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Abstract

Objectives To explore differences in the clinical management of men and women in the 5 years after detecting a solitary
pulmonary nodule (SPN) by chest radiograph or CT in routine clinical practice.

Methods We followed up 545 men and 347 women with an SPN detected by chest radiograph or CT in a retrospective cohort of
25,422 individuals undergoing routine thoracic imaging in 2010-2011. We compared the frequency of each management strategy
(no further test, immediate intervention or follow up) according to sex by means of chi-squared. We estimated the relative risk of
women versus men of having been followed up instead of an immediate intervention using multivariate logistic regression. We
compared by sex the time between detection of the nodule and lung cancer diagnosis, the time between diagnosis and death by
means of Mann-Whitney U test and the cumulative effective dose of radiation in each management strategy by means of ¢ test.
Results Women were more likely than men to have follow-up rather than immediate intervention (aRR = 1.8, CI 1.3-2.7, p =

0.002), particularly in those who underwent CT (aRR =4.2, CI 1.9-9.3, p < 0.001). The median time between SPN detection and
lung cancer diagnosis was higher in women (4.2 months, interquartile range (IQR) 5.1) than in men (1.5 months, IQR 16.2). The
mean cumulative effective dose was 21.3 mSv, 19.4 mSv in men and 23.9mv in women (p = 0.023).

Conclusions Our results could reflect decisions based on a greater suspicion of lung cancer in men. The incidental detection of SPNs is
increasing, and it is necessary to establish clear strategies aimed to reduce variability in their management according to patient’s sex.
Key Points

* After incidental finding of SPN, women were less likely to receive an immediate intervention.

* Accumulative radiation was higher in women than in men.

* Qur results could reflect decisions based on a greater suspicion of lung cancer in men.
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PET/TC Positron emission
tomography—computed tomography

RR Relative risk
SPN Solitary pulmonary nodule
Introduction

Solitary pulmonary nodules (SPNs), frequently detected dur-
ing clinical practice by chest radiograph and CT [1], are clin-
ically important as they may potentially represent malignancy.
Several SPN and patient characteristics have been identified
as lung cancer risk factors. Regarding patient characteristics,
studies have shown that risk is higher for increasing age, fe-
male sex, a current or prior history of smoking, a family his-
tory of lung cancer and previous malignancy [2]. The majority
of SPN are benign, but they can also represent an important
opportunity for early detection of lung cancer. How to manage
SPN remains controversial [3], and decisions can sometimes
be based on clinician’s preferences rather than based on evi-
dence. It is also possible that management differs between
male and female patients.

Lung cancer has traditionally been considered as a male
disease due to the higher smoking habit among men. Over
the past 40 years, lung cancer incidence and mortality among
males have declined, while a decrease among women has only
recently been observed [4]. Nevertheless, most of the current
evidence in lung cancer has been derived from the period
where men reached the majority of the lung cancer cases,
and we cannot translate the pattern of lung cancer in men to
women [5]. Some studies have shown a better lung cancer
prognosis among women, mainly in those with adenocarcino-
ma histology [5, 6], suggesting that the natural history of lung
cancer may differ in women and men due to the different
histologic types or hormonal factors [7]. In fact, previous stud-
ies have shown a more pronounced association between par-
ticular genotypes and lung cancer risk in women [8]. It is
worth noting that non-smoking women appear to be two to
three timed more at risk for developing lung cancer than non-
smoking men [9, 10].

Even though female sex has been identified as risk factor,
only the British Thoracic Society (BTS) [11] guidelines and
the Brock University Model [12] have considered it. In addi-
tion, the studies about management of SPNs have not ex-
plored the potential differences in clinical decision-making if
the patient is male or female. Recently, we showed that wom-
en whose SPNs were detected by a chest radiograph in routine
clinical practice were less likely to have an immediate inter-
vention than men, but the limited follow-up prevented and in-
depth analysis [13]. Evidence also points out differences in
treatment between men and women with lung cancer; these
studies showed that women were less likely than men to re-
ceive timely surgical resection and that radiation therapy is

more frequently administered to men than women [14]. A
different management in men and women could have impor-
tant consequences for health, such as different delays in diag-
nosis, overuse or underuse of clinical interventions and sur-
vival, among others.

