Original Article

Biopsy testing in an inoperable, non-small cell lung cancer
population—a retrospective, real-life study in Sweden
Hirsh Koyi1, Leif Johansson2, Jesper From3, Sven Nyrén4
1

Department of Respiratory Medicine, Gävle Hospital; Centre for Research and Development Uppsala University, County Council of Gävleborg;

and Karolinska Institutet, Stockholm, Sweden; 2Department of Pathology, Skåne University Hospital, Lund, Sweden; 3AstraZeneca NordicBaltic,
Södertälje, Sweden; 4Department of Radiology, Solna, Karolinska University Hospital; and Department of Molecular Medicine and Surgery,
Karolinska Institutet, Stockholm, Sweden
Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: H Koyi; (IV)
Collection and assembly of data: H Koyi, S Nyrén; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.
Correspondence to: Hirsh Koyi, MD, PhD. Department of Respiratory Medicine, Gävle Hospital, SE-80187 Gävle, Sweden.
Email: hirsh.koyi@regiongavleborg.se.

Background: Correct diagnosis and staging are required for optimal treatment choice in lung cancer
patients. This retrospective, patient medical records study investigated the clinical practice of lung cancer
biopsy procedures and testing in Sweden.
Methods: Consecutive patients with a recorded inoperable, malignant tumour of bronchus and lung
were retrospectively identified at geographically widespread pulmonology clinics (NCT01139619). Data,
including diagnostic sampling methodology [bronchoscopy, biopsy by pulmonologist and computed
tomography (CT)-guided biopsy], were collected for patients diagnosed between 1 June 2009–31 May 2010,
and analysed using descriptive statistics. A study-predefined algorithm, including six criteria on tumour
localization and size, forced expiratory volume in one second (FEV1), blood saturation and risk of bleeding
theoretically categorizing patient suitability for CT-guided biopsy, was used.
Results: In total, 132 patients (mean age 68 years, 48% women, 61% adenocarcinoma, 86% current/
former smokers, 96% performance status ≤2, mean FEV1 volume ≥2 L) were included. The majority were
examined by >1 diagnostic procedure (29% by CT-guided biopsy). Median overall time from first hospital
contact to established diagnosis was 12.0 days (10.0 and 28.0 days for bronchoscopy and CT-guided biopsy,
respectively). No major differences in lung function, age, performance status or predefined algorithm criteria
were noted for patients examined by CT-guided biopsy versus bronchoscopy or biopsy. Complications were
reported for 11 patients, including pneumothorax in six patients. Histopathology was used most frequently to
diagnose and subtype (70%), although 66% of patients examined solely by bronchoscopy were diagnosed by
cytology. For 26.5% of patients, epidermal growth factor receptor (EGFR) mutation testing was recorded.
Conclusions: No limitations regarding patient suitability or methodological complications were noted
in this real-life, observational study. The CT-guided biopsy is a relatively safe and well-established method,
and may need to be utilized further to fulfil current and future demands for faster diagnosis and high quality
tissue as new tumour markers and targeted therapies become available.
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Introduction
Lung cancer is a leading cause of cancer-related death
worldwide (1). Overall 5-year survival rates vary from 15–31%,
with an exponential decrease for individuals with late-stage
disease, in which approximately 70% of patients with non-small
cell lung cancer (NSCLC) are diagnosed (1-3). In Sweden,
the overall incidence is approximately 40 cases per 100,000
inhabitants and the 5-year survival has been reported to be
approximately 12% for men and 15% for women (4,5).
Although most lung cancer patients present with
advanced disease and are diagnosed based mainly on
symptoms (3,6,7), new treatment strategies require a change
in lung cancer diagnosis. Traditionally, histological typing
and stage at diagnosis has driven treatment strategies (3,7),
but the discovery of new tumour biomarkers and molecular
targets for customized therapies has raised the importance
of molecular typing to individualize treatments with the aim
of improving treatment outcomes (3,8-11).
Overall, lung cancer has a poor prognosis and rapid
treatment initiation is vital, not least considering the patients’
psychological well-being. As new biomarkers become
