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Abstract

Background Mastectomies are commonly performed and strongly associated with chronic postsurgical pain (CPSP),
more specifically termed postmastectomy pain syndrome (PMPS), with 25-60% of patients reporting pain 3 months
after surgery. PMPS interferes with function, recovery, and compliance with adjuvant therapy. Importantly, it is associ-
ated with chronic opioid use, as a recent study showed that 1 in 10 patients continue to use opioids at least 3 months
after curative surgery. The majority of PMPS patients are women, and, over the past 10 years, women have outpaced
men in the rate of growth in opioid dependence. Standard perioperative multimodal analgesia is only modestly effec-
tive in prevention of CPSP. Thus, interventions to reduce CPSP and PMPS are urgently needed. Ketamine is well known
to improve pain and reduce opioid use in the acute postoperative period. Additionally, ketamine has been shown

to control mood in studies of anxiety and depression. By targeting acute pain and improving mood in the periopera-
tive period, ketamine may be able to prevent the development of CPSP.

Methods Ketamine analgesia for long-lasting pain relief after surgery (KALPAS) is a phase 3, multicenter, randomized,
placebo-controlled, double-blind trial to study the effectiveness of ketamine in reducing PMPS. The study compares
continuous perioperative ketamine infusion vs single-dose ketamine in the postanesthesia care unit vs placebo

for reducing PMPS. Participants are followed for 1 year after surgery. The primary outcome is pain at the surgical site
at 3 months after the index surgery as assessed with the Brief Pain Inventory-short form pain severity subscale.

Discussion This project is part of the NIH Helping to End Addiction Long-term (HEAL) Initiative, a nationwide effort
to address the opioid public health crisis. This study can substantially impact perioperative pain management and can
contribute significantly to combatting the opioid epidemic.

Trial registration ClinicalTrials.gov NCT05037123. Registered on September 8, 2021.
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Administrative information

Note: The numbers in curly brackets in this protocol refer
to SPIRIT checklist item numbers. The order of the items
has been modified to group similar items (see http://
www.equator-network.org/reporting-guidelines/spirit-
2013-statement-defining-standard-protocol-items-for-
clinical-trials/).
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Introduction

Background and rationale {6a}

Approximately, 20% of postoperative patients develop
chronic postsurgical pain (CPSP), defined as pain related
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to surgery lasting greater than 3 months, making it one
of the most common forms of chronic pain [1-3]. CPSP
is associated with persistent opioid use and depend-
ence [1-4]. Mastectomies are commonly performed in
the USA and have a particularly strong association with
CPSP, where 25-60% of patients continue to experience
pain more than 3 months after surgery [5-12]. Chronic
pain after mastectomy, termed postmastectomy pain
syndrome (PMPS), may be caused initially by damage to
peripheral nerves (e.g., intercostobrachial nerve) and/or
tissues during surgery and maintained by maladaptive
plasticity in the central nervous system [1-10]. PMPS
interferes with function, recovery, and compliance with
adjuvant therapy. Studies have identified specific risk fac-
tors for CPSP, including preoperative pain, severe pain
after surgery, anxiety, depression, pain catastrophizing,
and surgical factors [11-14]. Patients undergoing breast
cancer surgery have particularly high levels of preop-
erative anxiety and depression, key risk factors for the
development of CPSP [6, 8—13]. Standard perioperative
multimodal analgesia using a combination of opioids,
non-opioids, and in some cases regional anesthesia is
only moderately effective in prevention of CPSP. Thus,
interventions to reduce CPSP in general and PMPS in
particular are urgently needed.

Ketamine has several important clinical properties
supporting its use in CPSP. First, at subanesthetic doses,
ketamine can dramatically reduce acute pain severity
with mild side effects [15-18]. Second, as a dissociative
analgesic, it can alter brain plasticity to dissociate the
affective from the sensory component of pain to reduce
pain aversion and pain catastrophizing [19-21]. Lastly,
by modifying brain plasticity, ketamine, given at single
doses of 0.3—0.6 mg/kg, has antidepressant effects lasting
several weeks, and, thus, it is used as a bridge therapy for
depression [22-25]. Acute pain severity, pain catastro-
phizing, depression, and anxiety are all major risk factors
for chronic pain; hence, its acute analgesic and dissocia-
tive properties and long-lasting mood-elevating effects
make ketamine a promising agent for the prevention of
CPSP, which has long been an elusive and challenging
goal [26].

