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Background: Studies have shown that oral oxycontin tablets can be used for opioid titration. The European Society for Medical
Oncology (ESMO) guidelines for adult cancer pain recommend opioid titration through the parenteral route, usually the intravenous or
subcutaneous route. Patient-controlled subcutaneous analgesia (PCSA) with hydromorphone needs further evaluation for opioid
titration. This prospective multicenter study was designed to compare the efficacy and safety of hydromorphone PCSA with oral
oxycontin tablets for opioid titration of cancer pain.

Patients and Methods: Eligible patients with cancer pain were randomly assigned in a 1:1 ratio to the PCSA group or the oxycontin
group for dose titration. Different titration methods were given in both groups depending on whether the patient had an opioid
tolerance. The primary endpoint of this study was time to successful titration (TST).

Results: A total of 256 patients completed this study. The PCSA group had a significantly lower TST compared with the
oxycontin group (median [95% confidence interval (CI)], 5.5[95% CI:2.5-11.5] hours vs.16.0 [95% CI:11.5-22.5] hours;
p<0.001). The frequency (median; interquartile) of breakthrough pain (Btp) over 24 hours was significantly lower in the
PCSA group (2.5;2.0-3.5) than in the oxycontin group.(3.0; 2.5-4.5) (p=0.04). The pain was evaluated by numeric rating scale
(NRS) score at 12 hours after the start of titration. The pain score (median; interquartile) was significantly lower in the PCSA
versus the oxycontin group (2.5;1.5-3.0) vs 4.5;3.0-6.0) (p=0.02). The equivalent dose of oral morphine (EDOM) for
a successful titration was similar in both groups (p=0.29), but there was a significant improvement in quality of life (QoL)
in both groups (p=0.03). No between-group difference in the incidence of opioid-related adverse effects was observed (p=0.32).
Conclusion: Compared with oral oxycontin tablet, the use of PCSA with hydromorphone achieved a shorter titration duration for
patients with cancer pain (p<0.001), without significantly increasing adverse events (p=0.32).
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Introduction

Pain is the most common clinical symptom in patients with cancer.' Cancer-related pain is the most important factor affecting
cancer patients’ quality of life.> However, effective and fast-onset treatment for cancer pain is still lacking.*> Determining the
ideal therapeutic opioid dose is the key to successfully controlling cancer pain. The purpose of dose titration is to provide quick
and satisfactory pain control, to determine a reasonable therapeutic dose timely, and to avoid side effects due to a high
concentration or compromised effects due to a low concentration. According to the European Association for Palliative Care
(EAPC) guidelines, the oral immediate-release (IR) and sustained-release (SR) formulations of morphine, oxycontin, and
hydromorphone can be used for titration.® Regarding scheduling and titration, the European Society for Medical Oncology
(ESMO) suggested that opioid doses be titrated to take effect as quickly as possible.’

Due to the rapid metabolism of IR morphine and its short efficacy duration, it must be administered repeatedly with
evaluation for at least 24 hours when used in patients with moderate to severe cancer pain.® Thus, that reduces patient
compliance and increases the medical staff’s workload.® Some prospective and retrospective studies have shown that
oxycontin tablets can be used for rapid pain titration.” '*In addition, it has been reported that patients treated with
hydromorphone have better pain management satisfaction than those treated with morphine.'*'* The ESMO guidelines
for adult cancer pain recommend that patients with severe pain should be titrated with opioids for rapid pain relief
through a parenteral route, usually an intravenous or subcutaneous route.’

nRotation of opioids, the addition of adjuvant analgesics, and the change of administration route are common methods
for treating refractory cancer pain. Patient-controlled analgesia (PCA) technology can be used to titrate hydromorphone.?
Patient-controlled subcutaneous analgesia (PCSA) is used to administer drugs into subcutaneous tissues to achieve the same
analgesic effects as intramuscular and intravenous administration. During PCSA, relatively simple monitoring, manage-
ment, and nursing are needed, and it is associated with few complications, good patient compliance, high safety, and low
medical costs.'® Thus, it is very suitable for patients during hospitalization and home application. Other advantages of
PCSA over oral and intravenous administration included more comfort and better quality of life for patients.'> However,
there is no report on the efficacy and safety of PCSA with hydromorphone for treating moderate to severe cancer pain.

