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Abstract

Context. Lung cancer surgery is among the surgical procedures associated with the highest
prevalence of pain, but prospective longitudinal studies following the pain trajectory are
scarce.

Objectives. We aimed to describe the pain trajectory in patients undergoing surgery for
primary lung cancer and to investigate whether distinct groups of patients could be identified
based on different pain trajectories.

Methods. Patients (n = 264, 95% thoracotomies) provided data on the average and worst pain
intensity, pain location, and comorbidities before, and at 1, 5, 9, and 12 months after surgery.
Pain profiles were analyzed by latent class mixed models (LCMMs).

Results. The occurrence of any pain increased from 40% before surgery to 69% after 1
month, and decreased to 56%, 57%, and 55% at 5, 9, and 12 months, respectively. LCMMs
identified two classes both for average and worst pain; one class started low with high ratings
after one month, then returning to a level slightly higher than baseline. The other class started
higher with similar scores through the trajectory. Patients reporting no pain (8%) were placed
in a separate class. Higher comorbidity score, preoperative use of pain and psychotropic
medicine characterized the class with overall highest pain for average and/or worst pain.
Conclusion. Pain was highly prevalent after surgery and subgroups could be identified based
on different pain trajectories. Patients reported both postoperative pain and pain from chronic
conditions. Knowledge about vulnerable patients and risk factors for pain is important to

tailor interventions and information about pain.

Key Words: Lung cancer, pain trajectory, chronic pain, persistent postsurgical pain, thoracic

surgery.



Key Message: This article describes a prospective study where pain was highly prevalent
during the first year after surgery for lung cancer, and subgroups could be identified based on
different pain trajectories. Patients reported both postoperative pain and pain from chronic

conditions. This knowledge is important to tailor interventions and information.



Introduction

Increased long-term survival after lung cancer has led to a growing interest in addressing
health-related quality of life (HRQoL) and symptoms faced by long-term survivors (1).
Surgery is the most important treatment modality to improve survival in patients with lung
cancer and is the treatment of choice for patients with early stage, non-small-cell lung cancer
(NSCLC) (2). However, surgery may affect the patients’ HRQoL (3) and the development of
chronic pain after surgery, also called persistent postsurgical pain (PPSP), is a common
complication following thoracic surgery (4-6). PPSP is defined as pain that develops after a
surgical procedure, persists more than 2—-3 months postsurgery without other causes, and has
different characteristics from preoperative pain (6, 7). PPSP can interfere with daily activities,
sleep, mood, and HRQoL (8, 9), hence being a clinical relevant problem delaying recovery
after surgery (10). Poorly managed postoperative pain may delay discharge from hospital and
results in the patient’s inability to participate in rehabilitation programs, leading to poor
outcomes also after the initial postoperative period (11).

Thoracic surgery is among the surgical procedures associated with the highest
prevalence of PPSP reported in 19-60% of the patients after lung cancer surgery (12-16).
Previous studies have identified younger age (12, 16, 17), female gender (17), preoperative
pain (18), and anxiety and depression (8) as predictors for PPSP after thoracic surgery.
Despite recent advances in surgical techniques and perioperative care, such as the introduction
of video-assisted thoracic surgery (VATS) and enhanced recovery pathways, PPSP remains
an important clinical issue in thoracic surgery and has not decreased notably (14, 19-21).

Patients with lung cancer not only experience the surgical trauma of their disease

treatment but also experience several physiological, psychological and social symptoms and



changes because of the disease process (22, 23). However, reports on pain following lung
cancer surgery remain scarce or exhibit several methodological shortcomings (12, 20, 24), in
particular regarding the heterogeneity of the studied populations (12, 13), the retrospective
character of analyses (17, 18), the absence of standardized evaluation procedures (25), and
differences in the timing of follow-up (14). Previous prospective studies have mainly
followed pain trajectories over a short time and/or often lack baseline measures. Further, we
have not found any published studies that have attempted to identify subgroups of patients
based on differences in pain trajectories following lung cancer surgery.

Given the limitations noted above, here we aimed to describe the pain trajectory in a
cohort of patients undergoing surgery for primary lung cancer. Further, we wished to
investigate whether distinct groups of patients could be identified based on different pain
trajectories, and—if such groups could be identified—to compare the demographical and

clinical characteristics between them.

