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SUMMARY

The US Food and Drug Administration (FDA) approval of the selective RET inhibitors selpercatinib and
pralsetinib has led to a paradigm change in the treatment of RET-altered lung and thyroid cancers
through a higher response rate and a more tolerable safety and toxicity profile than multi-kinase inhibi-
tors. Recently, selpercatinib has received a tissue-agnostic FDA approval for all RET-fusion-positive can-
cers, and pralsetinib has shown pan-cancer activity as well. Given the anticipated increase in the use of
both drugs across multiple tumor types, it is crucial to recognize the possible side effects and ap-
proaches for their optimal management in order to maximize the clinical benefit for treated patients. In
this review, we underscore potential toxicities associated with selective RET inhibitors and discuss stra-

tegies to mitigate them.

INTRODUCTION

Alterations in the RET gene have been described in different
cancer types and can lead to uncontrolled activation of multi-
ple proliferative signaling pathways (Figure 1). Therefore, tar-
geting RET alterations has been an area of interest in the era
of precision oncology. Multi-kinase inhibitors, including cabo-
zantinib and vandetanib, with ancillary activity on RET have
been developed.’ However, response rates and durability re-
mained relatively low, and toxicity was substantially high
because of off-target side effects from VEGFR2 and SRC inhi-
bition."* Besides, multi-kinase inhibitors were primarily de-
signed to target other kinases and their partial inhibition of
RET was apparently less potent. Additionally, those were inac-
tive against RET gatekeeper mutations, which are not infre-
quent in patients with RET-altered cancers.®* The highly se-
lective and potent RET-inhibiting agents, selpercatinib and
pralsetinib were, therefore, developed to overcome some of
the limitations of the multi-kinase inhibitors.>® Those drugs
led to a paradigm shift in the treatment of RET-altered cancers,
with higher response rates and more tolerable toxicity profile.”
Selpercatinib and pralsetinib have received regulatory ap-
provals in RET-altered non-small cell lung cancer (NSCLC)
and thyroid cancer. More recently, selpercatinib has received
accelerated US Food and Drug Administration (FDA) approval

for RET-fusion-positive cancers in a tissue-agnostic indica-
tion.® Pralsetinib has also shown activity in multiple RET-
fusion-positive solid tumors,® and the widespread use of sel-
percatinib and pralsetinib necessitates proper understanding
of potential toxicities and strategies to mitigate them.

Herein, we review the side effects profile of selective RET in-
hibitors and approaches to mitigate those toxicities in real-world
practice. Recommendations are provided on the basis of a liter-
ature review and the expertise of our group in managing more
than 100 patients with RET-altered cancers who were treated
with selective RET inhibitors.

SELECTIVE RET INHIBITORS

Selpercatinib received an accelerated approval from the FDA in
May 2020 for treatment of patients with metastatic RET-fusion
positive NSCLC, advanced/metastatic RET-mutant medullary
thyroid cancer, and advanced/metastatic RET-fusion-positive
thyroid cancer.'®'? In 2022, selpercatinib received full FDA
approval for NSCLC and accelerated approval in a tissue-
agnostic manner for all cancers harboring RET fusions. Similarly,
pralsetinib was approved in September 2020 for NSCLC and in
December 2020 for thyroid cancer.'®

The pre-clinical to clinical development of these agents in re-
cord timeline and regulatory approvals represented a major
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Figure 1. RET pathway

and survival

This can be activated through ligand binding to extracellular co-receptor that leads to RET dimerization and phosphorylation of the tyrosine kinase domain which
can activate multiple downstream pathways. RET fusion creates a chimeric oncoprotein with constitutive activation of its kinase domain.

step for the treatment of these patient populations, not only
because of the better overall response rate (ORR) but also
because of their better toxicity profile compared with multi-ki-
nase inhibitors previously used in the treatment of RET depen-
dent cancers. Moreover, the potency of the selective RET inhib-
itors in control of the central nervous system metastases was
important, especially in patients with NSCLC.'* Table S1 shows
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the ORRs of selpercatinib and pralsetinib among the regulatory
approvals’ published clinical trials.

PATHOPHYSIOLOGY OF ADVERSE EVENTS

Adverse events resulting from the use of RET inhibitors happen
because of the inhibition of either endogenous RET or non-RET
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receptors. For example, there are data suggesting that hyper-
sensitivity and QT interval prolongation with selpercatinib;
and pneumonitis with pralsetinib may be the result of non-
RET receptor inhibition. Other side effects may be the result
of inhibition of endogenous RET receptors which play a role
in physiological pathways. Literature on RET physiology has
demonstrated a role in the bone marrow niches and in para-
sympathetic neurons of the gastro-intestinal system or in the
pituitary. In fact, RET is a dependence receptor in some cell
types in which in the absence of ligand induces apoptosis.
These parallel pathways would explain the association of
Hirschsprung disease and MEN2 for some RET point mutations
in the same patient.

DOSING AND SUGGESTED DOSE MODIFICATIONS

Selpercatinib

The FDA-recommended dose of selpercatinib is 160 mg
twice daily.'® If the patient weighs less than 50 kg, the rec-
ommended dose is 120 mg twice daily. No dose modifica-
tion is required in case of mild or moderate renal impair-
ment, but selpercatinib was not tested in patients with
creatinine clearance (CrCl) < 30 mL/min. It is recommended
to reduce the dose of selpercatinib in case of severe hepatic
impairment (total bilirubin > 3 x upper limit of normal [ULN]
and any Aspartate transaminase [AST] elevation), and the
regular dose can be maintained in case of mild to moderate
impairment (total bilirubin 1-5 x ULN and AST greater
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Figure 2. Common toxicities with different
selective and non-selective RET inhibitors

than the ULN or total bilirubin < 3 X
ULN and AST within normal limits
[WNL])."® Table S2 shows the levels
of dose modification in case of limiting
adverse events.

Pralsetinib

The FDA-recommended dose of pralseti-
nib is 400 mg once daily.'® Although sel-
percatinib must be adjusted by body
weight, pralsetinib showed no clinically
significant differences in the pharmacoki-
netics when tested in patients with
different weights. Also, there was no clin-
ically significant differences in pharma-
cokinetics with mild and moderate renal
impairment (CrCl > 15 mL/min) or mild
hepatic impairment (bilirubin < 1.5 X
ULN and any AST level), so there is no
indication for dose reduction in these
scenarios. Pralsetinib was not tested in
severe renal impairment (CrCl < 15 mL/
min) and in moderate/severe hepatic
impairment (total bilirubin > 1.5 x ULN
and any AST elevation).'® The recom-
mended dose reduction for adverse reactions is provided in
Table S3.

MANAGEMENT OF COMMON AND SERIOUS ADVERSE
EVENTS

Side effects due to RET inhibitors vary according to the used
agent but are usually more tolerable than those caused by
non-selective RET inhibitors (Figure 2).

In clinical trials of pralsetinib and selpercatinib, rates of treat-
ment discontinuation due to treatment-related adverse events
(TRAEs) were low. For example, in different cohorts of the
ARROW trial, rates of discontinuation due to emerging toxicities
were about 4%-7% in patients receiving pralsetinib.” "~ In the
LIBRETTO-001 and LIBRETTO-321 trials evaluating selpercati-
nib, discontinuation rates were between 2% and 5%.2°° Fa-
tigue, hypertension, constipation, and diarrhea were frequent
side effects common among patients treated with pralsetinib
or selpercatinib, occurring in more than 25% of patients
(Table 1).

Given the high response rates with selective RET inhibitors, ef-
forts should be made to prevent, whenever possible, or treat po-
tential side effects to avoid compromising outcomes with treat-
ment cessation. However, patients’ quality of life should
always have priority, and physicians should balance the ex-
pected desirable outcomes with tolerability of side effects. In
general, milder grades of toxicities can be managed by supple-
mentary measures, dose reductions, or treatment interruption.
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Table 1. Common side effects occurring with selpercatinib and
pralsetinib

Selpercatinib Pralsetinib
Most common e fatigue e fatigue
adverse events e hypertension o hypertension
constipation e constipation
diarrhea e diarrhea
nausea @ musculoskeletal pain

°
°

°

e edema

o dry mouth
o abdominal pain
°
°
°

rash
headache
Most common decreased ® decreased lymphocytes
grade 3 or 4 lymphocytes e decreased neutrophils
laboratory e increased ALT e decreased hemoglobin
abnormalities e increased AST e increased ALT
® decreased sodium e increased AST
e decreased calcium e decreased sodium
® decreased phosphate
e decreased calcium
o decreased platelets
e increased alkaline
phosphatase

Nevertheless, treatment discontinuation should be considered
in cases with continued, severe, or life-threatening toxicities
(Table 2).

It is currently unclear if one of the two drugs would be superior
to the other in certain clinical scenarios in which patients had
baseline toxicity that can be possibly exacerbated by drug-spe-
cific toxicity. Similarly, it is not certain if the reintroduction of
another drug after withdrawal of the original RET inhibitor
because of toxicity would be tolerable. This might be plausible
in cases in which non-overlapping toxicities are observed and
will remain an area of interest for future studies. It is important
to realize that although most of the side effects occur across
all disease groups, certain associations were also reported in
clinical trials. For example, tumor lysis syndrome is reported in
higher grade and bulky disease thyroid cancer and has not
been seen in lung cancer. Thyroid hormone fluctuations are
seen primarily in patients with thyroid cancer. Moreover, lung
cancer patients who come off immunotherapy have reported
more hypersensitivity reactions than any other tumor type. It
would be important to follow real-world data to see if any of
the side effects are more pronounced in specific tumor types.

Hypersensitivity reactions

Selpercatinib showed hypersensitivity of any grade in 4.3% of
patients treated in clinical trials.®?"*® Most of the events
occurred between the first and second week after starting the
treatment. Symptoms included fever, rash, hypotension, tachy-
cardia, and arthralgia/myalgia, and the laboratory workup
showed thrombocytopenia, transaminitis, and creatinine eleva-
tion, with a more frequent incidence among patients harboring
RET fusions. Among the patients presenting with hypersensitiv-
ity, 77% had received immune checkpoint inhibitors prior to
treatment with selpercatinib.
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Pralsetinib trials did not report systemic hypersensitivity syn-
drome, and the only hypersensitivity symptom reported was
rash without grade 3 events.>'”

Regardless of grade, the recommendation for hypersensitivity
is to withhold the drug and prescribe steroids. The RET inhibitor
may be resumed once symptoms completely resolve and re-
started at the maximally recommended dose reduction (e.g.,
the third dose level) (Tables S2 and S38). In each week, the
dose can be increased until achieving the original dose used
by the patient before the hypersensitivity event. Steroids must
be continued until the target dose and, if the patient continues
with controlled symptoms, it can be tapered gradually. In case
of recurrence of the hypersensitivity reaction, it is recommended
to permanently discontinue the RET inhibitor.?”

