
ORIGINAL RESEARCH

The Role of Electronic Patient-Reported Outcome
Measures in Assessing Smoking Status and Cessation
for Patients with Lung Cancer

James Convill . Fiona Blackhall . Janelle Yorke . Corrine Faivre-Finn .

Fabio Gomes

Received: August 23, 2022 /Accepted: September 23, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Smoking cessation following
lung cancer diagnosis is recommended to
improve patient outcomes. Electronic Patient
Reported Outcome Measures (ePROMs) may be
useful for identifying and facilitating cessation
support in patients that continue to smoke after
a cancer diagnosis. The primary aim was to
investigate the level of agreement between
clinician-reported and self-reported patient

smoking status during the first visit to a cancer
centre (I). Secondary aims included investigat-
ing differences between cancer-specific charac-
teristics between never smokers and current/ex-
smokers (IIA), and the self-reported frequency
of smoking cessation after diagnosis of lung
cancer (IIB).
Methods: Retrospective single-centre study
carried out at a tertiary cancer centre in the UK.
Lung cancer patients that completed at least
one ePROM questionnaire within 6 weeks of
their first visit to the cancer centre (baseline),
between February 2019 and February 2020, were
included in the study. All ePROM question-
naires included a question regarding smoking
status to allow comparison with the clinician
records. Patients were offered these electronic
questionnaires at each subsequent visit to the
hospital.
Results: Of 195 patients included, 24 (12.3%)
demonstrated discordance between clinician-
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reported and self-reported smoking status at the
baseline assessment. Clinician-reported ‘current
smokers’ were more likely to be discordant with
self-reported smoking status, compared with
clinician-reported ‘ex-smokers’ and ‘never
smokers’ (P = 0.017). Never smokers were more
likely to have adenocarcinoma (P\0.005),
present with stage IV cancer (P = 0.023) and
receive treatment with palliative intention
(P = 0.042), compared with current and ex-
smokers. Of those that were reported by clini-
cians as being current smokers, 9/38 (23.7%)
were self-reported ex-smokers. A sub-group of
137 patients completed at least one additional
ePROM questionnaire after the baseline and
were included in the smoking cessation analy-
sis. Thirty-eight patients were clinician-reported
as ‘current smokers’ at baseline. Of these, 9
subsequently stopped smoking, 17 continued
and 3 had short periods of cessation, identified
through self-reporting.
Conclusion: In most cases, there is concor-
dance between clinician- and self-reported
smoking status. A small area of discordance was
identified where clinicians reported some
patients as ‘current smokers’, whilst patients
self-reported having stopped. The causes for this
were not explored and require further investi-
gation. This study supports the use of ePROMs
as a helpful tool to assess smoking status, and it
can be used to identify patients for smoking
cessation referral.

Keywords: Lung cancer; Patient Reported
Outcome Measures; PROMs; Smoking;
Smoking cessation

Key Summary Points

It is recognised that those patients who
continue smoking following a lung cancer
report having a lower quality of life and
worse physical health outcomes.

Therefore, it is important to identify those
that are still smoking and make
appropriate referrals to smoking cessation
services. An independent questionnaire,
such as an electronic Patient Reported
Outcome Measure (ePROM), would be
well poised to aid in identifying those
patients that still smoke.

Do patients report a different smoking
status on an electronic independent
questionnaire compared with what they
report to clinicians at their initial clinic
visit?

Patients that self reported as current
smokers were more likely to have
discordant records than never/ex-smokers
(P\0.05).

Discordance between patient and clinician
warrants follow-up or immediate referral
to smoking cessation services.

INTRODUCTION

Lung cancer is the second most common form
of cancer for males and females in the UK, with
an incidence of 94 per 100,000 per year [1, 2]. In
2015, the National Institute for Health and Care
Excellence (NICE) reported that 86% of new
lung cancer diagnoses that year were linked to
smoking – the most common modifiable risk
factor listed [3].