Methods

Patients, settings, and study procedures
This exploratory study is based on secondary analyses of data from a larger longitudinal study
of symptoms in patients with lung cancer before and after surgery (26, 27). Patients scheduled
for surgery who were 18 years or older, and were able to read, write, and understand
Norwegian, were eligible for inclusion. Exclusion criteria were cognitive impairment,
cancellation of surgery, surgical exploration without curative resection, or cases where
histopathology after surgery revealed that the patients had benign or metastatic disease.

The patients were recruited at three university hospitals in Norway (Oslo University

Hospital, St. Olav’s Hospital and Haukeland University Hospital). The study was approved by



the Regional Ethical Review Committee (REK number 2010/1508) and supported by the
Institutional Review Boards at all hospitals involved.

Most patients (91%) were recruited in the hospital 1-3 days before surgery. The
remaining 9% of the patients were recruited in the outpatient clinic prior to surgery. After
giving written informed consent, patients completed baseline study questionnaires before
surgery. Data were also collected by postal surveys at 1, 5, 9 and 12 months after surgery.
Nonresponders were sent one postal reminder after the initial questionnaire. The recruitment
started in November 2010 and was completed in March 2012.

Data collection

Demographic and clinical characteristics

Patients provided information on gender, living situation, level of education, and employment
status. Research nurses completed information on age, smoking status, lung function, height,
weight, and preoperative medications for all patients. After surgery, the patients’ medical
records were reviewed for information on tumor histology, type of surgery, and TNM
classification (28). The TNM classification is a system for cancer staging based on tumor (T),

node (N) and metastasis (M).

The Brief Pain Inventory (BPI)

The primary outcome was pain intensity, measured by BPI average pain intensity and BPI
worst pain intensity (29). BPI is a short, self-administered questionnaire designed to assess
pain occurrence, intensity, interference with function, pain relief, and pain localization. Only
pain intensity (average and worst pain) and pain localization were used in this study. Patients
were asked to indicate whether they had pain (yes/no). If they had pain, they rated the severity
of their average and worst pain using a 0 (no pain) to 10 (pain as bad as you can imagine)
numerical rating scale (NRS). Different cut-points have been recommended for categorizing

pain intensity into subcategories (30). We defined mild pain as NRS 1-3, moderate pain as 4



6, and severe pain as 7-10 (31). The Norwegian version of BPI has shown well-established

validity, reliability, and sensitivity to change (32, 33).

The Self-administered Comorbidity Questionnaire-19 (SCQ-19)

Comorbidities were assessed by the SCQ-19, which includes 16 common comorbidities and
three optional conditions. Patients indicated whether they had the comorbid condition
(yes/no); if they received treatment for it (yes/no); and whether it limited their activities
(yes/no). The total SCQ-19 score can range from 0 to 57: a higher total score indicates a more
severe comorbidity profile. The SCQ has well-established validity and reliability in patients
with chronic conditions (34, 35). In this study, only the total number of comorbidities (0-19)

and the occurrence of the most common pain conditions were used in the analyses.

Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics (v.23.0; IBM Corp, Armonk,
NY, USA) and the R statistical program (36).

Data have been were summarized as means (x standard deviations), medians
(percentiles) or frequencies (percentages), as appropriate. The pain profiles for average and
worst pain were analyzed using latent class mixed models (LCMMs), implemented in the R
package lcmm v. 1.7.7 (37). Such models can be used to identify unmeasured, latent classes
that represent subgroups of patients with similar symptom profiles across time. These
subgroups can then be compared with respect to sociodemographic and clinical variables. The
analyses were performed separately for “average pain” and “worst pain”. Patients who did not
report any pain at any of the five occasions (i.e., pain score = 0 at all time points) were
considered to belong to a predefined “no pain class” and were not included in the LCMM
analysis.

The pain profiles were specified in terms of a linear mixed model (LMM) for an

unobservable, latent variable, assumed to be normally distributed. The LMM included



variables representing the time profile as the only fixed effects variables, and a random
intercept to account for within-subject correlations. The pain scores, observed on an ordinal
scale of 0-10, were linked to the unobserved, latent variable by a probit link, assuming that
the cumulative probabilities for the pain scores depended on the latent pain profiles.