Cutaneous toxicities

Tyrosine kinase inhibitors (TKIls) are known to cause dermato-
logic toxicities because of the inhibition of the VEGFR or EGFR
pathway.?®*" Selective RET inhibitors have a less pronounced
effectin the other kinases, via sparing the VEGFR.*? For example,
with selpercatinib, skin rash occurred in 27% of patients, with
only 0.7% (one patient) having grade 3 or higher toxicity.'%*°
Similarly, 24% of pralsetinib-treated patients had rash, with no
grade 3 toxicity. '%*” The types of rashes reported were erythem-
atous, macular, maculopapular, morbilliform, and pruritic.

As there is no robust literature for selective RET inhibitors, and
considering that they probably share the same mechanism of
toxicity with other TKls, we recommend that cutaneous toxicities
of selective RET inhibitors can be managed in an analogous way
to the non-selective inhibitors.

In case of non-limiting and localized grade 1 or 2 toxicities, the
patient may receive topical corticosteroids. If rash presents with
associated pruritis, an oral antihistamine can be prescribed.®*
For generalized and mild symptomatic grade 2 rash, oral doxy-
cycline or minocycline can be added.

When the rash presents as a generalized and severe symptom
(grade > 3), systemic steroids may be required to manage the
rash. In this case, the RET inhibitor must be withheld until the
toxicity improves to grade < 1.

All patients with a new onset rash, regardless of the grade of
severity, must be reassessed in 2 weeks after starting supportive
treatment. Upon resuming the RET inhibitor, it may be necessary
to reduce the dose by 1 dose level (Tables S2 and S3) and
consider subsequent dose reductions according to the patient
tolerability.?®

Transaminase elevation
Alanine transaminase (ALT) and AST elevations occurred in
approximately half of the patients receiving RET inhibitors
(51% for AST and 45% for ALT with selpercatinib, 69% for
AST and 46% of ALT with pralsetinib), although grades > 3
occurred in fewer than 10% (8% for AST and 9% for ALT with sel-
percatinib, 5.4% for AST and 6% for ALT with pralsetinib). Timing
to transaminase elevation may be variable, with some patients
experiencing this in less than one week of treatment while others
present with hepatotoxicity after one year of treatment.''319:27
It is recommended that ALT and AST be monitored every
2 weeks for the first 3 months while the patient is receiving a
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Table 2. Summary of recommendations for management of selected toxicities to selective RET inhibitors

Hypersensitivity
Cutaneous toxicities

Hepatotoxicity

Stomatitis

Dry mouth

Hematologic toxicities

Hemorrhagic events

QT interval prolongation

Hypertension

Wound healing

Pneumonitis

Withhold the drug and prescribe steroids (e.g., prednisone 1 mg/kg).

Resume after resolution of symptoms at third dose level.

Gradually increase the dose (one dose level per week) until the original dose is restored.

Continue steroids until target dose is achieved and gradually taper if symptoms remain controlled.
Permanently discontinue the drug if hypersensitivity recur.

Prescribe topical steroids (e.g., hydrocortisone 2.5% cream and/or topical

clindamycin [1% gel)) for localized grade 1 or 2 toxicity.

Prescribe oral anti-histaminic in cases with associated pruritus.

Prescribe oral doxycycline (100 mg twice daily) or minocycline (100 mg twice daily)

in addition to topical therapy for generalized and mildly symptomatic grade 2 rash.
Prescribe systemic steroids in generalized and severe grade > 3 rash. Withhold the drug
until the toxicity improves to grade < 1.

Reassess patients after 2 weeks of supportive treatment.

Resume at a first level-reduced dose. Further subsequent reductions may be considered
on the basis of tolerability.

Regularly monitor ALT and AST every 2 weeks for the first 3 months then monthly afterward.
Withhold the drug in grade > 3 events and monitor weekly until toxicity decreases to grade 1.
Resume at a reduced dose by 1 dose level for pralsetinib and 2 dose levels for selpercatinib.
Gradually increase the dose until the original dose is restored.

Permanently discontinue if grade > 3 hepatotoxicity recurred.

Prescribe topical oral care, bland rinses, and topical anesthetics (e.g., 2% viscous lidocaine swish and spit).
Prescribe 2% morphine mouthwash swish and spit for severe pain.

Prescribe systemic analgesia for symptom control as appropriate.

Consider admission to hospital for fluid and diet intake in case of intense pain.

Prescribe topical mucosal lubricants or saliva substitutes, sugar-free (acidic non-erosive or non-acidic)
chewing gum and acupuncture.
Prescribe oral pilocarpine or cevimeline and consider transcutaneous electrostimulation in severe cases.

Obtain full blood counts prior to each treatment cycle and as clinically indicated.

Withhold treatment in patients with grade 3 or 4 toxicity.

Resume only after recovery to grade 2 or less with the possibility of dose reductions or treatment cessation.
Follow guidelines for management of chemotherapy-induced hematological complications.

Use supportive measures including hematopoietic growth factors whenever appropriate.

Withhold the drug in grade > 2 toxicities.

Resume only after full recovery to grade 0 or 1.

Use supportive measures including possible blood transfusions as appropriate.
Permanently discontinue in patients with severe or life-threatening hemorrhage.

Monitor and correct QT interval, electrolytes, and TSH before starting treatment and
periodically while on therapy.

Withhold the drug in grade > 3 toxicities.

Resume only after full recovery to grade 0 or 1 at a reduced dose.

Permanently discontinue in cases with grade 4 events.

Do not start treatment with RET inhibitors in patients with uncontrolled hypertension.

Regularly monitor hypertension preferably for 1 week then monthly afterward.

Add or optimize hypertensive medications as appropriate in patients with treatment-emergent hypertension.
Withhold the drug in patients with persistent grade 3 or 4 toxicities.

Withhold selpercatinib 7 days and pralsetinib 5 days before any planned surgery.
Resume after a minimum hold of 2 weeks post-surgery.

Withhold the drug in patients with any grade ILD/pneumonitis.

Prescribe prednisone 1-2 mg/kg/day and taper over 4-6 weeks.

Prescribe empiric antibiotics if infection remains in the differential diagnosis after workup.

Resume treatment after full recovery with appropriate dose reductions.

Permanently discontinue in cases with grade 3 or 4 events and if toxicity recurred for four times

despite increasing dose reductions.

Prescribe methylprednisolone i.v. 1-2 mg/kg/day for patients with grade 3 or 4 events. Consider

adding immunosuppressive agent (e.g., infliximab, mycophenolate mofetil i.v., IVIG, or cyclophosphamide)
if no improvement occurred after 48 hours.

(Continued on next page)
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Table 2. Continued

Edema and chylous effusions @ Use drainage for immediate symptoms relief in symptomatic effusions.

of long-chain triglycerides.

Include a high-protein and low-fat diet with medium-chain triglycerides, reducing the ingestion

Consider orlistat or octreotide for controlling the volume of effusion.
Rule out other causes (e.g., anemia, hypothyroidism, malnutrition).

Withhold the drug in grade > 3 and resume with a dose reduction.
Prophylaxis with hydration, monitoring, and allopurinol or rasburicase in high-risk patients.

Correct electrolytes abnormalities and consider dialysis if refractory.

Withhold the drug until TLS is resolved and resume with dose reduction.

Discuss the potential for causing infertility with the patient before starting.

Check pregnancy status in women of reproductive potential prior to initiating therapy.

For selpercatinib, prescribe effective contraception during therapy and up to one week after.

For pralsetinib, prescribe non-hormonal contraception during treatment and for 2 weeks after.

Counsel the patient to abstain from breast feeding during therapy and up to 1 week after.

°
Fatigue °
e Consider short-term dexamethasone or methylprednisolone.
°
Tumor lysis syndrome °
@ Prescribe i.v. fluid with 2-3 L/m2 of isotonic saline.
® Prescribe allopurinol or rasburicase.
°
°
Reproduction °
°
°
°
Hypothyroidism o Lower T3 levels, although normal T4.

Thyroidectomized patients may need supplementation with liothyronine.

RET inhibitor. In subsequent months, if no hepatotoxicity occurs,
it is reasonable to assess ALT/AST monthly or as clinically
indicated. ' %1927

According to the guidelines of the European Association for
the Study of the Liver, for any grade of transaminases elevation,
a thorough personal/social history of the patient should be
sought about the use of alcohol, drugs, herbal and dietary sup-
plements, and medications known to cause hepatotoxicity.** It
is also reasonable to order viral hepatitis tests (hepatitis A virus
[HAV] IgM, hepatitis B surface antigen [HBsAg], hepatitis C vi-
rus [HCV] RNA, hepatitis E virus [HEV] IgM, and herpes simplex
virus [HSV]) and consider an abdominal ultrasound with
Doppler.®> Possible risk factors such as age, family history,
concomitant auto-immune disease, and components of meta-
bolic syndrome must be assessed to rule out other etiologies.
It is recommended to consider a hepatologist evaluation in
case the toxicity becomes severe, prolonged, or unresponsive
to the initial management.>**°

For patients with ALT/AST elevation grades 1 and 2, there is no
recommendation for suspending the RET inhibitor, and this deci-
sion may be based on the physician’s discretion. In cases with
grade > 3, the RET inhibitor must be withheld, and ALT/AST
must be monitored once a week, until it improves to grade 1. If
the treatment is resumed, pralsetinib must be prescribed at a
reduction of 1 dose level (Table S3). If there is a recurrence of
the hepatotoxicity at grade > 3, the RET inhibitor must be discon-
tinued definitively. For selpercatinib, it is recommended that it be
resumed with a reduction of 2 dose levels (Table S2) and that the
dose may be increased gradually until achieving the original dose
(taken prior to hepatotoxicity), within at least 4 weeks from the re-
starting date. On the basis of the severity of the event, permanent
discontinuation of the treatment may be required.®°°

Stomatitis and dry mouth

The mechanism of stomatitis secondary to targeted therapy is
not completely known, but it is possibly related to some
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VEGFR inhibition, in a pathophysiology that is different from
cytotoxic chemotherapies.®” Selective RET inhibitors cause a
lower incidence of stomatitis compared with cabozantinib and
vandetanib, so the clinical relevance and drug discontinuation
because of stomatitis are less common with selpercatinib and
pralsetinib. There are no reports of stomatitis in trials including
patients who received selpercatinib.?’%? Pralsetinib was found
to cause stomatitis in 17% of the patients with one case of a
grade 3 event.”'"'?