available and lung cancer treatment will depend not only on
traditional chemotherapy, robust and efficient techniques to
obtain sufficient lung cancer tumour samples for accurate
and fast molecular diagnosis to guide treatment decisions
are essential (3,7,9). To potentiate this, increased awareness
among healthcare professionals on the importance of
availability of qualitative malignant tissue for diagnosis and
treatment of lung cancer patients is needed (3,9).
A number of genetic abnormalities (mutations,
translocations, etc.) in genes coding for key cellular proteins
are associated with lung cancer, for example, the epidermal
growth factor receptor (EGFR) gene, the anaplastic
lymphoma kinase (ALK), and the V-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog (KRAS) (3,8-10). The
EGFR is a transmembrane tyrosine kinase receptor, which,
when mutated and/or over-expressed, leads to uncontrolled
cell proliferation via a number of signalling pathways (8,11).
It can be specifically targeted by specific tyrosine kinase
inhibitors (TKIs), such as gefitinib and erlotinib (9,11-14).
To test for EGFR mutation status, tissue obtained by
core needle biopsy with a high ratio of malignant cells to
‘contaminating’ benign/non-lesional cells is preferable (3,9).
The diagnosis and staging by histological typing and
molecular status of a tumour is required for optimal choice
of treatment in lung cancer. This retrospective study was
done to determine how lung cancer patients are currently
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diagnosed in Sweden, based on real-life use of different
diagnostic techniques, for example, computed tomography
(CT)-guided biopsy, and to investigate any complications
that may preclude their use and time to diagnosis.
Methods
Study design, protocol and data sources
This was a retrospective, observational study of patient
medical records conducted in Sweden to investigate the
status of lung cancer biopsy testing between 1 June 2009 and
31 May 2010. Participating sites included the 30–50 most
recently diagnosed, inoperable lung cancer patients, starting
from the latter date and consecutively and going back in
time. Data were entered into an electronic, web-based data
capture system. The social security numbers of identified
patients were replaced with study identification numbers
prior to data processing.
The study protocol was reviewed and approved by the
regional ethics committee in Uppsala, Sweden (Reference
number 2010/173) and registered at ClinicalTrials.gov
(clinical trial identifier NCT 01139619). The study was
conducted in accordance with the principles stated in the
Declaration of Helsinki, ICH GCPs and the applicable
legislations on Non-Interventional Studies.
Patient population and data collection
Male and female patients with a recorded diagnosis of
inoperable malignant tumour of bronchus and lung could
be included [diagnosis code C34 according to International
Classification of Diseases, 10 th revision, Clinical
Modification (ICD-10-CM)]. Patients were retrospectively
identified using medical records at three geographically
widespread pulmonology clinics (Gävle, Linköping and
Luleå). Data (e.g., demography, smoking history, emergency
and/or pulmonology clinic contact history, lung function,
haematological status, co-morbidities, antithrombotic
treatment at diagnosis [Anatomical Therapeutic
Classification System code, ATC B01A], cytology, histology
and EGFR testing) were collected consecutively from 31st
May 2010 going back in time for up to one year or until
30–50 patients who fulfilled the inclusion criteria were
recruited. Patients with diagnosis codes ICD-10-CM
C34.9b (small-cell lung cancer) and/or C34.9h (carcinoid)
were excluded.
Data on performed diagnostic sampling methodology
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were collected for each patient, including date of
bronchoscopy, biopsy (performed by a pulmonologist) and
CT-guided biopsy, tumour sampling technique and any
associated complications.
Data on first-line treatment and disease progression one
year following diagnosis were recorded.
Study measures and statistical methods
Criteria for patient suitability for CT-guided biopsy were
examined using a predefined algorithm, setting theoretical
limits for the possibility to perform the sampling based
on six measures: (I) localisation of tumour ≤10 cm from
the thoracic wall; (II) size of tumour ≥1 cm; (III) forced
