Application for the inclusion of isoniazid for intravenous use (addition — new
formulation/strength of existing medicine) in the WHO Model List of Essential Medicines and
Model List of Essential Medicines for Children, section 6.2.4 as a first-line drug for the
treatment of tuberculosis inseverely ill patients and those who have absorption disorders as a
lifesaving possibility to receive proper anti-tuberculosis treatment

Name of applicant(s): CU Communicable Diseases Intensive Care Association “Incure”, Ukraine
www.incure.info

Contact person:

dr Tetiana Sprynsian, tel: +380665134849, email: info@incure.info

1. Summary statementof the proposal for inclusion, change or deletion.

Tuberculosis (TB) isacommunicable disease thatis a major cause of ill health, one of the top 10 causes
of deathworldwideand the leading cause of death from asingle infectious agent (ranking above
HIV/AIDS). TBis caused by the bacillus Mycobacterium tuberculosis, whichis spread when people who
are sick with TB expel bacteriainto the air; forexample, by coughing. The disease typically affects the
lungs (pulmonary TB) but can also affect othersites (extrapulmonary TB).

Everyyear, 10 million people fallill with tuberculosis (TB). Despite being a preventableand curable
disease, 1.5million peopledie from TB each year — makingit the world’s top infectious killer [1].

TB is the leading cause of death of people with HIV and also a major contributorto antimicrobial
resistance, which meansthe urgent need in additional efforts to study the main reasons of treatment
failure and additional efforts to save those 1.5million lives peryear.

Amongall TB deaths, 77,2% of patients die duringintensive phase of treatmentand 36.4% of patients
dieinthe first 10 days of the treatment, according to recent studies. [9] That means, severe TB patients
are inthe blind zone of the standard TB care and require additional treatment efforts, forexample
hospitalization and using anti-TB preparations with immediate action, such asintravenous drugs instead
of tablets.

Isoniazidis one of the most effective chemotherapeutical components thatis presentin maintreatment
regimens of drug-susceptible tuberculosis recommended by WHO.

Isoniazid, the hydrazide of isonicotinicacid, is highly bactericidal against replicating tubercle bacilli. Itis
rapidly absorbed and diffuses readily into all fluids and tissues. The plasma half-life, which is genetically
determined, varies from less than one hour for fast acetylators to more than three hours for slow
acetylators. Isoniazidis largely excreted in the urine within 24 hours, mostly asinactive metabolites.
According to WHO guidelines 2017, Isoniazid is normally taken orally but may be administered
intramuscularly orintravenously to critically ill people. [ 2]

The EML and EMLc already contain preparations of oral Isoniazid. This application proposes IV isoniazid
for the core listof WHO Model List of Essential Medicines and Model List of Essential Medicines

for Children, as a lifesaving medicine for the following categories:

1. Patients with severeforms of tuberculosis with poor outcomes, requiring intensive treatment
(Miliary TB [34,35], caseous pneumonia[36], TB meningitis [37], TB sepsis [38-39], TB pericarditis[42]).

2. Patients with acute or chronical gastrointestinal diseases, or patients with reduced absorption
rates of oral forms (malabsorptionin PLWH[15-19]).



3. Patients with severe comorbidities: HIV/TB, diabetes/TB [44], etc.

4, Patientsthatare unable (unconscious patientsin ICU or in coma) or unwilling to take drugsin
periods of depression ordue to acute manifestations of altered mental condition. [14]

Target regimen profiles for TB treatment: rifampicin-susceptible, rifampicin resistant and pan-TB
treatmentregimens, published in 2016 by WHO state that IV formulations should be reserved for cases
of severe forms of disease, such as CNSTB or TB sepsis for both susceptible and resistant forms of
tuberculosis. Currently, intravenousisoniazid is not available on most of the markets. The absence of IV
isoniazidin both EML and EMLc prevents national and international TB programs from purchasing
needed quantity of IV forms.

