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Abstract: To investigate the efficacy and safety of different morphine rescue doses for breakthrough cancer pain 
(BTcP) in lung cancer patients receiving high-dose opioid therapy. Between August 2023 and January 2025, 150 
hospitalized patients with at least one documented BTcP episode were retrospectively assigned to three groups 
based on their initial rescue dose: a fixed 10 mg dose (Group A, n=47), 5% of their daily opioid dose (Group B, 
n=62), and 10% of their daily opioid dose (Group C, n=41). Pain intensity (numerical rating scale, NRS) and vital 
signs were recorded at baseline and up to 180 minutes after administration. The primary outcome was the propor-
tion of patients with a ≥30% or ≥50% reduction in NRS at 60 minutes; safety outcomes included a ≥5% reduction  
in respiratory rate or oxygen saturation (SpO2). The pain relief rates in groups B and C were significantly higher 
(≥30% reduction: 95.2% and 95.1%, respectively, compared to 68.1% in group A, P<0.001; ≥50% reduction: 83.9% 
and 90.2%, respectively, compared to 57.4% in group A, P<0.001), and the onset of relief was faster. Multivariate 
logistic regression confirmed that proportional dosing was an independent predictor of successful analgesia (ad-
justed odds ratio (aOR) for ≥50% relief: 4.63 in group B and 8.00 in group C, both P=0.001). No significant differ-
ences were observed among the three dosage groups in terms of respiratory rate or SpO2 reduction (both P>0.05). 
However, brain metastasis (65.52% vs. 4.96%, P<0.001) and background opioid dose >720 mg/day (35.14% vs. 
14.16%, P=0.005) were significant risk factors for respiratory depression. For lung cancer patients receiving high-
dose opioid therapy, a rescue dose of 5%-10% of the daily opioid dose provides superior analgesia compared with a 
fixed dose of 10 mg, and has acceptable respiratory safety in patients without brain metastasis.
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Introduction

Cancer pain is one of the most common and 
frightening symptoms among patients with 
malignant tumors, especially those with ad- 
vanced cancer, with an incidence rate as high 
as 40%-80% [1, 2]. High-dose opioids are com-
monly used to control pain in these patients, 
but breakthrough cancer pain (BTcP) remains a 
significant concern [3]. BTcP is defined as a 
brief exacerbation of pain occurring within the 
past week on top of well-controlled, persistent 
background pain [4]. The sudden onset and 
severity of BTcP not only severely impact 
patients’ quality of life but may also accelerate 
disease progression, making it a major chal-
lenge in the management of clinical cancer 
pain [5]. 

Opioids are a fundamental medication for can-
cer pain management, especially for patients 
with moderate to severe pain [6]. However, the 
choice of rescue drug dosage remains highly 
controversial in patients using high-dose opi-
oids (defined as 200 mg morphine equiva- 
lent or more daily) during BTcP attacks [7, 8]. 
Currently, authoritative guidelines from organi-
zations such as the European Society for Me- 
dical Oncology (ESMO, 2018 Clinical Practice 
Guidelines for Adult Cancer Pain Management) 
and the American Society of Clinical Oncology 
(ASCO, 2022 Guidelines for Integrative Me- 
dicine in Cancer Pain Management) recom-
mend a relatively wide range of rescue doses 
for BTcP, typically 5%-20% of the total daily opi-
oid dose [9]. However, these recommendations 
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are mostly based on expert consensus and 
lack support from high-quality evidence-based 
medicine. The lack of evidence means that 
when faced with patients experiencing BTcP 
after high-dose opioid treatment, clinicians 
often tend to choose a fixed low dose of mor-
phine (such as 10 mg subcutaneously) as a  
rescue drug to avoid potentially fatal adverse 
reactions such as respiratory depression and 
coma [10]. However, the efficacy and safety of 
this approach have not been fully verified. On 
the one hand, it is unclear whether a fixed low 
dose of morphine can provide sufficient pain 
relief for patients; on the other hand, there is a 
lack of clear evidence as to whether a high-
dose morphine rescue dose calculated accord-
ing to the guideline recommendation ratio will 
actually bring safety risks such as respiratory 
depression and coma [11].

Lung cancer is one of the malignant tumors 
with the highest incidence and mortality rates 
worldwide [12]. Patients often suffer from 
severe pain due to tumor invasion of structures 
such as the pleura, ribs, or nerves [13]. Pain 
management is more challenging for lung can-
cer patients than for other cancers, especially 
when patients require high-dose opioid thera-
py. Frequent burst pain attacks can not only 
exacerbate the patient’s suffering but may also 
lead to further increases in opioid dosage, 
thereby amplifying the risk of adverse reactions 
such as respiratory depression [14]. Although 
some studies have explored management st- 
rategies for BTcP, research specifically target-
ing lung cancer patients is still relatively scarce. 
In view of this, this study retrospectively ana-
lyzed the clinical data of lung cancer patients 
receiving high-dose opioid therapy who used 
intravenous morphine for burst pain rescue. 
The aim was to clarify the analgesic effect of 
different doses of immediate-release morphine 
and its impact on respiratory function, and to 
explore the effective and safe dose range of 
morphine rescue therapy in this population. 
The results are expected to provide evidence-
based medical support for individualized treat-
ment of BTcP in lung cancer patients, fill the 
current research gap, optimize clinical pain 
management strategies, minimize respiratory 
risks while ensuring pain relief, and improve the 
quality of life of patients.