Tobacco smoking causes negative physical
health consequences such as impaired wound
healing, reduced efficacy of cancer therapy,
decreased survival, and an increased risk of
recurrence and second cancers [4]. It has also
been demonstrated that continued smoking
causes a significant reduction in quality of life
(QoL) when compared with a non-smoking
cohort with lung cancer [5]. In patients with
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small cell lung cancer (SCLC), it was shown that
smoking significantly reduced quality of life.
[6]. With the effects of continued smoking on
physical and mental health, smoking cessation
should be an integral part of the cancer man-
agement plan for patients with lung cancer.

Studies suggest that 40–50% of patients are
smokers at the time of lung cancer diagnosis,
with about half of this cohort stopping after the
diagnosis has been made [5, 7]. Importantly,
one must also be aware of those who resume
smoking after considering themselves as ex-
smokers and so continuous follow-up is needed.
One study reports that 66/154 (42.9%) of lung
cancer patients reported smoking within
12 months after a period of abstinence follow-
ing lung cancer resection [8]. Of the patients
that relapsed, 60% did so in the first 2 months.

Smoking is less of a causative factor in ade-
nocarcinomas [9]. This subtypes has an inci-
dence of 17.1 and 14.7 per 100,000 person-years
in men and women, respectively [10]. Discern-
ing smoking status is of importance in a
healthcare setting so that appropriate smoking
cessation advice can be given. In-/outpatient
settings are an ideal opportunity for discussions
with patients regarding smoking cessation.
However, time pressures upon clinical teams
can restrict the opportunity for this important
intervention. Self-reported smoking status has
been reported as accurate for never smokers,
current smokers and those that quit more than
1 year ago [13]. Electronic Patient Reported
Outcome Measures (ePROMs) may represent an
efficient and accurate medium to collect and
analyse patient smoking information.

A Patient Reported Outcome (PRO) is a unit
of information that comes directly from the
patient without alteration or interpretation by
anyone else [14]. PROs are reported using
Patient Reported Outcome Measures (PROMs)
which often take the form of self-completed
questionnaires [14]. PROMs provide extremely
important information on a multitude of met-
rics as determined by the tool creator – most
often the clinical team at one specific trust [14].
Data from PROMs is utilised mainly in two
ways: informing individual patient care and
informing health services/facilitating policy
development [15].

Electronic Patient Reported Outcome Mea-
sures (ePROMs) are self-reported questionnaires
administered electronically rather than on
paper. With the increasing prevalence of smart
phones and laptops allowing patient’s to com-
plete ePROMs remotely from their own home or
outside a clinical setting, ePROMs have come to
the fore as a method of collecting remote
patient data [15].

A 1994 meta-analysis which included papers
with biochemical validation as a means of
confirmation, reported high levels of sensitivity
and specificity for patient reported smoking
status through either self-reporting question-
naires or clinician interviews [16]. The meta-
analysis concluded that interview-reported sta-
tus had a slightly higher sensitivity and speci-
ficity that self-reporting questionnaires.
However, with service pressures it may not
always possible to obtain patient smoking status
from interviews. With the emergence of elec-
tronic PROMs, it is pertinent to discern their
ability to accurately identify smoking status.

Objectives

The primary aim of this study was to identify,
describe and analyse agreement between clini-
cian-reported smoking status and patient self-
reported using an ePROM questionnaire in
patients with lung cancer. Secondary aims
include investigating differences between can-
cer-specific characteristics based on smoking
status in patients with lung cancer and
describing the self-reported frequency of smok-
ing cessation after diagnosis of lung cancer
using ePROM follow-up data.

METHODS

A comprehensive UK cancer centre introduced
an ePROM initiative routinely into patient care
pathways in January 2019. Patients that com-
pleted a baseline ePROM questionnaire within
6 weeks of clinicians completing the standard
‘Diagnosis and Staging (DS)’ baseline form for
new patients in clinic between February 2019
and February 2020 were included in this study.
Patients with no information regarding
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smoking status and/or no completed ePROMs
were excluded.

