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Abstract

Purpose.—The TRK pathway controls appetite, balance, and pain sensitivity. While these 

functions are reflected in the on-target adverse effects (AEs) observed with TRK inhibition, these 

AEs remain under-recognized, and pain upon drug withdrawal has not previously been reported. 

As TRK inhibitors are approved by multiple regulatory agencies for TRK or ROS1 fusion-positive 

cancers, characterizing these AEs and corresponding management strategies is crucial.

Methods.—Patients with advanced or unresectable solid tumors treated with a TRK inhibitor 

were retrospectively identified in a search of clinical databases. Among these patients, the 

frequency, severity, duration, and management outcomes of AEs including weight gain, dizziness 

or ataxia, and withdrawal pain were characterized.

Results.—Ninety-six patients with 15 unique cancer histologies treated with a TRK inhibitor 

were identified. Weight gain was observed in 53% (95% CI, 43%-62%) of patients and increased 

with time on TRK inhibition. Pharmacologic intervention, most commonly with GLP-1 analogs or 

metformin, appeared to result in stabilization or loss of weight. Dizziness, with or without ataxia, 

was observed in 41% (95% CI, 31%-51%) of patients with a median time to onset of 2 weeks 

(range, 3 days to 16 months). TRK inhibitor dose reduction was the most effective intervention for 

dizziness. Pain upon temporary or permanent TRK inhibitor discontinuation was observed in 35% 

Correspondence to: Dr. Alexander Drilon, Department of Medicine, Memorial Sloan Kettering Cancer Center, 545 East 73rd Street, 
New York, NY 10021, USA. Tel: +1646-888-4226, drilona@mskcc.org. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Ann Oncol. Author manuscript; available in PMC 2021 September 01.

Published in final edited form as:
Ann Oncol. 2020 September ; 31(9): 1207–1215. doi:10.1016/j.annonc.2020.05.006.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(95% CI, 24%-46%) of patients; this was more common with longer TRK inhibitor use. TRK 

inhibitor re-initiation was the most effective intervention for withdrawal pain.

Conclusions.—TRK inhibition-related AEs including weight gain, dizziness, and withdrawal 

pain occur in a substantial proportion of patients receiving TRK inhibitors. This safety profile is 

unique relative to other anticancer therapies and warrants careful monitoring. These on-target 

toxicities are manageable with pharmacologic intervention and dose modification.
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INTRODUCTION

Tyrosine kinase inhibitors with potent anti-TRK activity are approved by several regulatory 

agencies for the treatment of TRK or ROS1 fusion-positive cancers based on positive results 

in early phase trials[1–3]. Larotrectinib is a selective TRK inhibitor that is active in adult and 

pediatric patients with TRK fusion-positive cancers. It leads to high response rates and 

durable disease control[3], and is currently approved in the United States, Canada, Brazil, 

and Europe. Entrectinib is a multikinase inhibitor with potent activity against TRK, ROS1, 

and ALK that is active in TRK fusion-positive cancers and ROS1 fusion-positive lung 

cancers[4] and is thus approved in the United States and Japan. Next-generation TRK 

inhibitors such as selitrectinib, a selective TRK inhibitor, and repotrectinib, a multikinase 

inhibitor with activity against TRK and ROS1, are in early phase trials[1, 5–7].

On-target adverse events are occasionally observed with drugs that have potent anti-TRK 

activity[1, 3, 4]. Given that TRK receptors (TRKA/B/C) are intimately involved in the 

development and maintenance of the nervous system, the consequences of TRK inhibition 

are largely neurological[8–14]. In preclinical studies and congenital syndromes, decreased 

TRK pathway signaling results in hyperphagia and abnormal movement[14, 15]. 

Consistently, weight gain and dizziness have been reported in prospective trials of TRK 

inhibitors[3, 4]. As TRK inhibition also results in decreased nociception[16, 17], TRK 

inhibitor therapy withdrawal could result in heightened pain sensitivity, a phenomenon that 

has not systematically been reported.