Based on these, we designed this prospective multicenter clinical study to compare the efficacy and safety of PCSA of
hydromorphone with oral oxycontin tablets in the titration of cancer pain to provide an important reference for clinical

titration treatment of cancer pain and guide personalized drug titration schemes.

Methods and Materials
Study Population

This prospective, multicenter, randomized, controlled trial was approved by the Ethics Committee of TongJi Hospital, TongJi
Medical College of HuaZhong University of Science and Technology, China. This study was then registered on the Chinese
Clinical Trial Registry with the registration number: ChiCTR2000037845. Between June 2020 and May 2022, patients with
moderate to severe cancer pain from eight hospitals in China were enrolled in this study. All patients voluntarily participated in the
study and provided their written informed consent. The inclusion criteria included (1) 18-70 years old; (2) patients with cancer
pain and numeric rating scale (NRS) score >4 in the past 24 hours; (3) being able to cooperate with the medical staff to follow the
medication guidance and fill in the investigation form; (4) no history of allergy to narcotic drugs or opioid addiction. The exclusion
criteria were as follows: (1) non-cancerous pain or unexplained pain; (2) fasting and unable to take medications orally; (3) having
a cognitive impairment assessed by Montreal Cognitive Assessment (MoCA) scale and unable to cooperate with medical staff; (4)
having abnormal and clinically significant laboratory results, such as creatinine >2 times the upper limit of normal value, ALT or
AST=>2.5 times the upper limit of normal value (=5 times the upper limit of normal value for patients with liver metastasis or
primary liver cancer), or Child-Pugh C grade of liver function; or (5) history of allergy to opioids. The patients were 1:1 randomly
divided into the PCSA group or the oxycontin group using preset envelopes. The study was conducted in accordance with the
principles of the Declaration of Helsinki and good clinical practice.
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Study Medications

The hydromorphone hydrochloride injection (2 mL/2 mg, Yichang Humanwell Pharmaceutical Co., Ltd) was used for
patients in the PCSA group. The oxycontin tablets (10 mg/tablet, subpackage: Mengti (China) Pharmaceutical Co., Ltd.,
manufacturer: British BARD PHARMACEUTICAL LIMITED) were used for the oxycontin group.

Administration Plan

The eligible patients with cancer pain were randomly assigned, with a 1:1 ratio, to the PCSA group or the oxycontin group.
A trained and experienced nurse implanted the PCSA device for patients in the PCSA group. All research clinicians and nurses
were fully trained in the standardized cancer pain program and with traditional opioid titration according to the National
Comprehensive Cancer Network (NCCN) guidelines for adult cancer pain.'®'” For patients in both groups, titrations were
given depending on whether the patient had opioid tolerance. Opioid tolerance was defined as receiving >60 mg oral morphine
daily, >30 mg oral oxycontin daily, or an equianalgesic dose of another opioid for >1 week. The conversion equation of opioid
dosage is as follows: oral morphine 60 mg = oral oxycontin 40 mg = fentanyl transdermal patch 4.2 mg = subcutaneous morphine
20 mg = subcutaneous hydromorphone 5 mg. The dose of opioids used by patients before enrollment was converted to the
equivalent dose of intravenous morphine or hydromorphone.'®

For opioid-naive patients, the initial dose of oxycontin tablets was 10 mg to treat moderate pain (NRS: 4-6) and
20 mg to treat severe pain (NRS: 7-10). For opioid-tolerant patients, the initial dose of oxycontin tablets was based on
the conversion of the equivalent dosage of opioids used by the patient in the past 24 hours. The dose of oxycontin tablets
was increased by 50-100% if the NRS >3 or the frequency of Btp >3 at 12 hours after the titration. The efficacy and
toxicity associated with the treatment were evaluated hourly. Oral morphine IR tablets 10 mg were used to rescue Btp in
opioid-naive patients. For opioid-tolerant patients, the rescue dose of oral morphine IR tablets was equivalent to a 10—
20% dose of oxycontin tablets. Titration in each patient lasted for a total of 24 hours.