Patients with lung cancer at a comprehen-
sive UK cancer centre are initially seen in clinic
by an oncologist. At this first appointment, the
clinician completes a DS baseline form, which
includes patient baseline information and
tumour characteristics. This form includes the
clinician-reported smoking status (options
include ‘current smoker’, ‘ex-smoker’ and
‘never smoker’) and the option of recording
pack years. Clinician-reported smoking status is
obtained via a direct question from clinician to
patient during the consultation and without
biochemical testing. Independently of this,
patients are also asked to complete an ePROM
questionnaire before the appointment via an
email or text message (at this first appointment
and all subsequent visits), which is optional but
if completed provides self-reported smoking
status data. The ePROMS platform has been
operational since January 2019 and uses elec-
tronic questionnaires that include symptom-
based questions (developed using the Common
Terminology Criteria for Adverse Events Version
5.0 and patient and clinician feedback) and QoL
questions (EQ-5D-5L) [17]. Patients are asked to
‘Please select the statement about smoking most
applicable to you’ by answering with ‘current
smoker’, ‘ex-smoker’ or ‘I have never smoked’.
No further definitions of these terms are offered
in the ePROM. In March 2020, a statement
regarding smoking cessation was added to the
tool: ‘Please tick this box if you wish to be
referred to the smoking cessation service’. The
smoking cessation service uses a number of
cessation methods including group and one-to-
one sessions and pharmaceutical treatment.
Smoking cessation management was tailored
based on patient preference. Subsequent smok-
ing cessation was determined solely by ePROM
response and without biochemical testing.

Medical records were reviewed to collect data
for analysis. As per the meta-analysis discussed
above, clinician-reported patient smoking sta-
tus was used to stratify patients on smoking
status for further analysis [16]. Primary aims
were analysed using a chi-squared test owing to
the categorical nature of the variables. The test
was carried out using R [18]. Following the

initial chi-squared test, a chi-squared test with
Yates’ correction was carried out to reduce the
risk of a type 1 error. Secondary aims were
analysed using a descriptive analysis, chi-
squared test for categorical variables and
unpaired two-tailed t-test for continuous vari-
ables. For all statistical tests significance was set
at P = 0.05.

This study was reviewed and approved as a
service evaluation by the Quality Improvement

Table 1 Baseline characteristics of patients

Baseline characteristic

Age, years [median, range] 68, 35–85

Sex [n (%)]

Male 99 (50.8)

Female 96 (49.2)

ECOG performance status [n (%)]

0 and 1 131 (67.2)

2 44 (22.6)

3 20 (10.3)

TNM stage [n (%)]

I 13 (6.7)

II 5 (2.6)

III 65 (33.3)

IV 83 (42.6)

Not recorded 29 (14.9)

Histology [n (%)]

SCLC 30 (15.4)

NSCLC 165 (84.6)

Adenocarcinoma 77 (39.5)

Squamous 57 (29.2)

NOS 21 (10.8)

Other 10 (5.1)

Pack years [median, range] 35, 0–150

ECOG Eastern Cooperative Oncology Group, NOS not
otherwise specified, NSCLC non-small cell lung cancer,
SCLC small cell lung cancer, TNM tumour, nodes,
metastases
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and Clinical Audit Committee at a compre-
hensive UK cancer centre in June 2021. Ethical
approval was not required for this study and no
identifying patient information has been
published.

RESULTS

Primary Aim Analysis

One hundred ninety-five patients were included
in the primary analysis. Patient demographics

and disease characteristics are presented in
Table 1.

