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SUMMARY OF KEY UPDATES (2022)

Updated discussion of adverse events associated with
newer DR-TB regimens including BPaL and BPalLM

Expanded discussion of hematologic adverse events,
especially related to linezolid

Additional information on linezolid-associated peripheral
neuropathy prevention, management, and prognosis

New section on cardiovascular toxicity including QT
prolongation monitoring and management.

Adverse reactions and toxicity should be
anticipated with any treatment course for
drug-resistant TB.

Introduction

Treatment of drug-resistant tuberculosis (DR-TB) requires the use of multiple med-
ications that are frequently associated with adverse events. The response of an
individual person with DR-TB, however, cannot be predicted. Medications should
not be withheld in anticipation of or because of fear of a reaction. Even
some elderly or very ill patients will tolerate complex regimens for DR-TB. By con-
trast, others may have serious difficulty tolerating relatively simple regimens.

Persons with DR-TB should be well informed about their anti-tuberculosis treatment
regimens so that they can be recruited as partners invested in the success of their
therapies. Empower them by providing information about potential adverse events
and reassurance that they will be supported throughout the treatment regimen.

In recent years, treatment of DR-TB has undergone a transformation with the intro-
duction of new regimens that contain drugs such as bedaquiline (BDQ), preto-
manid (Pa), delamanid (DLM), linezolid (LZD) and the later-generation fluoroquinolo-
nes (levofloxacin [LFX] and moxifloxacin [MFX]). While these treatment-shortening
regimens have shown remarkable success and enabled more rapid cures, they
have also introduced new and sometimes serious adverse events. Some of the
newer drugs developed specifically for TB treatment, such as Pa and DLM, have
been poorly characterized in regard to adverse events because they have only
been administered as part of multi-drug regimens.
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A notable adverse event, new for TB care, is QT prolongation, especially when
multiple QT-prolonging agents are used concurrently (e.g., BDQ and MFX). Cytope-
nias and peripheral neuropathy are frequently seen with LZD; treatment merits
careful clinical and laboratory monitoring. Finally, while the fluoroquinolones have
been used for many years, as a class they are also associated with several U.S.
Food and Drug Administration (FDA) boxed warnings. Fluoroquinolones can be
associated with non-specific adverse events like anorexia, dizziness, fatigue, and
headache, which can make it difficult to associate with a particular drug in a multi-
drug regimen. Fluoroquinolone-related adverse events may be more pronounced
when treating for DR-TB (which can take many months) in contrast to bacterial
infections (in which the fluoroquinolones are typically used for only 1-3 weeks). As
more drugs are added or repurposed to treat DR-TB, clinicians’ familiarity with rec-
ognizing and managing adverse events is also rapidly changing.

e Prior to initiating a treatment regimen, it is essential to discuss the
benefits and risks of therapy. The person with DR-TB should understand
the need for treatment, the importance of each medication in the treatment
regimen, and the possible side effects and toxicities.

e Specifically, patients must understand that there are limited medication options
for treating DR-TB such that replacing even one drug from the regimen
because of toxicity or side effects can be problematic. Explain that inadequate
treatment can lead to disease progression and transmission.

¢ Assure the person with DR-TB that every attempt will be made to make
treatment as easy as possible while acknowledging that having enough
effective drugs in the regimen is essential to achieving a cure. While
side effects may be inevitable, emphasize that they will be addressed and
treated as aggressively as possible. Ideally, persons undergoing care will be
mentally prepared for likely discomfort and a long road of treatment. If possi-
ble, include family or significant others in discussions to provide awareness
and support.

e Help persons with DR-TB realize that this may be their best opportu-
nity for cure and future treatment regimens could be more toxic and
less effective.

e \Whenever possible, avoid breaks in therapy to maximize the effectiveness of
treatment.

