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Introduction

The differential diagnosis of a solid solitary pulmonary nodule 
(solid SPN) is broad, ranging from benign tumors, infectious 
lesions and lung cancer to other malignant conditions. 
Moreover, incidences vary widely in different parts of the 
world. While lung cancer is predominant in industrialized 
regions like Europe and North America, developing areas 
such as India, Central-, South- and West Africa as well as parts 
of South America have a high incidence of infectious lung 
diseases in the near absence of lung cancer: in North America 
and Europe where lung cancer affects 40-60/100,000 men 

and 13-22/100,000 women (1) 11,669 patients were newly 
diagnosed in 2010 in the Netherlands alone as opposed to only 
189 patients with Tuberculosis (TB) in a previous year (2).  
In contrast South Africa experienced an almost 200 times  
higher population related incidence of 138,803 new cases of TB 
in 2008 (2). Conversely, the incidence of lung cancer in India 
and Central- and West-Africa is the lowest in the world with  
0.9-10/100,000 men and 0.6-2.3/100,000 women (1).

Consequently, the approach to a solid SPN needs to happen 
in the context of geography and its respective socio-economic 
circumstances. To highlight the resulting diversity of diagnostic 
processes the approach to a new solid SPN is described in a setting 
such as Leeuwarden, the Netherlands and Cape Town, South Africa.

Definition SPN

A SPN is a common clinical problem. It may be accompanied by 
symptoms like cough, loss of weight, malaise or hemoptysis. In 
most instances the lesion is discovered incidentally on chest X-ray 
(CXR) or on computer tomography (CT) scan. Nowadays more 
and more lesions are discovered on CT scan, which is performed 
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for various reasons like screening programs, investigations 
for pulmonary embolism or cardiac function and search for 
metastases of other cancers than lung cancer (3,4).

For this article the SPN will be defined as a single, spherical, 
well-circumscribed radiographic opacity of less than 3 cm 
in diameter with at least 2/3 of its margins surrounded by 
pulmonary parenchyma. Excluded in this definition are lymph 
nodes, atelectasis and post-obstructive pneumonia (5,6).

The major question that follows detection of a solid SPN is 
whether the SPN is malignant or not.

Prevalence of SPN

The detection rate of a SPN is 0.09% to 7% on routine chest 

Table 2. Distribution of etiology of solid pulmonary nodules in a 
cohort of 242 HIV positive patients (16).

Diagnoses
Patients with 

nodules, No. [87]

Bacterial pneumonia 30

Pneumocystis Carinii pneumonia (PCP) 3

Lymphoma 10

Tuberculosis 14

Kaposi’s sarcoma 11

Non-tuberculous mycobacteria 4 

Aspergillus pneumonia 3

Lung cancer 4

Cytomegalovirus 0

Other 8

radiographs (5). A study from the 1950’s showed that one of 500 
CXRs demonstrated a SPN. In 1999 in the Early Lung Cancer 
Action Project, 7% of 1,000 healthy volunteers were found to 
have 1, 2 or 3 nodules in CXR screening (5). The failure to 
recognize lung cancer on the CXR is one of the most frequent 
causes of a missed diagnosis in radiology.

On CT scans the screening prevalence of at least one SPN 
is higher. It ranges there from 8% to 51% in the lung cancer 
screening trials using CT imaging (3,7-9). A positive screen 
result in the CT arm of the North American National Screening 
Trial (NLST) was defined as finding a non-calcified nodule of 
at least 4 mm. Using these criteria 27% had a positive baseline 
screen (9). The Netherlands-Belgium Lung cancer Screenings 
Trial (NELSON study) showed a rate of 51% non-calcified 
nodules at baseline (10).

Prevalence of malignancy in a SPN

As screening programs are typically performed in developed 
countries, the prevalence of malignancy in single pulmonary 
nodules reflects their incidences ranging from 1% to 12% in the 
various studies (11-13).