For opioid-naive patients, the initial background dose of hydromorphone in the PCSA was 0.2 mg/h. For opioid-
tolerant patients, the converted 2/3 hydromorphone dose of equivalent opioid dosage used by the patient in the past 24
hours was defined as N, and the background dose of hydromorphone in the PCSA was N/24 mg/h. PCSA bolus was the
identical dosage of background dose per hour. Lockout time was 15 minutes. The efficacy and toxicity were also
evaluated hourly, and the titration lasted 24 hours.

All opioids were managed in strict accordance with the standardized management of narcotic drugs. The PCSA pump
and infusion needles were recycled or discarded as required.

Outcome Measures

The primary endpoint of this study was time for successful titration (TST). TST was defined as the time interval from the
beginning of titration to achieving stable pain control, indicating that the patient did not have breakthrough pain from the
successful titration to the end of the study; or NRS <4 at the end of the study). The secondary endpoints of this study
were as follows: (1) The frequency of Btp which is self-reported by the patient during the first 24 hours; (2) the NRS
changes which is evaluated hourly during 12 hours by patient-self report, including NRS after 12 hours and ANRS which
means baseline NRS minus 12h NRS; (3) the equivalent dose of oral morphine (EDOM) up to successful titration; (4) the
quality of life (QoL) of patients assessed using the Edmonton Symptom Assessment System (ESAS)'*which needs to be
evaluated twice, before enrollment and completion of 24 h titration; (5) adverse effects (AEs) which is evaluated hourly
assessed using the Common Terminology Criteria for Adverse Events (CTCAE) 4.0.%°

Analysis

According to our preliminary study, the median time to successful titration using PCSA with hydromorphone hydrochloride
injection was 6.9 hours, and the median titration success time in the oral rapid titration group of oxycontin tablets was 15.1 hours.
Sample size was calculated based on the Log rank test. Assuming as clinically significant a 60% decrease in TST in the PCSA
group from an expected 9 hours in the oxycontin group and a power of 80% at a significance level of a 2-sided p<0.05.
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Considering a dropout rate of 3%, the total number of patients enrolled was 256. Stratified block randomization was conducted
centrally by computer with a block size of 6.

Statistical analysis was performed using the SPSS 19.0 software package (IBM, NY, USA). TST between-group
differences were analyzed using the Kaplan—Meier method in all patients. Continuous variables were described as
medians and interquartile ranges (IQRs). Between-group differences were analyzed using the chi-square test or Fisher
exact test. All statistical tests were 2-sided; p<0.05 was considered statistically significant.

Results

Patients

From June 2020 to May 2022, a total of 256 patients were enrolled in this study and randomly assigned to the PCSA and
the oxycontin groups (n=128 in each group) from 8 Chinese oncology centers (50 patients for 1 center, 40 each for 3
centers, 26 each for 2 center, and 17 each for 2 centers). There were 50 (57.5%) and 48 (56.5%) opioid-tolerant patients
in the PCSA and the oxycontin groups, respectively, and 78 (42.5%) and 80 (43.5%) opioid-naive patients in the PCSA
and the oxycontin groups, respectively. The baseline characteristics were well-balanced between the two groups
(Table 1). The two groups were matched in terms of gender, age, tolerance status, primary and metastatic site, pain
type, baseline ESAS, baseline NRS before the intervention (all p>0.05). The study followed the consolidated standards of
reporting trials (CONSORT) guidelines for reporting research (Figure 1).