Numerous studies, including studies from our group,
have shown that continuous perioperative low-dose keta-
mine infusion relieves postsurgical pain, reduces opioid
use [27-49], and improves function [27, 29, 30]. A num-
ber of studies showed that ketamine can also reduce the
severity of CPSP [27, 50—52]. In these studies, however,
dosing regimens for ketamine varied widely, and study
populations were heterogeneous. Thus, large multi-
site studies with standardized treatment regimens are
needed to establish the efficacy of ketamine for preven-
tion of CPSP. In addition, prior studies of ketamine for


http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/

Wang et al. Trials (2024) 25:67

postsurgical pain typically use continuous infusions of
ketamine, variably during surgery and/or the postopera-
tive period. As an alternative, a single-dose of ketamine
(0.3-0.6 mg/kg) can effectively activate the cortical top-
down system for mood regulation [19, 20, 53-64] and
has been used in the emergency department to provide
long-lasting post-discharge pain relief and minimize opi-
oid prescriptions [65—67]. In a recent pilot randomized
controlled trial (RCT) of single-dose ketamine in the
postanesthesia care unit (PACU), we found that keta-
mine reduced pain for 7 days after bariatric surgery [68].
Requirements for monitoring patients during continuous
ketamine infusion vary by hospital, with some requiring
intensive care level of monitoring. If found to be as effec-
tive as continuous ketamine infusion, a single dose of ket-
amine would be a highly practical and scalable treatment
option that could be used in a variety of practice settings.

Objectives {7}

The primary objective is to determine the effectiveness of
continuous ketamine infusion and single-dose ketamine
to reduce pain at the surgical site at 3 months after sur-
gery as assessed by the Brief Pain Inventory (BPI) pain
severity subscale. Secondary outcomes include pain
severity and interference at the surgical site, incidence
of PMPS, anxiety, and depression over 12 months after
surgery. Tertiary outcomes include assessment of neu-
ropathic symptoms, fatigue, sleep, physical function, and
opioid use.

Trial design {8}

This is a multicenter, three arm, double-blind, RCT to
test the effectiveness of continuous ketamine infusion
or single dose of ketamine to reduce PMPS in women
undergoing mastectomy for oncologic indication. The
primary efficacy analysis examines differences in pain at
3 months between the continuous ketamine infusion and
the control or between single-dose ketamine and con-
trol. As a secondary hypothesis for the primary endpoint,
non-inferiority of the single-dose ketamine arm to the
continuous ketamine infusion arm will be tested.

Methods: participants, interventions and outcomes
Study setting {9}

Ketamine analgesia for long-lasting pain relief after sur-
gery (KALPAS) is a phase 3, multicenter, randomized,
placebo-controlled, double-blind trial to study the effec-
tiveness of ketamine in reducing PMPS. It will be con-
ducted in accordance with the International Council for
Harmonisation (ICH), E6: Good Clinical Practice guide-
lines (GCP). The study was approved by the University
of Utah Institutional Review Board and registered on
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ClinicalTrials.gov NCT05037123. Enrolling sites include
NYU Langone Health, University of Washington Medi-
cal Center, Brigham and Women’s Hospital, Mayo Clinic,
MD Anderson Cancer Center, Memorial Sloan Ketter-
ing Cancer Center, Montefiore Einstein, New York Pres-
byterian Columbia University Irving Medical Center,
Rush University Medical Center, University of Alabama
at Birmingham, University of Arkansas for Medical Sci-
ences, University of Pittsburgh Magee Women’s Hospital,
University of Texas Southwestern Medical Center, Wash-
ington University Medical Center, MetroHealth Medical
Center, and University of Cincinnati Medical Center.

Eligibility criteria {10}

Participants’ inclusion criteria are as follows: women 18
years of age or older; undergoing elective breast surgery
for oncologic indication such as unilateral or bilateral
mastectomy, prophylactic mastectomy,+/—lymph node
dissection, and+/—immediate or delayed reconstruc-
tion; and no distant metastases.

An individual who meets any of the following criteria
will be excluded from participation in this study: (1) his-
tory of cognitive impairment or clinical signs of altered
mental status (AMS) that may interfere with adherence
to study procedures and/or participant safety (clinical
signs of AMS may include but are not limited to confu-
sion, amnesia, disorientation, fluctuating levels of alert-
ness, etc.); (2) past ketamine or phencyclidine misuse or
abuse; (3) schizophrenia or history of psychosis; (4) his-
tory of post-traumatic stress disorder; (5) known sensitiv-
ity or allergy to ketamine; (6) liver or renal insufficiency;
(7) history of uncontrolled hypertension, chest pain,
cardiac arrhythmia, stroke, head trauma, intracranial
mass or hemorrhage, glaucoma, porphyria, uncontrolled
thyroid disease, or other contraindication to ketamine;
(8) lamotrigine, alfentanil, physostigmine, or 4-amino-
pyridine use; (9) currently pregnant; (10) body mass
index (BMI) greater than 41; (11) non-English or non-
Spanish speaker; (12) currently participating in another
pain interventional trial; (13) unwilling to comply with
all study procedures and be available for the duration of
the study; (14) patient is American Society of Anesthesi-
ologists (ASA) physical status 4, 5, or 6; (15) patient has
started or undergone hormone therapy for gender transi-
tion into male; or (16) patient is scheduled for bilateral
(or greater) flap reconstruction.