expiratory volume in one second (FEV1) ≥1 L; (IV) blood
saturation ≥90%; (V) normal P-PK (prothrombin time)
and P-APTT (activated partial prothromboplastin time);
and (VI) tumour ≥1 cm from great vessels. Theoretically,
patients should have fulfilled all six criteria to be suitable for
a CT-guided, core needle biopsy.
The main statistical analyses were descriptive and data
are presented using standard summary measures, such as
mean [standard deviation (SD)] and frequency (%), using
SAS version 9.2 (SAS Institute, Cary, NC, USA).
Results
A total of 132 patients (mean age 67.7 years, 48% women)
who met the inclusion criteria of a recorded diagnosis of an
inoperable, malignant, bronchial tumour were identified in
medical records (Table 1). Smoking history was recorded for
all but one patient, and the study population included 86%
current or former smokers. Of these, more females were
current smokers, while men dominated the former smoker
group (Table 1). Adenocarcinoma, diagnosed in 61% of the
patients, was the most commonly recorded histological
subtype, followed by squamous cell carcinoma in 29% of the
patients (Table 1). Chronic obstructive pulmonary disease
was the most commonly recorded co-morbid diagnosis in
patients (17%), followed by hypertension (10%), diabetes
mellitus (9%), ischaemic heart disease (9%), heart failure
(8%), and other types of cancer (5%) (data not shown).
Lung function (measured by FEV 1 ) showed mean
FEV1 volumes close to or >2 L (Table 1). Also, the Eastern
Cooperative Oncology Group (ECOG) performance status
of the patients included in the study population was good
overall, with 96% of patients having a value of ≤2 (Table 1).
Most patients were examined using more than one
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diagnostic procedure, with 29% having been examined using
CT-guided biopsy (Figure 1). Of all patients who underwent
CT-guided biopsy, 39% were women and 61% were men.
Overall, 63 patients were recorded to have received their
diagnosis following a bronchoscopy and 25 patients were
recorded to have received their diagnosis following a
CT-guided [transthoracic core needle (TCN)] biopsy. The
median time from initial hospital contact at an emergency
or pulmonology clinic to an established diagnosis was
10.0 and 28.0 days, respectively, for bronchoscopy and
CT-guided (TCN) biopsy. The overall median time to
diagnosis from first contact for the whole population (limited
data; 119 patients), irrespective of diagnostic procedure
used, was 12.0 days. When divided by gender, females had
a median time to diagnosis of 10.5 days compared to men
who had 15.0 days (Figure 2).
No major differences were observed in the variables
included for patients examined using CT-guided biopsy
compared to the other procedures investigated. Patients who
underwent a CT-guided biopsy examination were similar
in age [68.4 (9.1) years] and had a similar lung function,
measured by FEV1 [1.75 (0.43) L for women and 2.10 (0.57) L
for men, and performance status (97.4% with ≤ 2)] as
the total study population. Moreover, when patient data
were analysed according to the predefined algorithm that
included six important variables used to categorize patients
suitable for a TCN biopsy, there was no difference between
the overall study population (where data were available)
and patients who actually underwent a CT-guided biopsy
procedure (Table 2).
Overall, the most commonly unfulfilled algorithm
criteria were normal P-PK and P-APTT, reported for 61%
of the patients.
Complications following the three diagnostic procedures
were reported for 11 patients overall, with a total of 13 reported
incidents (six pneumothorax, five bleeding, one tachycardia
and one dyspnoea). Only the pneumothorax complications
led to un-planned, overnight hospital stays.
Median time to first-line treatment initiation from
patient’s initial healthcare contact due to symptoms of
lung cancer was 39.0 days, as reported for 129 of the total
132 patients included in the study. Three patients with
negative time to first-line treatment were omitted from the
calculation. No differences were observed when analysing
time to treatment by gender (Figure 2).
Histopathology was the dominant technique used in
70% of patients to subtype and diagnose the disease, whilst
the remaining 30% of patients underwent cytological
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Table 1 Baseline patient characteristics
Variable