2. Name of the focal point in WHO supporting the application

Dr ErnestoJaramillo, MDR-TB Policy & Innovations department, World Health Organization Geneva,
Switzerland

Bernadette Cappello, Secretariat, Essential Medicines List, World Health Organization Geneva,
Switzerland

3. Name of the organizations consulted and supporting the application

International Union Against Tuberculosis and Lung Disease (The Union), Nationalinstitute of
phthisiology and pulmonology named after F.G. Yanovsky NAMS of Ukraine,

CU Communicable Diseases Intensive Care Association “Incure”, Ukraine,
Higher State Educational Establishment "Bukovinian State Medical University", Ukraine,
Novosibirsk TB Research Institute (NTRI), Russian Federation,

Universitas Padjadjaran Department of Pharmacology therapy, Indonesia, Clinical Research Unitand
Institute of Biomedicine/Centerfor Global Health,

Universitateade Medicinasi Farmacie ,,Grigore T. Popa” lasi, Romania. "Marius Nasta" Pneumoftiziology
Institute, Romania

4, International non-proprietary name of the medicine e (INN, genericname) of the medicine

ISONIAZID

ATC code: JO4ACO1

5. Formulation proposed for inclusion
Formulation: powder for injections/solution for injections,
Strength(s): 300 mg, 500 mg and 900 mg/vial

Indication: treatment of susceptible tuberculosis in combination with other first-line drugs



Addition— new formulation/strength of existing medicine

The EML and EMLc already contain preparations of oral Isoniazid. This application is for the additional
inclusion of powderforinjections/solution forinjections Isoniazid 300 mg, 500 mg, 900 mg.

300 mg of Isoniazid is maximum recommended daily dose and it can be used as a fast and well -tolerated
remedy forsevere cases of tuberculosis. According to different sources (FDA, AHFS monograph,
guidelines), isoniazid can be used up to 900 mg daily inintermittent regimen thrice aweek. [2-6]

6. Whetherlistingis requested as an individual medicine oras representative of a
pharmacological class

Listingisrequested asanindividual medicine. According to WHO Guidelines, firstline drugs for the
treatment of susceptibletuberculosis (Isoniazid, Rifampicin, Pyrazinamide, Ethambutol) are widely
availableintheiroral forms, howeverare notyet presentedas|.V. preparations.

7. Treatment details (requirements for diagnosis, treatment and monitoring).

According to WHO guidelines [6], IV formulations should be reserved for cases of severe forms of
disease, such as central nervous system (CNS) TB or TB sepsis. [7]

I.V.isoniazidis also recommended foruse by American ThoracicSociety. [8] l.e. IV isoniazid should be
considered forthe patients with severe forms of the disease (TB meningitis, TB sepsis), patients with
acute or chronical gastrointestinal diseases, or patients with reduced absorption rates of oral forms
(malabsorptionin PLWH [17-21]). Patients that are unable (unconscious patientsin ICUor in coma [44])
or unwillingtotake drugsin periods of depression or due to acute manifestations of altered mental
condition. [16] Patients with severe comorbidities: HIV/TB, diabetes/TB [44], etc.

Necessary conditions for intravenous infusion of anti-tuberculosis preparations:

J Placement of animplanted portor peripherally inserted central catheter (PICC) line (anon-
tunneled venous catheter)

. Usingintravenous (1V) therapy toinfuseinjectable drugs for 30 to 60 minutes, 5days per week
. Direct observation of ingestion of prescribed oral anti-TB drugs

J Monitoring foradverse reactions and reporting the se to the supervising physician

J Extensive patient education and supportto help ensure adherence

IV therapy may be givenviaan implanted port (placed surgically under the skin, usually in the chest) or
by PICCline (placedinthe forearm and threaded into the superiorvenacava). Both methods have their
advantages and disadvantages, and the choice is usually made by the physician based upon the needs of
the patient. [40]



8. Information supporting the publichealth relevance Epidemiological information on disease
burden

Globally, an estimated 10.0 million (range, 8.9-11.0 million) people fell ill with TBin 2019, a numberthat
has beendecliningvery slowlyinrecentyears. There werean estimated 1.2 million (range, 1.1—