Quickly recognize and respond to symptoms when expressed. Careful assessment
may allow attribution of some symptoms to causes other than medication toxicity.
Most persons with DR-TB will be willing to continue medication despite side effects
when: 1) they understand the benefit of the medication for themselves and others;
2) they know that many of these symptoms improve after the first several weeks;
and 3) they are assured that their providers are doing their best to evaluate and
address their problems. Express appreciation for their efforts to cooperate. This
recognition often helps a person to continue therapy. Persons with DR-TB can be
counseled that treating drug-resistant disease is more similar to cancer chemother-
apy than treating a typical infection. Treatment of this life-threatening disease is a

>
g
<
m
By
»
m
By
m
>
Q)
d
)
P
»

marathon, not a sprint, and there may be setbacks.
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An important principle in the management of DR-TB: Do not stop a drug
that leaves the person with DR-TB at risk of relapse or treatment failure
without consulting an expert in the management of DR-TB. Any change in
the treatment regimen — dosage adjustment, drug discontinuation, or sub-
stitution — must be assessed with a thorough risk/benefit analysis of the
proposed changes. The dose of a drug should not be reduced unless it can be
done without compromising the efficacy of the treatment regimen. In some cases,
minor drug reactions may persist and the person on treatment may be asked to try
to tolerate the discomfort to ensure the success of the regimen, especially for mul-
tidrug-resistant (MDR) or extensively-drug-resistant (XDR) TB. For example, some
patients may need to weigh the benefits of continuing LZD against tolerating some
neuropathy to maximize the opportunity of a lasting cure. Educate persons on
treatment about the toxicities of their medications and encourage them to express
their opinions about what they can tolerate.

Frequent meetings with the person with DR-TB and family to clarify goals and
address symptom management can strengthen the provider-patient alliance that is
so important to supporting a person through treatment.

Gastrointestinal

The most difficult side effects at the initiation of treatment often relate to gastroin-
testinal (Gl) upset. Nausea and vomiting are most often reported, but abdominal
cramps and increased flatulence may be equally troubling. Anorexia with or without
nausea, vomiting, and/or the metallic taste caused by ethionamide (ETA) can pre-
vent weight gain or even cause worrisome weight loss. Nausea, vomiting, and
anorexia may represent possible hepatotoxicity; if these symptoms develop, liver
enzymes and total bilirubin should be checked. If symptoms are significant, poten-
tially liver-toxic medications are usually held pending laboratory results. Gl symp-
toms during TB therapy can be due to TB medications, unrelated underlying Gl
conditions or a combination of the two. Factors that influence the adequacy of a
given drug dose for an individual that may necessitate dose adjustments that could
effect tolerance include the individual’s weight, ability to adequately absorb and
metabolize drugs, and concomitant medications that affect drug metabolism.

Some common causes of Gl symptoms while on anti-tuberculosis therapy include:

Possibly due to TB therapy: Not related to TB therapy: >
e Hepatitis or hepatotoxicity e Peptic ulcer disease §
e Biliary disease e |nflammatory bowel disease m
e (astritis ® | actose intolerance E
e Pancreatitis e Diabetic gastroparesis %
e Clostridium difficile colitis e Pregnancy &
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Nausea and vomiting
Treatment of nausea and vomiting

e First, ask the persons taking the medications. Individuals may have
strong ideas about which medications are causing them problems.
Their opinions must be addressed and respected.

e Encourage the individual to continue to take the medication and provide reas-
surance that many adverse reactions lessen over the first several weeks and
may become tolerable or resolve entirely.

e Pregnancy should be considered as the possible etiology of nausea and
vomiting in the appropriate setting, especially if the symptoms occur after a
period of initial tolerance.

e Consider that the symptoms may be due to primary Gl TB that may be undi-
agnosed. These symptoms should resolve over time with TB treatment.

e With TB meningitis, nausea and vomiting might be signs of rising intracranial
pressure rather than a drug intolerance issue. If indicated, obtain urgent imag-
ing to evaluate for hydrocephalus, and neurosurgical consultation.

Notes on specific drugs

Fluoroquinolones: LFX and MFX may frequently cause anorexia, nausea, and
vomiting. The symptoms may be vague Gl upset. Do not decrease the dose of
fluoroquinolones because of nausea — the bactericidal effects of fluoroquinolones
are dose-dependent. Some providers find that switching from one fluoroquinolone
to the other may alleviate the symptoms.

BDQ: Nausea and vomiting are usually confined to the first 2 weeks of daily therapy
with improvement or resolution after the dosage interval is decreased to 3 times
weekly. Most persons are able to complete the initial 2 weeks of daily therapy. The
dose of BDQ should not be altered.

Rifampin (RIF): Can cause gastritis; use of a proton-pump inhibitor such as pan-
toprazole may help (pantoprazole does not interact with rifamycins).