A structure for the latent, class-specific time profiles was first selected for a one-class
model. The candidate models were polynomials up to the second order, and two models with
a categorical time variable: a two-category model with a temporary shift at 1 month after
surgery but an otherwise constant time profile, and a three-category model for which the
profile after 1 month was allowed to return to a level different from the baseline level. After
deciding on the time structure for the one-class model, based on tests for significance for the
model parameters, models with one to four classes were fitted using the selected time
structure. The final number of classes was decided to be the one with the smallest value of the
Bayesian Information Criterion (BIC) (38). The parameter estimation was performed using an
iterative procedure in a maximum-likelihood framework. The gridsearch function in the lcmm
package was used to obtain initial values for the parameters.

Each patient was allocated to the class for which the patient’s estimated membership
probability was the largest. Sociodemographic and clinical variables, chosen based on clinical
relevance and previous research, were compared between the classes by analysis of variance
(ANOVA), Kruskal-Wallis tests, Chi-squared tests, or Fisher’s exact tests, as appropriate. P
values < 0.05 were considered statistically significant. The Holm-Bonferroni correction
method was applied to adjust for multiple comparisons.

No sample size calculations were performed for the secondary analyses reported in

this exploratory study.



Results

A total of 375 patients with presumptive primary lung cancer were asked to participate in the
study, and 307 agreed (81%). Twenty-two patients were excluded from the study because of
metastatic tumors, benign disease, or cancelled or exploratory surgery. Of the remaining 285
patients, 264 completed the questionnaire at baseline (93%). Figure 1 shows the inclusion and

exclusion of patients in the entire study.

Patient characteristics

Demographic and clinical characteristics of the total sample at baseline are listed in Table 1.
The sample consisted of 152 (58%) men and 112 (42%) women; the mean age was 65.8 (+
8.5) years, and the age range was 30-87 years. The mean number of comorbidities measured
by the SCQ-19 was 2.4 (+ 1.7), range 0—8. The most common comorbid conditions were
back/neck pain (42%), high blood pressure (31%), other lung disease (29%), and osteoarthritis
(24%).

The majority of the patients were staged with cancer TNM I/11 (81%), while most
patients had an adenocarcinoma (56%) or a squamous-cell carcinoma (31%). The surgical
approach ranged from lobectomy (69%) to bilobectomy (7%), pulmectomy (9%), wedge
resection (9%), and VATS (5%). Psychotropic drugs were used by 20% of the patients, while

16% used pain medication before surgery.

Pain occurrence for the total sample

In total, the percentage of patients reporting occurrence of any pain increased from 40%
before surgery to a peak of 69% after 1 month, and decreased to 56% at 5 months, 57% at 9
months, and 55% at 12 months. Pain was reported both at baseline and 12 months by 29% of
the patients. The proportions of patients reporting none (0), mild (1-3), moderate (4-6) and

severe pain (7—10) at each assessment are illustrated in Figure 2A for average pain and Figure

10



2B for worst pain. The observed proportion of patients with moderate pain was highest after 1
month, reduced after 5 and 9 months and increased after 12 months, for both average and
worst pain. Pain was reported at different sites during the 1-year trajectory (Supplementary
Table S1). Back (22%), neck/shoulder (20%), and hips (13%) were the most common sites
before surgery, while chest (43%), neck/shoulders (36%), and back (32%) were the most
common after 1 month. Upper back pain was reduced to baseline level after 5, 9, and 12
months, while chest pain and pain in neck/shoulders were most frequently reported up to 12

months after surgery.

Pain trajectory for average and worst pain intensity

The pain trajectories of both average and worst pain showed substantial inter-individual

variations over the five time points as illustrated by average pain in Figure 3.

Average pain intensity

The results from the LCMM analysis using one to four classes are summarized in Table 2A. A
model with two classes gave the best fit in terms of the smallest BIC value among the
candidate models. The estimated pain trajectories for the two-class model, with the constant
trajectory for the “no pain” class inserted, are illustrated in Figure 4A. The “no pain”
trajectory comprised 21 patients (8%), not included when fitting the LCMM. One of the two
trajectories (Class 1) estimated by the LCMM indicated a postoperative elevation of pain at 1
month, with a reduction of the pain at 5 months and a stable trajectory at 5-12 months. The
other estimated trajectory (Class 2) indicated a stable pain profile, but a higher baseline pain

score than for Class 1.

Worst pain intensity

Similar results are shown for “worst pain” in Table 2B, where a model with two classes gave

the best fit in terms of the smallest BIC value among the candidate models. The estimated
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pain trajectories for the two-class model, with the constant trajectory for the “no pain” class (n
= 21), inserted, are illustrated in Figure 4B. The plot shows that Class 1 started low with high
ratings after 1 month, then returned to a level slightly higher than the baseline scores. Class 2

started higher but typically had similar scores through the whole trajectory.