Differential diagnosis of SPN

As outlined, the differential diagnosis for a SPN is extensive 
(14,15). The frequency of each etiology varies amongst studies 
worldwide. Most studies were performed in the United States in 
specific cohorts. National data from Africa and Asia are scarce or 
missing. Tables 1,2 show examples from different settings, one 
from North America and one from Africa.

The distribution of the diagnoses in a newly found SPN is 

Table 1. The distribution of the diagnosis in a newly found SPN divided in malignant and benign causes based on various American studies (15).

Distribution Percentage (%)

Causes of malignant SPN 100

Adenocarcinoma 47

Squamous cell carcinoma 22

Solitary metastasis (i.e., melanoma, sarcomas, carcinomas of colon, breast, kidney and testicle) 8

Undifferentiated, small cell, large cell and miscellaneous rare tumours 23

Causes of benign SPN 100

Healed or non specific granulomas 25

Active granulomatous infections (tuberculosis, coccidioidomycosis, histoplasmosis, cryptococcosis and aspergillosis) 15

Hamartomas 15

Miscellaneous benign lesions i.e., nonspecific inflammation and fibrosis, lung abscess, hematoma, hemangioma, 
arterio-venous malformation, bronchogenic cyst etc.

45
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shown in Table 1, showing the wide spectrum in malignant and 
benign causes (15).

Another study reflects figures of a more common cohort in 
Africa [with a high incidence of human immunodeficiency virus 
(HIV)] and lists etiologies of pulmonary disease in 242 HIV 
infected patients undergoing a CT of the chest (Table 2) (16). 
In this cohort, 36% of patients had one or more pulmonary 
nodules. Four percent of patients had two concurrent diagnoses.

SPN evaluation

There are many approaches to evaluate a SPN. Significant variation 
exists among institutions influenced by the socio-economic and 
inherent circumstances of a region (5,14,15,17-21).

We will try to outline the approaches in a setting of high 
prevalence of lung cancer and a low incidence of infectious 
diseases, like North America or Europe in contrast to areas 
with a high incidence of TB, HIV and other infectious diseases 
and a low incidence of lung cancer. For this article we will limit 
ourselves to the solid SPN, and leave the field of ground glass 
nodules and semisolid/subsolid SPN for a discussion elsewhere.

The ideal approach to a solid SPN should result in the resection 
of all malignant nodules, while avoiding resection of all benign 
nodules that require no treatment or some form of medical 
treatment. 

Setting 1: SPN evaluation in Leeuwarden, the 
Netherlands

Patients with a newly diagnosed solid SPN undergo an initial 
diagnostic evaluation based on radiological findings and medical, 
often interdisciplinary judgment to determine the probability 
of being a malignant nodule. In this setting this is the most 
important question as the patients with stage 1A (T1N0M0) 
lung carcinoma have the best prognosis and the highest potential 
for cancer cure (1). We follow the guidelines “The Solitary 
Pulmonary Nodule” published in Chest 2003 by the ACCP 
and the next version published in Chest in 2007 by Patel and 
coworkers (5,14,15,19).

The following indices give us guidance in the approach to a 
solid SPN.

Clinical characteristics

Older age, a history of cigarette smoking, larger nodule size, 
female gender, asbestos exposure and previous history of cancer 
all increase the probability that a solid SPN is malignant (22). 
The presence of underlying lung disease such as emphysema, 

fibrotic lung disease (idiopathic pulmonary fibrosis, radiation 
and asbestosis) are additional risk factors (23).

Radiologic features

Chest radiograph (CXR)
There are no characteristics that can consistently distinguish 
between a benign nodule and a malignant nodule based on the 
appearance on CXR. However a solid SPN that is unchanged 
for more than two years is unlikely to be a malignant nodule. 
A CXR is less sensitive than a CT scan for detecting changes 
in size, density and borders of a solid SPN. The first step is to 
compare the lesion with previous CXRs or CT scans. If that is 
not available the next step is a high resolution CT scan.