While the overall side-effect profile of TRK inhibitors has been reported in prospective 

trials[3, 18], further characterizing the adverse events that are likely emerge secondary to 

TRK inhibition and defining potential management strategies for these adverse events is an 

unmet need. To address this, we report the frequency, clinical course, and management 

outcomes of common adverse events likely mediated by TRK inhibition: weight gain, 

dizziness, and withdrawal pain.

METHODS

Study design.

Data on patients treated in the Early Drug Development Service of Memorial Sloan 

Kettering Cancer Center between January 1st, 2013 and April 1st, 2019 were retrospectively 
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analyzed with Institutional Review Board approval. Patients were eligible for inclusion if 

they fulfilled the following criteria: pathologic evidence of a solid tumor, advanced or 

unresectable disease, and treatment with at least one dose of a tyrosine kinase inhibitor with 

potent anti-TRK activity (defined as an IC50 < 20 nM for TRKA, TRKB, and TRKC)[1]. 

Demographics, toxicity assessments, and adverse event (AE) management were obtained 

from electronic records and pharmacy databases.

Adverse events.

AEs were graded according to the Common Terminology Criteria for Adverse Events 

(CTCAE) version 4.0[19]. This analysis focused on treatment-emergent AEs likely to be 

mediated by TRK inhibition: paresthesias, weight gain, dizziness with or without ataxia, and 

pain with temporary or permanent TRK inhibitor withdrawal. Any treatment-emergent AE 

within these 3 categories was captured and characterized in terms of grade and duration. For 

all AEs, grade 3 was the maximum grade as per CTCAE v4.0.

Paresthesia was defined as: grade 1, mild symptoms; grade 2, moderate symptoms that limit 

instrumental activities of daily living (ADL); or grade 3, severe symptoms that limit self-

care ADL[19].

Weight gain was defined as: grade 1, 5% to < 10% increase from baseline for patients ≥ 18 

years old and 5% to < 10% increase compared to growth curves in patients younger than 18; 

grade 2, 10% to < 20% increase from baseline or growth curves; or grade 3, ≥ 20% from 

baseline or growth curves. Baseline weight was compared to ideal body weight[19].

Dizziness was defined as: grade 1, mild unsteadiness or sensation of movement; grade 2, 

moderate unsteadiness or sensation of movement that limits instrumental ADL; or grade 3, 

severe unsteadiness or sensation of movement that limits self-care ADL[19]. Orthostatic 

hypotension related to drug-induced dizziness was defined as a reduction of systolic blood 

pressure of ≥ 20 mm Hg or a reduction of diastolic blood pressure of ≥ 10 mm Hg within 3 

minutes of standing[19].

Withdrawal pain was defined as pain experienced during temporary (i.e. for surgery or 

radiation) or permanent (i.e. switch to a new therapy or a complete discontinuation of 

therapy) TRK inhibitor discontinuation. Withdrawal pain was classified as: grade 1, not 

limiting instrumental ADL; grade 2, limiting instrumental ADL; or grade 3, limiting self-

care ADL[19].

Statistics.

Descriptive statistics were used to summarize demographics and the frequency, duration, and 

management of TRK inhibitor-mediated AEs. The association between patient- or treatment-

related factors and the frequency of select AEs was assessed using univariate logistic 

regression analyses. Patient-related factors considered include baseline body mass index 

(BMI) for weight gain; history of brain metastasis, brain radiation, neurological AEs at 

baseline, seizures, and psychotropic medication use for dizziness and ataxia; and history of 

opioid use and TRK inhibitor duration for withdrawal pain. Two-sided P-values were 
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calculated by Fisher’s exact test. A P-value < 0.05 was considered significant. All statistical 

analyses were performed using GraphPad Prism 7 (GraphPad Software, Inc).

RESULTS

Patients.

Ninety-six patients received a TRK inhibitor for the treatment of advanced cancer. The 

median age was 52 years (range, 5-81 years) and 51% of patients were women (Table 1). 