Materials and methods

Selection of patients

This study retrospectively analyzed the cases 
of lung cancer patients hospitalized in the 
Hospital of Shunyi District Beijing from August 
2023 to January 2025. All patients were patho-
logically diagnosed with lung cancer and had at 
least one recorded episode of BTcP. All clinical 
data of the patients were obtained from the 
hospital’s electronic medical record system 
and special records for cancer pain manage-
ment, including medical records, medication 
records, nursing records and pain assessment 
forms. After strict inclusion and exclusion crite-
ria, data from 150 patients were analyzed. This 
study strictly followed all the principles of the 
Declaration of Helsinki and was approved by 
the Medical Ethics Committee of the Hospital 
of Shunyi District Beijing.

Diagnostic criteria for BTcP

The numerical rating scale (NRS) was used to 
assess the pain level of patients [15]. The diag-
nosis of BTcP requires meeting the following 
criteria simultaneously: (1) the patient has per-
sistent background pain (NRS score ≤3 in the 
past week, indicating stable control); (2) the 
pain suddenly worsens, with an NRS score ≥4, 
usually lasting less than 30 minutes; (3) the 
nature of the pain worsening differs from the 
background pain, and other non-cancer-related 
factors (such as fractures, infections, etc.) are 
excluded. All BTcP attacks are confirmed by the 
attending physician based on the patient’s self-
reported symptoms and clinical assessment, 
and are clearly documented in the medical 
record.

Inclusion and exclusion criteria

The inclusion criteria are as follows: (1) Patients 
with lung cancer diagnosed by pathology and/
or cytology; (2) Patients with a confirmed diag-
nosis of “cancer pain” and meeting the diag-
nostic criteria for BTcP: a brief increase in pain 
occurs despite adequate control of background 
pain [16]; (3) Age ≥18 years old; (4) Daily opioid 
dose converted to oral morphine equivalent 
≥480 mg; (5) Patients whose expected survival 
of ≥12 weeks based on the patient’s physical 
condition, tumor burden, laboratory parame-
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ters and clinical course at the time of screening 
by the attending oncologist. The exclusion crite-
ria are as follows: (1) Patients with past or cur-
rent cognitive impairment; (2) Patients whose 
clinical data were incomplete for various rea-
sons and key research data cannot be extract-
ed; (3) Patients who were also participating in 
other clinical research projects.

Grouping criteria

The opioid dose conversion followed the oral 
morphine equivalent (OME) standard recom-
mended in the Chinese Guidelines for the 
Management of Cancer Pain in Adults (2025 
Edition) [17]. The main conversion formulas 
include: oral morphine 30 mg = parenteral mor-
phine 10 mg (conversion factor = 3); oral hy- 
dromorphone 7.5 mg = parenteral hydromor-
phone 1.5 mg (conversion factor = 2.5-5.0); 
oral oxycodone 15-20 mg = 10 mg parenteral 
oxycodone (conversion factor = 1.5-2.0); oral 
tramadol 300 mg = OME 100 mg (conversion 
factor = 3); transdermal fentanyl patch (mcg/
hour) × 2.4 = daily OME (mg). The daily doses of 
all non-morphine opioids were converted to 
OME based on these criteria to calculate the 
proportional rescue dose (5% or 10% of the 
total daily OME). Patients were retrospectively 
categorized into three groups based on the first 
morphine rescue dose actually administered 
during a BTcP attack: (1) Fixed low-dose group 
(Group A, n=47): a fixed dose of 10 mg mor-
phine was administered subcutaneously; (2) 
5% proportional dose group (Group B, n=62): 
the rescue dose was approximately 5% of the 
total daily oral morphine equivalent; (3) 10% 
proportional dose group (Group C, n=41): the 
rescue dose was approximately 10% of the 
total daily oral morphine equivalent. The choice 
of rescue dose was not governed by a uniform 
departmental protocol, but rather determined 
by the attending physician’s clinical judgment. 
Specific considerations documented at the ti- 
me of prescription included patient age, base-
line respiratory rate and oxygen saturation, 
presence of brain metastases, concurrent use 
of central nervous system depressants (e.g., 
benzodiazepines or gabapentin), renal/hepatic 
function, and prior opioid tolerance; these vari-
ables are retrospectively extracted and sum-
marized in Table 1 to allow readers to assess 
potential selection bias. 

Data collection and observation indicators 

Data were retrospectively extracted from the 
electronic medical record system using a stan-
dardized data collection form. The collected 
information included: (1) Baseline characteris-
tics: Age, gender, educational level, pathologi-
cal type and stage of lung cancer, number  
of chronic comorbidities, Eastern Cooperative 
Oncology Group (ECOG) performance status 
score at admission, presence of brain metasta-
ses, and daily background opioid dose (con- 
verted to oral morphine equivalent). (2) BTcP) 
attack characteristics: NRS score at the on- 
set, pain characteristics. (3) Rescue treatment 
data: Morphine rescue dose, route of adminis-
tration. (4) Efficacy outcomes: NRS scores 
recorded at preset time points (5, 15, 30, 45, 
60, 120, and 180 minutes) after rescue drug 
administration. If the initial rescue dose failed 
to reduce the NRS score by ≥30%, or if the 
attending physician determined the dose is 
insufficient, a second rescue morphine dose 
(10% of the patient’s total daily oral morphine 
equivalent) may be administered at any time 
after 30 minutes. These repeated doses were 
recorded, but the primary efficacy analysis will 
only consider the response to the initial dose. 
The primary efficacy endpoints were the pro-
portion of patients achieving pain relief (de- 
fined as a ≥30% reduction in NRS score) and 
significant pain relief (≥50%) within 60 minut- 
es of administration, as well as the time to 
achieve effective pain relief. (5) Safety out-
comes: respiratory rate and peripheral SpO2. 
The primary safety endpoints were the inci-
dence of a ≥5% decrease in respiratory rate or 
SpO2 from baseline within 60 minutes of admin-
istration. (6) Non-respiratory adverse events: In 
addition to respiratory parameters, a retrospec-
tive review of medical records (including nurs-
ing records and physician progress notes) was 
conducted to obtain records of common opioid-
related non-respiratory adverse events occur-
ring during the 180-minute observation period. 
Specifically, events such as drowsiness, dizzi-
ness, nausea, vomiting, and itching were sys-
tematically extracted.