Chest computed tomography (CT)
CT is more sensitive and more specific than CXR for detecting 
nodules (23). Additionally, the CT detects intra-thoracic 
abnormalities like enlarged lymph nodes or tumors in the 
mediastinum or other blind spots (hidden by diaphragm, heart 
or bony structures).

Features that can be used to predict whether a nodule is 
malignant include size, border, calcification, density, growth and 
location (24):

(I) Size: larger lesions are more likely to be malignant than 
smaller lesions. Lesions >3 cm in diameter should be 
considered malignant until proven otherwise (25,26):
Nodules ≤3 mm: 0.2% likelihood of malignancy;
Nodules 4-7 mm: 0.9% likelihood of malignancy;
Nodules 8-20 mm: 18% likelihood of malignancy;
Nodules >20 mm: 50% likelihood of malignancy.

(II) Border: malignant lesions tend to have a more irregular, 
lobulated and spiculated border, whereas benign lesions 
often have a relatively smooth and discrete border (27) 
(Figures 1,2). The presence of small satellite nodules 
surrounding a  dominant pulmonar y nodule is 
characteristic of a benign nodule, typically a granuloma.

(III) Calcification: calcification is highly suggestive of a 
benign lesion, especially when it has an organized 
pattern (central, laminated or popcorn pattern).

(IV) Density: the attenuation of a nodule (Hounsfield Units =  
HU) is a reflection of the amount of calcium within the 
nodule. The presence of focal fat within a solid SPN is 
highly suggestive of a benign solid SPN like a hamartoma.

(V) Cavitation: thin walled cavitating nodules are more 
likely to be benign. A thick walled cavity (>15 mm) is a 
feature of a squamous cell carcinoma, but is also present 
in many TB cases or aspergillomas.
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(VI) Growth rate: the doubling time for the majority of 
malignant lesions is 30-480 days (28). The exception 
of this rule includes slow growing tumors such as 
adenocarcinoma in situ (broncho-alveolar carcinoma in 
the old classification) with a doubling time up to 900 days,  
which is often ground glass in appearance.
All malignant, fast growing lung nodules followed up 
from the baseline CT scan after three months in the 
NELSON trial (multinational screening trial) had a 
volume-doubling time less than 232 days (29).

(VII) Location: malignant lesions are more likely to be in the 
upper lobes, but the same applies to TB and aspergillomas.

Probability tests

The most frequently used model for assessing the risk of 
malignancy is the Bayesian analysis, which postulates that the 
post test probability of disease is linked to pre test probability 
and the sensitivity and specificity of the test (19). The method 
is based on estimating the probability of being a malignancy 
using nodule size, presence of spiculae and location, patients age, 
smoking history and previous malignancies (30,31). The overall 
prevalence of malignancy in the population is also important. 
A recent study shows that the inclusion of nodule volume in 
the malignancy prediction model increases the proportion of 
nodules correctly classified (26,32).

Management

The algorithm outlined in Figure 3 is guiding the diagnostic and 
management decisions [including the probability test (15)]  
in the approach to a solid SPN. All decisions get based on 
a multidisciplinary panel consensus that takes the patient’s 
preference into consideration. As such, a patient will fall into one 
of three groups: High (>60%), intermediate (5-60%) and low 
(<5%) risk for developing lung cancer.

•	 A solid SPN that remains stable for more than two years 
can be considered benign acknowledging that certain low 
grade adenocarcinomas and carcinoids can be stable for 
two years or longer.

•	 A nodule that grows or a nodule in a patient with a 
high risk probability (>60%) should be biopsied or 
excised (Figure 1) unless the patient is not fit for such an 
intervention or refuses it.