Who will take informed consent? {26a}

Informed consent is obtained for all study participants
by study personnel. Consent can occur either in person
or remotely via telephone or videoconferencing. Docu-
mented informed consent is done electronically.



Wang et al. Trials (2024) 25:67

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Participants consent to data storage and sharing by
the NIH or data center selected by the NIH for future
research use.

Interventions

Explanation for the choice of comparators {6b}

When ketamine is used in the perioperative period, it
is typical for it to be administered as a continuous low-
dose infusion [27-49]. An alternative is a single dose of
ketamine. In a pilot RCT of single-dose ketamine in the
PACU, ketamine reduced pain for 7 days after bariatric
surgery [68]. If found to be as effective as continuous
ketamine infusion, a single dose of ketamine would be
a highly practical and scalable treatment option that
could be used in a variety of practice settings.

Intervention description {11a}
Prior to study intervention, participants will be ran-
domly assigned to one of three arms, utilizing a parallel
group (1:1:1 ratio) randomization design to receive con-
tinuous perioperative ketamine infusion vs. postopera-
tive single-dose ketamine vs. matching placebo (saline).
The assignments will be generated through the REDCap
randomization module, or in case of emergency from
a backup randomization envelope, which will provide
a participant-specific randomization code that will be
stored REDCap. Randomization will be stratified by site.
Participants will be randomized with random size per-
muted blocks, blinded to investigators to prevent bias,
to ensure balance in treatment arms throughout the
study. Participants, surgeons, clinicians, and assessors
will be blinded with respect to treatment assignments.
For participants in the continuous ketamine infu-
sion arm, ketamine will be administered after anesthetic
induction as a 0.35 mg/kg bolus followed by a 0.25 mg/
kg/h infusion during surgery with a maximum infusion
duration of 6 h intraoperatively. The study drug may be
paused approximately 15 min prior to expected extuba-
tion in cases of general anesthesia at discretion of anes-
thesiologist for emergence. The infusion will be restarted
for two additional hours in the PACU. To maintain blind-
ing, a saline dose will be given in the PACU over approxi-
mately 50-60 min to mimic the single-dose arm. The
PACU preparations are given simultaneously.
Participants in the single-dose ketamine arm will
receive a single-dose of 0.6 mg/kg of ketamine in the
PACU over approximately 50—60 min. To maintain blind-
ing, participants will receive a dose of saline after induc-
tion, followed by a saline infusion intraoperatively and for
2 h in the PACU.
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The placebo group will receive an intraoperative bolus
of saline, followed by saline infusion intraoperatively, and
for 2 h in the PACU. A single dose of saline will be given
in the PACU over approximately 50—-60 min.

Criteria for discontinuing or modifying allocated
interventions {11b}

Criteria for discontinuing the study intervention includes
the following: allergic reaction thought to be related to
study drug; uncontrolled severe hypertension, hypoten-
sion, or arrhythmia thought to be related to study drug;
severe uncontrolled psychotomimetic side effects; or
severe respiratory event in the PACU, such as reintuba-
tion, laryngospasm, or bronchospasm. Side effects will
be monitored by clinicians caring for patients and can be
treated pharmacologically or, in the event of some psy-
chotomimetic side effects, with reassurance. If study drug
is halted, it may be restarted depending on stability of
participant and clinical scenario.

Strategies to improve adherence to interventions {11c}
Enrolling sites complete a series of study training ses-
sions as part of the site activation process. Clinical site
monitoring visits are performed to ensure the study is
implemented in accordance with the protocol.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Ketamine use will be restricted to study intervention.
Otherwise, as a pragmatic trial in which ketamine is
being studied as an adjunctive and preventive treatment,
there are no other restrictions on anesthetic medications
or techniques as well as postoperative analgesics or com-
plementary and alternative therapies.

Provisions for posttrial care {30}
There is no posttrial care.