Statistical analysis

SPSS 21.0 (IBM, Armonk, NY, USA) software 
was used for statistical analysis. Given that this 
study was retrospective and aimed to analyze 
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Table 1. Baseline characteristics of the patient

Variables Total 
(n=150)

A group 
(n=47)

B group 
(n=62)

C group 
(n=41) Statistic P

Age, Mean ± SD 66.52±7.60 67.21±6.94 65.68±7.84 67.00±7.99 F=0.66 0.521
Gender, n (%) Χ2=0.04 0.978
    Female 64 (42.67) 20 (42.55) 27 (43.55) 17 (41.46)
    Male 86 (57.33) 27 (57.45) 35 (56.45) 24 (58.54)
Education level, n (%) Χ2=2.67 0.263
    Junior high school and below 82 (54.67) 28 (59.57) 29 (46.77) 25 (60.98)
    Senior high school and above 68 (45.33) 19 (40.43) 33 (53.23) 16 (39.02)
Pathological type, n (%) Χ2=1.00 0.910
    Adenocarcinoma 64 (42.67) 21 (44.68) 26 (41.94) 17 (41.46)
    Squamous cell carcinoma 47 (31.33) 13 (27.66) 19 (30.65) 15 (36.59)
    Others 39 (26.00) 13 (27.66) 17 (27.42) 9 (21.95)
Pathological staging, n (%) Χ2=0.24 0.886
    I and II 55 (36.67) 16 (34.04) 23 (37.10) 16 (39.02)
    III and IV 95 (63.33) 31 (65.96) 39 (62.90) 25 (60.98)
Chronic disease, n (%) Χ2=2.35 0.309
    ≤2 64 (42.67) 18 (38.30) 31 (50.00) 15 (36.59)
    >2 86 (57.33) 29 (61.70) 31 (50.00) 26 (63.41)
ECOG at admission, n (%) Χ2=0.08 0.961
    1 94 (62.67) 30 (63.83) 39 (62.90) 25 (60.98)
    2 56 (37.33) 17 (36.17) 23 (37.10) 16 (39.02)
Brain metastasis, n (%) Χ2=1.14 0.566
    No 125 (83.33) 40 (85.11) 53 (85.48) 32 (78.05)
    Yes 25 (16.67) 7 (14.89) 9 (14.52) 9 (21.95)
Background dose of opioids, n (%) Χ2=0.09 0.958
    480-720 mg/d 113 (75.33) 36 (76.60) 46 (74.19) 31 (75.61)
    >720 mg/d 37 (24.67) 11 (23.40) 16 (25.81) 10 (24.39)
Abbreviations: SD, standard deviation; ECOG, Eastern Cooperative Oncology Group.

all eligible cases within a specific period, no for-
mal pre-analysis sample size was performed. 
The sample size was determined by the number 
of eligible patients meeting the inclusion crite-
ria between August 2023 and January 2025 
(n=150). Post-hoc power analysis was per-
formed using G*Power 3.1. Based on the ob- 
served response rates (Group A: 57.4%, Group 
B: 83.9%, Group C: 90.2%), the effect size was 
calculated as Cohen w=0.327. At an α level of 
0.05 and a total sample size of 150, the statis-
tical power obtained exceeded 0.99, indicating 
sufficient power to detect the observed signifi-
cant differences. Normally distributed continu-
ous data were expressed as mean ± standard 
deviation (±SD), and one-way ANOVA was used 
for comparisons between groups. Repeated 
measures ANOVA was used for dynamic com-
parisons of NRS scores at multiple time points. 

Count data were expressed as frequencies 
(percentages), and comparisons between gr- 
oups were performed using the x2 test or 
Fisher’s exact test (when the expected fre- 
quency was <5). To identify the independent 
effect of the rescue dose regimen on analgesic 
outcomes while adjusting for potential con-
founding factors, multivariate logistic regres-
sion analysis was conducted. Two indepen- 
dent models were constructed with binary 
dependent variables: 1) a ≥30% reduction in 
NRS score at 60 minutes (yes/no); 2) a ≥50% 
reduction in NRS score at 60 minutes (yes/ 
no). Variable selection was based on clinical  
relevance and prior evidence: age and gender 
were included as basic demographic covari-
ates; brain metastasis and baseline opioid 
dose (>720 mg/d vs. 480-720 mg/d) were 
included because univariate analysis showed 
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Table 2. Characteristics of BTcP attacks
Group NRS score 4 5-6 ≥7
A group 5.70±1.12 8 (17.02) 27 (57.45) 12 (25.53)
B group 6.02±1.05 5 (8.06) 36 (58.06) 21 (38.87)
C group 6.05±1.14 3 (7.32) 24 (58.54) 14 (34.15)
F/x2 1.45 3.34
P value 0.239 0.502
Abbreviations: BTcP, breakthrough cancer pain; NRS, numerical rating scale.