Overall, 24/195 (12.3%) patients demon-
strated discordance between clinician-reported
and self-reported smoking status. Table 2
demonstrates the smoking status of patients as
per clinician and self-reporting at baseline.
Similar proportions of patients were reported as
ex-smokers by clinician reporting 143/195
(73.3%) and self-reporting 140/195 (71.8%).
Figure 1 shows how discordance varied
depending on clinician-reported patient smok-
ing status at baseline. Of those that were
reported by clinicians as being current smokers,
9/38 (23.7%) were self-reported ex-smokers.
Comparatively, for baseline clinician-reported
ex-smokers and never smokers, 14/143 (9.8%)
and 1/14 (7.1%) respectively showed discor-
dance with their self-reported smoking status.
When discordance was analysed based on cur-
rent smoking status as per baseline clinician
reporting [current smokers versus (ex-smok-
ers ? never smokers)] the difference was statis-
tically significant according to a chi-squared
analysis; X2(1, N = 195) = 5.57, P = 0.017 [with

Table 2 Smoking status as reported by clinicians and
patients at baseline

Smoking
status

Clinician-reported
[n (%)]

Self-reported
[n (%)]

Ex-smoker 143 (73.3%) 140 (71.8%)

Current

smoker

38 (19.5%) 40 (20.5%)

Never

smoker

14 (7.2%) 15 (7.7%)

129 (90.2%)

29 (76.3%)
13 (92.9%)14 (9.8%) 9 (23.7%)

1 (7.1%)
0
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Clinician reported smoking status at baseline

Concordance and discordance between clinician and patient 
reported smoking status at baseline after lung cancer diagnosis

Concordant with patient reporting Discordant with patient reporting

Fig. 1 Bar chart showing the frequency of concordance/discordance with clinically reported smoking status based on
baseline electronic patient reported outcome measures in a cohort of patients diagnosed with lung cancer
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Yate’s correction; X2 (1, N = 195) = 4.43,
P\ 0.05]. See Supplementary Table 1 for the
completed contingency table used.

Secondary Aims Analysis

Table 3 presents patient information stratified
by the smoking status according to baseline
clinician reporting. Never smokers with lung
cancer were more likely to be female
(P = 0.023), to have an adenocarcinoma
(P\0.005) and were more likely to present at
Stage IV (P = 0.023). Whilst smokers (ex or

Table 3 Characteristics of never-smokers and current/ex-
smokers in patients who completed an electronic Patient
Reported Outcome Measure within 6 weeks of having an
oncologist reported diagnosis and staging form completed

Characteristic Never
smoker

Current
and ex-
smoker

P-value

Age, years (median,

range)

63, 35–81 69, 46–85 0.223

Sex [n (%)]

Male 3 (21.43) 96

(53.04)

0.023

Female 11

(78.57)

85

(49.56)

Follow-up, months

(median, range)

16, 0–21 6, 0–23 0.035

Number of ePROMs

completed per

patient (median,

range)

6.5, 1–36 3, 1–36 0.112

Number of ePROMs

completed per

patient per month

(median, range)

0.921, 1–2 0.921,

1–4

0.653

Histology [n (%)]

SCLC 0 (0.00) 30

(16.57)

0.098

NSCLC 14

(100.00)

151

(83.43)

Adenocarcinoma 12

(85.71)

64

(35.36)

< 0.005

Squamous 1 (7.14) 59

(32.60)

0.047

Other 1 (7.14) 31

(17.13)

0.352

Stage at diagnosis [n (%)]

I 0 (0.00) 13 (7.18) 0.299

II 0 (0.00) 5 (2.76) 0.528

III 1 (7.14) 64

(35.36)

0.031

Table 3 continued

Characteristic Never
smoker

Current
and ex-
smoker

P-value

IV 10

(71.43)

73

(40.33)

0.023

Treatment intent

Palliative 12

(85.71)

105

(58.01)

0.042

Curative 1 (7.14) 69

(38.12)

0.020

Neo-adjuvant 0 (0.00) 3 (1.66) 0.627

Not yet determined 1 (7.14) 4 (2.21) 0.260

Comorbidities

None 7 (50.00) 50

(27.62)

0.076

Mild 4 (28.57) 60

(33.15)

0.725

Moderate 3 (21.43) 44

(24.31)

