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Purpose: Given the clinical urgency of the ongoing opioid crisis, alternative oral analgesics, like ketamine, are increasingly relevant.
However, clinical trials and systematic reviews of oral ketamine for chronic cancer-related and non-cancer pain have employed
a variety of dosing regimens. This key heterogeneity across studies may prove confusing to clinicians seeking to translate this literature
into clinical practice. The present review sought to identify gaps in dosing regimens and adverse events reported in this literature.
Patients and Methods: A comprehensive search of MEDLINE, EMBASE, and PUBMED databases was conducted from
January 1965 to July 2022 to identify studies on oral ketamine’s analgesic effects upon chronic pain. Data regarding ketamine dosage,
inter-dose interval, pain relief, and adverse events were extracted. Only studies employing a range of 0.5 mg/kg BID-QID, or
equivalent dosing, were included for benefit and risk analysis. Among 1556 initially identified studies, screening processes removed 17
duplicates, leaving 1539 for abstract review and 27 articles for data extraction. Due to dosing and study design inconsistencies, only 5
studies met criteria for quantitative analysis.

Results: Mean pain scores were determined to be 7.72/10 at the onset of treatment and 3.2/10 after 30-90 days of treatment. A simple
linear regression analysis demonstrated a correlation between average pain scores and treatment duration (R-square=0.76).
Conclusion: Oral ketamine benefits chronic pain, which may include allodynia and/or hyperalgesia, as deduced from various levels of
evidence. Our evaluation suggests that oral ketamine has potential efficacy comparable to opioids for hyperalgesia and allodynia, and
is generally well tolerated for chronic pain. Oral ketamine 0.5 mg/kg, when dosed 3 times daily for 7-90 days, can achieve efficacy
with an acceptable safety profile. This dosage regimen helps inform a need for standardized, evidence-based oral ketamine dosing for
clinical care and future research when used as a component of a multimodal regimen for chronic cancer and non-cancer pain.
Keywords: oral ketamine, analgesia, standard dosing, safety

Introduction
The ongoing opioid crisis with its associated adverse effects, including tolerance and overdose, presents a major public
health challenge.! There exists a need for analgesic options that are associated with prevention of hyperalgesia and
decreased opioid consumption while maintaining analgesia. Ketamine, known for its anti-nociceptive and antihyper-
algesic properties primarily attributed to N-methyl-D-aspartate receptor (NMDAR) antagonism, presents a promising
avenue for addressing chronic pain of various etiologies.> Ketamine has been theoretically and clinically shown to
reduce symptoms of central sensitization, including spinal wind-up and opioid-induced hypersensitization, and
neurotoxicity.* © While most research has focused on intravenous administration, the longer-term effectiveness of
ketamine is best explored through oral delivery owing to its clinical relevance (e.g., for home care), tolerability, ease
of dosing, and cost-effectiveness.

Oral ketamine has been shown to have only 16-24% bioavailability’ ® but is effective at lower blood concentrations
(40 ng/mL versus 100-160 ng/mL with IV and SQ ketamine).” "' Accumulation of the metabolite norketamine likely
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" norketa-

enhances ketamine’s oral analgesic effectiveness. While oral ketamine’s elimination half-life is 2—3 hours,”
mine persists for <5 hours after dosing, likely contributing to a prolonged analgesic effect.”

Despite numerous publications across different levels of evidence highlighting its efficacy, a standardized clinical
dosing regimen for oral ketamine administration, even as a starting dose, has yet to be attained. Variability in reports of
adverse effects has further hindered its therapeutic utilization, although evidence suggests that adverse effects are largely
dose-dependent and most often resolve with dose reduction.'*"?

In 2010, Blonk et al attempted a quantitative analysis of oral ketamine in chronic pain but found only 22
relevant studies."® In those publications, total daily dosing varied from 30 mg/day to 4 mg/kg/day. Without
a standard dosing frequency, and with many other study variances, the quantitative analysis was unable to be
completed.'* Mukhaizeemet et al published a retrospective review of oral ketamine in patients with treatment
resistant chronic pain (2023). This study followed patients receiving treatment for <12 years. While this study of
73 patients showed reduced pain and few ketamine-related adverse effects, a dosing regimen could not be
recommended with doses ranging from 193.84 to 1500 mg/day.”> In 2024, a large systematic review of multi-
route ketamine treatment in cancer pain was completed. This analysis included 3 studies of oral ketamine;
however, those oral daily doses ranged from 0.25 mg/kg/day to 400 mg/day.'> The variance in oral ketamine
dosing among studies encumbers efforts to recommend a standard oral dose, while multi-route studies risk
conflation of adverse events encountered in oral ketamine treatment. Therefore, we undertook this review to
help determine an optimal standard ketamine dose that provided analgesic benefit, while better defining associated
risks, in a difficult-to-treat patient population at greatest risk of adverse effects of opioid treatment including
hyperalgesia and overdose.