Differences between the pain classes in patients’ demographic and clinical
characteristics

Sociodemographic and clinical variables were compared between the identified classes fitted
in the LCMMs. The “no pain” class was included as a third class in the comparisons. Tables
3A and 3B show univariate analyses comparing the classes for “average pain” and “worst
pain”, respectively. After adjusting for multiple testing, comorbidity, preoperative use of pain
medicine, and type of surgery differed significantly between the classes both for “average”
and “worst pain”. Higher comorbidity scores and preoperative use of pain medicine
characterized the class with overall highest pain both for “average” and “worst pain”.
Concerning the type of surgery, lobectomy was more frequent among the patients in the two
pain classes, while the percentages of wedge resection and VATS were highest in the “no
pain” class for both “average” and “worst pain”. For “average pain”, there was also a
significant difference in the preoperative use of psychotropic medicine, which was more
common in the class of patients with the highest pain. Patients in the “no pain” class were
observed to be older than patients in the two other pain classes, and smoking until surgery was

more prevalent by increasing average pain, but these results were not statistically significant.

Discussion

Our study is the first to use LCMMs to identify subgroups of patients with distinct pain
trajectories following surgery for lung cancer. Two distinct classes for “average” and “worst
pain” were identified over time and the patterns were similar for both items. The estimated

12



pain trajectory for the first class started low before surgery with increased ratings after 1
month, then returned to a stable level slightly higher than the baseline scores. The pain
trajectory for the second class started at a higher level of pain but stayed relatively stable
throughout the whole trajectory. In addition, 8% of the patients did not report having pain

during the 1-year period.

Pain intensity before the surgery

Pain was reported by 40% of the patients before surgery. This level is higher than in the
Norwegian general population that reports 24.4-30% (39, 40). One reason for this could be
that our sample had a mean age of 66 years, and pain is more common in the elderly (41). As
pain is usually not a symptom of early stage lung cancer (42), the high proportion of pain
reported at baseline might represent comorbid conditions. Of note, 42% of the sample
reported back/neck pain, and 24% reported osteoarthritis before surgery. This is line with
Hetmann et al. (43) who reported that most commonly patients reported pain from the neck,
shoulders, lower back, hips, or knees before surgery. Wildgaard et al. also found that patients
with post-thoracotomy pain syndrome commonly experienced pain in other body parts (9),
while Fagundes et al. (44) found that patients who reported any comorbid condition before
surgery reported higher levels of postoperative pain. This supports the idea that in general,
preoperative pain is a risk factor for developing persistent pain after surgery (45). Pain before
surgery might also be increased by the stress of undergoing major surgery and being

diagnosed with a life-threatening and serious disease like lung cancer.

Variation in pain over time

This study showed that there was a high occurrence of pain preoperatively as well as at 1, 5,
9, and 12 months after surgery for lung cancer. High prevalence rates of persistent pain were

reported in several previous studies after thoracic surgery (8, 14, 15, 20). The proportion of
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patients reporting the occurrence of pain in this study increased after 12 months compared
with baseline for the whole sample and the pain trajectories showed that the pain intensity was
higher after surgery for some patients. Overall, this supports previous reports on the high
prevalence of persistent pain after surgery for lung cancer (21). We assume the pain is both
postoperative pain and pain from comorbidities as the levels of —for example—
neck/shoulder and back pain were high during the whole trajectory. However, inter-individual
variations and the identification of different pain classes confirmed that these patients
followed different pain trajectories.

The LCMM analysis revealed that patients with pain at 5 months still experienced pain
at 12 months. The high frequency of pain located in the chest, neck, and shoulder area after 12
months suggests that pain was not only explained by high comorbidity. Persistent pain after
lung cancer surgery might add to the burden of symptoms directly linked to the cancer
diagnosis. Further, it might impact on postoperative recovery and influence complications.
Recovery after oncology surgery is further complicated by potential changes caused by
adjuvant therapy (46). Pain after lung cancer surgery is indeed a complicated interplay
between changes related to the operation, changes related to the disease, and comorbid

conditions.