Fifteen unique cancer diagnoses were represented, the most common of which was non-

small cell lung cancer (45%), followed by gastrointestinal cancers (10%), salivary gland 

cancer (8%), and sarcoma (8%). The most common genomic alterations involved 

NTRK1/2/3 (44%), ROS1 (26%), and ALK (26%). Patients received either a TRK inhibitor 

alone (83%) or 2 (16%) or 3 TRK inhibitors in sequence (1%).

Overall safety profile.

The frequency of paresthesias, weight gain, dizziness, and withdrawal pain are summarized 

in Figure 1. Paresthesias were observed in 18% (17 of 96; 95% CI, 12%-29%) of patients. 

The frequencies of grade 1 and 2 paresthesia were 17% (16 of 96) and 1% (1 of 96), 

respectively; most cases were described as involving a perioral distribution and/or a 

“sunburn” sensation and largely improved after the first month of therapy. No cases required 

dose modification or escalating doses of gabapentin/pregabalin. As these symptoms were 

mild and did not require substantial intervention, this series focused in more detail on the 

AEs of weight gain, dizziness, and withdrawal pain as outlined below.

Weight gain.

Weight gain ≥ grade 1 was observed in 53% (51 of 96; 95% CI, 45%-64%) of patients. The 

median time to onset of weight gain was 1 month (range, 0.2-33.4 months) and the 

frequency and severity of weight gain increased with time on therapy (Figure 2A). The 

frequencies of grade 1, grade 2, and grade 3 weight gain were 22% (21 of 96), 23% (22 of 

96), and 8% (8 of 96), respectively (Figure 1). The majority (86%, 44 of 51) of patients who 

gained weight had a baseline weight higher than their ideal body weight (Figure 2B–D). 

Most patients (72%, 64 of 96) had a BMI < 30 (non-obese) (Table 1). A BMI ≥ 30 (obese) 

prior to TRK inhibitor initiation was not associated with a significantly greater incidence of 

weight gain (P = 0.62 among patients ≥ 18 years) (Table S1). Confounding factors such as 

worsening fluid retention (e.g. lower extremity edema) before the onset of maximal weight 

gain were not observed. Consistently, increased adipose tissue was the predominant 

radiologic finding with chronic TRK inhibitor use (Supplemental Figure 1).

Pharmacologic management was initiated in 10 of 51 patients (20%) who experienced 

weight gain. The following agents were administered as a single agent or in combination: 

GLP-1 analogs such as liraglutide or exenatide in 7 patients, metformin in 3, bupropion in 2, 

and topiramate, sibutramine, and phentermine in 1 patient each. Three patients received 

therapy with 2 agents after a single agent was considered ineffective: in 2, a GLP-1 analog 

was added to metformin, and in the other, liraglutide was added to bupropion. Overall, 8 of 

the 10 patients who received pharmacological interventions lost weight or stopped gaining 
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weight, although the percentage of weight loss was generally modest: no weight loss or < 

5% weight loss in 3, 5% to 10% weight loss in 2, 10-15% weight loss in 1, and > 15% in 2. 

Dose reduction secondary to weight gain (without concomitant pharmacologic intervention) 

was deemed necessary in only 1 patient whose weight gain improved from grade 2 to grade 

1 after the first dose reduction and remained grade 1 after a second dose reduction (Figure 

2C). While diet and exercise are cornerstones of management and were recommended in all 

patients with weight gain, specific dietary changes and the amount of exercise patients 

engaged in were not captured in the medical record. As such, the contribution of these 

factors could not be assessed systematically, particularly considering that there were patients 

who lost weight without pharmacologic intervention or dose modification in Figures 2B–D.

Dizziness.

Dizziness was observed in 41% (39 of 96; 95% CI, 31%-51%) of patients; 6 patients with 

dizziness developed ataxia concurrently. The frequencies of grade 1,2, and 3 dizziness were 

32% (30 of 96), 8% (8 of 96), and 1% (1 of 96), respectively (Figure 1). The 6 patients with 

concurrent ataxia had moderate to severe symptoms (5 with grade 2 and 1 with grade 3). The 

median time to onset was 2 weeks (range, 3 days to 16 months) (Figure 3A). The median 

duration of dizziness was 5 months (range, 1 day to 40 months) from symptom onset. Of the 

10 patients who received 2 or 3 TRK inhibitors in sequence, dizziness and ataxia were only 

observed with the second or third TRK inhibitor in 50% (5) of patients (Table S2).