Table | The Baseline Characteristic of Two Groups

Characteristic PCSA Group 128(100%) | Oxycontin Group 128(100%) | P value
Age median (IQRs) 58(49-68) 60(50-70) 0.89
Gender-Male 68(53.1%) 67(52.3%) 0.94

Opioid tolerance status

Opioid tolerant 50(39.1%) 48(37.5%) 0.92
Opioid naive 78(60.9%) 80(62.5%) 0.89
Body Weight kg median (IQRs) 65(54-75) 64(49-74) 0.80
Body Height cm median (IQRs) 165(155-175) 165(154-176) 1.00
ECOG score

0-1 82(64.1%) 79(61.7%) 0.83
2 46(35.9%) 48(38.3%) 0.74

Primary site

Lung 59(46.1%) 61(47.6%) 0.69
Breast 18(14.1%) 16(12.5%) 0.47
Colorectal 12(9.4%) 13(10.2%) 0.38
Head and neck 11(8.6%) 12(9.4%) 0.73
Hepatobiliary 8(6.2%) 7(5.5%) 0.72
Gynecologic 7(5.5%) 7(5.5%) 1.00
Esophageal 7(5.5%) 6(4.7%) 0.65
Urinary tumor 3(2.3%) 3(2.3%) 1.00
(Continued)
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Table | (Continued).

Characteristic PCSA Group 128(100%) | Oxycontin Group 128(100%) | P value
Bone and soft tissue 2(1.6%) 2(1.6%) 1.00
Pancreatic 1(0.8%) 1(0.8%) 1.00
Metastatic site

Bone 120(93.8%) 121(94.5%) 0.95
Lymph node 78(60.9%) 80(62.5%) 0.82
Lung 56(43.8%) 55(43.0%) 0.78
Liver 38(29.7%) 41(32.0%) 0.75
Brain 26(20.3%) 25(19.5%) 0.63
Peritoneum 15(11.7%) 12(9.4%) 0.46
Uterus and adnexa 13(10.2%) 15(11.7%) 0.49
Pleura 10(9.3%) 11(8.6%)

Pain type

Nociceptive 5(3.9%) 6(4.7%) 0.36
Neuropathic 23(18.0%) 24(18.8%) 0.74
Mixed 100(78.1%) 98(76.6%) 0.95
ESAS median(IQRs) 36(34-39) 36(3440) 1.00
NRS median (IQRs) 8(7-10) 8(7-10) 1.00

Abbreviations: IQRs, interquartile ranges; ECOG, Eastern Cooperative Oncology Group; ESAS, Edmonton symptom assessment
system; NRS, numeric rating scales; PCSA, Patient-controlled subcutaneous analgesia.

Tst

Of the 256 subjects, 250 patients completed the opioid titration for pain control within 24 hours. Titration failed in one
patient in the PCSA group and five patients in the oxycontin group within 24 hours, all of whom were opioid-tolerant.

For all patients, the median TST of pain control in the PCSA group was 5.5 (95% CI: 2.5-11.5) hours, which was
significantly lower than that in the oxycontin group (16.0 [95% CI: 11.5-22.5] hours) (p<0.001). For opioid-tolerant
patients, the median TST of pain control in the PCSA group was 8.0 (95% CI: 3.5-13.5) hours, which was significantly
lower compared with the oxycontin group (18.0 [95% CI: 12.0-24.0] hours) (»<0.001). Among opioid-naive patients, the
PCSA group also had a significantly lower TST of pain (4.5 [95% CI: 1.5-8.0] hours) than the oxycontin group (12.0
[95% CI: 11.0-20.5] hours) (p<0.001) (Figure 2).

Frequency of Btp in 24 Hours

Btp could occur for patients in both groups during the opioid titration. For the oxycontin group, rescue analgesia to treat
Btp was provided by oral morphine IR tablets. For the PCSA group, rescue analgesia to treat Btp was provided by PCSA
hydromorphone bolus. The frequency (median; IQRs) of Btp over 24 hours was significantly lower in the PCSA group
(2.5;2.0-3.5) than in the oxycontin group (3.0; 2.5-4.5). (p=0.04).