When oral ketamine is administered as a standard oral dose of 0.5 mg/kg twice daily (BID) to four times daily (QID),
or with a standard dose equal to such dosing, psychomimetic effects are infrequent.”'? Furthermore, additional pain

reduction appears to be related to the length of treatment for up to 3 months.

Material and Methods

This systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, which included identification, screening, confirmation of eligibility, and inclusion (Figure 1).'°

Search Strategy

A medical reference librarian devised and executed searches in the PubMed, Embase, and Web of Science databases,
encompassing publications from January 1965 to June 2022 and restricted to English language. MeSH and Embase
terms, such as ketamine OR esketamine, adverse effects, and pharmacologic actions, were employed. All searches were
conducted on June 17, 2022. Full search strategies are detailed in Appendix 1.

The Covidence program facilitated screening of the initial 1556 articles obtained, resulting in removal of 17
duplicates and retention of 1539 articles for review. Inclusion criteria encompassed studies of all evidence levels utilizing
oral ketamine for pain management in humans, with pain intensity as a measurable outcome. Exclusion criteria included
non-English language, nonhuman subjects, inability to identify or quantify analgesic effects of oral ketamine, and review
article status. Abstracts of all 1539 articles were independently reviewed by three reviewers, with conflicts resolved by
the primary author. Subsequently, 53 articles meeting inclusion criteria were provided in the EndNote program format
(see Supplementary Table 1) and underwent detailed review by the authors. Of these, 27 met criteria for further screening

(see Supplementary Table 2) and the level of evidence was evaluated according to the Sackett Scale (Appendix 2).

Decision for inclusion was based on adherence to pre-determined dosing and reported efficacy assessment method pre-
and post-ketamine. Our accepted treatment dosing was ketamine 0.5 mg/kg orally (PO) BID-QID, or an equivalent
standard dose given thrice daily, for a minimum of 7 days, and could be utilized as an adjuvant to morphine. Under these
criteria, five of the articles were accepted into this evaluation. (Table 1). None of the retrieved studies evaluated ketamine
as a single analgesic agent. Therefore, analysis was confined to studies administering oral ketamine as an adjunct to
standard chronic pain care.
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Figure | PRISMA Diagram.

Dispersion for efficacy endpoints and from safety reports were extracted from articles at all (published) times of
evaluation. Similar data reported for non-ketamine treatments were also extracted. Safety data, which accompanied

primary and secondary analyses, were extracted from studies and included respective analyses.

Table | VAS/NRS Pain Scores

Investigator | Oral Administered | Treatment Frequency | Treatment Pain Study | VAS/NRS
Treatment Dose (Per Day) Duration (Days) Measure | Day Estimate
Dash® Ketamine 0.5 mg/kg 3 30 NRS Pain | —I 8.03
30 3.36
Furuhashi- Ketamine 0.5 mg/kg 4 7 VAS Pain | —I 7.76
Yonaha®'
7 491
(Continued)
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Table | (Continued).

Investigator | Oral Administered | Treatment Frequency | Treatment Pain Study | VAS/NRS
Treatment Dose (Per Day) Duration (Days) Measure | Day Estimate
Kannan®® Ketamine 0.5 mg/kg 3 60 NRS Pain | —I 7.56
60 3.88
Lauretti'? Dipyrone 500 mg 4 30 VAS Pain | —28 7.6
30 4
Ketamine 0.5 mg/kg 2 30 VAS Pain —28 74
30 33
Morphine 10 mg 2 30 VAS Pain | —28 7.6
30 3.9
Rigo®® Ketamine 30 mg + 3 mg 3 90 VAS Pain | —I 7.6
+Methadone
90 22
Ketamine 30 mg 3 90 VAS Pain | —I 7.1
90 1.6
Methadone 3mg 3 90 VAS Pain | —I 7.8
90 1.3

Statistical Analysis

Simple linear regression analysis was employed to assess changes in mean pain scores across treatment duration, with
goodness of fit empirically evaluated with agreement of predicted and observed average scores. This included an average
VAS/NRS pain score (11-point scale) as a function of duration of ketamine therapy (eg, study day; regardless of dose,
duration, and dosing frequency). Results are presented in Table 1. Average VAS score was divided by 10, where

12,56

warranted, to express averages across a common range. Two of these studies required the derivation of summary

measures from published raw data.