Dizziness was described as positional light-headedness in 33% (13 of 39), imbalance in 18% 

(7 of 39), vertigo in 8% (3 of 39), or mixed (positional light-headedness, imbalance, and/or 

vertigo) in 5% (2 of 39) of patients (Figure 3B). Dizziness was associated with orthostatic 

hypotension in 21% (8 of 39) of patients, none of whom showed signs of frank volume 

depletion. Among potential risk factors for increased neurotoxicity, including neurological 

symptoms present at baseline, brain metastasis/radiation history, seizure history, and 

psychotropic use, only having a dizziness, ataxia, peripheral sensory neuropathy, or 

headache at baseline was significantly associated with dizziness/ataxia (P < 0.05) (Table S1).

Intervention was required in 21 of 39 patients (54%, Figure 3A): pharmacologic intervention 

alone in 12 patients, dose reduction alone in 6 patients, and pharmacologic intervention and 

dose reduction in 3 patients. The most effective intervention was dose reduction (5 for 

orthostatic hypotension and 4 for ataxia) which led to symptom resolution in 7 of 9 patients 

(78%). Treatment was not discontinued secondary to dizziness or ataxia for any patient, nor 

was hospitalization required.

Pharmacologic intervention alone resulted in modest benefit. Meclizine was administered to 

12 patients (3 with positional light-headedness, 3 with imbalance, and 1 with vertigo), and 

led to improvement in symptoms in 5 (45%), including 3 with qualitative improvement 

within the same grade and 2 for whom it lowered severity from grade 2 to grade 1. Of the 8 

patients with orthostatic hypotension, 4 received midodrine and/or fludrocortisone. All 4 had 

minor symptom improvement within the same grade and 3 had improvement of standing 

blood pressure (increase by 8 mm Hg systolic and 4 mm Hg diastolic). Only a subsequent 

dose reduction in all 4 patients resulted in resolution or substantial symptom improvement 

from grade 2 or 3 to grade 1.
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Withdrawal pain.

Withdrawal pain was observed in 34% (28 of 81) of patients who discontinued TRK 

inhibitor therapy during their course (Figure 1). Discontinuation was temporary (i.e. for 

surgery, radiation or switch to a different TRK inhibitor) in 83% (23 of 28) of patients and 

permanent (e.g. to switch to another therapy) in 45% (13 of 28); 28% (8 of 28) of patients 

who temporarily discontinued therapy later permanently discontinued therapy. Symptoms 

were described as full-body ache, muscle pain, and/or allodynia, occasionally accompanied 

by a headache; concurrent flares of pre-existing cancer pain, when present, were not 

observed. The median time to onset was 2 days (range, 1-6 days). The most severe degree of 

withdrawal pain was grade 1, 2, and 3 in 12% (10 of 81), 11% (9 of 81), and 11% (9 of 81) 

of patients, respectively (Figures 1 and 4). Hospitalization for the management of 

withdrawal pain was not required for any patient.

In patients who permanently discontinued therapy, the median duration of withdrawal pain 

was 14 days (range, 10-26 days). In patients who temporarily discontinued therapy, the 

median duration of flare was 3 days (range, 1-7 days) which was consistent with the median 

duration of the drug hold which was 3 days (range, 1-7 days). Patients who had been on a 

TRK inhibitor for longer than 6 months (32 of 96, 33%) were more likely to experience 

withdrawal pain (63% vs 13%; P < 0.05). Taking opioids for cancer-related pain 

immediately prior to TRK inhibitor interruption did not affect the risk of withdrawal pain (P 
= 0.43) (Table S1).