LZD: May also be associated with nausea and vomiting. If the LZD dose is 1200
mg/day, reduction of the dose to 600 mg/day may be considered to improve Gl
tolerance and is not associated with loss of efficacy. Most reports noting efficacy at
300 mg daily were in persons who had the dose decreased after a period of time
on the 600-mg dose. Consider therapeutic drug monitoring (TDM) when the dose
is decreased to less than 600 mg daily; this can help confirm an adequate peak
concentration is being achieved. See Chapter 3, Laboratory and Chapter 4,
Treatment for more information on TDM. Some patients will require a 400- to 450-
mg daily dose to achieve a therapeutic level (only available with the liquid formula-
tion of the drug).
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ETA: Frequently associated with nausea and vomiting, as well as a metallic taste.
Initial “ramping” of dose may improve tolerance (see Chapter 4, Treatment). If
nausea improves after ETA is held, rechallenge at a lower dose with a gradual
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increase to reach a minimum of 500 mg daily. Administering ETA before bedtime
may help with nausea. For persons who require a higher dose of 750 mg daily, split
dosing can be attempted with the higher dose of ETA taken in the evening (ETA 250
mg in the morning, 500 mg at bedtime). While giving ETA in 2 or 3 doses over the
day may improve tolerance, it will significantly complicate directly observed therapy
(DOT) efforts — if only one of the daily doses is administered by DOT and self-ad-
ministered doses are not taken consistently, the possibility of sub-therapeutic dos-
ing increases.

Para-aminosalicylate (PAS): Dosed at 8,000 to 12,000 mg per day divided 2-3
times per day (initiating using a dose “ramping” strategy similar to ETA), with some
experts recommending a dose of 6,000 mg daily. PAS can cause both upper and
lower Gl symptoms, including nausea, vomiting, abdominal cramping, and diarrhea.

If symptoms improve off of PAS, the drug can be restarted at a lower dose (2,000
to 4,000 mg daily) and gradually increased over the next 2 weeks. As with ETA, PAS
can be given in 2 or 3 doses over the day, but self-administered doses must be
taken consistently to avoid subtherapeutic levels.

Persons with DR-TB may tolerate either ETA or PAS, but many do not tolerate both
together. If ETA or PAS is suspected of causing the symptoms, hold the dose for 3
to 4 days to evaluate whether the nausea or vomiting is alleviated and determine if
only one (or both sequentially) can be restarted. Many experts would preferentially
use ETA if only one drug is tolerated.

Administer antiemetics or antacids prior to medication or as needed.
Note: Antacids cannot be given within 2 hours of fluoroquinolones.

The following are some specific options for Gl symptom management
(adult doses):

e Ondansetron (Zofran) 4-8 mg PO or IV 30 minutes before the dose. The dose
can be repeated after 8 hours. Note that ondansetron may also prolong QT
(some experts recommend starting with lower dosage, 4 mg, and repeat or
increase if needed).

e Metoclopramide (Reglan) 10 mg PO or IV every 6 hours as needed.

e Lorazepam (Ativan) 0.5 mg sublingual 30 minutes before the dose; it can be
helpful for persons who have developed anticipatory nausea because of its
anxiolytic and anterograde amnesia effects.

¢ Promethazine (Phenergan) 12.5 to 25 mg PO, IV, or per rectum 30 minutes
before the dose and every 6 hours as needed.

e Several other antiemetics are also available. It may be helpful to try another
agent when the previously listed options do not work or are not available in the
local pharmacy. Caution: Combining antiemetics can have sedating effects.
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Some non-pharmaceutical interventions include:

e Give a light snack (crackers or toast, tea, a ginger

Eliminate (or at least
drink, or soda) before medications. (

L , try to minimize)
e Space the medications during the day to lessen the .

pill burden. This is relatively easy when the person is alcohol consumptlon
hospitalized, but in the outpatient setting, DOT may only to lessen Gl irritation
be ayailable once daily. Video DOT can be considered to and the risk of

monitor adherence, because even the most adherent
individuals may have difficulty taking a medication that
predictably makes them feel bad.

hepatotoxicity.

|
e Try giving the responsible medication at bedtime; some

symptoms from adverse effects may be more tolerable
during sleep.

e Encourage hydration. Sports drinks with electrolytes may be helpful (but
note that the glucose content of these drinks is unacceptable for most people
with diabetes).

e Treat gastritis or acid reflux. Proton pump inhibitors or H2-receptor block-
ers may be helpful. Avoid using antacids or sucralfate within 2 hours of the
dose of fluoroquinolones because these agents interfere with fluoroquinolone
absorption.

e Minimize use of nonsteroidal anti-inflammatory drugs (NSAIDs). This
may be difficult if the individual also has arthralgia and myalgia from other
medications. Try acetaminophen with caution as it may increase the risk of
hepatotoxicity from other anti-tuberculous medications.

e |[f the odor of a medication is contributing, try concealing the odor by putting
the drug into a gelatin capsule that can be purchased at a pharmacy.