Outcomes {12}

The primary outcome is pain at the surgical site at 3
months after index surgery as assessed with the Brief Pain
Inventory-short form (BPI) pain severity subscale. BPI
is recommended for use in clinical trials for acute and
chronic pain [69, 70]. The pain severity subscale is the
mean of four items measuring current pain, pain on aver-
age, and pain at its worst and least in the past 24 h) on a
scale from O (no pain) to 10 (worst pain). BPI has good
validity and reliability in therapeutic studies [71, 72]. Sec-
ondary and tertiary outcomes are presented in Table 1.

Participant timeline {13}
The schedule of activities is presented in Table 2.
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Sample size {14}

The sample size was determined based on the primary
efficacy analysis. We conceptualized the study inference
as having two pairwise comparisons: (1) the effect of con-
tinuous ketamine infusion vs. placebo and (2) the effect of
single-dose ketamine vs. placebo, evaluated with respect to
the primary outcome. The Bonferroni correction method
was used to protect a familywise error rate (FWER) at
0.05, requiring each comparison to have a type-1 error
rate of 0.025. In our sample size determination, to guard
against potential skewed data distributions, we used non-
parametric Wilcoxon’s rank-sum test. To detect an effect
size of 0.30 (which corresponds to a hypothesized effect
size of the single-dose treatment vs. placebo), 224 patients
were required for each arm. In Table 3, to demonstrate the
rationale of the sample size determination, we report the
required sample size under various outcome distributions
(and a different effect size), using both Wilcoxon’s rank-
sum test and two-sample f-test. In total, to ensure 672
evaluable patients, we will recruit 750 patients, anticipating
a 90% retention rate at 3 months.

The proposed study, however, is underpowered with
respect to the non-inferiority test for single-dose keta-
mine vs. continuous ketamine infusion. With the non-
inferiority margin chosen to be an effect size of 0.15
(which corresponds to the half of the hypothesized effect
size, 0.3, of single-dose ketamine vs. placebo) and given
224 evaluable patients per each arm, we can achieve 46%
power to detect non-inferiority using a one-sided Wil-
coxon rank-sum test at the alpha level 0.05, when the
actual mean difference between the single-dose arm and
the continuous ketamine infusion arm is zero and the
outcomes are normally distributed. Due to its low power
with respect to the non-inferiority test, we will interpret
the non-inferiority test results with much caution.

Recruitment {15}

Recruitment strategies include printed recruitment mate-
rials, including brochures and posters that are placed in
offices of collaborating surgeons. Digital recruitment
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materials include the study website and study informa-
tional video. Prescreening methods include clinician
referrals, electronic health record system reports, and
surgical schedules. Site staff reach out to potential par-
ticipants to gauge interest and confirm study eligibility.

Assignment of interventions: allocation

Sequence generation {16a}

Prior to study intervention, participants will be randomly
assigned to one of three arms, utilizing a parallel group
(1:1:1 ratio) randomization design to receive continu-
ous perioperative ketamine infusion vs. postoperative
single-dose ketamine vs. matching placebo (saline). Ran-
domization will be stratified by site. Participants will be
randomized with random size permuted blocks.

Concealment mechanism {16b}

The assignments will be generated through the REDCap
randomization module, or in case of emergency from
a backup randomization envelope, which will provide
a participant-specific randomization code that will be
stored in REDCap. The study drug will be prepared in a
way that will not be visually distinguishable.

Implementation {16¢}

The randomization occurs no more than one business day
prior to surgery. The randomization assignment is sent to
the investigational pharmacy or designated personnel.

Assignment of interventions: blinding

Who will be blinded {17a}

Participants, surgeons, clinicians, and assessors will be
blinded with respect to treatment assignments.

Procedure for unblinding if needed {17b}

Criteria for discontinuing study intervention include
reactions thought to be due to study drug, such as aller-
gic reaction or uncontrolled, sustained severe hyper-
tension. In rare instances, unblinding may be necessary
such as during medical emergency where knowing

Table 3 Minimal sample size required for an effect size (0.3 or 0.4) of ketamine treatment vs. control under various outcome

distributions

Evaluable sample size per arm

Effect size

0.3 (e.g.,3.4vs4,5D=2)

0.4 (e.g.,3.2vs 4,5D=2)

t-test Wilcoxon'’s test t-test Wilcoxon'’s test
Outcome distribution Normal 218 224 123 127
Beta scaled to (0.10) 216 216 120 116
Log-normal 221 132 122 74
Logistic 213 186 121 104
Laplace 216 139 122 83
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whether ketamine was administered is critically neces-
sary to provide appropriate care. In such situations, the
unblinding request is first reviewed by the site princi-
pal investigator (PI). If the site PI believes the situation
warrants unblinding, they will reach out to study PIs or
study medical monitor to confirm unblinding decision.
If the study PIs and medical monitor are unavailable,
the site PI can move forward with their decision. If the
request is approved, the unblended pharmacist will
provide the group assignment.