Pharmacologic intervention was required in 46% (13 of 28) of patients. Of these 13 patients 

who received opioid or non-opioid analgesics without resuming the TRK inhibitor, benefit 

was only observed in 3 (23%): 2 had qualitative improvement in pain within the same grade 

and only 1 had complete pain resolution. Three patients received gabapentin; no benefit was 

observed. In contrast, all patients that resumed TRK inhibitor use (15 resumed the original 

TKI, 4 switched to a new TKI) achieved resolution of withdrawal pain within a median of 1 

day from TRK inhibitor initiation. Many noted that the pain completely resolved within a 

few hours of their first dose.

Given this observation, the utility of a tapering TRK inhibitor dose was investigated in 2 

patients who were to permanently discontinue therapy; both had a history of severe 

withdrawal pain with previous temporary interruptions. For the first patient, the dose was 

tapered rapidly (50% decrease every 2 days) with minimal impact; the patient had the same 

grade of withdrawal pain (grade 3) as with prior interruptions (Figure 4). Thus, with the 

second patient, the dose was tapered more slowly (25% every 7 days). This resulted in a 

much lower severity of withdrawal pain (grade 1) compared to prior pain flares (grade 3).

DISCUSSION

The neurological consequences of TRK inhibitor therapy remain underrecognized. This is 

unsurprising as these agents entered clinical testing in 2012 and were first approved in 

2018[20–22]. This series provides a comprehensive description of the frequency and time 

course of the major on-target adverse consequences of TRK inhibition or TRK inhibitor 

withdrawal, recognizing that other less-common neurologic AEs such as cognitive 
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impairment, mood disorders, sleep disturbance, and dysarthria have been reported 

prospectively[2–4]. In particular, it is the first to systematically describe the syndrome of 

pain flares that patients can experience with drug interruption or discontinuation. The 

outcomes of treatment strategies to address these events are characterized, providing a 

springboard for creating formal guidelines that, to date, do not exist.

Weight gain, which is not a commonly observed adverse effect of anticancer therapy, was 

observed in > 50% of patients in this series. This finding is not unexpected as the TRKB 

pathway regulates appetite centers[14, 15, 23], and TRKB loss was known to result in 

hyperphagia in mice well before TRK inhibitors entered clinical testing. In our series, the 

frequency and severity of weight gain increased over time, highlighting the need to 

recognize this complication early. This pattern is consistent with weight gain resulting from 

adipose accumulation; similarly, adipose hypertrophy has been observed in mice with 

decreased TRKB signaling[14].

The management of weight gain secondary to TRK inhibition was largely informed by 

approaches developed in other settings, such as antipsychotic-induced weight gain. While 

diet and exercise remain management cornerstones, these are not routinely quantified or 

described in the medical record and are challenging to evaluate, as is evidenced by this 

series. Furthermore, these may not be sufficient, calling for a systematic approach to 

pharmacological intervention. FDA-approved medications for weight management include 

phentermine-topiramate, liraglutide, naltrexone-bupropion, lorcaserin, and orlistat (Table 2)

[24, 25]. While liraglutide is the only GLP-1 receptor agonist FDA-approved for weight 

loss, other members of this diabetes drug class, including semaglutide, dulaglutide, 

lixisenatide, and exenatide, have similar or greater effects and have been used off-label[26]. 

Metformin, while not FDA-approved for weight management, also appears to cause modest 

weight loss[27]. Guidelines do not offer a clear order of preference, underscoring the need to 

develop care algorithms. We recommend that (1) weight be monitored serially, (2) 

pharmacologic management be considered for ≥ grade 2 weight gain (particularly if ideal 

body weight is exceeded), (3) dose reduction be considered for persistent ≥ grade 2 weight 

gain despite maximal supportive care, and (3) difficult cases be referred to an endocrine or 

weight loss clinic. Further studies and long-term follow-up are warranted to define the role 

of pharmacological management and other interventions.

Dizziness was observed in approximately 40% of patients, a subset of whom also had ataxia. 

