 40 published reports of children > 3 months old and 12 
published reports of children < 3 months old with methemoglobinemia treated a Methylene blue
class product at varying doses.  The tabular summary revealed no age-related pattern of failure in 
the pediatric population.

Recommendation of Dr. Przepiorka of DHP: Approval.

7. SAFETY: (This section is excerpted from the review of Dr. Donna Przepiorka. For details, 
please see her review).

Safety data were evaluated for 39 patients and 82 healthy volunteers who received at least one 
dose of Provayblue. The 82 healthy volunteers treated with Provayblue had a median age of 36 
years (range, 19-55 years); 54% were male, and 68% were white. The demographic 
characteristics of all healthy volunteers are shown by study in Table 2 (see above).

Deaths: There were no deaths in the healthy volunteer studies. 

Serious Adverse Events: There was one serious adverse event reports.  Subject 146 was a 34 
year-old man participating in Study PVP-2014002.  He received the moxifloxacin dose on day 1 
and the saline dose on day 8 without problems.  On day 15, he received an infusion of 
Provayblue 2 mg/kg starting at 8:45.  The reported adverse events included dysgeusia and pain in 
the extremity at 8:46, nausea at 9:00, syncope at 9:05 and chromaturia at 10:00. Twenty minutes 
after the start of infusion, the subject reported difficulty breathing, he then lost consciousness for 
approximately 1 minute and had epileptic-like convulsions for about 10 seconds. The heart rate 
was erratic, varying from 51 to 72 beats per minute. The subject regained consciousness and had 
no further symptoms. He received no specific treatment for this event. The ECG recording at the 
time of the event reportedly showed 4 sinus pauses ranging from 2.9 seconds to 14 seconds.  
Additional changes in the ECG included a very transient shortening of the PR interval and an 
increase in QTcF. 

Comment of Primary Reviewer: I agree that the event of syncope due to sinus arrest was at least 
possibly related to Provayblue.  This potential risk should be reflected in the Prescribing 
Information.   

Dropouts and/or Discontinuations: One subject in Study PVP-2014002 dropped out after 
completion of Period 1 (saline placebo) because she “was afraid of the pain that the other 
subjects had experienced”. There were no early withdrawals due to adverse events. 

Significant Adverse Events:

There were no events of serotonin syndrome, interference with in vivo monitoring devices or  
hemolytic anemia reported in the healthy volunteer studies. 
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Hypersensitivity was assessed in the healthy volunteer studies by FDA using 
SMQN_Hypersensitivity and SMQN_Anaphylactic reaction. There were no anaphylactic 
reaction terms reported.  There were 6 (7%) subjects with 7 hypersensitivity terms reported after 
receiving with Provayblue.  The hypersensitivity terms included 4 events of contact dermatitis 
and 1 event each of erythematous rash, maculopapular rash, and infusion site urticaria.  Of the 
subjects who received Methylene Blue USP 1%, 2 had a contact dermatitis and 1 had a 
maculopapular rash. The applicant included a specific assessment of infusion site reactions at 
baseline, hour 6 and hour 12 in Study PVP-2014001.  The results of these assessments are shown 
in Table 5.

Table 5: Study PVP2014001 – Injection Site Reaction Assessments

Treatment A: A single 2 mg/kg IV infusion of Provayblue
Treatment B: A single 2 mg/kg IV infusion of methylene blue USP
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10. OTHER REGULATORY ISSUES: INSPECTIONS OF CLINICAL SITES. (This 
section was excerpted in part from the review of Dr. Anthony Orienia. For details, please see his 
review).

The study data derived from the inspections at some of the clinical sites as well as the Contract 
Research Organization (CRO) are considered reliable in support of the requested indication.  
Four clinical sites (Drs. Mehta, Motan, Nagarkar, and Ratnavelu) were selected for audit. The 
CRO  was also inspected.

The preliminary classification for the inspections of Drs. Nagarkar and Ratnavelue, and the CRO 
is No Action Indicated (NAI). The preliminary classification for the inspections of Drs. Mehta 
and Motan is Voluntary Action Indicated (VAI). 

Observations noted above for the four clinical investigator sites and the CRO are based on 
communications with the field investigator. An inspection summary addendum will be generated 
if conclusions change upon receipt and review of the EIR.

11. LABELING: Under negotiation with Applicant.

12. RECOMMENDATIONS/RISK BENEFIT ASSESSMENT: The recommendation of the 
CDTL reviewer is approval providing that the current issues (see Section 5) with the Cenexi 
manufacturing facility can be resolved by the PDUFA action date.

Reference ID: 3908160

(b) (4)



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

ALBERT B DEISSEROTH
03/25/2016

Reference ID: 3908160