Results

Primary analysis consisted of data extracted from 5 publications'>2%-31-38:5¢

that met inclusion criteria. Four of the 5
studies reported ketamine administered at a dose, which was a function of body weight (ie, 0.5 mg/kg), while one study>®
administered ketamine at a fixed 30 mg dose. Dosing frequency ranged across 2,'? 3,2>3%%¢ and 4,°! administrations
per day (Mean=2.9, SD=0.54). Duration of ketamine treatment prior to last assessment ranged across 7,>' 30,%>*” 60°® or
90°¢ days (Mean 37.2, SD=27.5). All five studies reported pre-treatment pain assessment results.

For the non-ketamine chronic pain therapies (eg, active controls) reported by Lauretti et al'?> (morphine 10 mg PO
q 12 hours, dipyrone 500 mg PO q 6 hours, and nitroglycerin 5 mg patch daily) and Rigo et al*® (Ketamine 30 mg + oral
methadone 3 mg PO TID, oral methadone 3 mg PO TID), durations of treatment were the same as reported for ketamine.

In the Lauretti et al'* study, after 30 days treatment, average pain scores on an 11-point scale for morphine-treated
patients was 3.9 (£ 2.6), and the dipyrone group was 4 ( 1.6). The nitroglycerin group was 3.5 (£ 1.7), and the ketamine
treated group was 3.3 (= 1.6).

In the Rigo et al’® study, after 90 days of treatment, average pain score on an 11-point scale for ketamine+3 mg
methadone patients was 2.2 (= 1.1), and the average for 3 mg methadone monotherapy was 1.3 (+ 1.0). The ketamine
treatment group had an average pain score of 1.6 (+ 1.3).
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In the five papers, treatment frequencies ranged from 2 to 4 per day (Mean = 2.9, SD = 0.54) with treatment durations
spanning 7-90 days (Mean = 37.2, SD = 27.5). Mean pretreatment pain scores ranged from 7 to 8 (Mean=7.72,
SD=0.96), with reductions observed across treatment durations. After 7 days,’' the average pain intensity score in
ketamine-treated patients was 5 points. After 30 days,'>*’ the average pain intensity score in ketamine-treated patients
was 3 points. After 60 days,*® the average pain intensity score for ketamine-treated patients was 4 points. After 90 days,®
the average pain intensity score for ketamine-treated patients was 2 points. At the end of treatment, the mean pain
intensity score was 3.2 (SD = 1.6), Figure 2.

Linear regression analysis indicated a strong relationship between average pain scores and treatment duration
(R-square=0.76).

The pre-treatment average was predicted as 6.8 points, and at 7, 30, 60, and 90 days averages of 6.3, 4.9, 2.9, and 1.0
points (respectively) were predicted (R-square=0.76). With interpolation, the predicted average VAS/NRS (10-point)
score at study day 15 was 5.8 points.

For patients in the ketamine arm of the studies, common adverse events included somnolence/tiredness, reduced
appetite, and nausea/vomiting (reported in at least 3 of 5 studies). In 78 patients reporting adverse events, somnolence/
tiredness was reported for 42 (53.9%), reduced appetite reported for 14 patients (18.0%), and nausea/vomiting was
reported for 15 patients (19.2%).

Other reported symptoms in the ketamine-treated patients included constipation, which occurred in 4 patients (5.1%).
Headache occurred in 3 patients (3.9%), and hallucinations also occurred in 3 patients (3.9%). Dizziness was reported in
3 patients (3.9%), and nightmares occurred in 1 patient (1.3%).

Discontinuation due to an adverse event occurred at a rate of 8.6% (7 of 81 total patients). Only 1.2% of ketamine-
treated patients (1 of 81 total patients) discontinued due to lack of efficacy (Table 2).

One of the authors did not include reported adverse events for those who withdrew from the study.’® Therefore, the
number of ketamine-treated patients reporting symptoms was reduced by a total of 3 from the number of participants
initially enrolled in the study. Adverse events percentages were provided out of a total of 78 participants, while the
number of withdrawals from studies was deducted from a total of 81.