Therefore, the aim of this study was to explore if there were
differences in the clinical management of men and women in
the 5 years following detection of an SPN by a thoracic im-
aging test carried out in routine clinical practice.

Materials and methods

In order to explore differences in the clinical management
strategy after SPN detection in clinical practice while under-
going CT or chest radiograph for any reason, 545 men and 347
women with an SPN were included in the analysis. This pop-
ulation formed part of a study that recruited 25,422 consecu-
tive patients undergoing thoracic imaging in two National
Health hospitals in the Valencian Community (Spain) in
2010 and 2011, which has been described elsewhere [1, 15].
In brief, the two hospitals recruited all patients referred to the
radiology department from other hospital services and those
referrals from primary health care centres. Patients previously
diagnosed with lung cancer were excluded. SPNs were detect-
ed in 893 out of the originally included 25,422 patients and
they were followed for 5 years. For the purpose of this study,
we excluded one patient who died before characterisation of
the SPN was completed.

We obtained Institutional Review Board approval
(University Miguel Hernandez Committee Ref DSP-BLL-
001-10). The institutional board exempted the study to ask
for informed consent.

Data collection

Eight expert radiologists (all of whom had more than 10 years
of experience) working in the radiology department of each
hospital determined the presence and characteristics of the
SPNs. Details of the procedure have been previously de-
scribed [1].

Using a predesign form, the radiologists described nodule
characteristics: (a) size: in mms and categorised according to
Fleischner guidelines; (b) nodule shape (smooth, lobular,
spiculated or other irregular type); (c) location (upper, middle
or lower lobe); and (d) for those patients who underwent a CT,
nodule consistency (solid, partly solid, ground glass, calcifi-
cation or not specified). Inter- and intra-observer agreement
was evaluated [1].

Selected variables were collected from the electronic med-
ical record for men and women: age, type of imaging test by
which the SPN was detected, reason for requesting imaging

@ Springer



4392

Eur Radiol (2020) 30:4390-4397

test, smoking status, previous cancer, chronic obstructive pul-
monary disease (COPD).

All imaging tests carried out to characterise the nodule
were collected from digital medical registers for 60 months
after the detection of the nodule. As previously described [16],
we classified patients according to management strategy into
the following:

a) Immediate intervention: any study performed within a
3-month window following SPN identification.

b) Follow-up: any imaging study performed from 3 to
12 months after SPN detection.

c) No further testing (no follow-up in the 12 months follow-
ing SPN detection). Imaging tests performed the same day
of SPN identification were considered tests for the char-
acterisation of SPN.

We estimated the cumulative effective dose of diagnostics
procedures in the study population according to previous ev-
idence [17, 18]: chest radiograph (0.1 mSv), CT (7 mSv),
PET/CT (25 mSv), lung perfusion (2 mSv) and lung ventila-
tion (0.5 mSv).

Statistical analysis

We computerised and checked all data to discard errors. All
analyses were carried out with Stata/SE 15 (StataCorp.
LLO).

We performed a descriptive analysis of patients and
SPN characteristics in order to describe the frequency of
relevant clinical characteristics in men and women.
Disaggregating data by type of imaging test, we compared
the frequency of each management strategy according to
sex. We used ¢ test and chi-squared test to compare data
between women and men. The p value level chosen to
determine significance was established to be 0.05. We
estimated the relative risk of women versus men of having
been followed up instead of having an immediate inter-
vention using multivariable logistic regression (the model
included only predictors that reached statistical signifi-
cance p <0.05).

In patients diagnosed with lung cancer, we compared
the time between detection of the nodule and lung can-
cer diagnosis by sex, and for those who died during the
study, we estimated time from lung cancer diagnosis to
death. Results were presented as median and interquar-
tile range and compared by sex using Mann-Whitney U
test.