Additional considerations:

e Electrolytes, BUN, and creatinine should be evaluated and corrected if signifi-
cant vomiting or diarrhea occurs.

e Some anti-emetics are associated with QT-prolongation which may be addi-
tive to the QT-prolongation of anti-tuberculosis drugs.

e Diagnose and treat co-existing Helicobacter pylori infections, although the
typical treatment for H. pylori may exacerbate nausea, vomiting, and Gl upset.

Evaluate the effects of the interventions used to decrease the nausea and vomiting.
If nausea persists through much of the day and interferes with nutrition and hydra-
tion, despite employing strategies and antiemetics, the medication may need to be
stopped. However, if the culprit medications are needed to achieve cure, some
nausea and even vomiting may need to be tolerated, at least in the initial period of
treatment.

As a last resort:

e Consider hospitalization with better access to antiemetic therapy, IV hydra-
tion, and spacing of medications before a regimen is abandoned.
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e |n refractory cases, as a last resort, a percutaneous endoscopic gastrostomy
(PEG) tube may be effective and allow treatment to continue despite per-
sistent symptoms.
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e For persons who have developed a psychological aversion to swallowing pills,
cognitive behavioral therapy may be helpful.

Consultation with an expert is especially important when regimen changes
are considered.

Diarrhea

Diarrhea, along with increased flatulence and cramping, can cause significant diffi-
culty for persons under care, but very rarely does it lead to discontinuation of med-
ication.

e Fluoroquinolones (LFX and MFX) may cause diarrhea and increased flatulence.
These usually improve after the first several weeks. Encourage persons taking
the fluoroquinolones to tolerate these adverse events if symptoms are mild. As
with other Gl symptoms, some providers find that switching from one fluoro-
quinolone to the other may help.

e Diarrhea is also a common side effect of LZD and may be ameliorated with
dosage reduction from 600 mg/day to 300-450 mg/day.

e PAS often causes diarrhea with the initiation of medication, which will usually
improve or resolve after several weeks.

Specific interventions include:

e | actobacillus or foods such as yogurt with active cultures (must not be given
within 2 hours of the fluoroquinolone dose) may improve symptoms by replac-
ing normal flora.

e | operamide (Imodium) 2 to 4 mg PO can be used initially and then 1 to 2 mg
as needed after each loose stool to a maximum of 8 to 16 mg/day for adults
and children over 2 years old. Loperamide may be used intermittently, espe-
cially when the person being treated needs to attend social functions or return
to work. It should not be used daily.

If the diarrhea is severe, other etiologies may include:

e (C. difficile colitis (especially if broad-spectrum antibiotics used; e.g.,
fluoroquinolone, LZD)

e Other infectious or noninfectious causes of diarrhea
e Parasitic disease

e Lactose intolerance, especially if the individual is hospitalized and given
foods not commonly part of their diet

Rarely, a drug may have to be discontinued if diarrhea is severe. Attempts to con-
tinue the medication should be based on the importance of the drug in the treat-
ment regimen and the availability of other medications that might be substituted. A
significant exception is C. difficile colitis which can be life-threatening and may require
discontinuation of a medication.
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Hepatotoxicity

Any Gl complaint may signify hepatotoxicity. If suspected, hold all anti-tubercu-
losis medications that are potentially hepatotoxic until laboratory results
are available. Because anti-tuberculous treatment always involves multi-drug
therapy, determining the risk of hepatotoxicity of individual drugs can be challeng-
ing. The alanine aminotransferase (ALT) is the enzyme most directly associated with
hepatocellular damage, although the aspartate aminotransferase (AST) is usually
also elevated. Elevations in the AST may also indicate injury to the muscles, heart,
or kidney. If the enzymes are normal, continue medications using the strategies
previously noted to lessen nausea and vomiting.