1.3 million) TBdeaths amongHIV-negative people in 2019 (a reduction from 1.7 million in 2000), and an
additional 208 000 deaths (range, 177 000-242 000) among HIV-positive people (areduction from 678
000 in 2000). Men (aged under 15 years) accounted for 56% of the people who developed TBin 2019;
women accounted for32% and children (aged under 15) for 12%. Among all those affected, 8.2% were
people livingwith HIV. [1]

Amongall TB deaths, 77,2% of patients die duringintensive phase of treatment and 36.4% of patients
dieinthefirst 10 days of the treatment, accordingto recent studies. The fact of death from tuberculosis
isusually confirmedin Intensive care unit (ICU). [8]

Assessment of current use

According to WHO guidelines forsusceptible tuberculosis treatment, both pulmonary and extra-
pulmonary forms of drug susceptible TB have to be treated with daily dosing of 6-month rifampicin-
based regimen 2HRZE/4HR, with the only difference that adjuvant corticosteroid therapy should be
consideredin case of TB meningitis.

Accordingto the last WHO Model List of Essential Medicines (2019), only oral forms of firstline anti-
tuberculosisdrugsareincluded[9].

Target population(s)

Several studies show thatthere isadecrease inthe functional absorptive area of the intestine in TB
patients, which would explain the reduced serum concentrations of anti-tuberculosis drugs. Patients
with malabsorption syndrome don’t getthe minimum therapeuticlevel of anti-tuberculosis drugs,
therefore such patients have to be treated or with higher doses of these drugs, what will cause higher
level of adverse reactions from gastrointestinal system, oranother dosage form should be considered.
[8-11], [25-33]

Although most HIV-infected patients with tuberculosis (TB) respond well to rifampin-based anti-
mycobacterial drugregimens [17], recent reports suggest that malabsorption of anti-mycobacterial
drugs occurs inselected HIV-infected patients, particularly those with advanced HIV infection [18-22].

Up to 70% of admissions to ICUwith active tuberculosis have acute respiratory failure (ARF) and require
mechanical ventilation. [12-13] Mortality rate for such patients accordingto a retrospective cohort
studyin Brazil is up to 80%. [10] The causes of ARF in most of the cases are miliary lesionsin lungs.

Other causes of TB death are Mycobacterium tuberculosis sepsis inimmunocompromised patients [39-
40], tuberculous pericarditis [42] and tuberculous meningitis [37].

Tuberculous meningitis (TBM) is one of the most devastating manifestations of extra-pulmonary
tuberculosis (TBEP) andis associated with severe morbidity and high mortality up to 80% of cases. [14]



9. Review of benefits: summary of comparative effectivenessin a variety of clinical settings.

Intravenous firstline drugs for TB treatment are not available in most of the countries. However, IV
forms ensure the quickest and the most complete access of the medicinal substance to the foci of TB
infection.

Intravenous anti-TB drugs are essential for treating different categories of TB patients, including those
with severe disseminated and gastrointestinal TB forwhom oral anti-TB agents alone might not be
effective. Insome cases, thisis caused by quick decomposition of the drugs during their relatively slow
intake from the gastrointestinal tractand, in others, by the impossibility of increasing the dose. Inthe
case of intravenous administration, the drugs are easily absorbed, which leads to the creation of higher
concentrationsinthe infected tissues. [15]