These changes in proprioception are similarly linked to TRKB/C inhibition, as mice with 

TRKB ligand loss develop severe ataxia secondary to cerebellar insufficiency, and TRKC 

knockout mice exhibit abnormal movements and postures secondary to proprioceptive 

insufficiency, similar to motion sickness[8, 12, 28, 29]. Further, several patients in this series 

had orthostatic hypotension without signs of frank volume depletion, providing the first 

indication that TRK inhibition could result in clinically significant autonomic dysfunction. 

Thus, the root cause of dizziness should be investigated to distinguish central from 

autonomic effects. While antihistamines can be used for vestibular/proprioceptive 

insufficiency, and mineralocorticoids or vasopressors for orthostasis[30–34], these agents 

did not lead to dramatic improvement in several patients, and dose reduction may be 

necessary. We recommend that (1) “dizziness” be characterized more concretely in practice 
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and trials, (2) patients be matched to appropriate agents based on this characterization (Table 

2), (3) dose reduction be considered for intolerable dizziness unresponsive to pharmacologic 

management, and (4) refractory cases be referred to neurology.

TRK inhibitor withdrawal pain has not been reported elsewhere. Pain flares can be highly 

disturbing to patients and providers and are often misattributed to other etiologies. The exact 

mechanism of this phenomenon is unclear, although TRK inhibition likely modulates pain 

thresholds, leading to increased sensitivity when withdrawn[35]. Consistently, TRKA loss 

can result in congenital insensitivity to pain[17]. TRKA-mediated signaling results in a rapid 

increase in the expression of the transient receptor potential vanilloid I (TRPV1) channel, an 

important nociceptive mediator; TRK inhibitor withdrawal may result in rebound 

nociceptive TPRV1 expression[36, 37].

Interestingly, the most effective method to address withdrawal pain was resumption of TRK 

inhibition. Of patients who received opioid or non-opioid analgesics, < 20% had pain 

improvement and < 10% had complete pain resolution. In contrast, all patients had complete 

and rapid pain resolution with TRK inhibitor re-administration, and gradual dose tapering 

appeared to reduce withdrawal pain in one patient, whereas rapid dose reduction in a 

separate patient did not. We thus recommend (1) avoiding or minimizing TRK inhibitor 

interruption, (2) adjunctively managing pain (Table 2) when discontinuation is necessary, 

and (3) considering a slow tapering dose schedule for patients who need to permanently 

discontinue therapy.

In conclusion, on-target consequences of TRK inhibition such as weight gain, dizziness with 

or without ataxia, and withdrawal pain occur in a substantial proportion of patients and 

should be carefully monitored in the clinic. These are manageable with pharmacologic 

intervention and/or dose modification.
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Highlights:

• TRK inhibitors have a unique on-target side effect profile.

• Weight gain, dizziness/ataxia, and paresthesias should be monitored on 

therapy.

• In addition, withdrawal pain can occur in patients who temporarily or 

permanently discontinue treatment.

• These side effects are manageable with pharmacologic intervention and/or 

dose modification..
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Figure 1. Neurologic adverse events observed with TRK inhibition.
The frequency of paresthesias, weight gain, dizziness with or without ataxia, and withdrawal 

pain are summarized. The frequency of each adverse event is shown by the worst grade the 

patient experienced during therapy. For withdrawal pain, only patients who had dose 

interruptions and were at risk for this event were included (N = 81); all 96 patients were 

included in the other analyses. The effects of TRKA, TRKB, or TRKC loss in preclinical 

models that predict the emergence of these toxicities is summarized below.
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Figure 2. Weight gain.
A, cumulative frequency of weight gain by worst grade over time on TRK inhibitor therapy. 