Table 3. Pain relief rate

Group Total Decrease by 
≥30%

Decrease by 
≥50%

A group 47 32 27
B group 62 59 52
C group 41 39 37
x2 20.45 16.01
P value <0.001 <0.001

they were associated with respiratory depres-
sion and analgesic response (Tables 6 and 7). 
The rescue dose group (with group A as a re- 
ference) was forced into the model as the pri-
mary independent variable of interest. Step- 
wise selection was not used to avoid data-driv-
en overfitting; all pre-specified covariates were 
retained in the final model. Multicollinearity 
was assessed using variance inflation factors 
(VIFs); all VIFs <5.0 indicated the absence of 
significant multicollinearity. Results are pre-
sented as aORs with 95% confidence intervals 
(CI). A two-tailed P value <0.05 was considered 
statistically significant.

Results

Baseline characteristics of the patients

There were no statistically significant differenc-
es among the three groups in terms of age 
(F=0.66, P=0.521), gender (χ2=0.04, P=0.978), 
education level (χ2=2.67, P=0.263), pathologi-
cal type (χ2=1.00, P=0.910), pathological stage 
(χ2=0.24, P=0.886), number of chronic diseas-
es (χ2=2.35, P=0.309), ECOG score (χ2=0.08, 
P=0.961), and proportion of brain metastas- 
is (χ2=1.14, P=0.566). Of the patients, 113 
(75.33%) had a daily opioid dose of 480-720 
mg, and 37 (24.67%) had a daily dose >720 mg, 
with this distribution being balanced across the 
groups (Table 1).

Characteristics of BTcP attacks

A total of 319 BTcP events 
were recorded in all patients, 
with a mean of 2.13 ± 0.74 
events per patient. At the time 
of BTcP, the mean NRS scor- 
es for groups A, B, and C we- 
re 5.70±1.12, 6.02±1.05 and 
6.05±1.14, respectively (Table 
2). The proportions with an 

NRS score ≥7 were 25.53% (12 cases),  
33.87% (21 cases), and 34.15% (14 cases), 
respectively. However, there was no statisti- 
cally significant difference among the three 
groups (P=0.502).

Comparison of pain relief rates and duration

Within 1 hour after Rescue administration, the 
overall proportion of patients with a ≥30% 
reduction in NRS score was 86.7% (130/150), 
with 68.1% (32/47) in group A (fixed 10 mg), 
95.2% (59/62) in group B (5% proportional 
dose), and 95.1% (39/41) in group C (10% pro-
portional dose). The difference among groups 
was statistically significant (χ2=20.45, df = 2, 
P<0.001) (Table 3). For the endpoint of a ≥50% 
reduction in the more stringent NRS score, the 
overall rate was 77.3% (116/150), with groups 
A, B, and C reaching 57.4% (27/47), 83.9% 
(52/62), and 90.2% (37/41), respectively (χ2= 
16.01, df = 2, P<0.001). Repeated measures 
ANOVA (Table 4) revealed a significant main 
effect of time (F=898.598, P<0.001), indicat-
ing a significant decrease in NRS scores in all 
groups during the 180-minute observation pe- 
riod. A significant main effect between groups 
was also observed (F=3.425, P=0.035), reflect-
ing the overall difference in pain scores among 
the three dosing regimens. Furthermore, the 
time × group interaction was statistically signifi-
cant (F=2.381, P=0.025), demonstrating that 
the trajectory of pain relief differed depending 
on the rescue dosing strategy. Posthoc pair-
wise comparisons at 60 minutes confirmed 
that the NRS score in group A was significantly 
higher than that in groups B and C (all P<0.05), 
suggesting that the analgesic onset was slower 
in the fixed low dose group (Figure 1).

Changes in respiratory rate and SpO2

The overall incidence of a ≥5% decrease in 
respiratory rate within 60 minutes after drug 
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Table 4. Analysis of pain relief time
Time A group (n=47) B group (n=62) C group (n=41) F value P valuea

BTcP attack 5.70±1.12 6.02±1.05 6.05±1.14 F=1.45 0.239
5 min 5.34±0.84 5.58±0.82 5.56±0.92 F=1.20 0.305
15 min 4.51±0.72 4.39±0.86 4.27±0.90 F=0.94 0.392
30 min 3.68±0.81 3.42±0.71 3.29±0.81 F=2.96 0.055
45 min 2.79±0.81 2.60±0.56 2.44±0.50 F=3.35 0.038
60 min 2.53±1.32 2.11±0.87 1.85±0.61 F=5.45 0.005
120 min 1.04±0.75 0.81±0.51 0.83±0.44 F=2.49 0.086
180 min 1.23±0.43 1.10±0.47 1.12±0.56 F=1.16 0.318
F value 373.330 442.600 221.149
P valueb <0.001 <0.001 <0.001
Between-group effects F=3.425, P=0.035
Within-group effects F=898.598, P<0.001
within-group*between-group F=2.381, P=0.025
aOne-way ANOVA; bRepeated measures ANOVA; Mauchly’s test indicated that the assumption of sphericity was violated 
(W=0.324, P<0.05), therefore the Greenhouse-Geisser correction was applied. The reported within-group and interaction ef-
fects are based on corrected degrees of freedom. Abbreviations: BTcP, breakthrough cancer pain; ANOVA, Analysis of Variance.