Data collection and management

Plans for assessment and collection of outcomes {18a}
After informed consent, participants will complete a
series of baseline assessments via REDCap. Data collec-
tion will take place through medical record abstraction
and participant completion of assessments. Patient-
reported outcomes will be assessed on postoperative
days 1 and 7 and 1, 3, 6, and 12 months after surgery;
these assessments may be done electronically, via tel-
ephone, or via paper forms, depending on participant
preference. The study team will contact participants via
phone or email in order to collect any missing data in an
assessment during the specific timeframes for each visit.

Plans to promote participant retention and complete
follow-up {18b}

All participants will be asked to indicate their preferred
mode of contact and provide multiple phone num-
bers and alternative contacts. REDCap will send auto-
mated reminders to participant’s emails and/or phones
to prompt completion of follow-ups. The study team
will make every attempt to collect assessments from
participants. Participants may complete future assess-
ments even if they have been unresponsive to previous
assessments.

Data management {19}

The University of Utah serves as the data coordinating
center (DCC) and oversees data management. The DCC
created the electronic data capture system in REDCap
and is responsible for the security of the information
system. Study data is largely generated by participant
completion of self-reported assessments. Site research
staff will use a combination of manual review, REDCap
alerts, and automated queries to screen each completed
survey for items that were not completed. Details of data
management procedures can be found in the Manual of
Operating Procedures.

Confidentiality {27}
Participant confidentiality is strictly held in trust by the
investigators, study staff, and study sponsor(s) and their
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agents. This confidentiality is extended to cover any
study information collected relating to the participant,
such as demographic information, medical history, and
responses to assessments.

The study protocol, documentation, data, and all other
information generated will be held in strict confidence.
No information concerning the study or the data will be
released to any unauthorized third party without prior
written approval of the study sponsor. Additionally, the
participants’ addresses collected at baseline to process
payments or mail study documents will be deleted from
the accessible database at the end of the study.

To further protect the privacy of study participants, the
US Department of Health and Human Services (HHS)
has issued a Certificate of Confidentiality to all research-
ers engaged in biomedical, behavioral, clinical, or other
human subjects research funded wholly or in part by the
federal government. As an NIH-funded study, this study
protects identifiable research information from forced
disclosure per the terms of the NIH policy. It is the NIH
policy that investigators and others who have access to
research records will not disclose identifying informa-
tion except when the participant consents or in certain
instances when federal, state, or local law or regulation
requires disclosure.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

This trial will not involve the collection of biological
specimens.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

We will test the statistical significance of the differences
in the primary outcome (the mean BPI pain severity sub-
scale at 3 months) between (1) the continuous ketamine
infusion and placebo and (2) the single-dose ketamine
and placebo, each at 0.025 significance level (adjusted for
multiple comparisons using the Bonferroni correction),
based on two-sample ¢-tests (allowing unequal variances)
if outcome variables are approximately normal or Wil-
coxon’s rank-sum tests otherwise. The primary efficacy
analysis will be performed on the modified intention-to-
treat (mITT) sample, defined as those randomized and
exposed to the study intervention, with analysis based on
the randomly assigned treatment group.

In addition, we will use a linear mixed-effects model to
quantify the effects of each treatment, adjusted for the
pre-specified set of baseline (pre-randomization) covari-
ates. The model will include study site (as a random inter-
cept), two treatment indicators (continuous infusion vs.
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placebo and single dose vs. placebo), and the pre-spec-
ified set of baseline covariates. This set includes history
of chronic pain (current vs. past or none), reconstruction
(indicator variable: yes/no), axillary lymph node dissec-
tion (indicator variable: yes/no), chemotherapy (indicator
variable: yes/no), immunotherapy (indicator variable: yes/
no), and radiation (indicator variable: yes/no). An addi-
tional set of adjustment covariates will include patient
baseline characteristics that are differentially distributed
between treatment arms and deemed clinically signifi-
cant. We will report the model-based effect estimate for
each active treatment (continuous infusion and single
dose) compared to the control with the associated 97.5%
(adjusted for multiple comparisons using the Bonferroni
correction) two-sided confidence intervals.