If elevated liver enzymes and/or bilirubin are detected, in addition to
drug-induced hepatotoxicity, consider other causes such as alcohol use or
gallstones. These are potentially treatable causes that, if addressed, may
ease the treatment of TB.

Other predisposing factors for drug-induced liver injury that are not easily treatable
include underlying liver disease, pregnancy, and the post-partum period. Individu-
als with HIV, especially those receiving concomitant antiretroviral therapy (ART),
may have a higher likelihood of developing drug-induced hepatitis. Immune recon-
stitution syndrome with granulomatous hepatitis from disseminated TB may be
seen in persons with AIDS after starting ART. Hepatitis C, an elevated baseline
serum bilirubin, low CD4 cell count, and fluconazole therapy have all been associ-
ated with drug-induced liver injury. Several reports of persons with HIV with hepati-
tis C noted hepatotoxicity.

The risk of liver injury from anti-tuberculosis drugs in persons with hepatitis B is
variable. It appears to be increased in those with chronic active infection compared
to those who are only seropositive. Consider referral to a hepatologist for initiation
of concurrent hepatitis B therapy (e.g., entecavir), as appropriate.

Notes on specific drugs

Pyrazinamide (PZA): PZA is a well-documented cause of symptomatic acute liver
injury that can be severe and possibly fatal.
e |In DR-TB disease, PZA may be used for longer than the normal 60 doses

indicated for pan-susceptible TB disease; high vigilance with monthly liver
enzyme monitoring is warranted.

* |In some case series, approximately 30% of individuals will not be able to tol-
erate PZA. Many persons with PZA-associated hepatotoxicity have prolonged
and severe liver enzyme elevation, and fatalities have been reported.

Isoniazid (INH): Like PZA, INH is associated predominately with transaminitis (ele-
vated AST/ALT). There is overlap in the pattern of liver injury caused by these
anti-tuberculous drugs; individually or in combination they may contribute to hepa-
totoxicity.
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RIF: If both bilirubin and alkaline phosphatase are elevated (cholestatic pattern),
RIF may be a likely etiology of the liver injury.
e RIF may be associated with transient liver enzyme elevations in 10-20% of

persons taking the drug, due to either direct toxic effect of RIF metabolites or
an immunologic reaction.

¢ |solated serum bilirubin increases (without associated liver enzyme abnormal-
ities) may also be observed during the first weeks of therapy and may reflect
interference with bilirubin excretion and not necessarily liver inflammation.

e As with INH and PZA, RIF-associated hepatotoxicity can progress to be
severe or fatal. The same hepatotoxicity risks apply to all drugs in the rifamycin
class although some experts consider rifabutin (RFB) potentially less hepato-
toxic than RIF.

Fluoroquinolones: While less hepatotoxic than PZA, INH or RIF, the fluoroquino-
lones have been associated with hepatotoxicity. Liver enzyme elevations are usually
mild, but isolated case reports have documented symptomatic liver injury and, very
rarely, hepatic failure. The specific fluoroquinolone drugs used for TB treatment
(MFX and LFX) are considered less likely to cause liver injury, although MFX may be
potentially more hepatotoxic than LFX.

BDQ: Elevated liver enzymes have been reported in 8-12% of individuals when
BDQ is part of the anti-tuberculous regimen; however, it can be difficult to sort out
what degree of liver enzyme abnormalities can be attributed to BDQ given the many
drugs used in multi-drug regimens for DR-TB.

e The FDA insert states BDQ should be stopped when the liver enzyme eleva-
tion reaches 8 times the upper limit of normal, although many experts will hold
the anti-tuberculous regimen at lower ranges of elevation, especially if the total
bilirubin is over 2 times upper limit of normal. Fatal hepatotoxicity has been
reported in these situations.

Pa/DLM: Data is still emerging on hepatotoxicity associated with Pa. Liver enzyme
elevations have been reported in up to 30% of individuals on multi-drug regimens
that include Pa, but these regimens have also included other known hepatotoxic
agents such as PZA and MFX. In general, liver enzyme abnormalities tend to be
asymptomatic, mild or moderate in severity, and of limited duration. DLM has been
less associated with hepatotoxicity.

ETA: Liver enzyme elevation may be transient or persistent and moderate to severe
in individuals with underlying liver disease. Rare fatal cases have been reported.