Table 5. Respiratory safety analysis
Variables Total (n=150) A group (n=47) B group (n=62) C group (n=41) Statistic P
Respiratory rate
    BTcP attack, Mean ± SD 18.63±0.82 18.62±0.80 18.63±0.83 18.66±0.85 F=0.03 0.971
    60 min, Mean ± SD 18.39±0.92 18.40±0.85 18.37±1.00 18.41±0.89 F=0.03 0.968
    Decrease by ≥5% 29 (19.33%) 8 (17.02%) 11 (17.74%) 10 (24.39%) x2=0.93 0.627
SpO2

    BTcP attack, Mean ± SD 99.87±0.46 99.87±0.45 99.89±0.41 99.83±0.54 F=0.20 0.820
    60 min, Mean ± SD 99.18±1.95 99.26±1.84 99.32±1.75 98.88±2.34 F=0.69 0.503
    Decrease by ≥5% 17 (11.33%) 5 (10.64%) 6 (9.68%) 6 (14.63%) x2=0.64 0.728
Abbreviations: BTcP, breakthrough cancer pain; SD, standard deviation; SpO2, peripheral oxygen saturatio.

Table 6. Respiratory rate and combined brain metastasis
Variables Total (n=150) Stable (n=121) Declining 5% (n=29) Statistic P
Brain metastasis, n (%) Χ2=57.49 <0.001
    No 125 (83.33) 115 (95.04) 10 (34.48)
    Yes 25 (16.67) 6 (4.96) 19 (65.52)

administration was 19.3% (29/150) (Table 5). 
The percentages of patients with a ≥5% de- 
crease in respiratory rate in the three groups 
were 17.02% (8/47), 17.74% (11/62), and 
24.39% (10/41), respectively. The overall inci-
dence of a ≥5% decrease in SpO2 was 11.3% 
(17/150), with the percentages in the three 
groups being 10.64% (5/47), 9.68% (6/62), and 
14.63% (6/41), respectively, suggesting that 
the intervention in this study had no signifi- 
cant adverse effect on respiratory function.

Influence of brain metastasis on respiratory 
rate

Among patients with a respiratory rate de- 
crease of ≥5%, 65.52% (19/29) had brain 
metastasis, while only 4.96% (6/121) of pa- 
tients without a respiratory rate decline had 
brain metastasis, a statistically significant dif-
ference (P<0.001) (Table 6). It indicates that 
brain metastasis may increase the risk of respi-
ratory depression.
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Table 7. Pain and respiratory indicators in different opioid background dose groups

Variables Total (n=150) 480-720 mg/d 
group (n=113)

>720 mg/d 
group (n=37) Statistic P

NRS decreased by 30%, n (%) Χ2=0.10 0.752
    No 20 (13.33) 14 (12.39) 6 (16.22)
    Yes 130 (86.67) 99 (87.61) 31 (83.78)
NRS decreased by 50%, n (%) Χ2=4.36 0.037
    No 34 (22.67) 21 (18.58) 13 (35.14)
    Yes 116 (77.33) 92 (81.42) 24 (64.86)
Respiratory rate decreased by 5%, n (%) Χ2=7.86 0.005
    No 121 (80.67) 97 (85.84) 24 (64.86)
    Yes 29 (19.33) 16 (14.16) 13 (35.14)
SpO2 decreased by 5%, n (%) Χ2=0.61 0.435
    No 133 (88.67) 102 (90.27) 31 (83.78)
    Yes 17 (11.33) 11 (9.73) 6 (16.22)
Abbreviations: NRS, numerical rating scale; SpO2, peripheral oxygen saturatio.

Figure 1. Comparison of pain relief among the three groups of patients. 
A. NRS scores at different time points, *One-way ANOVA, P<0.05; B. NRS 
scores at 45 minutes, *LSD method, P<0.05; C. NRS scores at 60 minutes, 
*LSD method, P<0.05. Abbreviation: NRS, numerical rating scale; ANOVA, 
Analysis of Variance; LSD, least significant difference.

Pain and respiratory indicators 
at different opioid background 
dose 

In the group with an opioid 
background dose of 480-720 
mg/d (n=113), 81.42% (92 
cases) of patients experienc- 
ed a pain intensity decrease of 
≥50%, significantly higher than 
the 64.86% (24 cases) in the 
dose group >720 mg/d (n=37) 
(P=0.037) (Table 7). Mean- 
while, the proportion of pa- 
tients with a respiratory rate 
decrease of ≥5% in the >720 
mg/d group was 35.14% (13 
cases), significantly higher th- 
an the 14.16% (16 cases) in 
the 480~720 mg/d group (P= 
0.005), suggesting that high-
dose opioids may increase the 
risk of respiratory depression.

Subgroup analysis of the high-
dose group (> 720 mg/d)

Among patients with a dose 
>720 mg/d (n=37), there was 
no statistically significant dif-
ference in the 30% response 
rate among the three groups 
(P=0.138), but there was a  
statistically significant differ-
ence in the 50% response rate 
(P=0.012): only 27.27% (3/11) 
in group A, 81.25% (13/16) in 
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Table 8. Changes in pain and respiratory indicators under the background of high-dose opioids (>720 
mg/d)

Variables Total 
(n=37)

A group 
(n=11)

B group 
(n=16)

C group 
(n=10) Statistic P*

NRS decreased by 30%, n (%) - 0.138
    No 6 (16.22) 4 (36.36) 1 (6.25) 1 (10.00)
    Yes 31 (83.78) 7 (63.64) 15 (93.75) 9 (90.00)
NRS decreased by 50%, n (%) - 0.012
    No 13 (35.14) 8 (72.73) 3 (18.75) 2 (20.00)
    Yes 24 (64.86) 3 (27.27) 13 (81.25) 8 (80.00)
Respiratory rate decreased by 5%, n (%) - 0.617
    No 24 (64.86) 8 (72.73) 11 (68.75) 5 (50.00)
    Yes 13 (35.14) 3 (27.27) 5 (31.25) 5 (50.00)
SpO2 decreased by 5%, n (%) - 0.330
    No 31 (83.78) 9 (81.82) 15 (93.75) 7 (70.00)
    Yes 6 (16.22) 2 (18.18) 1 (6.25) 3 (30.00)
*Fisher exact. Abbreviations: NRS, numerical rating scale; SpO2, peripheral oxygen saturatio.