0.808

Severe 0 (0.00) 18 (9.94) 0.216

Not recorded 0 (0.00) 9 (4.97) 0.393

Bold values indicate the significant results
ePROM electronic patient reported outcome measure,
NOS not otherwise specified, NSCLC non-small cell lung
cancer, SCLC SMALL cell lung cancer
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current) were more likely to develop a squa-
mous NSCLC (P = 0.047) and to present at Stage
III (P = 0.031). In keeping with this finding,
palliation was a more likely treatment intention
for never smokers than for smokers and ex-
smokers (P = 0.042). Table 4 demonstrates the
significant (P = 0.046) correlation between
clinician-reported smoking status and Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status.

The median number of ePROMs completed
per patient per month of follow-up was 0.79,
with a range of 1–3.5. Of the 195 patients
included in the final analysis, 58 had only
completed one ePROM. Hence, it was not pos-
sible to comment on their continued smoking
status after lung cancer diagnosis. Figure 2 pro-
vides a proportional representation of smoking
status whilst patients were being followed up
with ePROMs. Of the 137 patients with more
than one ePROM, 97 (70.8%) were clinician
reported as ex-smokers at baseline and of this
cohort, 86 (88.7%) patients self-reported con-
tinued cessation and 11 (11.3%) patients
restarted smoking. Ten patients (7.3%) stopped
smoking after reporting that they were current
smokers at some stage after lung cancer diag-
nosis. Of the 30 patients that completed an
ePROM after March 2020 (following the intro-
duction of the option of requesting referral to
the smoking referral team) and self-reported as
current smokers, only 3/30 (10%) requested
referral to smoking cessation. These three
patients requested cessation referral in 7/8
(87.5%), 2/4 (50.0%) and 1/13 (7.7%) of their

Table 4 Clinician-reported smoking status and ECOG
performance status at baseline

Smoking status ECOG performance status P value

0 1 2 3

Ex-smoker 40 58 33 12 0.046

Current smoker 12 9 9 8

Never smoker 8 4 2 0

ePROM electronic patient reported outcome measure,
NOS not otherwise specified, NSCLC non-small cell lung
cancer, SCLC small cell lung cancer

Never smoked, 10

Smoking cessation 
maintained, 86

Continued smoking, 20

Stopped smoking, 10

Restarted smoking, 11

Proportional representation of smoking status during electonic 
Patient Reported Outcome Measures follow-up

Fig. 2 Pie chart showing the proportion of patients with self-reported smoking status after lung cancer diagnosis using
electronic patient reported outcome measures
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ePROMs, respectively. A regression analysis of
lung cancer stage and smoking cessation status
at the end of the ePROM follow-up period
showed no significant correlation (R2 = 0.005,
P = 0.414).

DISCUSSION

This study demonstrated that 24/195 (12.3%)
patients showed discordance between self-re-
ported and clinician-reported patient smoking
status. The discordance rates were higher in
those patients who are current smokers com-
pared with never/ex-smokers. Although this was
not investigated as part of the study, this could
be owing to a variance in how patients and
clinicians define smoker and ex-smoker. Fur-
thermore, a lag time between clinician report-
ing and patient reporting may allow time in
which a genuine change to smoking status may
occur. Clear definitions of smoker and ex-smo-
ker and encouragement from clinical teams for
patients to complete the ePROM as soon as
possible may help to decrease the rate of
discordance.

Some of the patients in this group are also
likely to be patients that have started trying to
stop smoking in the past year. Morales et al. [13]
highlight this as a time of discrepancy in
reporting. Therefore, recent cessation may
require increased support/follow-up. Other
possible reasons for the discrepancies include
limited consultation time leading to incorrect
reporting of smoking status, patient difficulties
in completing ePROM, patient belief of preju-
dice or bias against smokers, different defini-
tions of ‘ex-smoker’ and difficult
communication between patient and clinician
[19–21]. The presence of these discordances
strongly supports the use of ePROMs as a
method of data collection, as an important
clinical aim is that current smokers should be
identified and referred for cessation. Having a
second method of capturing smoking status
easily at a different timepoint allows for maxi-
mum cessation treatment to be provided.
However, our results show that the median
number of ePROMs completed per month of
follow-up was less than one, and that 58