Vulnerable patients

Our study identified different classes of pain trajectories and described these subgroups in
terms of demographic and clinical variables. Consistent with previous studies (12, 16, 17)
patients in the two pain classes were younger than patients with no pain. They had more
comorbidities, more prevalent use of pain and psychotropic medicines, and smoked more
frequently until surgery. These findings support the idea that patients with high pain during

their trajectory can be described as a vulnerable group. This information could be used to
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target information to patients, as well as to enable more individualized pain regimen as part of
patient-centered care.

The proportions of women were highest in the classes with pain, but gender was not
significantly related to the pain class. This finding was unexpected, because several studies
have revealed that women have a higher risk of both acute and long-term pain after lung
cancer surgery (47, 48). The proportion of women included in our study was high (42%) but it
is possible that the power to identify gender differences was too weak. Moreover, it cannot be
ruled out that men and women differ regarding factors important for pain not identified in our

study. Further research on possible gender differences in postsurgical pain is needed.

Strengths and limitations

The key strengths of this study were the prospective design with baseline measures of pain,
the large number of participants, the high response rate, the consecutive inclusion, and the
homogeneous sample including only patients with primary lung cancer. Further, this was a
multicenter study with patient inclusion from four out of seven centers performing lung
cancer surgery in Norway. We consider this cohort to be representative of patients with lung
cancer receiving surgical treatment in Norway at the time of the study. However, some
limitations need to be discussed.

First, patients were not asked about the etiology of their pain. Hence, we do not know
whether the pain could be classified as postsurgical pain, was related to the treatment for lung
cancer (adjuvant treatment/chemo), was related to comorbidities, progression or recurrence of
lung cancer. However, the increase in pain after 1 month in one class of patients suggests that
pain related to surgery was captured. Second, most of the patients were subjected to
thoracotomy, while VATS has become the treatment of choice in many cardiothoracic centers

(48). VATS is less invasive and has been thought to change the pattern of symptoms and pain.
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However, even with the VATS approach, pain is still an important clinical issue in lung
cancer surgery (20, 49).

Patients reporting no pain at all five occasions were excluded from the LCMM
analysis and were predefined to belong to a separate “no pain” class. This approach has been
taken by other studies identifying latent classes of pain (50, 51). Rerunning the analysis using
all data gave similar profiles for the two-class model to the ones illustrated in Figure 4.
However, when including patients not reporting any pain, a one-class model gave better fit
based on the BIC, most likely because of increased uncertainty for the estimated profiles. One
of the strengths of the LCMM approach is that all observations for each patient were used,

avoiding listwise deletion.

Conclusion

Our study showed that pain was highly prevalent during the first year after surgery for lung
cancer, and subgroups of patients could be identified based on different pain trajectories.
Importantly, high levels of pain at baseline illustrated that comorbidities and preoperative use
of pain medicine were associated with having pain at 1 year after surgery. That so many
patients awaiting lung cancer surgery had chronic pain-related comorbidities must be taken
into consideration when estimating the postsurgery pain levels and when deciding pain
treatment for these patients. Further, one must be aware that these patients experience both
postoperative pain and pain from chronic conditions. Knowledge about vulnerable patient
groups and risk factors for pain is important to tailor interventions and information about pain

after lung cancer surgery.
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Figure legends

Figure 1. Flow chart of the patients enrolled in the study

Figure 2A. The observed proportion (%) of patients reporting no pain, mild pain, moderate
pain, or severe pain at each time point for the average pain item.

Figure 2B. The observed proportion (%) of patients reporting no pain, mild pain, moderate
pain, or severe pain at each time point for the worst pain item.

Figure 3. The patients’ individual pain trajectories over the five time points for average pain.
Figure 4A. The estimated trajectories from the two-class latent class mixed model (LCMM)
for average pain, with the constant trajectory for the “no pain” class inserted.

The plot shows the median and the 2.5- and 97.5 - percentiles of the posterior distribution for
the predicted trajectories from the LCMM analysis. The numbers of patients (n) in Classes 1
and 2 refer to the numbers predicted by the LCMM to belong to each class.

Figure 4B. The estimated trajectories from the two-class latent class mixed model (LCMM)
for worst pain with the constant trajectory for the “no pain” class inserted.

The plot shows the median and the 2.5- and 97.5-percentiles of the posterior distribution for
the predicted trajectories from the LCMM analysis. The numbers of patients (n) in Classes 1

and 2 refer to the numbers predicted by the LCMM to belong to each class.
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Table 1. Demographic and clinical characteristics of the patients with lung cancer before

surgery.