As the literature lacks information about the management of
stomatitis secondary to targeted therapy, we suggest a similar
approach to that currently used for stomatitis attributed to cyto-
toxic therapy, according to our institutional experience. Also,
extrapolating from oncology guidelines about general cancer
treatment’s adverse events, prophylaxis with adequate oral hy-
giene and diet must be reinforced to all patients,*® and topical
oral care plus systemic analgesia can be used for symptom con-
trol.*® Options are bland rinses and topical anesthetics, such as
2% viscous lidocaine swish and spit. In case of severe pain, 2%
morphine mouthwash swish and spit is a reasonable option. In
case of intense pain, fluid intake and diet must be assessed
with consideration of hospital admission for symptom
management.®®

Xerostomia is a common side effect of antineoplastic treat-
ments, reported in 39% of patients on selpercatinib and 16%-
17% of patients on pralsetinib.'®'® Considering the relatively
low incidence of severe cases, we do not suggest preventive
measures with selective RET inhibitors. This may be more pro-
nounced in patients with thyroid cancer with histories of radioac-
tive iodine and head and neck irradiation.

Although there is no specific recommendation for xerostomia
caused by targeted therapies, the general guidance from Inter-
national Society of Oral Oncology (ISOO)/Multinational Associa-
tion of Supportive Care in Cancer (MASCC)/American Society of
Clinical Oncology (ASCO) suggest topical mucosal lubricants or
saliva substitutes, sugar-free (acidic non-erosive or non-acidic)
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chewing gum, and acupuncture. For severe cases, we suggest a
similar approach to patients undergoing head and neck radia-
tion, with oral pilocarpine or cevimeline, and transcutaneous
electrostimulation.*°

Hematologic toxicity
Treatment-induced decrease in blood counts have been
consistently reported in studies of both selpercatinib and pral-
setinib.” 77192124 |n fact, treatment-related lymphopenia, neu-
tropenia, and anemia were among the most commonly encoun-
tered grade 3 or 4 toxicities in the ARROW trial of pralsetinib
regardless of tumor type.>'"~'® Furthermore, neutropenia was
the most common toxicity leading to dose reduction or treat-
ment interruption in updated analysis of the ARROW trial.'® Tri-
als of selpercatinib showed a relatively lower frequency of he-
matological adverse events compared with pralsetinib, but
they were not infrequent. For example, in the LIBRETTO-001
trial, treatment-related thrombocytopenia occurred in 14.6%
of patients receiving selpercatinib.>’ Thrombocytopenia led to
dose reductions in 5.2% of patients in the LIBRETTO-321
study.?* As hematological toxicities are primarily laboratory
findings, most cases can be asymptomatic. However, compli-
cations can occur because of low blood counts, including but
not limited to life-threatening infections and serious bleeding.
Given the negative outcomes such toxicities can lead to,
because of either their direct impact or frequent alterations in
treatment schedules, vigilance should be practiced when pre-
scribing RET inhibitors. We suggest full blood counts should
be obtained prior to each treatment cycle and as clinically indi-
cated. Treatment should be stopped in patients developing
grade 3 or 4 events and resumed only after recovery to grade
2 or less, with the possibility of dose reductions or treatment
cessation. Patients should be counseled about the risk for hema-
tological toxicity and made aware of symptoms and signs
suggestive of complications due to low blood counts. This coun-
seling may include recommendations to avoid situations when
they could be exposed to infections. Throughout treatment,
guidelines for management of chemotherapy-induced hemato-
logical toxicities and complications should be followed. Use of
supportive measures including hematopoietic growth factors
may be needed.

Hemorrhagic events

Hemorrhagic events, not necessarily related to thrombocyto-
penia, may occur in some patients who are receiving selpercati-
nib or pralsetinib and may be life threatening. In the LIBERETTO-
001 trial, nearly 2% of patients were reported to have grade 3 or 4
hemorrhage.®'® Similarly, in the ARROW trial, grade 3 or 4
bleeding events occurred in 2.5% of patients on pralsetinib.®'®
In addition to either local or systemic bleeding, patients may
also present with bleeding-related complications, including
reduction in their hemoglobin.

As with other drugs with this risk, we recommend that patients
treated with selpercatinib or pralsetinib should be informed of
the increased risk for bleeding complications and report any
new or worsening events to their treating physician. RET inhibi-
tors should be permanently discontinued in patients who
develop severe or life-threatening hemorrhage after treatment
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initiation, according to prescribing information. In milder presen-
tations, treatment may be withheld until full recovery to grade
0 or 1. Supportive management including possible blood trans-
fusions may be needed in some patients with serious bleeding
events.

QT interval prolongation

QT interval prolongation is a well-documented side effect of
TKls, related to repolarization abnormalities.®*' Notably, this
toxicity is exclusively limited to selpercatinib alone. Cardioelec-
trophysiology studies demonstrated that the increase in cor-
rected QT (QTc) interval was concentration dependent, with
the largest mean increase in QTc interval at 10.6 ms at the
mean steady-state maximum concentration (Cmax) after the
administration of 160 mg twice daily. In the LIBRETTO-001 trial
with selpercatinib, grade > 3 TRAEs of QT interval prolongation
were reported in 4% of patients with dose interruptions and re-
ductions in >2% of patients. In the ARROW study, no effect of
pralsetinib on QT interval was observed.’

It is important to ask patients about symptoms of dizziness,
syncope, palpitations, and loss of consciousness and to screen
for concomitant medications that are associated with QTc inter-
val prolongation, a history of long-QT syndrome, symptomatic
bradyarrhythmias, severe or uncontrolled heart failure, and diar-
rhea. We also suggest that monitoring and correction of QT inter-
val, electrolytes, and thyroid-stimulating hormone (TSH) at base-
line prior to initiation and periodically during treatment are vital.

In the event of grade 3 QT interval prolongation, selpercatinib
must be held until recovery to baseline or grade 0 or 1 and then
resumed at a reduced dose, as recommended in the manufac-
turer’s prescribing information (Table S2).%*' In the case of a
grade 4 event, selpercatinib must be discontinued permanently.

We also recommend optimizing thyroid hormone, calcium,
phosphorus, and magnesium levels, which could all affect the
QT interval.

Hypertension
Hypertension is a common toxicity that has been frequently re-
ported with different kinase inhibitors, probably due to cross-in-
hibition of VEGFR receptors in normal blood vessels.*' Despite
the RET selectivity of selpercatinib and pralsetinib, both drugs
have been associated with an increased risk for hypertensive
events in patients receiving either agent especially at the highest
doses and with chronic dosing.®'>16-¢: Significant proportions
of patients have experienced blood pressure elevation, making
hypertension one of the most common adverse reactions asso-
ciated with selpercatinib and pralsetinib use.”'”~'°?' Hyperten-
sion was one of the most common grade 3/4 toxicities in the clin-
ical trials of selpercatinib and pralsetinib'”~'*? and led to dose
interruptions or subsequent dose reductions in some patients.
According to prescribing information, treatment with RET
inhibitors should not be initiated in patients with uncontrolled
hypertension. Hypertension management by a cardiologist or
other experienced provider should be considered in such
cases for blood pressure optimization. Blood pressure should
be frequently monitored in patients beginning at baseline, af-
ter 1 week of therapy, then monthly thereafter. Treatment-
emergent hypertension can be managed with addition or
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optimization of anti-hypertensive medications as appropriate.
Drugs should be stopped in patients presenting with persis-
tent grade 3 or 4 toxicities. Dose reduction or treatment
cessation may be indicated in some patients depending on
severity and response to anti-hypertensives.’>'® Patients
should be aware of symptoms and signs that are indicative
of complications and should report any elevated blood pres-
sure readings to their physician.

Wound-healing issues

Impaired wound healing can occur in patients who receive sel-
percatinib or pralsetinib by inhibiting the VEGF1-3 signaling
pathway. In anticipation of a planned surgical procedure, sel-
percatinib should be held 5-7 days and pralsetinib should be
held for 5 days prior to the procedure. Resumption of both
drugs should be considered after a minimum hold of 2 weeks
following major surgery.'®*® A recently published case series
did not demonstrate impaired wound healing or other sur-
gery-associated complications with neoadjuvant selpercatinib
followed by surgery for locoregionally advanced RET-altered
thyroid cancer patients.”? An ongoing phase Il clinical trial is
studying the efficacy and safety of selpercatinib prior to surgery
for locoregionally advanced RET-altered thyroid cancer
(NCT04759911).®

Pneumonitis

Pneumonitis and drug-induced interstitial lung disease (ILD) can
occur with RET inhibitors, especially with pralsetinib. In general,
they have been reported in about 10% of pralsetinib cases,
including 2.7% grades 3 and 4, 0.5% including fatal reactions,
and less than 2% with selpercatinib use.'®?

The etiopathogenetic mechanisms of pneumonitis and drug-
induced ILD in targeted molecular therapies are not well
known.** As portions of the investigational trials were conducted
during the COVID-19 pandemic, it is unknown if a history of
COVID-19 infection can potentiate pneumonitis.