For those patients treated with other agents (including additional oral morphine, dipyrone, topical nitroglycerin,
methadone, and methadone + ketamine), common adverse events included somnolence/tiredness, reduced appetite,
nausea/vomiting, and constipation. In 71 participants reporting adverse events, somnolence/tiredness was reported for
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Figure 2 Linear Regression Analysis.
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Table 2 Reported Adverse Effects in Ketamine vs Non-Ketamine Treatment

Ketamine Treatment in Addition | Non-Ketamine Treatment in Addition
to Opioid Therapy to Opioid Therapy*

#Patients Reporting Adverse Events/Total 78/81 71173
# Patients enrolled in study
Somnolence/Tiredness 42 (53.9%) 67 (94.4%)
Reduced App 14 (18.0%) 29 (40.9%)
Nausea/Vomiting 15 (19.2%) 17 (23.9%)
Constipation 4 (5.1%) 25 (35.2%)
Headache 3 (3.9%) 3 (4.2%)
Hallucinations 3 (3.9%) 0 (0.0%)
Dizziness 3 (3.9%) I (1.4%)
Nightmares I (1.3%) 0 (0.0%)
Withdrew due to Adverse Event 7 (8.6%) 3 (4.1%)
Withdrew due to Lack of Efficacy I (1.2%) 0 (0.0%)

Notes: References [12, 25, 31, 38, 56]. *Includes |3 patients with oral ketamine + methadone.

67 (94.4%), reduced appetite reported for 29 patients (40.9%), nausea/vomiting was reported for 17 (23.9%), and
constipation reported for 25 patients (35.2%). Headache occurred in 3 patients (4.2%), and dizziness was reported in 1
patient (1.4%).

Discontinuation due to adverse events occurred in 3 out of 73 total patients (4.1%). There were no reports of patient
discontinuations due to lack of efficacy.

Comparison of adverse events between ketamine and non-ketamine treatments for randomized control trials is
included in Table 2.

One of the authors did not include reported adverse events for a total of 2 participants who withdrew from the study.>®
Therefore, the percentages of adverse events was calculated out of a total of 71 patients. The number of withdrawals from
studies was deducted from a total of 73 patients enrolled. One subject withdrew from an additional study due to adverse
events, but was replaced so as not to affect the total number of participants.'?

Discussion
Ketamine, a well-established anesthetic, has emerged as a potent analgesic at subanesthetic doses. Its unique pharma-
cological profile allows it to target neural plasticity and mitigate mechanisms consistent with central sensitization such as
spinal wind-up and hyperalgesia.*> These features are critical in the management of chronic and refractory pain states,
especially those involving opioid-induced hyperalgesia. The potential to “reset” the central nervous system®® underscores
ketamine’s utility in pain management, particularly for individuals with complex pain syndromes. These properties
present a novel approach to decrease opioid-dependence in the ongoing repercussions of the opioid crisis.'='>4647

In cancer-related pain, ketamine has garnered attention as a cornerstone adjuvant analgesic. When opioids lose
efficacy, cause hyperalgesia, or when patients experience refractory breakthrough pain, ketamine has been characterized
as an essential therapy. Reports highlight its capability to reduce opioid requirements, improve opioid efficacy, and
enhance patient quality of life.'>!>2°

Despite these advantages, adoption of ketamine for chronic pain has been limited by variability in dosing protocols
and the absence of robust, standardized risk assessments. The pharmacokinetics of oral ketamine—notably lower plasma
levels (40 ng/mL versus >100-160 ng/mL with IV administration)—offer a favorable safety profile, reducing the risk of
psychomimetic adverse effects.'*"!

At lower doses, ketamine’s primary action involves NMDA receptor antagonism. Higher doses, delivered via IV, IM, or
IT routes, exhibit broader receptor interactions, including dopaminergic, monoaminergic, and opioid receptor binding,
which increases the risk of side effects.’® Oral ketamine provides the additional benefit of norketamine production, a longer-

acting analgesic byproduct. Due to undesirable activity of opioids in stimulating the NMDA-receptor, astrocytes, and
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microglia,”""? ketamine offers an important analgesic opportunity. Additionally, it appears that the more severe or chronic
the pain, and the longer a patient has been on opioid therapy, the more effective the analgesia of ketamine will be.*¢

While requiring oral ketamine dose of 0.5 mg/kg BID for 7 days as a minimum dosing for inclusion in our study, we
accepted studies that included 0.5 mg/kg, or an equivalent standardized dose, <4 times daily for up to 90 days of
treatment. Our review reveals a reduction in pain scores that can begin as early as 7 days, while improving with up to 90
days of treatment. We chose to analyze this data by plotting improvement as a function of time in linear regression, and
this analysis identified a correlation between the duration of ketamine therapy and reductions in average Visual Analog
Scale (VAS)/Numerical Rating Scale (NRS) scores.