Characteristic (n = 245-264?)

n (%) or mean (x SD)

Age (years)

Female gender

Living alone

Educational level:
Primary / secondary school
University / college

Employment status:
Full- or part-time
Sick leave or disability
Retired or other

Smoking status:
Smoked until surgery
Stopped until at least 1 year before surgery
Never smoked

BMI in kg/m?

Tumor type:
Adenocarcinoma
Squamous cell carcinoma
Small cell
Carcinoid

Other

65.8 (+ 8.5)
112 (42.4)

59 (23.5)

211 (83.7)

41 (16.3)

75 (29.9)
66 (26.3)

110 (43.8)

120 (45.6)
126 (47.9)
17 (6.5)

25.9 (+ 4.7)

149 (56.4)
81 (30.7)
6 (2.3)
6 (2.3)

22 (8.3)



TNM stage of cancer

1A 80 (32.7)
1B 79 (29.9)
I 45 (18.4)
HIA 40 (16.4)
1B 1(0.4)
Psychotropic drugs before surgery (yes) 53 (20.1)
Pain medication before surgery (yes) 42 (15.9)
Number of comorbidities measured by SCQ-19° 2.4 (1.7)
Back/neck pain 111 (42.0)
High blood pressure 82 (31.1)
Other lung disease (including COPD) 76 (28.8)
Osteoarthritis, degenerative arthritis 62 (23.5)
Heart disease 46 (17.4)
Depression 29 (11.0)
Headaches 28 (10.6)
Dermatological diseases 25 (9.5)
Rheumatoid arthritis 24 (9.1)
Diabetes 18 (6.8)
Disease of connective tissues or muscle 13 (4.9)
Ulcers or stomach disease 11 (4.2)
Intestinal disease 10 (3.8)
Kidney disease 7(2.7)
Anemia or other blood disorder 1(0.4)

Liver disease 1(0.4)



COPD, chronic obstructive pulmonary disease; SCQ, Self-Administered Comorbidity
Questionnaire; TNM, tumor—node—metastasis; BMI, body mass index; SD, standard deviation
of the mean.

an values vary because of missing values. °SCQ includes 16 common comorbidities and three

optional conditions.



Table 2A. Results from the latent class mixed model and fit indices for the outcome variable “average

pain.”

Log- No. of BIC AIC
Model likelihood parameters
1 Class -1750.62 13 3572.65 3527.24
2 Class -1735.32 17 3564.03 3504.65
3 Class -1726.57 21 3568.49 3495.13
4 Class -1722.23 25 3581.79 3494.47

AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion.

The model with the best fit in bold (i.e. the lowest BIC).

Table 2B. Results from the latent class mixed model and fit indices for the outcome variable “worst

pain.”

Log- No. of BIC AlC
Model likelihood parameters
1 Class -1791.13 13 3653.67 3608.26
2 Class -1777.11 17 3647.61 3588.23
3 Class -1771.62 21 3658.60 3585.25
4 Class -1767.49 25 3672.30 3584.97

AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion

The model with the best fit in bold (i.e. the lowest BIC).



Table 3A. Univariate analyses comparing sociodemographic and clinical variables in pain classes for average pain.

Age, years, mean (£ SD) 70.7 (6.5) 65.8 (8.1) 64.3 (9.4) 0.0092 0.159
BMI kg/m?, mean (+ SD) 24.8 (4.3) 25.9 (4.8) 26.0 (4.7) 0.5832 1.000
SCQ-19 total, median (Q1- 2.0 (1.0-2.2) 2.0 (1.0-3.0) 3.0(2.0-4.2) <0.001° | <0.001
Q3)
Pack-years smoking, median 20.0 (13.9-34.4) 30.0 (18.4-40.6) | 28.0(18.6-44.5) 0.486" 1.000
(Q1-Q3)
Days with chest-tube, median 2 (1-4) 3(2-5) 3(2-5) 0.370° 1.000
(Q1-Q3)
Gender, n (%) 0.472° 1.000
Female 7(33.3) 70 (41.4) 35 (47.3)
Cancer type, n (%) 0.235° 1.000
Adenocarcinoma 9 (42.9) 97 (57.4) 43 (58.1)
Squamous cell 11 (52.4) 47 (27.8) 23 (31.1)




Other 1(4.8) 25 (14.8) 8(10.8)

Psychotropic medicine, n (%) <0.001° <0.001
Yes 2 (9.5) 21 (12.4) 30 (40.5)