We compared the mean cumulative effective dose of radi-
ation by sex in each management strategy, disaggregating data
by type of imaging test used when the SPN was detected, by
means of ¢ test.
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Results

The population included more men (n =545, 61.1%) than
women (n =347, 38.9%). Men were older than women
(41% of men and 32.9% of women were older than 70 years,
p value =0.022), they had more frequently been previously
diagnosed of COPD (33.7% of men and 16.4% of women,
p value <0.001) and presented a tobacco habit (former or
current) more often than women (62.9% versus 52.7%, p val-
ue =0.003). Similarly, a higher proportion of SPN found in
men were larger (65.6% larger than 8 mm vs 53%, p value =
0.006), had spiculated borders (17.2% vs 6.1%, p value
<0.001) and were located in the upper lobe (54.1% vs
48.1%, p value =0.093), than those found in women. The
most frequent reason for requesting imaging test was for
non-respiratory reasons (27.7%) in women and for
extrapulmonary neoplasm in men (24%), although there was
no statistical significance between men and women regarding
the reasons for requesting imaging test (p value =0.130).
34.7% of men and 29.7% of women presented previous ma-
lignancy (no statistical significance, p value = 0.140).

There were differences between the imaging test carried
out when the SPN was detected: for 479 patients (52.4% of
the men and 56.1% of the women with an SPN) as the first
imaging test where the SPN was observed had been a chest
radiograph, while for 413 of the patients (47.6% of the men
and 46.9% of the women with an SPN), the initial imaging test
was a CT (p value=0.261) (Table 1).

Diagnostic pathways in men and women (Table 2)

After detection of an SPN, 235 (26.3%) patients had immedi-
ate interventions, 343 (38.5%) patients were followed up and
314 (35.2%) patients did not have further tests.

Men had immediate interventions more frequently than
women (29% versus 22.2%, p =0.028). Women were more
likely to be followed up than men (43.2% vs 35.4%, p =
0.025). Conservative clinical decision (no further testing)
was similar for both men and women (35.6% and 34.6%,
p=0.757).

According to the initial test by which SPN was detected,
there were differences in the management strategy between
men and women. In those patients with SPN detected on by
CT, men were more likely to have immediate testing than
women (n =60, 23% versus n=11, 7.2% p <0.001), while
women were followed up more frequently than men (n =89,
58.6% versus n=100, 38.3%, p<0.001). There were no
differences between men (32.8% followed up and 35.5%
immediate testing) and women (31.3% followed up and
33.8% immediate testing) in the clinical management
strategy of patients with an SPN detected by chest radiograph
(p value =0.884).
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Table 1 Description of patients and solitary pulmonary nodule characteristics according to sex of patients