Females (n=63)

Males (n=69)

Total population (n=132)

48

52

100

Gender (%)
Age, mean years (SD)

68.5 (9.4)

67.0 (8.7)

67.7 (9.0)

Smoking history, n (%)
Non-smoker

10 (15.9)

7 (10.1)

17 (12.9)

Former smoker

18 (28.6)

29 (42.0)

47 (35.6)

Regular smoker

34 (54.0)

33 (47.8)

67 (50.8)

1 (1.6)

NA

1 (0.8)

Squamous cell carcinoma

15 (24.0)

23 (33.0)

38 (29.0)

Adenocarcinoma

43 (68.0)

37 (54.0)

80 (61.0)

Large cell/poorly differentiated

3 (5.0)

5 (7.0)

8 (6.0)

Mixed-cell carcinoma

1 (2.0)

4 (6.0)

5 (4.0)

NA

1 (1.0)

Unknown
Histological diagnosis, n (%)

Unknown
FEV1, L (SD); n‡

1 (2.0)
1.86 (0.67); 51

2.36 (0.83); 53

NA

FEV1 by diagnostic procedure utilised, litres (SD); n
CT-guided biopsy

1.75 (0.43); 12

2.10 (0.57); 18

NA

Biopsy

1.86 (0.82); 18

2.49 (0.89); 21

NA

Bronchoscopy

1.83 (0.62); 18

2.52 (1.06); 12

NA

Other

2.43 (0.81); 3

2.45 (0.35); 2

NA

0

7 (11.0)

12 (17.0)

19 (14.0)

1

39 (62.0)

44 (64.0)

83 (63.0)

2

14 (22.0)

11 (16.0)

25 (19.0)

Performance status†, n (%)

‡

3

2 (3.0)

NA

2 (2.0)

4

1 (2.0)

1 (1.0)

2 (2.0)

Unknown

NA

1 (1.0)

1 (1.0)

†

, data available from a limited number of patients (n=104); , according to ECOG (Available online: http://www.ecog.org/general/

perf_stat.html, accessed 22 February, 2015). SD, standard deviation; NA, not applicable; FEV1, forced expiratory volume in one
second; ECOG, the Eastern Cooperative Oncology Group.

testing. The majority of patients who underwent only
bronchoscopy (66%) were diagnosed based on cytology.
The mean percentage of tumour cells in the samples used
for histopathology was 25.7% (based on data reported for
55 of the 132 patients). Testing for EGFR mutations was
recorded in 26.5% of the cases, with a median time from
first contact to mutation testing result of 98 days.
Within one year after a diagnosis of lung cancer, 60%
(n=79) of patients in this population had died, and a further
20% (n=27) patients had records of progressive disease. The
disease showed no signs of progression in the remaining
20% of patients.
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Discussion
In this retrospective, descriptive study on the techniques used to
obtain tumour samples from patients with advanced, inoperable
NSCLC and their subsequent testing, the CT-guided
biopsy frequency was shown to be fairly low and that the
time to both diagnosis and initiation could be improved.
The results are clinically relevant and provide a real-life
description of the situation at regular hospitals in Sweden,
with inclusion of all eligible patients in consecutive order
(no patient selection).
The baseline pulmonary function in patients who may
undergo a TCN biopsy procedure is important because
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CT-guided
biopsy
n=4

3

Bronchoscopy
n=4

Biopsy
n=1

CT-guided
biopsy
n=19

Bronchoscopy
n=5

Bronchoscopy
n=5

Biopsy

CT-guided
biopsy
n=15

Biopsy

2

n=43

Bronchoscopy
n=94

1

n=13

Other
n=10

Diagnostic procedures—patient joumey
(start; n=132)

Figure 1 Flow chart of patients versus diagnostic procedures performed (n=132). Other = patients not diagnosed based on either of the
specified methods due to, for example, confirmed liver, brain or cervical lymph node metastatic disease (not included in the rest of the flow
chart). CT, computed tomography.