We will also conduct a non-inferiority test for com-
paring the single-dose ketamine arm to the continu-
ous ketamine infusion arm at 0.05 one-sided level of
statistical significance. We will set the non-inferiority
margin § to be an effect size of 0.15, which is half of the
hypothesized effect size of 0.3 between the single-dose
ketamine and placebo arms. Effect size is defined as the
standardized difference in means between the two arms.
For non-inferiority analysis, we will set the null hypoth-
esis (Hy) to be H: M > § (i.e., the single-dose
ketamine is inferior to the continuous ketamine infu-
sion), whereas we will set the alternative hypothesis (H,)
to be H: M < § (i.e., the single-dose ketamine
is as effective as the continuous ketamine infusion),
where [iing is the mean outcome for single-dose keta-
mine,Liufusion is the mean outcome for continuous keta-
mine infusion,o is the combined standard deviation (SD)
of the outcome, and § is the non-inferiority margin (set
to be 0.15). Figure 1 shows the decision rule to conclude
non-inferiority [73].

Single-dose
ketamine better
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We will compute a 90% confidence interval on the
effect size of single-dose vs continuous ketamine infu-
sion using bias-corrected and accelerated (BCa) empiri-
cal bootstrap method. If the upper bound of the 90%
confidence interval is less than 8, then the null hypothesis
(single-dose ketamine is inferior to continuous ketamine
infusion) will be rejected, and the non-inferiority can
be claimed (Fig. 1) at 0.05 one-sided level of statistical
significance.

In addition to using the mean BPI pain severity sub-
scale at 3 months, we will also perform similar analyses
using the average and worst pain items in the BPI pain
severity subscale at 3 months (for each item separately).

The secondary outcomes are postoperative pain and
mood appraised at multiple time points within 12 months
after surgery. The secondary outcomes include the mean
BPI pain severity subscale, the BPI pain interference
subscale, and the average and worst pain items in the
BPI pain severity subscale, each assessed at baseline,
1 and 7 days, and 1, 3, 6, and 12 months after surgery;
the incidence of PMPS (defined as the BPI average pain
severity > 3) appraised at baseline, 3, 6, and 12 months
after surgery; BCPQ assessed at 7 days and 1, 3, 6, and
12 months after surgery; and PROMIS Depression and
Anxiety short form 4a, each appraised at baseline, 7 days
and 1, 3, 6, and 12 months after surgery. These second-
ary outcome measures (obtained on more than one
occasion) will be analyzed with a mixed-model repeated
measures approach (MMRM). The basic MMRM model
will include preoperative values of the outcome vari-
able, treatment, factors for time, and treatment-by-time
interaction, as well as random intercepts for study site
and person. The pre-specified baseline variables (see
the pre-specified variables in the primary analysis) and
other variables that show imbalance between treatment

Continuous ketamine
Infusion better

<
<

»
»

Single-dose is Non-inferior

Result is inconclusive

Single-dose is Inferior

BPI pain score standardized mean difference
(Single dose Minus Continuous Infusion, divided by o)

Fig. 1 Non-inferiority testing for single-dose vs continuous ketamine infusion based on 90% confidence interval (in red) for the standardized
difference in mean BPI severity at 3 months between single-dose and continuous infusion ketamine (adapted from Piaggio et al.,, 2012)
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arms will be included. In the MMRM, we will first use
an unstructured covariance matrix for the residual
covariance; however, if the model estimation fails to
converge, we will choose the form of the residual covari-
ance matrix, based on the Akaike’s information criterion,
from candidate covariance structures including the auto-
regressive-1 (AR1) and compound symmetry structures.
The model covariance parameters will be estimated by
restricted maximum likelihood (REML). Model-based
treatment effect estimates (and 95% confidence intervals)
for each time point will be used to present the effects of
each treatment (the continuous ketamine infusion and
the single-dose ketamine). Model-based estimates of the
differences from the baseline (change from the pre-oper-
ative assessment) to each time point for each treatment
will be computed. The treatment effects for the binary
outcome (the incidence of PMPS) will be presented in
terms of odds ratios and the associated 95% confidence
intervals.

Interim analyses {21b}

We do not anticipate significant safety issues associated
with our study, as ketamine is an FDA-approved treat-
ment. However, safety and efficacy will be monitored,
with stopping rules developed in collaboration with the
Data Safety and Monitoring Board (DSMB). We propose
stopping rules for futility. If the stopping boundaries are
crossed, the DSMB will consider recommending early
stoppage of the trial after evaluating the totality of the
data (including other endpoints such as death). We pro-
pose that the study not be stopped for early indications
of efficacy because of the desire to develop models for
personalized medicine, which requires a broad distribu-
tion of participant characteristics. A nonbinding futility
boundary is proposed using O’Brien-Fleming-type beta-
spending function at 50% information. According to this
rule, the one-sided Z-score cutoff for Wilcoxon’s rank-sum
test comparing each active arm to the placebo is 0.755. The
DSMB will have discretion to recommend stopping the
trial early if safety concerns become substantial.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Although RCTs provide information on the average treat-
ment effects for the trial target population, these esti-
mated treatment effects may vary considerably across
patients, depending on the patients’ clinical, demo-
graphic, and health behaviors prior to randomization. We
will conduct the following additional analyses to explore
such heterogeneous treatment effects and to develop
models for precision medicine: (1) subgroup analysis, (2)
likely responder analysis, and (3) individualized treat-
ment rules development.