N (%) Men, N=545 (61.1%) Women, N=347 (38.9%) Total, N=2892 (100%) p value
Age in years
Mean (sd) 66.4 (12.2) 63.7 (13) 65.4 (12.6) <0.001
<50 67 (12.3) 59 (17) 126 0.062
50-59 95 (17.4) 77 (22.2) 172 0.09
60-69 161 (29.5) 97 (27.9) 258 0.664
<70 222 (41.0) 114 (32.9) 336 0.022
Reason for requesting imaging test
Respiratory 109 (20) 56 (16.1) 165 0.174
Non-respiratory 125 (23) 96 (27.7) 221 0.130
Extrapulmonary neoplasm 131 (24) 79 (22.8) 210 0.723
Preoperative 65 (12) 35 (10.1) 100 0.063
Not available 115 (21.1) 81 (23.3) 196 0.429
Smoking status
Never 110 (20.2) 81 (23.4) 191 0.299
Former or current smokers 343 (62.9) 183 (52.7) 526 0.003
Not available 92 (16.9) 83 (23.9) 175 0.013
Previous malignancy
No 355 (65.1) 242 (69.7) 597 0.177
Yes 189 (34.7) 103 (29.7) 292 0.140
Not available 1(0.2) 2 (0.6) 3
COPD
No 360 (66.1) 289 (83.3) 649 <0.001
Yes 184 (33.7) 57 (16.4) 241 <0.001
Not available 1(0.2) 1(0.3) 2
Diameter (mm)
<6 94 (17.2) 80 (23.1) 174 0.041
6-8 88 (16.1) 68 (19.6) 156 0.218
>8 341 (65.6) 184 (53) 525 0.006
Not available 22 (4.1) 15 (4.3) 37
Localisation
Upper lobe 295 (54.1) 167 (48.1) 462 0.093
Middle lobe 44 (8) 44 (12.7) 88 0.033
Lower lobe 191 (35.1) 120 (34.6) 311 0.894
Not available 15 (2.8) 16 (4.6) 31 0.197
Border
Smooth border or well define 127 (23.4) 88 (25.4) 215 0.536
Spiculation 95 (17.2) 20 (6.1) 115 <0.001
Lobulation 41(7.2) 33 (9.5) 74 0.355
Other irregular 65 (12) 41 (11.5) 106 0.955
Not available 217 (39.9) 165 (47.4) 382 0.027
Consistency
Solid 142 (25.8) 82 (23.7) 224 0.462
Partly solid 8 (1.5) 6 (1.7) 14 0.976
Ground glass 15 (2.8) 10 (2.9) 25 0.925
Calcification 11 (2) 5(1.4) 16 0.708
Not available 368 (67.7) 244 (70.2) 612 0.422
Imaging test for detection of SPN
Chest radiograph 284 (52.4) 195 (56.1) 479 0.261
CT 261 (47.6) 152 (46.9) 413 0.261

The p value level chosen to determine significance was established to be 0.05

In multivariate analysis adjusted by patients’
sociodemographic (age, smoking status and COPD diagno-
sis) and clinical characteristics (SPN diameter, localisation
and border), women were more likely than men to have
follow-up than immediate intervention (RR=1.8, CI 1.3—
2.7, p=0.002). In patients with an SPN detected by chest
radiograph, there was no statistically significant difference
between men and women (RR =1.2, C10.7-1.9, p = 0.482).
In patients with an SPN detected by CT, women were also

more likely than men to be followed up (RR =4.2; CI 1.9—
9.3, p<0.001) than to undergo immediate intervention.

Time between SPN detection, lung cancer diagnosis
and death

Thirty-five women and 97 men were diagnosed of lung can-

cer. The median time between SPN detection and lung cancer
diagnosis was higher in women (4.2 months, IQR 5.1) than in
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men (1.5 months, IQR 16.2), although this difference was not
statistically significant.

In patients with an SPN detected by chest radiograph, the
time from detection to diagnosis was 2.2 (IQR 8) months in
men and 2.7 (IQR 13.4) months in women, while in patients
with an SPN detected by CT, it was 1.1 (IQR 3.6) months for
men and 5.8 (IQR 19.1) months for women.

In patients with lung cancer diagnosis who died, the time
between diagnosis and death was 21.1 (IQR 35.6) months for
men and 17.3 (IQR14.5) months for women, among patients
with an SPN detected by chest radiograph, and 5.4 (IQR 11.6)
months for men and 7.5 (IQR 17.4) months for women,
among patients with an SPN detected by CT.

Exposure to radiation (Table 3)

The total mean effective dose during the study period was
21.3 mSv (95% CI 19.1 to 23.4), 19.4 mSv (95% CI 16.9 to
22) in men and 23.9 (95% CI 20.2 to 27.7) in women
(p=0.023). In patients with SPNs detected by CT, the mean
effective dose was 27.3 mSV (95% CI 24 to 30.5), which was
higher for women (31.4 mSV, 95% CI 25.9 to 36.9) than for
men (24.5 mSv, 95% CI 20.5 to 28.4; p=0.044). In those
patients with SPN detected by chest radiograph, the mean
effective dose was 16.5 mSV (18.1 mSv (95% CI 13.2 to
23) for women and 15.5 mSv (12.2 to 18.7) for men,
p=0.378). No differences were detected when comparing ef-
fective dose between men and women according to the SPN
management strategy: mean effective dose in patients who
had been followed up was 26.8 mSv (95% CI 22.9 to 30.6)
in men and 31.1 mSv (95% CI 26.1 to 36.1) in women
(p value=0.174); 8.4 mSv (95% CI 7.1 to 9.7) in men and
7.4 mSv (95% CI 6.1 to 10.7) in women immediate testing
(p value =0.516).