Clofazamine (CFZ), cycloserine (CS), LZD and ethambutol (EMB) have not
been reported to have strong associations with hepatotoxicity.

Many aspects of hepatotoxicity remain poorly understood, including the value of
biochemical monitoring for predicting the progression of abnormal liver enzyme and
bilirubin levels to fulminant hepatic failure.
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The following recommendations represent a reasonable approach given
the limitations of current knowledge.

e |[f the hepatocellular enzymes are less than 3 times the upper limit of normal
and there is no evidence of jaundice (total bilirubin < 3.0 mg/dL):

e Continue the medications using strategies for managing nausea and vom-
iting and observe carefully.

e If symptoms continue, repeat liver enzymes to exclude hepatotoxicity.

e [f the bilirubin is increased but the hepatocellular enzymes are only mildly
elevated, this may indicate hepatobiliary obstruction rather than drug-in-
duced liver injury.

e FEvaluate causes of direct and indirect hyperbilirubinemia. If the bilirubin is
greater than 3.0 mg/dL, generally, hepatotoxic medications should be
stopped.

e [f the enzymes are more than 3 times the upper limit of normal in the presence
of symptoms consistent with hepatotoxicity or more than 5 times the upper
limit of normal in the absence of symptoms:

e Hold all potentially hepatotoxic medications.

e |f at least 3 medications remain in the treatment regimen that are not hep-
atotoxic (for example, EMB, the aminoglycosides, LFX, or CS), then these
medications can be continued. If not, then all anti-tuberculosis medica-
tions should be held. Fluoroquinolones are rarely hepatotoxic, but MFX
has occasionally been implicated.

e Monitor the liver enzymes and bilirubin weekly.

e |f all TB medications have been held, begin sequential rechallenge with one
potentially hepatotoxic drug (along with other medications that are not hepa-
totoxic) when liver enzymes fall to less than 2 times normal (some experts
prefer to wait until the enzyme levels normalize or return to baseline)

e Patience is key; sometimes liver enzymes can stay elevated for several
weeks and normalize very slowly.

e Following rechallenge with each new medication, carefully observe for
clinical reactions and repeat liver enzymes and bilirubin at least twice
weekly until the medication has been taken for at least one week and liver
enzymes and bilirubin are stable. If the first potentially hepatoxic drug is
successfully re-introduced, then the remaining potentially hepatotoxic
medications can be reintroduced one at a time.

If reintroduction of a medication leads to clinical symptoms of
hepatotoxicity and an increase in enzymes, stop that medication
and eliminate it from the regimen.

Even if a medication is identified as causing hepatotoxicity,
reintroduce each additional medication one at a time, because in
some instances, more than one medication may be responsible for
the hepatotoxicity.

e Monitor liver enzymes at least monthly for the remainder of the treatment
course. Frequently the liver enzymes will rise early in the treatment course,
but many individuals can also experience drug-associated hepatotoxicity
many months into therapy.
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Dermatologic reactions

Maculopapular rash and pruritus

Maculopapular rash and pruritus are common early side effects of essentially all
anti-tuberculosis drugs. These effects may resolve after the first several weeks of
therapy without stopping medications. If the reaction is mild, continue treatment
and treat the rash and pruritus symptomatically.

Drugs should not be continued if there are systemic
symptoms, fever, urticaria, mucous membrane

involvement, blistering of the skin, edema of the lips
or eyes, wheezing, or compromise of the airway.

Under these circumstances, seek consultation with a TB expert, a
dermatologist, and possibly an allergist for desensitization (based on
availability) prior to rechallenge with any of the anti-tuberculosis
medications.

For minor dermatologic reactions, various agents may be helpful and allow contin-
uation of the medication. They can be given prior to the anti-tuberculosis drug
regularly once or twice a day, or as needed.

¢ Antihistamines: loratadine (Claritin) 10 mg PO daily; cetirizine (Zyrtec) 10 mg
PO once daily up to 20 mg twice daily; fenofexadine (Allegra) 60 mg PO daily
up to 180 mg twice per day; chlorpheniramine (Chlor-trimeton) 4 mg PO
before the TB medication and then every 4 to 6 hours as needed; or hydroxyzine
(Atarax) 25 mg PO or IM 4x/day (can be increased to 50 mg 4x/day).