NRS and ANRS Assessment of Pain at |2 Hours After Titration

The pain was evaluated by NRS at 12 hours after the start of titration. NRS is a patient self-assessment. ANRS which
means baseline NRS minus 12h NRS. The median average pain score [IQRs] was significantly lower in the PCSA versus
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Assessed for eligibility(n=270)
® Declined to participate(n=10)

® Not meeting inclusion criteria(n=2)

Randomized(n=256)

Allocated to PCSA group(n=128) Allocated to Oxycontin group(n=128)
Received allocated intervention(n=128) Received allocated intervention(n=128)
Lost to follow up(n=0) Lost to follow up(n=0)
L |
Analyzed(n=127) Analyzed(n=123)
Excluded from analysis(n=1) for titration failure Excluded from analysis(n=>5) for titration failure

Figure | CONSORT flow diagram.

the oxycontin group (2.5 [1.5-3.0]) vs 4.5 [3.0-6.0]) (Figure 3) (p=0.02). For opioid-naive patients, the median NRS
scores at 12 hours of titration were significantly lower in the PCSA group (2.5 [2.0-4.0]) compared with the oxycontin
group (4.0[3.0-5.0]) (»=0.03). For opioid-tolerant patients, the PCSA group had significantly lower median NRS scores
at 12 hours after titration (2.0 [1.0-3.0]) compared with the oxycontin group (5.0 [4.0-6.0]) (p=0.02).

ANRS was also assessed at 12 hours after the start of titration. The median ANRS [IQRs] of all patients in the PCSA
and oxycontin groups was 5.0 [3.0-6.0] and 4.0 [3.0-5.0], respectively (p=0.04). The median ANRS [IQRs] for the
opioid-naive patients was 4.0 [3.5-4.0] and 4.0 [3.0-5.0] in the PCSA and the oxycontin groups, respectively (p=0.89).
The medianANRS[IQRs] for opioid-tolerant patients was significantly higher in the PCSA group (6.0 [3.5-7.0]) than that
in the oxycontin group (4.0 [2.0-5.0]) (»=0.03).

EDOM for a Successful Titration

For all patients, the median EDOM[IQRs] was 68.73mg [39.58mg-91.26mg] in the PCSA group and 71.39mg [42.46mg-
114mg] in the oxycontin group (p=0.29) (Figure 4). For the opioid-tolerant patients, the median EDOM was 86.82mg
[68.75mg-94.58mg] and 91.79mg [69.34mg-115.52mg] in the PCSA and the oxycontin groups, respectively (p=0.31).
For the opioid-naive patients, the median EDOM was 55.77mg [30.49mg-79.65mg] and 59.81mg [41.11mg-84.21mg] in
the PCSA and the oxycontin group, respectively (p=0.59).

Evaluation of QoL

ESAS scores at hour 24 were not significantly different between the PCA and oxycontin groups (p=0.18), and they were
significantly decreased in PCSA and oxycontin group compared with baseline (p=0.03,p=0.04 respectively)
(Supplementary Table S1).

Safety

AEs were comparable between the two groups (Supplementary Table S2). There was no catheter-related AEs (such as

infection, edema, etc.). The most common AEs in both groups was constipation.
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Figure 2 Kaplan-Meier estimates of median TST for PCSA versus Oxycontin. (A) Total patients [5.5 hours (95% CI, 2.5-11.5) vs 16.0 hours (95% Cl, 11.5-22.5); P<0.001];
(B) Opioid-tolerant patients [8.0 hours (95% CI,3.5-13.5) vs 18.0 hours (95% Cl, 12.0-24.0); P<0.001/7; and (C) Opioid-naive patients [4.5 hours (95% Cl, 1.5-8.0) vs 12.0

hours (95% ClI, 11.0-20.5); P<0.001].

Abbreviations:TST, time to successful titration; PCSA, Patient-controlled subcutaneous analgesia; Cl, confidence interval.
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Figure 3 (A) NRS assessment of pain at 12 hours after titration between the PCSA and Oxycontin groups in all patients [2.5 vs 4.5, p=0.02], opioid-tolerant patients [2.0 vs
5.0, p=0.02, and opioid-naive patients [2.5 vs 4.0, p=0.03]. (B) ANRS assessment of pain at 12 hours after titration between the PCSA and Oxycontin groups in all patients
[5.0 vs 4.0, P=0.04], opioid-tolerant patients [6.0 vs 4.0, P=0.03], and opioid-naive patients [4.0 vs 4.0, P=0.89].