Discussion

To our knowledge, this is the first study to evaluate different
clinical management strategies in women and men after de-
tecting an SPN in a routine clinical setting. In our cohort,
regardless of clinical and SPN characteristics, women were
less likely than men to receive an immediate intervention.
As a result of the different clinical management strategies
for men and women, accumulative radiation was higher in
women than in men. Additionally, the time between SPN de-
tection and lung cancer diagnosis was longer in women than
in men, and the time between lung cancer diagnosis and death
was shorter in women.

Women, particularly those whose SPNs were detected by
CT, were more likely than men to be followed up rather than
having an immediate intervention. Our results could reflect
decisions based on differing suspicion of lung cancer associ-
ated with the higher frequency of lung cancer in men, rather
than decisions based on evidence and clinical guidelines.
Even though previous studies have not explored the potential
influence of patients’ sex in SPN management, there is great
deal of evidence regarding differential diagnostic procedures
in women and men. A diagnostic delay among women has
been observed in as many as seven hundred different diseases
[19] and sadly, it is no surprise that an SPN detected in a
women could be subjected to a different management strategy
than an SPN in a man, even if'it reflects a subconscious bias by
the managing clinician.

Although clinical and radiographic risk factors for SPN
malignancy are well described, little is known about factors
that influence the clinical management strategy undertaken. In
the last years, several guidelines for the management of SPN
have been developed [11, 12, 16, 20, 21]. These guidelines
base their recommendations mainly on the risk or probability

Table 2 Description of

management strategies in male Imaging test Management strategy, N (%) Men (545) Women (347) Total (892) p value
and female patients after the
detection of a solitary pulmonary Total
nodule by chest radiograph or CT No further testing 194 (35.6) 120 (34.6) 314 (35.2) 0.790
Follow-up 193 (35.4) 150 (43.2) 343 (38.5) 0.025
Immediate testing 158 (29) 77 (22.2) 235 (26.3) 0.028
Chest radiograph
No further testing 93 (32.8) 68 (33.9) 161 (33.6) 0.671
Follow-up 93 (32.8) 61 (31.3) 154 (32.2) 0.842
Immediate testing 98 (34.5) 66 (33.8) 164 (34.2) 0.991
Total 284 195 479
CT
No further testing 101 (38.7) 52 (34.2) 153 (37.1) 0.696
Follow-up 100 (38.3) 89 (58.6) 189 (45.8) <0.001
Immediate testing 60 (23) 11(7.2) 71 (17.2) <0.001
Total 261 152 413

The p value level chosen to determine significance was established to be 0.05
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Table 3 Analysis of radiation
exposure (median, maximum) Total (mSV)
associated with the management Imaging test ~ Management strategy median (max)  Men Women Total p value
strategy during 5 years in 892
patients after the detection of a Total
solitary pulmonary nodule by Total 19.4 (196.3)  23.9 (154) 21.3(196.3)  0.023
chest radiograph or CT Follow-up 268 (1963) 31.1(154)  28.7(1963) 0.174
Immediate testing 8.4 (35.2) 8.4 (42.7) 8.4 (42.7) 0.516
Chest radiograph
Total 15.5(196.3) 18.1 (154) 16.5(196.3) 0.378
Follow-up 22.3(196.3)  29.1 (154) 25 (154) 0.205
Immediate testing 8.1 (35.2) 7.3 (42.7) 7.8 (42.7) 0.904
CT
Total 24.5(134.6) 31.4(126.3) 27.3(134.6) 0.044
Follow-up 31(25.3) 32.5(25.7) 31.7 (26.4) 0.697
Immediate testing 8.9 (24.4) 18.2 (41.4) 10.2 (41.4) 0.088