¢ Diphenhydramine (Benadryl) 25 to 50 mg PO, IV, or IM given before the TB
medications, and then every 4 to 6 hours as needed, may lessen skin irrita-
tion. If drowsiness occurs, caution against driving or operating machinery.

e Some dermatologists recommend “stacking” antihistamines (e.g., cetirizine
twice daily plus fenofexadine twice daily plus Benadryl at night) for an additive
effect.

e Hydrocortisone cream can be used topically.

e Low-dose prednisone (10 to 20 mg/day) for several weeks can be tried if
other measures are not helpful.

Evaluate for other potential etiologies of rash and pruritus:
e Scabies and insect bites may masquerade as a drug rash.

e Herpes zoster can be differentiated by its dermatomal distribution.
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e (Contact dermatitis; ask about use of new lotions, soaps, perfumes, etc.

e Phototoxicity (may respond to sunscreens, but these may also cause contact
dermatitis).

DRUG-RESISTANT TUBERCULOSIS: A SURVIVAL GUIDE FOR CLINICIANS 3RD EDITION / 2022 UPDATES 12



e (Other drugs, especially newly added agents, should be evaluated as possible
etiologies.

e (Other dermatologic causes: psoriasis, pityriasis, atopic dermatitis, etc.

e Dry skin, especially in persons with diabetes, may be the cause of pruritus.
Consider liberal use of lotions, such as petroleum jelly and lanolin (may be
purchased in a feed supply store where it is less expensive). Dry skin is a com-
mon problem with CFZ.

e Hypothyroidism.

e Acneiform lesions may flare with the use of INH, ETA, CFZ, and corticoste-
roids. This will usually resolve after several months. Standard topical acne
treatment may be helpful in the meantime.

e Skin lesions associated with HIV infection can have a broad differential diag-
Nosis.

Flushing reactions

Flushing and/or itching reactions of the skin without a rash usually involve the face
and scalp and occur 2 to 3 hours after medications. Redness and watering of the
eyes may also occur. This is usually due to a rifamycin or PZA and is typically mild
and resolves without therapy. If it is bothersome to the person receiving care, an
antihistamine may be administered to treat or to prevent the reaction.

Patients taking INH may experience flushing and/or itching of the skin with or with-
out a rash, as well as possible hot flashes, palpitations, or headache 2 to 3 hours
after consuming tyramine-containing foods (cheese, cured meats, soy sauce, fer-
mented foods, red wine, certain fish [tuna], and soy products). Advise individuals
not to ingest foods that precipitate the reaction while they are receiving INH.

Photosensitivity and hyperpigmentation ——

Warn persons taking PZA, CFZ, or fluoroquinolones about the
potential for photosensitivity. Caution individuals to limit sun
exposure and to use sunscreens. Photosensitivity may persist
for prolonged periods even after the causative drug is stopped.

to limit sun
exposure and to

e Pseudojaundice (brownish discoloration of the skin) may use sunscreen.

occur with RFB. The sclera is clear, and the bilirubin and

Caution individuals

other liver enzymes are normal. The pseudojaundice
improves after discontinuation of the drug.

e Hyperpigmentation will frequently occur with CFZ and may markedly increase
with sun exposure; it may be worse in dark-skinned individuals. Hyperpigmen-
tation may be a sensitive issue in certain cultural contexts. Individuals should
be educated about the importance of CFZ to the regimen and reassured that
the hyperpigmentation will improve after discontinuation of the drug but may
last for several months.
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Lichenoid drug reactions

Pruritic, flat-topped, violaceous papules may occur anywhere, but most commonly
involve the wrists, shins, and back. Mucous membranes and the scalp may also be
involved. Differentiation from lichen planus can be made by a biopsy showing eosin-
ophilic infiltration. Lesions may resolve while medication continues. Topical hydro-
cortisone or antihistamines may be helpful to control pruritus. Do not discontinue
medication unless an equally effective drug is available for substitution. Identifying
the medication responsible in a multidrug regimen may be difficult because lesions
resolve slowly, and EMB, INH, streptomycin (SM), and CS have all been identified
as possible causes of these lesions.

Hives and urticaria

Hives and urticaria may be caused by essentially any drug in an anti-tuberculosis
treatment regimen. They are more commonly due to INH, RIF, RFB, PZA, ETA, fluo-
roquinolones, and EMB but can also be due to newer agents such as LZD and BDQ.