Table 9. Multivariate logistic regression analysis of factors associated with analgesic success at 60 
minutes

Variables Category
≥30% NRS Reduction ≥50% NRS Reduction

Adjusted OR (95% CI) P Value Adjusted OR (95% CI) P Value
Rescue Dose Group Group A (Ref) - -

Group B 10.75 (2.76-41.82) <0.001 4.63 (1.81-11.89) 0.001
Group C 10.77 (2.19-52.83) 0.003 8.00 (2.30-27.86) 0.001

Age (Per year increase) 1.06 (0.98-1.14) 0.146 1.05 (0.99-1.11) 0.111
Gender Female (Ref) - -

Male 0.49 (0.16-1.50) 0.212 0.88 (0.37-2.07) 0.766
Brain Metastasis No (Ref) - -

Yes 0.68 (0.18-2.62) 0.574 1.84 (0.52-6.47) 0.341
Background Opioid Dose 480-720 mg/d (Ref) - -

>720 mg/d 0.84 (0.25-2.88) 0.787 0.41 (0.16-1.07) 0.069
Abbreviations: NRS, numerical rating scale; OR, odds ratio; CI, confidence interval.

group B, and 80.00% (8/10) in group C (Table 
8). There were no statistically significant differ-
ences in the rate of decrease in respiratory rate 
(P=0.617) and the rate of decrease in pulse 
SpO2 (P=0.330) among the three groups.

Multivariate analysis of predictors of success-
ful analgesia 

The results of multivariate logistic regression 
analysis are presented in Table 9. After adjust-
ing for age, gender, brain metastasis, and back-
ground opioid dose stratification, the rescue 
dose regimen remained a strong independent 
predictor of the primary analgesic outcome. 
Regarding a ≥30% decrease in the NRS at 60 

minutes post-dose, compared to group A, the 
aOR for patients in group B was 10.75 (95%  
CI: 2.76-41.82; P<0.001); and for patients in 
group C, the aOR was 10.77 (95% CI: 2.19-
52.83; P=0.003). For the more stringent out-
come of a ≥50% decrease in NRS score, the 
above association remained statistically signifi-
cant: compared to group A, the aOR in group B 
was 4.63 (95% CI: 1.81-11.89; P=0.001), and 
the aOR in group C was 8.00 (95% CI: 2.30-
27.86; P=0.001).

Non-respiratory adverse reactions

The incidence of common non-respiratory ad- 
verse reactions recorded within 180 minutes 
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after the rescue dose is summarized in Table 
10. Among the 150 patients, 65 (43.3%) ex- 
perienced at least one such adverse reaction. 
The most common was somnolence (16.7%, 
25/150), followed by nausea (13.3%, 20/150); 
vomiting (6.0%, 9/150), pruritus (4.7%, 7/150), 
and dizziness (2.7%, 4/150) occurred less fre-
quently. There were no statistically significant 
differences in the incidence of any individual 
adverse reaction or the total incidence of non-
respiratory adverse reactions among the three 
rescue dose groups (P>0.05). All recorded ad- 
verse reactions were mild to moderate. 

Discussion

When lung cancer patients experience BTcP 
and have received high-dose opioid therapy 
(oral morphine equivalent ≥480 mg/d), how to 
safely and rapidly relieve pain has always been 
a clinical challenge [18]. This study retrospec-
tively analyzed the efficacy and safety of differ-
ent morphine rescue doses during BTcP in 150 
lung cancer patients receiving high-dose opioid 
therapy. For the first time, the differences 
between three dosing regimens were system-
atically compared in a real clinical setting: fixed 
low dose (10 mg), 5% of the total dose, and 
10% of the total dose. The results showed that 
although there were no significant differences 
in respiratory safety indicators (respiratory 
rate, SpO2 decline rate) among the three 
groups, the proportional dosing in groups B  
and C were significantly better than the fixed 
low dose group in terms of pain relief rate 
(especially 50% significant relief rate) and re- 
lief speed Additionally, patients with brain 
metastasis had a significantly increased risk of 
respiratory depression, and those with a base-

line opioid dose >720 mg/day had a lower pain 
relief rate and a higher respiratory risk. These 
findings provide an important basis for individu-
alized treatment of breakthrough pain in lung 
cancer patients. This study found that propor-
tional dosing groups (5% and 10% of the total 
dose) were significantly better than fixed low-
dose groups in terms of pain relief rate and 
duration, especially in patients with a baseline 
dose >720 mg/d. A study by Rahmadi et al. 
showed that 43.78% of BTcP patients received 
a morphine rescue dose higher than the recom-
mended dose, ranging from 6.67% to 60% of 
the daily dose [19]. This suggests that conven-
tional doses may be insufficient to suppress 
BTcP, especially with high-dose opioid thera- 
py. Mechanistically, opioids inhibit pain signal 
transmission by binding to opioid receptors in 
the central and peripheral nervous systems 
[20, 21]. Long-term use of high-dose opioids 
may lead to downregulation or internalization of 
central μ-opioid receptors, resulting in reduced 
responsiveness to fixed low-dose morphine 
[22, 23]. Rescue doses calculated based on 
proportions of the total dose better meet indi-
vidualized analgesic needs, achieving effective 
blood concentrations more quickly and activat-
ing a sufficient number of opioid receptors for 
more adequate pain control [24]. Furthermore, 
subgroup analysis showed that among patients 
with a background dose >720 mg/d, the pro-
portion of patients with a ≥50% reduction in 
the NRS score in group A (27.27%) was signifi-
cantly lower than that in group B (81.25%) and 
group C (80.00%), further validating the hypo- 
thesis of “underdose”. When the daily opioid 
dose exceeds 720 mg, the body’s tolerance to 
opioids enters a “plateau phase”, and the gap 
between the fixed dose and individual needs is 