Of note, 9 patients (11.5%) receiving oral ketamine during the studies remained on treatment after the study
period.>'*® Data for 4 of those patients is available with their treatment lasting an additional of 9—54 months (average
30 months). Two of those patients were able to reduce their total ketamine dose by approximately 80% with no reported
adverse effects or severe pain. The average final dose for those 4 patients was 66.5 mg/day.>’

Commonly reported adverse effects associated with oral ketamine include somnolence, nausea, and loss of appetite,
but were reported less frequently than those of alternative therapies. Importantly, the risk of constipation—a significant
drawback of opioids—is markedly reduced, and reported with concomitant opioid treatment. Psychomimetic effects can
be seen with oral ketamine at a dose of 0.5 mg/kg BID-QID. These may include hallucinations, headache, dizziness, and
nightmares. Dose reduction is likely to treat, or reduce, these events.'>'? Patients who are considered at higher risk can
be initiated on lower doses and/or treated concomitantly with low-dose benzodiazepine.!

Limitations and Research Opportunities

This paper faced significant limitations including the small number of included studies, diverse patient populations, and
variability in dosing frequencies and duration of treatment. Additional confounders were within-study variability,
including concomitant medications, disease process, and alternative treatments. One study included a cohort of patients
receiving both oral ketamine and methadone in their alternative treatments.>®

A meta-analysis was not possible given individual versus aggregate response summaries. As meta-analyses assume
homogeneity across studies, our small sample size, with complex disease states and medication regimens, was proble-
matic. However, linear regression afforded a means to assess treatment response, allowing for heterogeneity in studies
and tracking of pain reduction across time. Exploratory analysis summarized improvement via multivariate approach
where each study result was treated as an observation.

Active controls also included a variety of treatments, presenting neglected modifiers. This made comparative adverse
effects difficult to generalize and prevented determination of ketamine’s independent effect. Again, one of the active
controls included ketamine (30 mg oral ketamine + 3 mg methadone PO TID), increasing the risk for reported
psychomimetic response in the active control group.

While existing evidence supports the safety and efficacy of oral ketamine, heterogeneity in study designs, dosing
regimens, and patient populations limits broader conclusions, a situation frequently encountered when research involves
palliative patient populations. Future research should prioritize standardized dosing protocols tailored to specific
populations, including pediatric, geriatric, and cancer-related pain. Particular attention should focus on long-term efficacy
and safety while controlling for variances in additional pain medication therapies.

Emerging evidence suggests that oral ketamine may offer benefit for individuals experiencing the often-intertwined
burdens of chronic pain and depression. These frequently co-occurring conditions may amplify one another through
shared neurobiological pathways, prolonging symptom duration and compounding functional decline. Dysregulation of
serotonergic and noradrenergic systems—implicated in both nociceptive processing and affective states—provides
a mechanistic rationale for ketamine’s cross-domain effects.”” Beyond its analgesic role, oral ketamine has been
associated with improvements in mood, functional capacity, and overall quality of life, particularly in patients whose
pain is enmeshed with emotional distress.”

A related avenue of inquiry lies in ketamine’s treatment of cancer-associated pain and depressive symptoms. As NMDA
receptors have been identified not only on sensory neurons but also on immune cells and select solid tumor types, future
consideration may be given to ketamine’s effect on tumor biology’* in addition to its analgesic and antidepressant effects.
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Conclusion

The Initiative on Methods, Measurement and Pain Assessment in Clinical Trials (IMMPACT) consensus recommenda-
tions for the design of opioid-sparing interventions called for studies that would decrease total dosages of opioids, while
providing analgesia, as a means to decrease opioid-related adverse outcomes.' Oral ketamine is an emerging viable
option in the management of chronic pain, particularly in refractory cases. With decreases in pain scores reported

<41.6%,> with superior reductions in allodynia and hyperalgesia,*®

and potential efficacy comparable to opioids,
ketamine offers a promising alternative for analgesia with anticipated opioid-dose reduction.

The integration of ketamine into multimodal pain management strategies, coupled with further research into optimal
dosing and patient selection, positions it as a key ally in addressing the dual challenges of chronic pain and opioid
reliance. As healthcare providers, we must advocate for the judicious use of ketamine, leveraging its unique pharmaco-

logical properties to improve patient outcomes and quality of life.
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