According to the American Thoracic Society/European Res-
piratory Society, idiopathic interstitial pneumonias is classified
into three groups, considering clinical and pathological fea-
tures: major idiopathic interstitial pneumonias, rare idiopathic
interstitial pneumonias and unclassified idiopathic interstitial
pneumonias.*®

The prompt diagnosis and evaluation of the differential diag-
nosis are crucial to the prognosis because of severe adverse
events (SAEs). In that case, toxicity management must start
once the diagnosis is made. It is mandatory to exclude COVID-
19 infection and other lung pathologies.“® Clinical examination
and patient monitoring are mandatory. Laboratory tests can be
unspecific, but excluding rheumatological diseases, myositis,
is important. Respiratory cultures should be collected empiri-
cally. Also, high-resolution computed tomography (HRCT) of
the chest is mandatory. Cardiac evaluation should be performed
to identify concomitant cardiac disease. Additional tests/pro-
cedures including electrocardiography (ECG), brain natriuretic
peptide (BNP), and, if needed, echocardiography may further
help clarify or exclude cardiac etiologies. Pulmonary function
tests may be necessary in case diagnosis is still unclear. Also,
bronchoalveolar lavage is important if this is the first incident of
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ILD/pneumonitis; if after all exams the etiology is still unknown,
a lung biopsy may be needed to define the diagnosis.*’

If ILD/pneumonitis grade 1 or 2 occurs, pralsetinib should be
held until resolution. Treatment should be resumed with a dose
reduction (Table S3). If ILD/pneumonitis grade 3 or 4 occurs,
pralsetinib must be permanently discontinued.'® Regarding
ILD/pneumonitis related to selpercatinib, the reported incidence
is less than 2%. In case of occurrence, a dose reduction after
treatment has been held should follow the instructions according
to Table S2.

Edema and chylous effusions

A common side effect of selective RET inhibitors is the occur-
rence or worsening of edema, including peripheral, facial, eyelid,
and other generalized presentations (as pleural/pericardial
effusions and ascites). This occurred in 33% of patients taking
selpercatinib (with one grade 3 event) and 20%-29% with pral-
setinib.'%'2"® Although this is usually not severe or life threat-
ening, it may be a factor responsible for impairing the quality of
life of patients. As in other types of chronic edema, we suggest
managing it with postural and compressive measurements for
mild peripheral edema. If the patient presents with significant
thoracic effusion or ascites, it is important to consider thoracent-
esis or paracentesis, with the intent not only to alleviate symp-
toms but also to rule out chylous ascites and chylothorax.

Chylous ascites and chylothorax may occur secondary to
some multi-kinase and selective RET inhibitors. We consider
its recognition important because some patients could be
mistakenly taken off the targeted treatment because of the phy-
sician’s interpretation of the event as being related to progres-
sion of disease. It also requires a specific treatment that is
different from a malignant pleural effusion or ascites.

The association between chylous effusions and selective RET
inhibitors has been described in some case reports and recently
a systematic dataset of patients with RET-altered tumors
described an incidence rate of 7% among patients receiving sel-
percatinib.'®*® The mechanism of this entity is still unclear, and
its management is not established. We suggest following the
same guidelines used for chylous ascites/chylothorax from other
etiologies, as there is no robust literature.

The diagnosis is confirmed with the analysis of the triglycer-
ide level in fluid. Patients with symptomatic effusions benefit
from drainage for immediate symptom relief. The long-term
management must include a high-protein and low-fat diet
with medium-chain triglycerides, reducing the ingestion of
long-chain triglycerides. Orlistat and octreotide are pharmaco-
logic options to help control the volume of effusion.”® A dose
reduction did not promote benefit in the published dataset
with 15 patients, although the investigators evaluated a small
number of patients. %

Erectile dysfunction

Erectile dysfunction (ED) has been reported clinically in patients
on selective RET inhibitors, according to our institutional experi-
ence. After checking for testosterone levels and optimizing thy-
roid hormone levels, we suggest consulting urology for ruling
out all other causes of ED. Sildenafil and tadalafil have been
effectively used in patients to alleviate ED at our institution.
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Withdrawal effects

Although not common, we have seen a few patients suffer from
RET inhibitor withdrawal, as manifested by myalgia, flulike
symptoms, fatigue, flushing, sweating, headache, and nausea.
In such patients, it is recommended to slowly taper the dose of
the drugs over a period of 1 week to alleviate the symptoms of
withdrawal. Acetaminophen and non-steroidal anti-inflamma-
tory drugs such as ibuprofen can help with non-specific myal-
gias in our experience. Hydration has also helped patients
as well.

Fatigue

Fatigue is one of the most common adverse events that occur in
patients taking selective RET inhibitors. The proposed mecha-
nism is related to the previous angiogenic VEGF or TKI
treatments.*%°"

If the patient develops fatigue grade 3, treatment should be
held and resumed with the first dose reduction after recovery
to grade 2. If subsequent reductions are needed until the minimal
dose, treatment needs to be discontinued (Tables S2 and
83)_15,36

In the LIBRETTO-001 trial, fatigue (including malaise and
asthenia) occurred in 46% of all grades of adverse events and
3.1% of grade 3 or 4 SAE patients using selpercatinib. Dose
reduction in more than 2% of patients occurred because of
toxicity, including fatigue. Permanent discontinuation was seen
in 0.6% of patients.®'® In the ARROW trial, fatigue (including
asthenia) occurred in 35% of all adverse event grades and
2.3% of grade 3 or 4 SAE patients using pralsetinib. There
was no permanent dose discontinuation because of fatigue
among the 15% of patients who permanently discontinued the
treatment.*®

Cancer-related fatigue (CRF), thyroid dysfunction, anemia,
malnutrition, and depression are among differential diagnoses.
There is no literature about the treatment of fatigue related to
RET inhibitor. We suggest holding RET-inhibiting treatment
and reducing the dose in severe cases.

According to European Society for Medical Oncology
(ESMO) and ASCO guidelines, nonpharmacological interven-
tion is essential for screening, assessment, education, and
appropriate treatment of fatigue, on the basis of the patient’s
needs.’>*® Pharmacological intervention is needed when pa-
tients score CRF 4 or more (1-10 CRF scale). The strongest
recommendation is class IIB and recommends short-term
dexamethasone or methylprednisolone for the control of CRF
in metastatic cancer patients.>® Also, cognitive behavior ther-
apy, mind-body intervention, and some psychostimulants can
help in the management of fatigue,®® and there are no clinically
relevant drug interactions between these medications and the
selective RET inhibitor with the exception of moderate inducers
of CYP3A4.

Tumor Lysis Syndrome

Tumor lysis syndrome is characterized by various electrolyte ab-
normalities, including hyperkalemia, hyperphosphatemia, hyper-
uricemia, hypocalcemia, and metabolic acidosis. The mecha-
nism of action is cancer cell death, caused primarily by the
treatment agent.**
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If the patient has suspected tumor lysis syndrome, treatment
needs to be held and resumed after recovery of tumor lysis syn-
drome, with the first dose reduction (Tables S2 and S3) and sub-
sequent dose reductions. Treatment should be discontinued if
recurrent grade 4 adverse event.®°

Approximately 0.6% of patients with medullary thyroid carci-
noma (MTC) receiving selpercatinib had tumor lysis syndrome.
There were also case reports of tumor lysis syndrome among pa-
tients with MTC in use of the pralsetinib.®'® Risk factors are high
tumor burden, renal dysfunction, dehydration, and fast-growing
tumor. Also baseline uric acid, potassium, and or phosphate
greater than the ULN should be highly considered risk factors.

Although most solid tumors have a low risk for developing tu-
mor lysis syndrome, we should consider those with intermedi-
ate-risk disease (containing at least one or more risk factors
such as renal dysfunction/renal involvement, or uric acid, potas-
sium, and or phosphate greater than the ULN).**

Prophylaxis with hydration, monitoring, and allopurinol or ras-
buricase should be considered in these scenarios. If clinically
significant, it needs to be treated immediately. It is important to
note that rasburicase is contraindicated in patients with
glucose-6-phosphate dehydrogenase (G6PD) deficiency and
should be replaced by allopurinol.’®

Aggressive hydration should be initially accomplished through
administration of intravenous (i.v.) fluid with 2-3 L/m? isotonic sa-
line, and urinary output should be monitored and maintained at
80-100 mL/m?/hour.>*

Hypouricemic agents are allopurinol 100 mg/m? orally every
eight hours (maximum of 800 mg/day) or 200-400 mg/m?i.v. daily
(maximum of 600 mg/day) if the patient cannot take oral medica-
tions.>* Rasburicase is another option and may be administered
as weight-based daily dosing for up to 7 days with the dose based
on TLS risk: 0.2 png/kg/day for high risk, 0.15 png/kg/day for inter-
mediate risk, and 0.1 pg/kg/day for low risk.”* Single, fixed-dose
administration strategies of rasburicase have also been evalu-
ated, with doses ranging from 3 to 7.5 mg and repeated doses
used on the basis of uric acid levels.*®

Febuxostat is a nonpurine xanthine oxidase inhibitor that is
safe in renal impairment and can be an alternative for cases of
resistance or intolerance to allopurinol when rasburicase is con-
traindicated.®® The dose is 40-60 mg/day oral®” or 120 mg/day
oral,”® starting one or two days before targeted treatment (in
the context of prophylaxis) and continuing up to 14 days until lab-
oratory normalization and the risk for TLS has subsided.

The treatment involves correcting the electrolyte abnormalities
that remain over the prophylaxis. Renal replacement therapy is
indicated if conservative treatment is not effective.*°

Reproduction

Selpercatinib and pralsetinib have demonstrated teratogenic ef-
fects in animal reproduction studies and hence may cause fetal
harm when administered in pregnancy. Therefore, it is para-
mount to check pregnancy status in women of reproductive po-
tential prior to initiating therapy. Malformations and embryo
lethality were seen in pregnant rat models with selpercatinib at
clinical dose of 160 mg twice daily and pralsetinib at clinical
dose of 400 mg once daily. For selpercatinib, both male and fe-
male partners should be advised to use effective contraception
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during therapy and up to one week after the final dose. For pral-
setinib, female partners of reproductive potential should use
non-hormonal contraception during treatment and for 2 weeks
after the final dose, while male partners should use effective
contraception during therapy and up to one week after the final
dose.®*®

In lactation, because of insufficient data on the presence of
selpercatinib or pralsetinib or its metabolites in human milk or
on their effects on the breastfed child or on milk production,
patients should be counseled to abstain from breast feeding
during therapy and up to 1 week after the final dose. Animal
studies suggest that selpercatinib and pralsetinib may impair
fertility.®2°

Hypothyroidism

A recent publication described the hypothesis of an off-target ef-
fect of selpercatinib on T3 production, leading to hypothyroidism
with lower T3 levels regardless of the proper levothyroxine
replacement.®® The mechanism appears to be related to the in-
hibition of the type 2 iodothyronine deidodinase (D2). Deiodinase
type 2 (DIO2) is the key enzyme converting T4 in active T3 in
target organs (such as pituitary, brain, skin, etc.). In this study,
treatment with selpercatinib was shown to inhibit D2-mediated
T3 production. This was more marked in patients with athyreotic
status where there was a need to add liothyroxine to levothyrox-
ine in order to maintain normal T3 level and alleviate hypothyroid
symptoms. In patients with functioning thyroid, less decrease
was observed in serum T3 levels, which is likely related to the
fact that any reduction in peripheral conversion of T4 to T3 was
offset by increased TSH-stimulated thyroid T3 production. In pa-
tients with NSCLC, the reduction in T3 was also noted, but the
fact that they still had a functioning thyroid probably compen-
sated the production of the hormone. In thyroidectomized pa-
tients, the supplementation with liothyronine was needed in
order to achieve a normal T3 level, thus controlling some symp-
toms of hypothyroidism.®° This study did not test if pralsetinib
also disturbs the production of T3.