Any pain medicine, n (%) <0.001° <0.001
Yes 1(4.8) 15 (8.9) 26 (35.1)

TNM stage of cancer, n (%) 0.775° 1.000
IA 4 (21.1) 55 (35.0) 21 (30.4)
IB 8 (42.1) 49 (31.2) 22 (31.9)
T 5 (26.3) 26 (16.8) 14 (20.3)
HA/B 2 (10.5) 27 (17.2) 12 (17.4)

Smoking group, n (%) 0.021¢ 0.362
Smoked until surgery 6 (28.6) 70 (41.4) 44 (60.3)
Stopped 1 year before 14 (66.7) 85 (50.3) 27 (37.0)
surgery
Never smoked 1(4.8) 14 (8.3) 2(2.7)

Surgery type, n (%) <0.001¢ <0.001
Lobectomy 5(23.8) 133 (79.2) 45 (60.8)




Bilobectomy 2(9.5) 12 (7.1) 5(6.8)
Pulmectomy 4 (19.0) 10 (6.0) 9(12.2)
Wedge resection 7(33.3) 8 (4.8) 9(12.2)
Thoracoscopic 3(14.3) 5(3.0) 6 (8.1)
Additional surgery, n (%) 0.450¢ 1.000
Yes 1(4.8) 24 (14.2) 12 (16.2)

BMI, body mass index; SCQ-19, Self-Administered Comorbidity Questionnaire; Q1, lower quartile (25" percentile); Q3, upper quartile (75
percentile). Classes identified by latent class mixed model (LCMM); No pain class; Class 1 = elevated pain; Class 2 = stable pain. ANOVA,

bK ruskal-Wallis, “Chi-squared test, “Fisher’s exact test, *Holm-Bonferroni.



Table 3B. Univariate analyses comparing sociodemographic and clinical variables in pain classes for worst pain.

Age, years, mean (+ SD) 70.7 (6.5) 65.7 (8.4) 64.9 (9.0) 0.0082 0.159
BMI, mean (+ SD) 24.8 (4.3) 25.7 (4.7) 27.1(4.7) 0.112¢ 1.000°
SCQ-19 total, median (Q1- 2.0 (1.0-2.2) 2 (1.0-3.0) 3.0 (2.0-4.0) 0.002° 0.049
Q3)
Pack-years smoking, median 20.0 (13.9-34.4) 28.0 (17.6-40.7) | 35.0(20.0-45.2) 0.292° 1.000
(Q1-Q3)
Days with chest-tube, median 2 (1-4) 3(2-5) 3 (2-5) 0.383° 1.000
(Q1-Q3)
Gender, n (%) 0.676° 1.000
Female 7(33.3) 85 (43.4) 20 (42.6)
Cancer type, n (%) 0.248° 1.000
Adenocarcinoma 9 (42.9) 115 (58.7) 25 (53.2)
Squamous cell 11 (52.4) 47 (27.8) 23 (31.1)




Other 1(4.8) 25 (14.8) 8 (10.8)

Psychotropic medicine, n (%) 0.322° 1.000
Yes 2(9.5) 39 (19.9) 12 (25.5)

Any pain medicine, n (%) <0.001° 0.001
Yes 1(4.8) 23 (11.7) 18 (38.3)

TNM stage of cancer, n (%) 0.847° 1.000
1A 4(21.1) 62 (34.1) 14 (31.8)
IB 8 (42.1) 57 (31.3) 14 (31.8)
T 5 (26.3) 32 (17.6) 8 (18.2)
HA/IB 2 (10.5) 31 (17.0) 8 (18.2)

Smoking group, n (%) 0.0594 0.939

Smoked until surgery 6 (28.6) 85 (43.4) 29 (63.0)

Stopped 1 year before surger 14 (66.7) 97 (49.5) 15 (32.6)

Never smoked 1(4.8) 14 (7.1) 2 (4.3)

Surgery type, n (%) <0.001¢ <0.005
Lobectomy 5(23.8) 143 (73.3) 35 (74.5)
Bilobectomy 2 (9.5 15 (7.7) 2 (4.3)




Pulmectomy 4 (19.0) 14 (7.2) 5 (10.6)
Wedge resection 7(33.3) 15 (7.7) 2 (4.3)
Thoracoscopic 3(14.3) 8(4.1) 3(6.4)
Additional surgery, n (%) 0.490° 1.000
Yes 1(4.8) 30 (15.3) 6 (12.8)

BMI, body mass index; SCQ-19, Self-administered Comorbidity Questionnaire-19; Q1, lower quartile (25" percentile); Q3, upper quartile
(75" percentile). Classes identified by latent class mixed model (LCMM); No pain class; Class 1 = elevated pain; Class 2 = stable pain.