Table 10. Incidence of non-respiratory adverse events within 180 minutes post-rescue dose
Adverse Event Total (N=150) Group A (n=47) Group B (n=62) Group C (n=41) P value
Central Nervous System
    Somnolence 25 (16.67) 6 (12.77) 9 (14.52) 7 (17.07) 0.849
    Dizziness 4 (2.67) 1 (2.13) 1 (1.61) 2 (4.88) 0.685a

Gastrointestinal System
    Nausea 20 (13.33) 5 (10.64) 8 (12.90) 7 (17.07) 0.670
    Vomiting 9 (6.00) 3 (6.38) 2 (3.23) 4 (9.76) 0.385a

Dermatological
    Pruritus 7 (4.67) 3 (6.38) 2 (3.23) 2 (4.88) 0.886a

    Total 65 (43.33) 18 (38.30) 22 (35.48) 22 (53.66) 0.164
aP value calculated using Fisher’s exact test due to small expected frequencies; otherwise, the Chi-square test was used.
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amplified. Proportional dosing can be dynami-
cally adjusted to bridge this gap [25]. In addi-
tion, proportional dosing regimens accelerate 
the rate of pain relief. In the present study, the 
NRS scores in the fixed low-dose group were 
significantly higher than those in the propor-
tional dosing groups at 60 minutes after mor-
phine rescue administration. The fixed low-
dose regimen may not be able to quickly 
achieve effective blood drug concentrations, 
especially for patients who have already re- 
ceived high-dose opioid therapy, whose drug 
metabolism and excretion rates may be faster, 
requiring higher doses of the drug to maintain 
effective blood drug concentrations [26]. Fur- 
thermore, multivariate logistic regression anal-
ysis confirmed that even after controlling for 
potential confounding factors including age, 
sex, brain metastasis, and high background 
opioid doses, proportional dosing regimens 
remained an independent positive predictor of 
analgesic success. Patients receiving 5% or 
10% of their daily opioid dose were approxi-
mately 11 times more likely to achieve ≥30% 
pain relief within 1 hour compared to those 
receiving a fixed 10 mg dose. For the more  
clinically significant endpoint of ≥50% pain 
relief, the odds ratios for the 5% and 10% dose 
groups were 4.6 and 8.0, respectively. These 
robust aORs, with CIs well above the null value 
of 1 provide strong statistical evidence that the 
superior efficacy of proportional dosing stems 
not from patient baseline characteristics but 
from the dosing strategy itself. Notably, rescue 
dose groups based on higher proportional regi-
mens (such as 15% or 20% of the daily opioid 
dose) were not included in this study because 
such regimens are rarely used in clinical prac-
tice during the study period. Although the guide-
lines recommend a wide range (5%-20%), our 
results in the 5%-10% range suggest that the 
ceiling effect of analgesic benefit may occur at 
the 10% dose level, as evidenced by the simi-
larly high response rates between group B 
(≥30% response rate of 95.2%) and group C 
(≥30% response rate of 95.1%). In addition, 
studies by Rahmadi et al. [19] have reported 
that some patients used rescue doses exceed-
ing 10% (up to 60%), which generally indicates 
poor baseline pain control or tolerance, but is 
also associated with increased variability in 
safety outcomes. In our study, there was no  
significant increase in respiratory depression 
between the 5% and 10% groups, suggesting 

that safety may still be acceptable within this 
lower range, while increasing the proportion  
to 15%-20% could disproportionately increase 
respiratory risk without providing substantial 
additional analgesic benefit, especially in pa- 
tients with higher baseline doses (>720 mg/d) 
or brain metastasis. Therefore, our data sup-
port 5%-10% as an effective and relatively safe 
treatment window for BTcP rescue in this popu-
lation, aligning with the lower limit of the guide-
line recommended range and underscores the 
importance of individualized risk assessment 
before considering higher proportion doses.