COMMON DRUG-DRUG INTERACTIONS AND DOSE
MODIFICATIONS FOR CYTOCHROME P450 FAMILY 3
SUBFAMILY A INHIBITORS

The patient’s current medication use including prescription
and over-the-counter (OTC) medications, herbal supplements,
and multivitamins must be reviewed for potential drug-drug
interactions.

Selpercatinib
Combination of selpercatinib with a strong or moderate cyto-
chrome P450 family 3 subfamily A (CYP3A4) inhibitor increases
selpercatinib plasma concentrations, which may increase the
risk for QTc interval prolongation, making serial ECG monitoring
necessary. Table S4 shows the levels of dose modification when
concurrent use of strong and moderate CYP3A4 inhibitors are
needed.

Strong, moderate, and weak CYP3A4 inducers are noted to
decrease selpercatinib levels, and hence attention to drug-drug in-
teractions is paramount in concurrent use with selpercatinib. An
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exhaustive list of drug interactions beyond the scope of this review
can be found in a drug information database such as Lexicomp.®’

Pralsetinib
Notably, no interactions with mild CYP3A4 inducers, proton-
pump inhibitors (PPls), H2 receptor antagonists, or antacids
are seen with pralsetinib. However, concurrent use with known
combined P-glycoprotein (P-gp) and strong CYP3A4 inhibitors
demonstrates increase plasma pralsetinib concentration. If con-
current P-gp or strong CYP3A4 inhibitor is needed, reduction in
the current dose of pralsetinib is recommended in Table S5.
Concurrent use of pralsetinib with strong CYP3A4 inducers
can lead to decrease plasma concentrations of pralsetinib.
Once the inducing agent has been discontinued for at least
14 days, pralsetinib can be resumed at the dose taken prior to
initiating the strong CYP3A4 inducer. However, if concomitant
use of a strong CYP3A inducer is required, one can increase
the starting dose of pralsetinib to double the current dose start-
ing on day 7 of coadministration of pralsetinib with the strong
CYP3A4 inducer. An exhaustive list of drug interactions beyond
the scope of this review can be found in Lexicomp.®?

SPECIAL CASES

Pediatric, adolescent, and young adult considerations
Selpercatinib and pralsetinib are safe for adolescents older than
12 years old, but there are no safety data for children younger
than this age. The indications for which it has been approved
for adolescents are medullary thyroid cancer and RET-fusion-
positive thyroid cancer. There is no support in the labels for other
neoplasms with RET alterations.'?"?13:36

Data on toxicity in juvenile animals showed irreversible
decreased femur length and reduced bone mineral density due
to growth plate changes. There are also data reporting tooth
abnormalities.®*°

Additionally, there is a concern regarding sexual maturity and
fertility issues secondary to the use of selpercatinib at young
ages, according to animal model experiments.

A key recommendation is to monitor growth plates in adoles-
cent patients who still show open growth plates in the baseline
radiography and consider interrupting or discontinuing therapy
according to the severeness of the alterations.

Geriatric use

There are no guidelines for targeted therapy in older patients
(=65 years) according to ASCO guidelines for geriatric
oncology.®® Also, the French Society of Geriatric Oncology
(SoFOG) corroborates the same, with a cutoff age of >70 years,
in a systematic review of targeted therapy for older patients with
NSCLC.** SoFOG guidelines suggest using targeted therapy
monotherapy and assessing comorbidities before starting the
agent without a specific reference to RET inhibition.

Arisk factor that can decrease the outcome of treatment in older
patients is a decline in life-space mobility, which is associated with
lower pre-treatment performance status, dependence for activ-
ities of daily living (ADLs), abnormal Montreal Cognitive Assess-
ment score, lower quality of life, and higher morning fatigue.®®
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The management of toxicity treatment with dose delay and
dose reduction is a challenge for oncologists who are concerned
about affecting the efficacy.®®> More studies in older patients
are crucial to give more guidance on the basis of real-world
data, and the design of more clinical trials that allow older
patients enrollment and adapt to their peculiarities is highly
recommended.

Concomitant acid-reducing agents
The concomitant use of PPl and selpercatinib may lead to a
reduced serum concentration of selpercatinib if given during
fasting, as the usual posology. Hence, PPIs, H2 receptor antag-
onists, and antacids should be avoided. If patient needs acid-
reducing agents, H2 receptor antagonists are the preferred
choice. In cases in which the use of PPIs is mandatory, we
recommend taking the selpercatinib in a different time of the
day and after food, considering the information from pharmaco-
kinetics studies.® Selpercatinib must be given 2 h before or 10 h
after administration of the H2 receptor antagonist. In the case of
antacid use, selpercatinib should be given 2 h before or 2 h after
antacid administration.

Pralsetinib has no significant alterations of the serum
concentration when coadministered with gastric-acid-reducing
agents.*®

Drug interactions with COVID-19 medications

The COVID-19 pandemic has altered the practice of oncology.
The main challenge with co-managing COVID-19 and RET-
altered cancers is the potential for drug-drug interactions be-
tween treatment regimens of both diseases. For example, ritona-
vir, used in ritonavir-boosted nirmatrelvir antiviral therapy, is a
strong inhibitor of CYP3A4, which is involved in metabolism of
both selpercatinib and pralsetinib.®®” Concomitant use can in-
crease the risk for TRAEs, so selpercatinib and pralsetinib
should be temporarily discontinued during antiviral treatment.
Another FDA-approved drug to treat COVID-19 is molnupiravir,
for which preliminary data on pharmacokinetics (PK) and meta-
bolism suggest that the risk for drug interaction with other drugs
is low.%®

Conclusions

Selective RET inhibitors, including selpercatinib and pralsetinib,
have led to a paradigm change in treatment of RET-altered can-
cers. Their toxicity and safety profile are quite tolerable, but
awareness of possible side effects and approaches to manage-
ment is critical in the precision oncology era. Patients’ involve-
ment and multidisciplinary discussions might help prevent and
manage toxicities and therefore should be part of standard-of-
care practice.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.
xcrm.2023.101332.

ACKNOWLEDGMENTS

Figures were created using tools from BioRender.com.

¢? CellPress

OPEN ACCESS

DECLARATION OF INTERESTS

V.S. reports research funding/grant support for clinical trials from AbbVie,
Agensys, Inc., Alfasigma, Altum, Amgen, Bayer, BERG Health, Blueprint Med-
icines Corporation, Boston Biomedical, Inc., Boston Pharmaceuticals, Cel-
gene Corporation, D3 Bio, Inc., Dragonfly Therapeutics, Inc., Exelixis, Fuijifilm,
GlaxoSmithKline, Idera Pharmaceuticals, Inc., Incyte Corporation, Inhibrx,
Loxo Oncology, Medimmune, MultiVir, Inc., NanoCarrier, National Compre-
hensive Cancer Network, NCI-CTEP, Northwest Biotherapeutics, Novartis,
PharmaMar, Pfizer, Relay Therapeutics, Roche/Genentech, Takeda, Turning
Point Therapeutics, the University of Texas (UT) MD Anderson Cancer Center,
and Vegenics Pty Ltd.; travel support from ASCO, ESMO, Helsinn Healthcare,
Incyte Corporation, Novartis, and PharmaMar; consultancy/advisory board
participation for Helsinn Healthcare, Jazz Pharmaceuticals, Incyte Corpora-
tion, Loxo Oncology/Eli Lilly, Medimmune, Novartis, QED Therapeutics, Relay
Therapeutics, Daiichi-Sankyo, and R-Pharm US; and an other relationship with
Medscape. V.S. reports scientific advisory board participation (with funding to
the institution) in Relay therapeutics, Pheon therapeutics, Incyte, Novartis, Eli
Lilly/ Loxo Oncology, Roche, Pfizer, Bayer, ABBVIE, Regeneron, Clinical Care
Communications, and PERS (CME fees for education). M.I.H. reports research
funding from Eli Lilly (provided to the institution) and is a steering committee
member for Eli Lilly (with no funding support).

REFERENCES

1. Drilon, A., Hu, Z.I,, Lai, G.G.Y., and Tan, D.S.W. (2018). Targeting RET-
driven cancers: lessons from evolving preclinical and clinical landscapes.
Nat. Rev. Clin. Oncol. 75, 151-167.

2. Gautschi, O., Milia, J., Filleron, T., Wolf, J., Carbone, D.P., Owen, D., Ca-
midge, R., Narayanan, V., Doebele, R.C., Besse, B., et al. (2017). Targeting
RET in Patients With RET-Rearranged Lung Cancers: Results From the
Global, Multicenter RET Registry. J. Clin. Oncol. 35, 1403-1410.

3. Subbiah, V., Gainor, J.F., Rahal, R., Brubaker, J.D., Kim, J.L., Maynard,
M., Hu, W., Cao, Q., Sheets, M.P., Wilson, D., et al. (2018). Precision Tar-
geted Therapy with BLU-667 for RET-Driven Cancers. Cancer Discov. 8,
836-849.