(29.7%) patients completed only one ePROM.
This reiterates that, although a useful avenue
for collecting information about smoking sta-
tus, smoking must also be discussed separately
in clinic. Importantly, this may identify
patients who have had interval relapses which
the ePROM may not have captured. To better
capture these patients, asking about smoking
status ‘since the last ePROM was completed’
rather than asking about smoking status ‘in the
last week’ may prove beneficial.

The issue with a modest proportion of dis-
cordance in current smokers as reported by a
baseline ePROM is that there has been a missed
opportunity for cessation advice. As highlighted
in the introduction, studies have found that
half of all smoking patients cease smoking after
a lung cancer diagnosis [5, 7]. Therefore, this
first consultation is an important opportunity
to provide patients with smoking cessation
advice and support. Smoking cessation is
important as cigarette smoking reduces the
efficacy of and increases resistance to many
anticancer agents. [22] For example, Pezzuto
et al. [23] showed that patients with advanced
NSCLC with epidermal growth factor receptor
mutations treated with erlotinib ? varenicline
had more significantly improved lung function
than those treated with erlotinib alone. Fur-
thermore, it has been postulated that chemo-
toxicity could be increased by concurrent
cigarette smoking. [22]

Of the 29 patients with continued ePROM
follow-up that reported smoking at their base-
line ePROM, 9 ceased smoking, 17 continued
smoking and 3 ceased smoking for a finite per-
iod. The ePROM had no option for self-referral
for smoking cessation advice prior to March
2020, and after this point a passive statement
on the desire to be referred for smoking cessa-
tion was added which could be left blank by the
patient. With only 10% of eligible patients self-
referring for cessation, it may be beneficial to
change this from a passive statement, ‘Tick if
you would like a referral to the smoking cessa-
tion services’, to a question that requires patient
action such as ‘Please select whether or not you
would like to be referred to the smoking cessa-
tion services’ or an opt-out statement such as
‘Tick if you would not like a referral to the
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smoking cessation services’. Having the option
for self-referral may also help to capture patients
who had initially declined smoking cessation
referral [24].

There were some clear demographic differ-
ences between current/ex-smokers and never
smokers in this cohort. Never smokers with
lung cancer, of which women were affected
disproportionately, generally presented with
later stage disease and were more likely to
receive treatment with palliative intent. Never
smokers also demonstrated a predisposition to
developing an adenocarcinoma. The differences
observed here are agreeable with other promi-
nent literature that suggests that lung cancer in
never smokers is distinct from lung cancer in
tobacco smokers [25].

The main limitations of this study include
the limited number of patients and timepoints
collected. Further research may consider the
optimum interval between ePROM collection
that best facilitates smoking cessation. Delin-
eating the most likely period of smoking relapse
after lung cancer diagnosis may help clinicians
to provide targeted cessation information dur-
ing this period.

CONCLUSION

Overall, this study supports the use of ePROMs
as a useful tool to obtain data on smoking status
and identify patients for smoking cessation
referral. Results have shown that clinician-re-
ported current smokers have a 23.7% discor-
dance rate when compared with their self-
reported smoking status. Discordance rates in
ex-smoker and never smokers are lower, at 9.7%
and 7.1%, respectively. Such discordance sup-
ports the use of ePROMs as an important tool
for recording patient smoking status and should
be considered when determining support for
smoking cessation. Owing to a non-negligible
number of patients continuing to smoke fol-
lowing diagnosis, it is important that cessation
is encouraged when possible. A change in the
wording of the ePROM question relating to

smoking cessation should be considered to
increase self-referrals. The data and analysis
provided will help to inform further research
regarding more intense follow-up and cessation
discussions within patients who are current
smokers.
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