There were no statistically significant differenc-
es in the incidence of decreased respiratory 
rate and decreased SpO2 among the three 
groups, suggesting that proportional high-dose 
morphine under routine real-world monitoring 
did not significantly increase the overall risk of 
respiratory depression. Algera et al. report- 
ed that patients on long-term opioid use had 
greater tolerance to morphine-induced respira-
tory depression [27]. Patients on long-term 
high-dose opioid use not only had reduced sen-
sitivity to the drug in pain pathways, but also 
developed cross-tolerance to the inhibitory 
effects of opioids on the respiratory center. 
Downregulation or desensitization of respirato-
ry center μ receptors reduced the risk of respi-
ratory depression at the same dose compared 
to patients who had never used opioids [28]. 
However, it should be noted that the proportion 
of patients with brain metastasis whose respi-
ratory rate decreased by ≥5% (65.52%) was sig-
nificantly higher than that of patients without 
metastases (4.96%), which may be related to 
the direct compression or damage of respira-
tory center regulatory region by brain metasta-
sis [29]. Metastases lead to decreased central 
sensitivity to carbon dioxide, which, combined 
with the inhibitory effects of opioids, results in 
a more pronounced decrease in respiratory 
rate [30]. In addition, disruption of the blood-
brain barrier may allow morphine to more easily 
enter the central nervous system, increasing 
the risk of respiratory depression [31, 32]. This 
suggests that brain metastasis is a “high-risk 
factor” requiring special attention in the man-
agement of BTcP. Additionally, this study found 
a significantly higher incidence of respiratory 
depression in the group with >720 mg/day, 
suggesting that even proportionally, at high 
baseline doses, morphine doses may approa- 
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ch or exceed the threshold for respiratory 
depression, particularly when combined with 
high-risk factors such as brain metastasis, 
requiring extra caution. Regarding broader tol-
erability, the incidence of common non-respira-
tory adverse events (such as nausea, vomiting, 
and somnolence) was low, and there were no 
significant differences among the three dosing 
regimens. This suggests that within a dose 
range of 5%-10%, additional rescue doses do 
not lead to a disproportionate increase in acute 
side effects. However, it should be noted that 
the retrospective nature of this assessment 
may have resulted in the underreporting of mild 
or transient events not documented in medical 
records.

This study has several limitations. First, its  
retrospective design may introduce selection 
bias, such as physicians might prioritize a fixed 
low dose for patients with poor baseline respi-
ratory function, potentially affecting group bal-
ance. Second, only the first BTcP episode was 
included, and dose adjustments during multi-
ple episodes were not analyzed, limiting the 
understanding of long-term management out-
comes. Third, the rescue dose group did not 
include regimens exceeding 10% of the daily 
opioid dose because such doses were rarely 
used clinically during the study period, making 
effective statistical comparisons impossible. 
Although guidelines recommend a range of 
5%-20%, we focused on 5%-10%, reflecting 
actual clinical practice among high-dose opioid 
users, where higher doses would be cautiously 
avoided. Fourth, the small sample size (n=11) 
in the high-dose subgroup (>720 mg/d) within 
group A may reduce statistical power; however, 
the balanced baseline and consistent trend 
with the overall cohort mitigated this concern 
to some extent. Fifth, respiratory safety out-
comes were systematically recorded only with-
in the first 60 minutes after administration. 
Although the pharmacological effects of mor-
phine typically last 4-6 hours, delayed respira-
tory depression remains theoretically concern-
ing, but our monitoring protocol was designed 
to capture the immediate peak risk following 
rescue dose administration. While no delayed 
respiratory events were documented in medi-
cal records within the 180-minute observa- 
tion window, the lack of structured respiratory 
parameter collection after 60 minutes limited 
our ability to comprehensively assess the time 

course of respiratory safety. Future prospective 
studies should incorporate extended respirato-
ry monitoring (e.g., up to 4-6 hours) to more 
comprehensively assess the risk of delayed 
respiratory depression. Finally, the absence of 
recorded pharmacokinetic data (e.g., morphine 
plasma concentrations) prevents direct valida-
tion of the dose-concentration-effect relation-
ship. However, these limitations do not dimin-
ish the clinical guidance value of the core 
findings: (1) For lung cancer patients receiv- 
ing high-dose opioid therapy (especially daily 
doses >720 mg), morphine at 5%-10% of the 
total dose is recommended for relieving BTcP, 
offering significantly better analgesia compar- 
ed to a fixed low dose, and is safe in patients 
without severe brain metastasis or underlying 
respiratory diseases; (2) For patients with  
brain metastasis, even with proportional dos-
ing, enhanced respiratory monitoring (e.g., 
recording respiratory rate every 15 minutes 
within 1 hour after administration) is neces-
sary; (3) For patients with daily doses of 480-
720 mg and no high-risk factors, a fixed low 
dose may be considered as an alternative for 
mild to moderate BTcP (NRS score 3-6), but the 
analgesic effect should be closely assessed, 
and additional doses may be necessary. Fu- 
ture prospective multicenter studies with larger 
subgroup sample sizes, extended respiratory 
monitoring, and pharmacokinetic assessments 
may address these limitations.

Conclusion

This study systematically evaluated the effi- 
cacy and respiratory safety of different doses 
of morphine rescue therapy in management of 
BTcP in lung cancer patients receiving high-
dose opioid therapy. For lung cancer patients 
receiving high-dose opioid therapy (≥480 mg/
day oral morphine equivalent), BTcP rescue 
should preferentially use immediate-release 
morphine at 5%-10% of the background daily 
dose, rather than a fixed low dose of 10 mg. 
Retrospective analysis showed that proportion-
al dosing increased the response rate to 95% 
for a ≥30% reduction in the numerical rating 
scale score within 1 hour, and the significant 
response rate (≥50%) exceeded 80%, without 
significantly increasing the incidence of de- 
creased respiratory rate or decreased SpO2. 
Brain metastasis and a baseline dose >720 
mg/day are important risk factors for respira-
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tory depression, requiring close monitoring in 
clinical practice. Proportional dosing is recom-
mended as a priority in patients without brain 
metastasis or severe underlying respiratory dis-
eases, while individualized dose adjustments 
should be made under close monitoring for 
patients with brain metastasis or receiving 
ultra-high-dose therapy. This study provides 
evidence-based guidance for the precise man-
agement of BTcP and has important reference 
value for future guideline updates and clinical 
practice.
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