4. Subbiah, V., and Cote, G.J. (2020). Advances in Targeting RET-Dependent
Cancers. Cancer Discov. 10, 498-505.

5. Rahal, R., Evans, E.K., Hu, W., Maynard, M., Fleming, P., DiPietro, L., Kim,
J.L., Sheets, M.P., D, W., K, W., et al. (2016). The development of potent,
selective RET inhibitors that target both wildtype RET and prospectively
identified resistance mutations to multikinase inhibitors. Cancer Res. 76,
2641. no pagination.

6. Brandhuber, B.J., Nanda, N., Haas, J., Bouhana, K., Williams, L., Winski,
S., Burkard, M., Tuch, B., Ebata, K., Low, J., et al. (2015). Identification and
characterization of highly potent and selective RET kinase inhibitors for the
treatment of RET-driven cancers. Mol. Cancer Therapeut. 74, B192. no
pagination.

7. Singh, N., Temin, S., Baker, S., Jr., Blanchard, E., Brahmer, J.R., Celano,
P., Duma, N., Ellis, P.M., Elkins, I.B., Haddad, R.Y., et al. (2022). Therapy
for Stage IV Non-Small-Cell Lung Cancer With Driver Alterations: ASCO
Living Guideline. J. Clin. Oncol. 40, 3310-3322.

8. (2022). Retevmo (selpercatinib) [prescribing information] (Lilly USA LLC).

9. Subbiah, V., Cassier, P.A., Siena, S., Garralda, E., Paz-Ares, L., Garrido,
P., Nadal, E., Vuky, J., Lopes, G., Kalemkerian, G.P., et al. (2022). Pan-
cancer efficacy of pralsetinib in patients with RET fusion-positive solid tu-
mors from the phase 1/2 ARROW trial. Nat. Med. 28, 1640-1645.

10. Bradford, D., Larkins, E., Mushti, S.L., Rodriguez, L., Skinner, A.M., Helms,
W.S., Price, L.S.L., Zirkelbach, J.F., Li, Y., Liu, J., et al. (2021). Fda
approval summary: Selpercatinib for the treatment of lung and thyroid
cancers with ret gene mutations or fusions. Clin. Cancer Res. 27,
2130-2135.

11. Brahmer, J., Reckamp, K.L., Baas, P., Crino, L., Eberhardt, W.E.E., Pod-
dubskaya, E., Antonia, S., Pluzanski, A., Vokes, E.E., Holgado, E., et al.

Cell Reports Medicine 4, 101332, December 19, 2023 11



https://doi.org/10.1016/j.xcrm.2023.101332
https://doi.org/10.1016/j.xcrm.2023.101332
http://BioRender.com
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref1
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref1
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref1
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref2
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref2
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref2
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref2
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref3
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref3
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref3
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref3
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref4
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref4
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref5
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref5
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref5
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref5
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref5
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref6
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref6
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref6
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref6
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref6
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref7
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref7
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref7
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref7
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref8
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref9
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref9
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref9
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref9
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref10
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref10
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref10
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref10
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref10
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref11
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref11

¢? CellPress

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

OPEN ACCESS

(2015). Nivolumab versus Docetaxel in Advanced Squamous-Cell Non-
Small-Cell Lung Cancer. N. Engl. J. Med. 373, 123-135.

Bradford, D., Larkins, E., Mushti, S.L., Rodriguez, L., Skinner, A.M., Helms,
W.S., Price, L.S.L., Zirkelbach, J.F., Li, Y., Liu, J., et al. (2021). FDA
Approval Summary: Selpercatinib for the Treatment of Lung and Thyroid
Cancers with RET Gene Mutations or Fusions. Clin. Cancer Res. 27,
2130-2135.

Kim, J., Bradford, D., Larkins, E., Pai-Scherf, L.H., Chatterjee, S., Mishra-
Kalyani, P.S., Wearne, E., Helms, W.S., Ayyoub, A., Bi, Y., et al. (2021).
FDA Approval Summary: Pralsetinib for the Treatment of Lung and Thyroid
Cancers With RET Gene Mutations or Fusions. Clin. Cancer Res. 27,
5452-5456.

Subbiah, V., Gainor, J.F., Oxnard, G.R., Tan, D.S.W., Owen, D.H., Cho,
B.C., Loong, H.H., McCoach, C.E., Weiss, J., Kim, Y.J., et al. (2021). Intra-
cranial Efficacy of Selpercatinib in RET Fusion-Positive Non-Small Cell
Lung Cancers on the LIBRETTO-001 Trial. Clin. Cancer Res. 27,
4160-4167.

FDA (2021). RETEVMO™ (Selpercatinib) Capsules, for Oral Use (FDA
Packaging Insert).

FDA (2022). GAVRETO® (Pralsetinib) Capsules, for Oral Use (FDA Pack-
aging Insert).

Subbiah, V., Hu, M.l., Wirth, L.J., Schuler, M., Mansfield, A.S., Curigliano,
G., Brose, M.S., Zhu, V.W., Leboulleux, S., Bowles, D.W., et al. (2021).
Pralsetinib for patients with advanced or metastatic RET-altered thyroid
cancer (ARROW): a multi-cohort, open-label, registrational, phase 1/2
study. Lancet Diabetes Endocrinol. 9, 491-501.

Gainor, J.F., Curigliano, G., Kim, D.W., Lee, D.H., Besse, B., Baik, C.S.,
Doebele, R.C., Cassier, P.A., Lopes, G., Tan, D.S.W., et al. (2021). Pralse-
tinib for RET fusion-positive non-small-cell lung cancer (ARROW): a multi-
cohort, open-label, phase 1/2 study. Lancet Oncol. 22, 959-969.

Griesinger, F., Curigliano, G., Thomas, M., Subbiah, V., Baik, C.S., Tan,
D.S.W.,, Lee, D.H., Misch, D., Garralda, E., Kim, D.W., et al. (2022). Safety
and efficacy of pralsetinib in RET fusion-positive non-small cell lung can-
cer including as first-line therapy: update from the ARROW trial. Ann. On-
col. 33, 1168-1178.

Drilon, A., Subbiah, V., Gautschi, O., Tomasini, P., de Braud, F., Solomon,
B.J., Shao-Weng Tan, D., Alonso, G., Wolf, J., Park, K., et al. (2023). Sel-
percatinib in Patients With RET Fusion-Positive Non-Small-Cell Lung Can-
cer: Updated Safety and Efficacy From the Registrational LIBRETTO-001
Phase I/ll Trial. J. Clin. Oncol. 41, 385-394. JCO2200393.

Drilon, A., Oxnard, G.R., Tan, D.S.W., Loong, H.H.F., Johnson, M., Gainor,
J., McCoach, C.E., Gautschi, O., Besse, B., Cho, B.C., et al. (2020). Effi-
cacy of Selpercatinib in RET Fusion-Positive Non-Small-Cell Lung Cancer.
N. Engl. J. Med. 383, 813-824.

Wirth, L.J., Sherman, E., Robinson, B., Solomon, B., Kang, H., Lorch, J.,
Worden, F., Brose, M., Patel, J., Leboulleux, S., et al. (2020). Efficacy of
Selpercatinib in RET-Altered Thyroid Cancers. N. Engl. J. Med. 383,
825-835.

Subbiah, V., Wolf, J., Konda, B., Kang, H., Spira, A., Weiss, J., Takeda, M.,
Ohe, Y., Khan, S., Ohashi, K., et al. (2022). Tumour-agnostic efficacy and
safety of selpercatinib in patients with RET fusion-positive solid tumours
other than lung or thyroid tumours (LIBRETTO-001): a phase 1/2, open-la-
bel, basket trial. Lancet Oncol. 23, 1261-1273.

Lu, S., Cheng, Y., Huang, D., Sun, Y., Wu, L., Zhou, C., Guo, Y., Shao, J.,
Zhang, W., and Zhou, J. (2022). Efficacy and safety of selpercatinib in Chi-
nese patients with advanced RET fusion-positive non-small-cell lung can-
cer: a phase Il clinical trial (LIBRETTO-321). Ther. Adv. Med. Oncol. 14,
17588359221105020.

Zheng, X., Ji, Q., Sun, Y., Ge, M., Zhang, B., Cheng, Y., Lei, S., Shi, F., Guo,
Y., Li, L., et al. (2022). Efficacy and safety of selpercatinib in Chinese pa-
tients with advanced RET-altered thyroid cancers: results from the phase
Il LIBRETTO-321 study. Ther. Adv. Med. Oncol. 74, 17588359221119318.

12 Cell Reports Medicine 4, 101332, December 19, 2023

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42,

Cell Reports Medicine

Review

Wirth, L.J., Brose, M.S., Elisei, R., Capdevila, J., Hoff, A.O., Hu, M.l., Ta-
hara, M., Robinson, B., Gao, M., Xia, M., et al. (2022). LIBRETTO-531: a
phase lll study of selpercatinib in multikinase inhibitor-naive RET-mutant
medullary thyroid cancer. Future Oncol. 78, 3143-3150.

McCoach, C.E., Rolfo, C., Drilon, A., Lacouture, M., Besse, B., Goto, K.,
Zhu, V.W., Tan, D.S.W., Farajian, S., Potter, L.A,, et al. (2022). Hypersen-
sitivity Reactions to Selpercatinib Treatment With or Without Prior Immune
Checkpoint Inhibitor Therapy in Patients With NSCLC in LIBRETTO-001.
J. Thorac. Oncol. 17, 768-778.

Lacouture, M.E., Patel, A.B., Rosenberg, J.E., and O’Donnell, P.H. (2022).
Management of Dermatologic Events Associated With the Nectin-4-
directed Antibody-Drug Conjugate Enfortumab Vedotin. Oncol. 27,
223-e232.

Schlumberger, M., Elisei, R., Mller, S., Schoffski, P., Brose, M., Shah, M.,
Licitra, L., Krajewska, J., Kreissl, M.C., Niederle, B., et al. (2017). Overall
survival analysis of EXAM, a phase lll trial of cabozantinib in patients
with radiographically progressive medullary thyroid carcinoma. Ann. On-
col. 28, 2813-2819.

Drilon, A., Rekhtman, N., Arcila, M., Wang, L., Ni, A., Albano, M., Van Voor-
thuysen, M., Somwar, R., Smith, R.S., Montecalvo, J., et al. (2016). Cabo-
zantinib in patients with advanced RET-rearranged non-small-cell lung
cancer: an open-label, single-centre, phase 2, single-arm trial. Lancet On-
col. 17, 1653-1660.