Note:**Significant difference p<0.05 by chi-square test; ns: no significant difference by chi-square test.

Abbreviations: NRS, numeric rating scale; PCSA, Patient-controlled subcutaneous analgesia.
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Figure 4 Median EDOM[IQRs] after the titration in the PCSA versus Oxycontin groups, for (A) all patients [68.73 mg (39.58mg-91.26 mg) vs 71.39 mg (42.46mg-
114.13 mg); p=0.29]; (B) opioid-naive patients [55.77 mg (30.49mg-79.65 mg) vs 59.81 mg(41.11mg-84.21 mg); p=0.59]. (C) opioid-tolerant patients [86.82 mg (68.75mg-
94.58 mg) vs 91.79 mg(69.34mg-115.52 mg); p=0.31].

Note: ns: no significant difference.

Abbreviations: EDOM, equivalent dose of oral morphine; IQRs, interquartile range; PCSA, Patient-controlled subcutaneous analgesia.

Discussion

The classical drug used for pain titration is morphine IR tablets. Its dosage must be adjusted at a 24-hour interval to
complete the titration. Thus, it is impossible to achieve rapid and effective pain relief, and the clinical practice is also
cumbersome. As far as we know, this is the first prospective study to compare the PCSA of hydromorphone with
oxycontin in rapid opioid titration to treat cancer pain. Furthermore, this is also a single-arm prospective study for
oxycontin tablets used in rapid opioid titration and dose adjustment performed at 12-hour intervals.

Oxycontin tablets have stable pharmacokinetics in vivo and exert analgesic effects for 12 hours after rapid onset. An
appropriate amount of oxycontin tablets can achieve effective analgesia for 12 hours without the tedious titration process
of morphine IR tablets.”' According to the EAPC guidelines, the IR and SR dosage forms of morphine, oxycontin, and
hydromorphone can be used for dose titration to treat cancer pain. Clinical practice has shown that hydromorphone is not
inferior to morphine in rapid titration and pain control in cancer pain treatment. Due to the pharmacokinetic character-
istics of rapid onset, short half-life, and mild drug accumulation, hydromorphone may be more suitable for rapid titration
than morphine. Hydromorphone has high water solubility and can be prepared into high concentration solutions. This
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high concentration and low infusion volume drug solution are particularly suitable for implantable drug infusion systems
in the body, which can reduce the number of injections and extend the service life of the equipment. Through the PSCA
model, patients can fully achieve “on-demand administration”, which is convenient for clinical promotion and practice.
In our study, only five patients in the oxycontin group failed the titration within 24 hours. The median TST in the
oxycontin group was 16.0 hours, and 95% of patients completed the titration successfully within 24 hours. In a meta-

analysis, Zhou et al*?

found that the pain control rate was 86% and 82.98% when oxycontin and morphine were used for
titration, respectively. Liang et al*> also reported that oxycontin and morphine led to a pain control rate of 98.0% and
94.5%, respectively). These are similar to our results, suggesting good analgesic efficacy and fast onset of the 12-hour
rapid-dose titration algorithm.