10. Review of harms and toxicity: summary of evidence onsafety.

Isoniazid efficiency/safety profile has been studied duringlongterm period and despite it’s great anti -
mycobacterial activity it can cause severe hepatotoxicity. Although drug-induced liverinjury (DILI)
caused by differentdrugsis somewhat different, the clinical characteristics of INH-induced liverinjury
are fairly typical foridiosyncratic DILI and include malaise, fatigue, nauseaand vomiting. The duration of
therapy before manifestation of jaundice canvary between 1-25 weeks with an average of 12 weeks.
Feveraffects on average 20% of the patients and eosinophiliais presentinupto 15% of the affected
individuals. In most cases, liverinjury isasymptomaticand is only detected by measuring markers of
hepatocyte injury such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Thisis
especially true for mild cases of liverinjury, which occurin up to 20% of patients treated with the drug.
However, in most patients, liver function returns to normal despite continued treatment with the drug,
a phenomenonreferred to as ‘adaptation’ by hepatologists. Severe liverinjuryisseeninup to 1% of the
patients. Elevationsin ALTand AST can start as early as 1 weekand sometimes as late as 9 months after
starting treatment with INH. However, in more than half of the patients an ALT increase occurs between
1-6 months. The abruptincrease in ALT that leads to liverfailure isidiosyncraticin nature and is not
clearlyrelated tothe duration of treatment, the dose of the drug, fever or eosinophil count [2] When
liverinjuryisidentified, the firstline of treatmentis to stop the drug and monitorthe patient for
recovery. In most cases patients recover. However, rechallenge of patients with more severe liverinjury
can resultin a rapid onset of symptoms (within hours)andis contraindicated. Histological characteristics
of severe INH-induced liver injury include hepatocellularinjury with multi-lobular necrosisand a
mononuclear cell infiltrate, which is generally indistinguishable from viral hepatitis. Steatosis is unusual
in INH-induced liverinjury. However, during active TBtreatment, when INHis givenin combination with
otheragents such as ethambutol, pyrazinamide and rifampicin (RMP), there have been reported cases
of steatosis and cholestaticliverinjury 7-9. Prolonged treatment with INH can also lead to a lupus-like
autoimmune reaction with the presence of antinuclear antibodies, which occursin up to 20% of the
patients. [3] Unfortunately thereis no published information about specificside effects of isoniazid due
to ivroute of administration, itisassumed thatall side effects may be similarto those that occur with
prolonged infusions - inflammation and pain at the catheterinsertion site, the risk of infection and
thrombosis, but all these phenomenashould be studied in aspecial study. However, asmall study
indicated that long-term infusions with isoniazid and rifampicin did not produce specificroute -of-
administration side effects. [45] There is asmall study describing possibilityto decrease side effects
related by usingiv route of administration of 2"-line anti-TB drugs in MDR-TB patients, such as painin
the place of injection and phlebitis, by using port-catheterforintensive intravenous chemotherapy. [46]



11. Summary of available data on comparative cost and cost- effectiveness within the
pharmacological class or therapeutic group.

There is no shown evidence in pharmacoeconomic convenience of IV isoniazid , considering following
facts:

1) Low effectiveness of oral isoniazid on severe forms of tuberculosis.
2) Rare presence of IV isoniazid on most of the world markets, because of the
absencein EML and EMLc.

Accordingto available onlinedata on the prices, we suppose thatinjectable dosage form of ethambutol
can be more expensive than the oral form.

In Ukraine ivisoniazid 500 mg isabout $ 0.03-0.05 / vial,

In Kazakhstan ivisoniazid 500mg is about S 0.6-1/ vial.

In Uzbekistan ivisoniazid 500 mg isabout $ 0.05-0.1/ vial.

In Russian Federation ivisoniazid 500 mg is about$ 0.04-0.08/ vial.

In UK ivisoniazid 50 mg\2 mlis registered but there is noinformation about price pervial.

Median Price for oral form of Isoniazid 300 mg is0.019 - 0.02/tab. Butitshouldn’tbe considered asan
alternative drug, because oral forms cannot provide the same benefits for people affected by severe
forms of tuberculosis.

Another pointisthatthe appearance of intravenousisoniazid in the list of EML and EMLc will stimulate
the manufacturersto producei.v. isoniazid and the concurrence will decrease the pricesforthe
treatment course.

12, Summary of regulatory status of the medicine

The US Food and Drug Administration (FDA) approved one IV Isoniazid 100 mg/ml in 2005.

Injectable Isoniazid is available in Italy, country under EMA regulation, Ukraine, Kazakhstan, Uzbekistan,
Russian Federation.

13. Availability of pharmacopoeia standards (British Pharmacopoeia, International
Pharmacopoeia, United States Pharmacopoeia, European Pharmacopeia).

Isoniazid reference standards are available according to BP, IP, USP, EP.
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