1)

W
=
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We will conduct subgroup analysis to explore the
treatment heterogeneity with respect to the follow-
ing factors: (i) Participant-related factors: age, race,
ethnicity, and prior narcotic use; (ii) types of elective
breast surgery for oncologic indication as follows:
unilateral or bilateral mastectomy,+/— lymph node
dissection, reconstruction vs. none, and prophylac-
tic vs. treatment mastectomy; (iii) other treatment:
immunotherapy, hormonal therapy, chemotherapy
and radiation therapy, and type of anesthesia tech-
niques; (iv) baseline pain and other functional out-
comes: BPI, PROMIS anxiety, and PROMIS depres-
sion short forms 4a, Pain Catastophizing Scale (PCS),
PROMIS sleep disturbance, and PROMIS fatigue. For
each factor, we will quantify moderation effects via the
statistical tests for interactions between the treatment
indicators and the candidate moderator in regression
models for primary and secondary endpoints.

We will conduct likely responder analysis to study
the treatment effects among likely responders (as
opposed to among the whole population). We will
investigate perioperative predictors (including clini-
cal and psychosocial measures) of symptom response
to ketamine, to search for classifiers constructed
based on machine learning methods such as random
forests that predict the individual-specific probabili-
ties of developing PMPS at 3 months under treat-
ment with continuous ketamine infusion and with
single-dose ketamine [74]. By doing this, we can
identify likely responders for each treatment and
make statistical statements about whether the effects
of the treatment among participants whose base-
line characteristics fall in the classifier’s “treatment
responder region” are causal with respect to the con-
trol treatment [75].

Based on the results from subgroup analyses, we
will develop predictive models that predict treat-
ment-specific outcomes based on pre-treatment
patient characteristics (treatment effect modera-
tors). These models will optimally combine treat-
ment effect moderators to create a patient-specific
treatment benefit index, which can be used to clas-
sify future patients into different treatment benefit
strata (e.g., high benefit, low benefit, no benefit
expected), based on pretreatment patient profiles.
The development of such a score for optimal use
of ketamine falls under the rubric of developing
individualized treatment rules (ITRs) for optimiz-
ing clinical outcomes for future patients [76-78].
The goal of this ITR development is to guide keta-
mine treatment decisions by providing an estimate
of the difference between treatment outcomes
comparing the following: (1) single dose vs. pla-
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cebo, (2) continuous infusion vs. placebo, and (3)
single-dose vs. continuous infusion, for each indi-
vidual patient, using a treatment benefit index
[79]. A larger differential in favor of a particular
treatment (i.e., a larger score) would indicate a
more compelling reason for recommending use of
that treatment to a given patient. We will balance
two competing objectives when we develop ITRs:
simplicity in terms of patient characteristics for
practical implementation and accuracy in terms
of predicting the treatment benefit of individual
patients. We will also consider other approaches
to developing ITRs, including regression trees,
Q-learning, A-learning, and the outcome-weighted
learning [77, 78, 80, 81]. The final optimal ITR will
be selected based on consideration for the inter-
pretability (for clinical implementation) and the
ITR prediction performance (assessed via exten-
sive internal cross-validation).

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Great effort will be made to prevent and avoid missing
data within the limitations of a large multicenter trial.
If the amount of missing data on the primary outcome
is small (<5%) and if it is determined that the data are
missing completely at random (MCAR), then complete-
case analyses will be used. However, if the amount of
missing data is > 5% for the primary outcome, or if it is
suspected that the missingness for the outcome meas-
ures does not follow MCAR upon detailed examina-
tion of reasons for missingness, then we will conduct
a series of missing data analyses. First, we will assess
the mechanism of missing data by comparing partici-
pants with and without missing values on baseline and
other complete information, to detect any patterns in
demographics or other characteristics associated with
missing data. We will use multiple imputation, which
imputes multiple values for each missing element to
properly account for variability and provide correct
inference [82]. From each multiply-imputed complete
data, we will obtain estimates and standard errors
using the same analytic methods for corresponding
primary and secondary outcomes, and then combine
final results using Rubin’s method [83]. Then we will
use pattern mixture modeling to conduct sensitivity
analyses under the missing not at random assumption
and examine if the statistical findings are robust across
several scenarios, including the least-favorable scenario
where the missing data from the treatment arms fol-
lows the same pattern as that of the observed data from
the placebo arm [84].