Table 2 Patient suitability for CT-guided biopsy assessed using

45
40

39

40

the predefined algorithm covering six criteria

39

Algorithm fulfilment‡

35

No*, n [%]

Days (n)

30

Yes**, n [%]

25

15
12

10

10.5

Total

Women

Median time
to diagnosis
(days)

Median time
to treatment
initiation
(days)

5
0

49 [84]

10 [83]

9 [16]

2 [17]

‡

20
15

Total (n=58) CT-guided biopsy (n=12)

Men

Figure 2 Time to diagnosis and time to treatment initiation from
first recorded healthcare contact.

it may be associated with pneumothorax, a procedurerelated complication (15,16). In this population, the mean
baseline lung function (FEV1) was similar to that reported
previously for such patients (17) and did not appear to have
been a discriminating factor for CT-guided biopsy. Patients
who underwent CT-guided biopsy had similar FEV1 levels
to the total population and, when considering the predefined
algorithm, no differences were seen between patients who
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, including data on tumour localization and size; No*, patient

does not fulfil all six criteria of the predefined algorithm;
Yes**, patient fulfils all six criteria of the predefined algorithm.
CT, computed tomography.

underwent either bronchoscopies or biopsies, including
the CT-guided technique. Many CT-guided biopsies were
performed despite the difficulties indicated in the pre-defined
algorithm, suggesting that physicians were more willing
to perform CT-guided biopsies than had been anticipated
theoretically, possibly because the importance of a correct
diagnosis outweighs the few risks associated with the
procedure. Also, the most common deviation from the
algorithm seen in the study (i.e., abnormal PK and APTT)
could be handled, for example, by prospective withdrawal of
anti-thrombotic treatments.
The study was conducted in 2009–10, during which targeted
therapies, e.g., gefitinib, were introduced to Europe (11,13).
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Traditionally, lung cancer treatment decisions had been
driven by histological typing and stage at diagnosis, but new
tumour biomarkers and targeted therapies have raised the
importance of molecular testing [8-10]. Targeted treatments
require molecular testing and depend on obtaining an
increased quantity and quality of tumour samples (3,7,9).
Overall, the specific technique used to obtain a tumour
sample depended on the respective clinics/hospitals in
the study with no apparent uniformity. This is probably
related to local processes rather than lack of clear, national
guidelines and reflects the complexity of diagnosing fragile
patients with lung cancer.
Some patients underwent all three, main biopsy
procedures (i.e., bronchoscopy, biopsy and CT-guided
biopsy), whilst others only underwent a bronchoscopy,
which was the most commonly performed technique (79%
of all patients). Bronchoscopies are usually performed
after initial symptomatic staging and imaging and are
mostly diagnostic in patients whose lesions lie near bronchi
(16,18-20). However, 66% of patients who only underwent
bronchoscopy were diagnosed based on cytology, which may
be insufficient for a molecular diagnosis that depends on
both a high quantity and quality of actual tumour samples.
A TCN biopsy is a procedure which, although safe, is
associated with an increased number of complications, such
as pneumothorax, air embolism and bleeding, compared to
other diagnostic techniques (16,18,20-22). An increased risk
of pneumothorax has been reported when the biopsied lesion
is small or when emphysema lies in the path of the biopsy
needle; reduced lung function pre-biopsy or emphysema that
lay in the path of the biopsy needle increased the need for
chest-tube treatment of pneumothorax (21). Nevertheless,
one conclusion was that the CT-guided core biopsy
procedure is safe and applicable in a county hospital (21).
In the present study, procedure-related complications from
bronchoscopy, biopsy and CT-guided biopsy were observed
in 11 patients and occurred most commonly following
CT-guided biopsy, where five patients required extra
night(s) of hospitalization due to pneumothorax.
The risk-benefit ratio of receiving a correct diagnosis
based on molecular techniques seems reasonable given
the prospect of finding a targeted treatment for patients.
Further studies to assess whether there are any other
predisposing “risk factors” for these complications, such
as gender, lung function or other co-morbidities, and that
might be used to screen patients suitable for TCN biopsies
would be valuable.
Delays in diagnosis and treatment initiation may
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negatively affect a lung cancer patient’s psychological
well-being (23). Delays between the imaging and biopsy
step of tumour staging may also lead to growth in tumour
size making them unsuitable for biopsy procedures (24). In
this study, the overall median time to diagnosis from first
patient contact with a physician was 12.0 days and longest
in CT-guided biopsy patients (28.0 days), but shortest
for bronchoscopy patients (10.0 days). Similarly, time to