SANOVA, PKruskal-Wallis, °Chi-squared test, “Fisher’s exact test, °Holm-Bonferroni.



Presumptive primary lung cancer

Reasons for exclusion:

8 were cognitively impaired

7 were not able to read/understand Norwegian
29 were not asked because of lack of time/
resources

n =419
AV
Asked to participate
n =375
V2

Reason for exclusion:
68 did not want to participate.

Included in study

Reasons for exclusion:

5 had metastatic tumors

7 were diagnosed with benign disease
4 had their surgery cancelled

6 had exploratory surgery

(21 did not complete the baseline questionnaire)

Reasons for exclusion:
4 died postoperatively
4 withdrew from the study

(28 did not return the questionnaire)

Reasons for exclusion:
6 died
1 withdrew from the study

(9 did not return the questionnaire)

n = 307
Baseline
n =264

Month one
n =228

Month five
n=212

\V4

Month nine

n =199

Reasons for exclusion:
6 died
1 withdrew from the study

(6 did not return the questionnaire)

Reasons for exclusion:
4 died
1 withdrew from the study

Month twelve

n =194




60 80 100

40

20

LI Severe pain (7-10)
O Moderate pain (4-6)
B Mild pain (1-3)

B No pain (0)

n=260 n=227 n=209 n=198 n=191

Baseline Month 1 Month 5 Month 9 Month 12



60 80 100

40

20

LI Severe pain (7-10)
O Moderate pain (4-6)
B Mild pain (1-3)

B No pain (0)

n=262 n=226 n=211 n=198 n=191

Baseline Month 1 Month 5 Month 9 Month 12



Average pain

10




Average pain

10

—&— (Class 0, n=21
—»— (Class 1, n=169
—©— C(Class 2, n=74

g S G= = = = = - == &
o—9° [ e = — === === &
===
ﬁ_

Month




10

Worst pain

—&— (Class 0, n=21
—»— (Class 1, n=196
—©— C(Class 2, n=47

ﬁ"\-

B s e e O- - === ===~ o

PR
@ o & &
\h\""\.ﬁ
e 60— ——— - - - - o

ﬂ_—;¢= : g

s M T .y

vl e — = = = ———— - K = o o = x
s F __—____ b} M H
:f T . Mom o= o o o = - o
L
b
- | - | a a - |
| | | | |
0 1 5 9 12




Supplementary Table S1. Location of pain during the patient trajectory reported on the body map in the Brief Pain Inventory.

Baseline 1 month 5 months 9 months 12 months

N =264 N =228 N =212 N =199 N =194
Location n (%) n (%) n (%) n (%) n (%)
Head/face/jaw 21 (8.0) 17 (7.5) 12 (5.7) 11 (5.2) 15 (7.7)
Breast 30 (11.4) 99 (43.4) 53 (25.0) 41 (20.6) 50 (25.8)
Abdomen/stomach/pelvis 17 (6.5) 28 (12.3) 25 (11.8) 18 (9.0) 18 (9.3)
Lower arms/hands 27 (10.2) 18 (8.0) 21 (9.9) 12 (6.0) 13 (6.7)
Knees 24 (9.1) 12 (5.3) 16 (7.5) 13 (6.5) 18 (9.3)
Hips 35 (13.3) 21 (9.2) 27 (12.7) 35 (17.6) 30 (15.5)
Neck/shoulders/upper arms 52 (19.7) 81 (35.5) 59 (27.8) 53 (26.7) 61 (31.4)

Back pain 57 (21.6) 72 (31.6) 58 (27.4) 58 (29.1) 50 (25.8)



Upper back 22 (8.3) 53 (23.2) 19 (9.0) 22 (11.1) 22 (11.3)

Lower back 48 (18.2) 36 (15.8) 48 (22.6) 48 (24.1) 41 (21.1)

Legs/thighs/feet 29 (11.0) 22 (9.6) 31 (14.6) 24 (12.1) 29 (14.9)

Throat 2 (0.8) 3(1.3) 7 (3.3) 7 (3.5) 2 (1.0)
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