All potentially responsible drugs should be stopped until the reaction resolves. If
the initial reaction was not severe and there was no evidence of anaphy-
laxis, angioedema, or airway compromise, try to identify the responsible
drug by rechallenging (restarting) each drug in the regimen one at a time
(Table 1). Usually, the most important drug in a regimen should be started first
unless there is strong suspicion that it is the cause of the reaction. In this situation,
consider a desensitization attempt (Table 2).

Tables 1 and 2, modified from the Philadelphia TB Control Program, present a
possible way to rechallenge with various drugs. Following desensitization, medica-
tions should continue to be given 7 days a week for the remainder of ther-
apy to avoid another possibly more severe reaction. Some providers may
consider a specialty consultation to support the process (e.g., allergy/immunology).

Premedication with Benadryl 25 mg with or without a small dose of predni-
sone (20 mg) can be given 30 minutes prior to the first dose when using either the
rechallenge approach or the desensitization process. If the initial dose is well toler-
ated, give 25 mg of Benadryl (but not prednisone) 30 minutes prior to the second
dose. If the medication is well tolerated, the third dose should be given without
premedication. The dose can be increased while using the premedication following
Tables 1 and 2. The use of premedication makes rechallenge a bit easier for the
individual and the health department when this needs to be done in the outpatient
setting.

Premedication does not prevent rash nor will it prevent a serious reaction
but may make the reaction less severe and may blunt associated systemic
effects, especially the most serious ones. Some persons may benefit from a
short course of low-dose steroids if the resulting clinical reaction is only a mildly
pruritic rash.
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Rechallenge should be carried out in a setting in which medical personnel
have the capacity to respond if anaphylaxis occurs. A response plan should
be in effect in the event a serious systemic or anaphylactic reaction does occur.
This includes the immediate ability to administer intramuscular epinephrine.

taBLE 1.  Suggested drug rechallenge doses following
non-anaphylactic allergic reaction*

“ Dose - Day 1 Dose - Day 2 Dose - Day 3

INH 50 mg 300 mg 300 mg
RIF 75 mg 300 mg 600 mg
PZA 250 mg 1,000 mg full dose
ETA 125 mg 375 mg 500-750 mg
CS 125 mg 250 mg 500-750 mg
EMB 100 mg 500 mg full dose
SM 125 mg 500 mg full dose

*Philadelphia TB Program 1998

Doses for the following drugs were not supplied by the Philadelphia program,

but can be assumed to be the following, based on the doses given in Table 1:

Amikacin (AK) 125 mg 500 mg full dose

Fluoroquinolone 50 mg 200-250 mg full dose

If the initial reaction was severe, rechallenge should be done using a smaller
dose of medication (1/10th) of the Day 1 dose listed in Table 1, and subsequent
doses increased carefully. As previously noted, rechallenge should always be per-
formed in a setting where a healthcare provider can respond to the reaction.

If a test dose of any drug causes a reaction, that drug should be discontinued,
unless it is deemed essential to the regimen. If that is the case, desensitization can
be considered (Table 2).
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tasLE 2. Oral desensitization for INH, RIF, and EMB

Time from start Dose of INH* Time from start Dose of RIF** Dose of EMB**
(hour: minute) (mg) (hour: minute) (mg) (mg)
0:00 0.1 0:00 0.1 0.1
0:15 0.5 0:45 0.5 0.5
0:30 1 1:30 1 1
0:45 2 2:15 2 2
1:00 4 3:00 4 4
1:30 8 3:45 8 8
2:00 16 4:30 16 16
2:30 32 5:15 32 32
3:30 50 6:00 50 50
5:30 100 6:45 100 100
7:30 150 7:30 150 200
8:30 150 11:00 300 400
17:30 150
150 300 400

Early next a.m. 2x/day x 3 days 2x/day x 3days = 3x/day x 3 days

* Holland 1990
** Matz 1994

Oral desensitization protocols should only be implemented in a hospital or in a clin-
ical area with the ability to monitor and respond to possible anaphylaxis, and in
clinical situations when the drug is determined essential to success of therapy.
Because INH and RIF are such important drugs, desensitization is most commonly
attempted with these two medications.

Steroid therapy is often used with desensitization and then tapered off over 2 to 3
weeks.

Once desensitization has been successfully completed, it is essential that
the medication be taken 7 days per week for the rema