treatment initiation was approximately one month (median
39 days) in the overall patient population and longest in
patients who had undergone a CT-guided biopsy. One
reason for delays in the diagnosis and treatment initiation
with CT-guided biopsies may be that bronchoscopies are
often performed early in the patient work up, followed
by a second TCN biopsy, e.g., a CT-guided biopsy, if the
bronchoscopy was insufficient for diagnosis/treatment
assessment (16,18-20). In Sweden, the recommendation
is to have a treatment decision for 80% of patients within
28 days from arrival of the referral, but this is rarely
followed. Nationally, this time is actually about 60 days (25).
In this study, it took 64 days before 75% of patients had
started first treatment from first contact with health care.
Today, patient diagnosis involves testing of several tumour
biomarkers (8-11). At the time of this study, this diagnostic
strategy was not fully developed because, for example,
TKIs were not wholly established as the drug of choice for
patients with EGFR mutations. In this study, only 35 out of
132 patients underwent EGFR mutation tests, the results of
which took approximately three months to obtain. This time
span suggests that these patients had already initiated firstline chemotherapy before being tested for EGFR mutational
status to determine second- or third-line therapy. Since
guidelines today highlight both testing of EGFR mutation
status and the use of TKIs as first-line therapy for EGFR
mutation positive patients (4), this could imply that patients
in this study population who harboured an EGFR mutation
did not, in fact, receive optimal first-line treatment. The
situation in this study may reflect the novelty of TKIs and
tumour marker techniques in Sweden during the investigated
time period. The need for molecular tests for tumour
biomarkers is now clear and currently a higher proportion of
patients are likely to be tested first line (3,8,10).
As with all retrospective, observational medical record
studies, this study may have limitations, and data retrieval
is limited to the variables recorded. The data presented
were collected at three selected centres and may not have
provided a full national representation. However, all centres
were specialist lung cancer clinics at three major university/
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county hospitals from different regions in Sweden, thus
providing a sample of the lung cancer healthcare system.
The study centres recruited approximately equal numbers
of patients. The retrospective data collection from medical
records ensured that no patient selection issues influenced
the diagnosis, biopsy procedures or treatment choice, and
caused the least possible inconvenience to patients.
This study reflects previous reports on the population
and demographics of lung cancer patients (25), and the
numbers of CT-guided biopsies and EGFR mutational
tests performed can be considered as being low. Today,
EGFR mutational testing for TKI-sensitive tumours is
more common, as probably is the use of CT-guided biopsy
for obtaining tumour samples, particularly as changes in,
for example, needle bores may be associated with fewer
procedure-associated complications (e.g., pneumothorax).
In 2012, 40% of patients were tested for EGFR mutations
nationally (25). Improved routines and large numbers of
biopsies performed that increase experience might also
lower the risk of complications. The times to diagnosis
and treatment initiation are long and could be improved.
A growing awareness of the importance of increasingly
required collaboration between pulmonologists, radiologists
and pathologists in the diagnosis and treatment of lung
cancer together with personalized therapy using new,
molecularly-targeted drugs (e.g., gefitinib and erlotinib) and
its earlier diagnosis may improve the clinical outcomes of
patients with lung cancer in Sweden.
Conclusions
Late-stage lung cancer is usually terminal. Its efficient,
timely and accurate diagnosis is fundamental in determining
the optimal, targeted treatment and personalizing therapy.
This depends on an ever-increasing array of cytological,
histological and molecular tests that require adequate
tissue of good quality for analysis. TCN biopsies (e.g.,
CT-guided core needle biopsies) are relatively safe
and well-established methods of obtaining good yield
tumour samples, particularly for EGFR mutation status
tests. These techniques may need to be further utilized
following imaging for fast and reliable diagnoses based
on histopathological and mutational analyses. The
future diagnosis of lung cancer, therefore, will require a
greater collaboration between surgeons, pulmonologists,
radiologists and pathologists, leading to more personalized
therapeutic strategies with targeted therapies, such as
gefitinib or erlotinib.
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Improved diagnostic routines according to the latest
recommendations may lead to CT-guided biopsies being
performed earlier and faster. With increased experience, this
may ultimately improve outcomes in patients with advanced
lung cancer.
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