The hydromorphone PCA approach can be used for titration in treating cancer pain. Lin et al’ reported that
intravenous hydromorphone titration for severe cancer pain was achieved more effectively with PCA than with non-
PCA administration. Continuous subcutaneous analgesia is mainly used in treating intractable cancer pain and break-
through pain, as well as opioid-dose titration and rapid adjustment. The characteristics of PCSA technology highlighted
the unique advantages of subcutaneous administration of medicine.** In our study, 99% of patients had successful opioid-
dose titration within 24 hours using the PCSA. The PCSA group had a significantly lower TST compared with the
oxycontin group (median [95% CI)], 5.5[2.5-11.5] hours vs.16.0 [11.5-22.5] hours; p<0.001). The frequency (median;
IQRs) of Btp over 24 hours was significantly lower in the PCSA group (2.5;2.0-3.5) than in the oxycontin group (3.0;
2.54.5) (p=0.04). The pain was evaluated by NRS score at 12 hours after the start of titration. The pain score (median;
IQRs) was significantly lower in the PCSA versus the oxycontin group (2.5;1.5-3.0) vs 4.5;3.0-6.0) (p=0.02). The
EDOM for a successful titration was similar in both groups (p=0.29), but there was a significant improvement in QoL in
both groups (p=0.03). No between-group difference in the incidence of opioid-related adverse effects was observed
(»=0.32). In our study, the use of PCSA resulted in faster pain titration than oxycontin. The main explanation for this
result is the background dose of PCSA, which maintains a relatively stable blood concentration and reduces the number
of administration times of rescue dose.”* The setting of background dose was based on the type of patients: (1) For
opioid-tolerant patients, a 2/3 dose was used as the background dose according to the 24-hour subcutaneous dose
converted from the equivalent opioids dose, and the background dose per hour is calculated by dividing by 24. (2) For
opioid-naive patients, the maintenance dose was 0.2 mg/h morphine or other opioids with an equivalent dose.
Nonetheless, the PCSA bolus dosage in opioid-naive patients is still controversial.?**> The adult cancer pain guideline
from MD Anderson Cancer Center recommends that PCSA devices should be set to 0.2 mg (range, 0.1-0.5mg)
intravenous boluses of hydromorphone with a lockout interval of 10 to 30 minutes for opioid-naive patients.?®
Therefore, according to this guideline, we set 0.2 mg as the bolus dosage in our study. Lin et al® investigated PCA vs non-
PCA hydromorphone titration for severe cancer pain, with the PCA bolus set to 0.5 mg of hydromorphone (equal to
3.3 mg of morphine) for opioid-naive patients. They found that the mean TSTs were 1.99 hours in opioid-naive patients
and 2.3 hours in opioid-tolerant patients. The shorter TST in their study may be attributable to a larger bolus dose than
that used in our study. In subgroup analysis, a significant difference in TST between the PCSA and oxycontin group was
both seen in opioid-tolerant patients and opioid-naive patients. However, the ANRS for the opioid-naive patients in the
PCSA and the oxycontin groups was not found significant difference. We presumed that both groups can provide
excellent pain relief within 12 hours for opioid-naive patients, which might explain the significant difference in TST
among opioid-tolerant and opioid-naive patients.

Regarding the assessment of QoL, the ESAS scores at 24 hours were comparable between the PCSA and oxycontin
groups, and both groups showed improved QoL compared with baseline, especially due to the pain (Supplementary Table S1).

No difference in the incidence of opioid-related AEs was observed. No patient in either group attempted suicide, and there
were no catheter-related AEs. The most common AEs in both groups was constipation. The utilization of PCSA led to
relatively few complications and is relatively simple in monitoring, management, and nursing.*’

Our trial also had some limitations. First, although PCSA is relatively simple and safe, it is an invasive procedure that
may not be applied to every patient, especially for patients with unconsciousness, systemic edema, and peripheral and
subcutaneous circulation disorders.”® Second, Hydromorphone is administered subcutaneously, while oxycontin is adminis-
tered orally. The different administration methods of the two drugs lead to differences in pharmacokinetic characteristics.
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Different administration approaches of the two drugs may confound the current research results. Third, a patient’s pain
experience is generally subjective and based on sociocultural, psychologic, cognitive, and emotion variables that may not be
captured by pain scores. Because the trial was designed to compare PCSA and oxycontin group methods, double blinding
was not possible. However, the open-label design may have provided a feeling of security, increasing satisfaction and, in turn,
improving their pain experience. Furthermore, the cost-effectiveness of PCSA should be explored in future studies.”

In conclusion, compared with oral oxycontin tablet, the use of PCSA with hydromorphone achieved a shorter titration
duration for patients with cancer pain without increasing adverse events.*’
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