Wells, S.A., Jr., Robinson, B.G., Gagel, R.F., Dralle, H., Fagin, J.A., San-
toro, M., Baudin, E., Elisei, R., Jarzab, B., Vasselli, J.R., et al. (2012). Van-
detanib in patients with locally advanced or metastatic medullary thyroid
cancer: a randomized, double-blind phase Il trial. J. Clin. Oncol. 30,
134-141.

Regua, A.T., Najjar, M., and Lo, H.W. (2022). RET signaling pathway and
RET inhibitors in human cancer. Front. Oncol. 72, 932353.

Hirsh, V. (2011). Managing treatment-related adverse events associated
with egfr tyrosine kinase inhibitors in advanced non-small-cell lung cancer.
Curr. Oncol. 18, 126-138.

European Association for the Study of the Liver. Electronic address, e.e.e.,
Clinical Practice Guideline Panel; European Association for the Study of
the Liver Electronic address easloffice@easlofficeeu; Clinical Practice
Guideline Panel Chair; Panel members; EASL Governing Board represen-
tative: (2019). EASL Clinical Practice Guidelines: Drug-induced liver injury.
J. Hepatol. 70, 1222-1261.

Sandhu, N., and Navarro, V. (2020). Drug-Induced Liver Injury in Gl Prac-
tice. Hepatol. Commun. 4, 631-645.

(2022). Gavreto (Pralsetinib) [prescribing Information] (Genentech Inc).

Schmidinger, M., and Danesi, R. (2018). Management of Adverse Events
Associated with Cabozantinib Therapy in Renal Cell Carcinoma. Oncol.
23, 306-315.

Elad, S., Cheng, K.K.F., Lalla, R.V., Yarom, N., Hong, C., Logan, R.M., Bo-
wen, J., Gibson, R., Saunders, D.P., Zadik, Y., et al. (2020). MASCC/ISOO
clinical practice guidelines for the management of mucositis secondary to
cancer therapy. Cancer 126, 4423-4431.

Brown, T.J., and Gupta, A. (2020). Management of Cancer Therapy-
Associated Oral Mucositis. JCO Oncol. Pract. 716, 103-109.

Mercadante, V., Jensen, S.B., Smith, D.K., Bohlke, K., Bauman, J.,
Brennan, M.T., Coppes, R.P., Jessen, N., Malhotra, N.K., Murphy, B.,
et al. (2021). Salivary Gland Hypofunction and/or Xerostomia Induced by
Nonsurgical Cancer Therapies: ISOO/MASCC/ASCO Guideline. J. Clin.
Oncol. 39, 2825-2843.

Lamore, S.D., Kohnken, R.A., Peters, M.F., and Kolaja, K.L. (2020). Car-
diovascular Toxicity Induced by Kinase Inhibitors: Mechanisms and Pre-
clinical Approaches. Chem. Res. Toxicol. 33, 125-136.

Contrera, K.J., Gule-Monroe, M.K., Hu, M.l., Cabanillas, M.E., Busaidy,
N.L., Dadu, R., Waguespack, S.G., Wang, J.R., Maniakas, A., Lai, S.Y.,
et al. (2023). Neoadjuvant Selective RET Inhibitor for Medullary Thyroid
Cancer: A Case Series. Thyroid 33, 129-132.


http://refhub.elsevier.com/S2666-3791(23)00549-9/sref11
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref11
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref12
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref12
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref12
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref12
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref12
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref13
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref13
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref13
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref13
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref13
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref14
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref14
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref14
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref14
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref14
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref15
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref15
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref15
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref16
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref16
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref17
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref17
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref17
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref17
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref17
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref18
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref18
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref18
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref18
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref19
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref19
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref19
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref19
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref19
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref20
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref20
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref20
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref20
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref20
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref21
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref21
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref21
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref21
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref22
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref22
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref22
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref22
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref23
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref23
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref23
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref23
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref23
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref24
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref24
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref24
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref24
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref24
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref25
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref25
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref25
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref25
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref26
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref26
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref26
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref26
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref27
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref27
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref27
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref27
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref27
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref28
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref28
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref28
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref28
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref29
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref29
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref29
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref29
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref29
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref29
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref30
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref30
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref30
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref30
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref30
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref31
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref31
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref31
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref31
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref31
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref32
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref32
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref34
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref34
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref34
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref35
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref35
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref35
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref35
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref35
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref35
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref36
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref36
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref37
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref38
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref38
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref38
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref39
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref39
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref39
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref39
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref40
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref40
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref41
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref41
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref41
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref41
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref41
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref43
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref43
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref43
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref44
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref44
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref44
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref44

Cell Reports Medicine

Review

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

Selpercatinib Before Surgery for the Treatment of RET-Altered Thyroid
Cancer. https://classic.clinicaltrials.gov/ct2/show/NCT04759911.

Ozkan, M., Dweik, R.A., and Ahmad, M. (2001). Drug-induced lung dis-
ease. Cleve. Clin. J. Med. 68, 782-785.

Travis, W.D., Costabel, U., Hansell, D.M., King, T.E., Jr., Lynch, D.A., Nich-
olson, A.G., Ryerson, C.J., Ryu, J.H., Selman, M., Wells, A.U., et al. (2013).
An official American Thoracic Society/European Respiratory Society
statement: Update of the international multidisciplinary classification of
the idiopathic interstitial pneumonias. Am. J. Respir. Crit. Care Med.
188, 733-748.

Cherri, S., Noventa, S., Fanelli, M., Calandra, G., Prochilo, T., Bna, C., Sa-
velli, G., and Zaniboni, A. (2021). Drug-Related Pneumonitis in Cancer
Treatment during the COVID-19 Era. Cancers 13, 1052.

Raghu, G., Remy-Jardin, M., Richeldi, L., Thomson, C.C., Inoue, Y., Joh-
koh, T., Kreuter, M., Lynch, D.A., Maher, T.M., Martinez, F.J., et al. (2022).
Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary
Fibrosis in Adults: An Official ATS/ERS/JRS/ALAT Clinical Practice Guide-
line. Am. J. Respir. Crit. Care Med. 205, e18-e47.

Kalchiem-Dekel, O., Falcon, C.J., Bestvina, C.M., Liu, D., Kaplanis, L.A.,
Wilhelm, C., Eichholz, J., Harada, G., Wirth, L.J., Digumarthy, S.R., et al.
(2022). Brief Report: Chylothorax and Chylous Ascites During RET Tyro-
sine Kinase Inhibitor Therapy. J. Thorac. Oncol. 17, 1130-1136.

Bhardwaj, R., Vaziri, H., Gautam, A., Ballesteros, E., Karimeddini, D., and
Wu, G.Y. (2018). Chylous Ascites: A Review of Pathogenesis, Diagnosis
and Treatment. J. Clin. Transl. Hepatol. 6, 105-113.

In:  https://ctep.cancer.gov/protocoldevelopment/electronic_applications/
docs/ctcae_v5_quick_reference_5x7.pdf.

Schutz, F.A.B., Je, Y., Richards, C.J., and Choueiri, T.K. (2012). Meta-
analysis of randomized controlled trials for the incidence and risk of treat-
ment-related mortality in patients with cancer treated with vascular endo-
thelial growth factor tyrosine kinase inhibitors. J. Clin. Oncol. 30, 871-877.

Bower, J.E., Bak, K., Berger, A., Breitbart, W., Escalante, C.P., Ganz, P.A,,
Schnipper, H.H., Lacchetti, C., Ligibel, J.A., Lyman, G.H., et al. (2014).
Screening, assessment, and management of fatigue in adult survivors of
cancer: an American Society of Clinical oncology clinical practice guide-
line adaptation. J. Clin. Oncol. 32, 1840-1850.

Fabi, A., Bhargava, R., Fatigoni, S., Guglielmo, M., Horneber, M., Roila, F.,
Weis, J., Jordan, K., and Ripamonti, C.l.; ESMO Guidelines Committee.
Electronic address: clinicalguidelines@esmo.org (2020). Cancer-related
fatigue: ESMO Clinical Practice Guidelines for diagnosis and treatment.
Ann. Oncol. 37, 713-723.

Barreto, C.M.N., Della Vega, M.C.M., de Aimeida, M.S., Tadokoro, H., and
de Mello, R.A. (2015). Metabolic Disturbance in Cancer Patients. In Inter-
national Manual of Oncology Practice: (iMOP) - Principles of Medical
Oncology, R.A. de Mello, A. Tavares, and G. Mountzios, eds. (Springer In-
ternational Publishing), pp. 737-752.

McBride, A., Lathon, S.C., Boehmer, L., Augustin, K.M., Butler, S.K., and
Westervelt, P. (2013). Comparative evaluation of single fixed dosing and
weight-based dosing of rasburicase for tumor lysis syndrome. Pharmaco-
therapy 33, 295-3083.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

¢? CellPress

OPEN ACCESS

Matuszkiewicz-Rowinska, J., and Malyszko, J. (2020). Prevention and
Treatment of Tumor Lysis Syndrome in the Era of Onco-Nephrology Prog-
ress. Kidney Blood Press. Res. 45, 645-660.

Sharma, R., Abrol, D., Singh, G.D., and Angurana, S.L. (2016). Febuxostat
versus allopurinol for the prevention and treatment of hyperuricemia in
chronic myelogenous leukemia with hyperleucocytosis. JK Sci. 18, 12.
Spina, M., Nagy, Z., Ribera, J.M., Federico, M., Aurer, |., Jordan, K., Bor-
saru, G., Pristupa, A.S., Bosi, A., Grosicki, S., et al. (2015). FLORENCE: a
randomized, double-blind, phase Il pivotal study of febuxostat versus
allopurinol for the prevention of tumor lysis syndrome (TLS) in patients
with hematologic malignancies at intermediate to high TLS risk. Ann. On-
col. 26, 2155-2161.