Page 13 of 17

Plans to give access to the full protocol, participant
level-data, and statistical code {31c}

De-identified data will be made publicly available in
accordance with the NIH HEAL Initiative Public Access
and Data Sharing Policy.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The KALPAS study is part of the Pain Management
Effectiveness Research Network, funded through the
NIH Helping to End Addiction Long-term (HEAL) Ini-
tiative. The study is overseen by the NYU Grossman
School of Medicine study team and the Trial Innova-
tion Network (TIN). The TIN consists of Trial Innova-
tion Centers (TICs) at Duke/Vanderbilt, Johns Hopkins
University (JHU)/Tufts, University of Utah and the
Recruitment Innovation Center (RIC) at Vanderbilt
University Medical Center (VUMC). The Duke Clinical
Research Institute, part of the Duke/Vanderbilt TIC, is
the clinical coordinating center and provides site man-
agement and monitoring. The University of Utah is the
data coordinating center (DCC) responsible for data
management. The JHU/Tufts TIC is the statistical coor-
dinating center, responsible for biostatistics and safety
monitoring.

Composition of the data monitoring committee, its role,
and reporting structure {21a}

The study is overseen by an independent DSMB whose
members are experts in anesthesiology, breast cancer,
and statistics as well as a lay member who has exper-
tise in breast cancer symptom and care management.
The DSMB will meet approximately 6 months after
start of enrollment and every 6 months afterwards. The
DSMB will review study performance, monitor accrual
of study participants, and track safety of study partici-
pants. The DSMB reports to the National Cancer Insti-
tute (NCI) on the safety and progress of the study and
will provide recommendations on proceeding with the
study, proceeding with modifications, or terminating
the study.

Adverse event reporting and harms {22}

Adverse events (AEs) will be recorded beginning at ran-
domization and through postoperative day 7. All AEs
will be assessed for severity, expectedness, and related-
ness to study intervention. AEs will be submitted to the
DCC within 7 business days of the study site investiga-
tor becoming aware of the event. All serious AEs will be
reported within 24 h of study site investigator becom-
ing aware of the event. All AEs will be followed until
satisfactory resolution or until the study site physician
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deems the event to be chronic, secondary to oncologic
diagnosis, and/or the participant is stable.

Frequency and plans for auditing trial conduct {23}

Study staff will permit authorized representatives of the
data and clinical coordinating centers (DCC & CCC),
upon request, to review study records for source verifica-
tion of study documentation, quality assurance reviews,
audits, and evaluation of the study safety, progress, and
data validity.

Quality control (QC) procedures will be imple-
mented beginning with the data entry system, and data
QC checks will be run on the database. Missing data or
data anomalies will be communicated to the site(s) for
clarification/resolution.

Following written SOPs, the monitors will verify that
the clinical trial is conducted and data are generated,
documented (recorded), and reported in compliance
with the protocol, GCP, and the applicable regulatory
requirements (e.g., good laboratory practice [GLP], good
manufacturing practice [GMP]).

The investigational site will provide direct access to all
trial-related sites, source data/documents, and reports
for the purpose of monitoring and auditing by the spon-
sor and inspection by local and regulatory authorities.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

Any protocol modifications will be reviewed and
approved by the University of Utah single IRB.

Dissemination plans {31a}
The results of the study will be published in peer-
reviewed journals.

Discussion

This study will establish the effectiveness of two inter-
ventions, an established ketamine infusion regimen, and
an innovative single-dose regimen, to reduce PMPS in
women undergoing mastectomy for oncologic indication
or risk reduction. Both regimens are easy to implement,
with low costs and well-demonstrated safety profiles
that can be readily scaled to standard clinical care. These
therapies work independent of peripheral pathology and
hence can be generalized to other CPSP syndromes. Our
study also addresses a health disparity within the current
opioid epidemic, as PMPS affects a predominantly female
patient population with a growing opioid use rate, whose
pain has previously been undertreated and understudied.
The study sites cover diverse demographics, making the
results highly generalizable.
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Trial status

Recruitment began January 2022. The current approved
protocol is version 4, approved June 29, 2023. Recruit-
ment is expected to be completed by October 2025.
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