B-D, pattern of weight gain on therapy, separated by severity; B, grade 1; C, grade 2; D, 

grade 3. Points on the left side of the y-axis represent the patient’s ideal body weight plotted 

in reference to baseline weight, i.e. points below 0 indicate baseline weight prior to TRK 

inhibitor therapy is above ideal body weight. Weight trends for patients for whom 

pharmacologic intervention or dose reduction was recommended are plotted with colored 

lines, and size of data points indicates duration of treatment with corrective pharmacological 

intervention. TRK inhibitor dose was reduced in 1 patient with grade 2 weight gain (C).
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Figure 3. Dizziness.
A. Swimmer’s plot of time to treatment discontinuation for all patients who developed 

dizziness with or without ataxia on TRK inhibitor therapy (N = 39). Each bar represents an 

individual patient. The orange box indicates the time of dizziness onset and the orange line 

indicates ongoing dizziness. B. Pie chart showing the frequency distribution of the categories 

of dizziness that patients experienced.
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Figure 4. Withdrawal pain.
Swimmer’s plot of time to treatment discontinuation for all patients who developed 

withdrawal pain on TRK inhibitor therapy (N = 28). Each bar represents an individual 

patient.
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Table 1.
Demographics.

Clinicopathologic features of the study population (n=96). Categorical data are summarized as n (%) and 

continuous as median (range).

Age* (years) 52 (5-81)

Female sex 49 (51%)

Histology

 Lung 43 (45%)

 Gastrointestinal 10 (10%)

 Salivary 8 (8%)

 Sarcoma 8 (8%)

 Thyroid 6 (6%)

 Melanoma 6 (6%)

 Primary brain tumor 5 (5%)

 Neuroblastoma 5 (5%)

 Other 7 (7%)

Genomic alteration

 NTRK fusion 39 (41%)

 ROS1 fusion 24 (25%)

 Other** 29 (30%)

 Unknown 4 (4%)

TRK inhibitor

First-generation TKI 81 (84%)

Other TKI 30 (31%)

TRK inhibitor duration(months) 6 (1-42)

TRK inhibitors received

 1 80 (83%)

 2 or 3 in sequence 16 (17%)

 Baseline BMI***

 < 30 64 (72%)

 ≥ 30 25 (28%)

 History of brain metastases 34 (35%)

 ≥ 2 lines prior systemic therapy 54 (56%)

*
7 patients were < 18years old.

**
Other alterations included NTRK mutation (N = 1), NTRK amplification (N = 2), ROS1 mutation (N = 1), and ALK fusion/mutation (N = 25).

***
Data are provided for adult patients only.
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Table 2.
Supportive medication.

Agents approved by the US FDA or recommended in clinical guidelines for the management of weight gain, 

dizziness, and pain24–27,30–34.

Adverse event Agent(s) Mechanism of action Dose and schedule

Weight gain

Liraglutide GLP-1 analog 0.6 to 3.0 mg 1x/day

Orlistat Inhibits fat absorption 60 to 120 mg 3x/day

Phentermine/topiramate 
combination

Increases norepinephrine release; GABA 
receptor agonist

3.75/23 to 15/92 mg 1x/day

Lorcaserin 5-HT2C receptor agonist 10 mg 2x/day

Naltrexone/bupropion 
combination

μ-opioid receptor antagonist; dopamine and 
norepinephrine reuptake inhibitor

8/90 to 16/180 mg 1x or 2x/day

Metformin Modulates hypothalamic appetite regulatory 
centers

500 to 2000 mg 1x/day

Dizziness (ataxia or 
vertigo)

Meclizine H1 histamine receptor antagonist, suppresses 
vestibular stimulation, anticholinergic

25 to 50 mg 1x/day

Scopolamine Antagonizes histamine and serotonin 1 patch every 3 days

Dizziness
(orthostasis)

Midodrine α1 adrenergic receptor agonist, increases 
vascular tone

5 to 10 mg 3x/day

Fludrocortisone Mineralocorticoid 0.05-0.2 mg 1x/day

Droxidopa Metabolized to norepinephrine, induces 
vasoconstriction

100 mg 3x/day (1.8 g/day maximum)

Withdrawal pain

Non-steroidal anti-
inflammatory agents

COX-1/COX-2 inhibitors Per agent/label

Opioids Opioid receptor agonists Per label

Gabapentin/pregabalin GABA analog Per label
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