Coiffier, B., Altman, A., Pui, C.H., Younes, A., and Cairo, M.S. (2008).
Guidelines for the management of pediatric and adult tumor lysis syn-
drome: an evidence-based review. J. Clin. Oncol. 26, 2767-2778.

Boucai, L., Salas-Lucia, F., Krishnamoorthy, G.P., Sherman, E., Rudin,
C.M., Drilon, A., Bianco, A.C., and Fagin, J.A. (2022). Selpercatinib-
Induced Hypothyroidism Through Off-Target Inhibition of Type 2 lodothyr-
onine Deiodinase. JCO Precis. Oncol. 6, €2100496.

U.T.D. Selpercatinib: Drug Information via LexiComp. https://www.
uptodate.com/contents/selpercatinib-drug-information?source=auto_
suggest&selectedTitle=1~1—1~4 —selp&search=selpercatinib.

U.T.D. Pralsetinib Drug Interactions via Lexicomp. https://www.uptodate.
com/contents/pralsetinib-drug-information?sectionName=Adverse %20
Reactions&anchor=F54820549&source=auto_suggest&selectedTitle=1~
1—4~4—prals&showDruglLabel=true&search=pralsetinib#F54846696.

Mohile, S.G., Dale, W., Somerfield, M.R., Schonberg, M.A., Boyd, C.M.,
Burhenn, P.S., Canin, B., Cohen, H.J., Holmes, H.M., Hopkins, J.0O.,
et al. (2018). Practical Assessment and Management of Vulnerabilities in
Older Patients Receiving Chemotherapy: ASCO Guideline for Geriatric
Oncology. J. Clin. Oncol. 36, 2326-2347.

Greillier, L., Gauvrit, M., Paillaud, E., Girard, N., Montégut, C., Boulahs-
sass, R., Wislez, M., Pamoukdjian, F., Corre, R., Cabart, M., et al.
(2022). Targeted Therapy for Older Patients with Non-Small Cell Lung
Cancer: Systematic Review and Guidelines from the French Society of
Geriatric Oncology (SoFOG) and the French-Language Society of Pulmo-
nology (SPLF)/French-Language Oncology Group (GOLF). Cancers
14, 769.

Kotwal, A.A., Presley, C.J., Loh, K.P., Huang, L.W., Lam, V., and Wong,
M.L. (2019). Geriatric oncology research at the 2019 American Geriatrics
Society (AGS) annual meeting: Joint perspectives from the Young Interna-
tional Society of Geriatric Oncology (SIOG) and AGS Cancer and Aging
Special Interest Group. J. Geriatr. Oncol. 710, 994-997.

Loos, N.H.C., Beijnen, J.H., and Schinkel, A.H. (2022). The Mechanism-
Based Inactivation of CYP3A4 by Ritonavir: What Mechanism? Int. J.
Mol. Sci. 23, 9866.

Anwar, K., Nguyen, L., Nagasaka, M., Ou, S.H.l., and Chan, A. (2023).
Overview of Drug-Drug Interactions Between Ritonavir-boosted nirmatrel-
vir (Paxlovid) and Targeted Therapy and Supportive Care for Lung Cancer.
JTO Clin. Res. Rep. 4, 100452.

Molnupiravir . Merck Presentation at USFDA Antimicrobial Drugs Advisory
Committee Meeting. https://www.fda.gov/media/154472/download.

Cell Reports Medicine 4, 101332, December 19, 2023 13



https://classic.clinicaltrials.gov/ct2/show/NCT04759911
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref46
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref46
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref47
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref47
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref47
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref47
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref47
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref47
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref49
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref49
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref49
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref50
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref50
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref50
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref50
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref50
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref51
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref51
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref51
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref51
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref52
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref52
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref52
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref54
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref54
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref54
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref54
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref55
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref55
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref55
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref55
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref55
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref56
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref56
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref56
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref56
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref56
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref57
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref57
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref57
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref57
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref57
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref58
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref58
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref58
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref58
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref59
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref59
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref59
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref60
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref60
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref60
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref61
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref61
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref61
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref61
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref61
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref61
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref62
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref62
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref62
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref63
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref63
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref63
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref63
https://www.uptodate.com/contents/selpercatinib-drug-information?source=auto_suggest&amp;selectedTitle=1%7E1---1%7E4---selp&amp;search=selpercatinib
https://www.uptodate.com/contents/selpercatinib-drug-information?source=auto_suggest&amp;selectedTitle=1%7E1---1%7E4---selp&amp;search=selpercatinib
https://www.uptodate.com/contents/selpercatinib-drug-information?source=auto_suggest&amp;selectedTitle=1%7E1---1%7E4---selp&amp;search=selpercatinib
https://www.uptodate.com/contents/selpercatinib-drug-information?source=auto_suggest&amp;selectedTitle=1%7E1---1%7E4---selp&amp;search=selpercatinib
https://www.uptodate.com/contents/selpercatinib-drug-information?source=auto_suggest&amp;selectedTitle=1%7E1---1%7E4---selp&amp;search=selpercatinib
https://www.uptodate.com/contents/pralsetinib-drug-information?sectionName=Adverse%20Reactions&amp;anchor=F54820549&amp;source=auto_suggest&amp;selectedTitle=1%7E1---4%7E4---prals&amp;showDrugLabel=true&amp;search=pralsetinib#F54846696
https://www.uptodate.com/contents/pralsetinib-drug-information?sectionName=Adverse%20Reactions&amp;anchor=F54820549&amp;source=auto_suggest&amp;selectedTitle=1%7E1---4%7E4---prals&amp;showDrugLabel=true&amp;search=pralsetinib#F54846696
https://www.uptodate.com/contents/pralsetinib-drug-information?sectionName=Adverse%20Reactions&amp;anchor=F54820549&amp;source=auto_suggest&amp;selectedTitle=1%7E1---4%7E4---prals&amp;showDrugLabel=true&amp;search=pralsetinib#F54846696
https://www.uptodate.com/contents/pralsetinib-drug-information?sectionName=Adverse%20Reactions&amp;anchor=F54820549&amp;source=auto_suggest&amp;selectedTitle=1%7E1---4%7E4---prals&amp;showDrugLabel=true&amp;search=pralsetinib#F54846696
https://www.uptodate.com/contents/pralsetinib-drug-information?sectionName=Adverse%20Reactions&amp;anchor=F54820549&amp;source=auto_suggest&amp;selectedTitle=1%7E1---4%7E4---prals&amp;showDrugLabel=true&amp;search=pralsetinib#F54846696
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref66
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref66
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref66
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref66
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref66
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref67
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref68
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref68
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref68
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref68
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref68
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref69
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref69
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref69
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref70
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref70
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref70
http://refhub.elsevier.com/S2666-3791(23)00549-9/sref70
https://www.fda.gov/media/154472/download

Cell Reports Medicine, Volume 4

Supplemental information

Strategies for mitigating adverse events
related to selective RET inhibitors

in patients with RET-altered cancers

Mirella Nardo, Mohamed A. Gouda, Blessie E. Nelson, Carmelia M.N. Barreto, J. Hoyt
Slade, Anna Poullard, Mark Zafereo, Mimi 1. Hu, Maria E. Cabanillas, and Vivek Subbiah



SUPPLEMENT

Supplementary Table 1. ORR among the different RET inhibitors

Reference Phase RET inhibitor Disease Response rate for RET alterations
(%)
Schlumberger et al., | Il cabozantinib RET-mutant 28 (34% if RET M918T mutation)
2017 MTC
Drilon et al., 20162 I cabozantinib RET-fusion 28
NSCLC
Wells et al., 20123 1l vandetanib RET-mutant 30.9-51.8
MTC*
Wirth et al., | 1/l selpercatinib RET-mutant 73 (69% if previous non-selective
2020/20224 MTC** RET inhibitor)
Drilon et al., | 1 selpercatinib RET-fusion 85 (64% if previous platinum
202020225 NSCLC treatment)
Subbiah et al., 20228 | I/1I selpercatinib RET-fusion pan- | 43.9
tumor  (except
(LIBRETTO-001) MTC and
NSCLC)
Subbiah et al., 20217 | I/1I pralsetinib RET-mutant 71 (89% if RET-fusion thyroid cancer;
(cohort from MTC or RET- | 60% of ORR in second line)
ARROW trial) fusion  thyroid
cancer
Griensinger et al., | I/l pralsetinib RET-fusion 72
20228 (cohort from NSCLC
ARROW trial)
Subbiah et al., 2022° | 1/l pralsetinib RET-altered 57
(ARROW trial pan-tumor
(except MTC
and NSCLC)

*Patients with MEN2A (type 2A multiple endocrine neoplasia), MEN2B (type 2B multiple endocrine
neoplasia), or FMTC (familial medullary thyroid cancer) and a germline RET mutation were eligible.

**Mutations non-specified in the inclusion criteria



Supplementary Table 2. Selpercatinib suggested dose modification

Dose reduction Less than 50 Kg >50Kg

First 80 mg orally twice daily 120 mg orally twice daily
Second 40 mg orally twice daily 80 mg orally twice daily
Third 40 mg orally once daily 40 mg orally twice daily




Supplementary Table 3. Pralsetinib suggested dose modification

Dose reduction All patients

First 300 mg orally once daily
Second 200 mg orally once daily
Third 100 mg orally once daily




Supplementary Table 4: Selpercatinib Dose Modifications when Combined with Moderate and Strong
CYP3A Inhibitors

Recommended Selpercatinib Dosage

Current Selpercatinib Dosage o o
Moderate CYP3A Inhibitor Strong CYP3A Inhibitor

120 mg orally twice daily 80 mg orally twice daily 40 mg orally twice daily

160 mg orally twice daily 120 mg orally twice daily 80 mg orally twice daily




Supplementary Table 5: Pralsetinib Dose Modifications when Combined with P-gp and Strong CYP3A
Inhibitors

Current Pralsetinib Dosage Recommended Pralsetinib Dosage
400 mg orally once daily 200 mg orally once daily
300 mg orally once daily 200 mg orally once daily
200 mg orally once daily 100 mg orally once daily
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