t test and chi-squared test to compare data between women and men. The p value level chosen to determine

significance was established to be 0.05

of lung cancer considering age, smoking habit, COPD and
SPN characteristics (size, border, consistency), but only the
guidelines of the BTS recognise female sex as a risk factor.
Remarkably, although BTS guidelines state that an SPN is a
predictor of malignancy in women, the diagnostic strategy in
our population was more aggressive in men. It is worth noting
that previous studies found that a significant number of clini-
cians were unaware of SPN management guidelines, resulting
in an excess of invasive procedures in patients with a benign
nodule [22].

Previous studies have raised concerns regarding the
application of guidelines and how clinicians use clinical
factors to choose the most appropriate management strat-
egy for individual patients [23]. In this sense, they have
described cases of prolonged surveillance and exposure to
unneeded radiation [24—26]. In our study, the management
strategies in men and women resulted in a greater number
of imaging tests and a higher radiation exposure in wom-
en (cumulative risk of cancer). Although we were not able
to evaluate it, a long period of follow-up could also lead
to more emotional harms in women.

The longer time between SPN detection and lung cancer
diagnosis in women could be a consequence of the different
management strategies applied to women, although the limit-
ed sample size impeded further exploration into these differ-
ences. In a previous analysis of our cohort, we showed that
although the adjusted risk of lung cancer was higher among
men compared with that among women overall, in patients
with SPN detected by imaging test, the difference between
men and women was not statistically significant in lung cancer
diagnosis, nor mortality [27]. There is concern that delays in
lung cancer diagnosis may contribute to a high frequency of
advanced disease at the definitive presentation [28]. A longer
diagnostic time could have led to worse outcomes, but in our

study, we were not able to register the cancer stage at diagno-
sis [29].

The study has some limitations. It uses existing data ob-
tained from routine clinical records, and consequently we
were forced to limit the analysis to available data, meaning
that potentially relevant information could not be included,
like pathological findings.

Given that it was impossible to get individual machine
parameters for all imaging tests, we estimated the associ-
ated radiation effective dose per test accordingly using
previously published evidence [18]. This quantification
method has been proposed for instance by the Dose-
Data Med project [30]. Although this type of estimation
has inherent limitations, it does not take into account the
test date, the scanner model or the patient’s characteris-
tics; it does not affect the overall result. Another limita-
tion could be observer variability in the determination of
the presence of an SPN and its characteristics. However,
we minimised this potential limitation by the use of sim-
ilar criteria for detection and description of SPNs and by
the assessment of the observer agreement [1]. Our results
are based on a limited number of SPNs and diagnosis of
lung cancer and should therefore be interpreted with cau-
tion. Nevertheless, our study is the first to analyse differ-
ences in SPN management strategies in women and men,
which can result in a diagnostic delay in women and a
greater exposure to further diagnostic tests and their asso-
ciated radiation.

Even though we were not able to evaluate the inappropri-
ateness of immediate testing in men or follow-up strategy in
women, our results led us to deduce that decisions could be
influenced by clinician unconscious bias. The results observed
in our cohort are in line with the evidence that suggests knowl-
edge regarding signs and symptoms, diagnosis, treatment and
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prognosis in women is inferior for several diseases. This is
especially relevant for diseases considered typically
masculine—including lung cancer. The belief that there is a
lower probability of lung cancer in women appears to result in
different clinical management strategies in women and men
after SPN detection, even if the SPN characteristics are the
same. More immediate strategies in men are adopted while
women undergo long follow-up periods and a higher number
of subsequent imaging tests. In conclusion, the main contri-
bution of this study is the analysis of SPN management strat-
egies by patient sex in a clinical setting, and the fact that the
differences observed between sexes cannot be explained by
clinical or SPN characteristics. As the growing use of imaging
tests increases the incidental detection of SPNs, it becomes
more necessary to establish clear strategies to avoid unneces-
sary testing, and reduce variability in the management of
SPNs according to sex.
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