•	 A solid SPN smaller than 8 mm can be followed up by using 
the guidelines proposed by the Fleischner Society (25).  
In 2005 the Fleischner Society guidelines for managing 
pulmonary nodules detected on CT scans were developed 

Figure 1. CT of a solid SPN, which was followed up closely and has 
slightly grown in size (from 1.1 to 1.4 cm) in a 65-year-old heavy smoker 
from China. With spiculae present, no calcifications and 66 Hounsfield 
Units it was most likely malignant (high risk category with a calculated 
probability of 88.1%): VATS wedge, frozen section (Adenocarcinoma), 
VATS lobectomy with lymph node dissection. Final histology: 
pT1bN0M0, Stage I NSCLC.

Figure 2. CT of new solid SPN in the right lower lobe, size 1 cm, smooth 
appearance, no spiculae, HU 26, detected on routine CXR in a 50-year-old 
from Europe, non-smoker, NIDDM, most likely benign with a calculated 
probability for malignancy of 2.4 %. Control CT in three months.
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in response to a perceived need for managing incidental 
small nodules detected on CT scans (Table 3).

•	 In a solid SPN with an intermediate risk probability a 
18F-Fluorodeoxyglucose positron emission tomography 
(FDG-PET) is recommended.

Positron emission tomography (PET) CT

It is estimated that 96% of patients with lung cancer will have an 
abnormal FDG-PET and 78% of patients without lung cancer 
will have a normal FDG-PET (33-35). PET has a very high 

Table 3. Guidelines Fleischner Society for the management of small pulmonary nodules detected on CT scans (25).

Nodule size (a) Patient with low cancer risk (b) Patient with high cancer risk (c)

≤4 mm No surveillance (d) Surveillance CT at 12 months

4-6 mm Surveillance CT at 12 months. If no significant change, 
discontinue

Surveillance CT at 6-12 months, then at 18-24 months, 
if no change

6-8 mm Surveillance CT at 6-12 months, then at 18-24 months, 
if no change

Surveillance CT at 3-6 months, then at 9-12 months 
and 24 months , if no change

a, average of largest and smallest axial diameter of the nodule; b, no smoking history and absence of other known risk factors; c, previous or 
current smoking history, or other risk factors; d, risk of malignancy (<1%) is substantially lower than for an asymptomatic smoker.

Figure 3. Algorithm solid single pulmonary nodule (SPN), adapted from Patel et al. (5). *, Pre test probability. i.e., Swensen et al. Factors to determine 
the probability of malignancy: age, smoking history, previous malignancy >5 y ago, presence of spiculation, upper lobe location. **, Fleischner Society 
Guidelines (Table 3); ***, ACCP Guidelines 2007: serial CT scan at 3, 6, 12, and 24 months. 
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sensitivity (89-100%), but a lesser specificity (69-100%) and 
an accuracy of 89-96% in a modern combined modality PET/
CT (36-38). PET is false positive in granulomatous disease and 
is usually false negative in lesions of less than 0.8 cm (5,39). 
Other pitfalls of PET are false negative findings in metabolically  
low-activity tumors (adenocarcinoma in situ or minimally 
invasive mucinous adenocarcinoma and carcinoid tumors) and 
in hyperglycaemia (39).

In intermediate risk patients a PET scan is performed as the 
next diagnostic step. In case of PET negativity the lesion will 
be followed up after 3, 6, 12 and 24 months with a low dose CT 
in line with the recommendations of The American College of 
Chest Physicians (15).

When the PET scan is positive the probability of malignancy 
is high in our setting. The following figures are two examples 
from our daily practice representing newly found solid SNPs. 

Figure 4. PET positive solid SPN left lower lobe: on the left is a 
maximum intensity projection (MIP) of the total body F18-FDG PET 
investigation. On the right there are three transverse slices of the hybrid 
F18-FDG PET/CT investigation. The single pulmonary nodule (SPN) 
dorso-caudal of the left hilum shows a maximum standardized uptake 
value (SUVmax) of 12. The corresponding CT slice reveals a hyperdense 
lesion with a diameter of 2.1 cm, HU 60 and a calculated probability for 
malignancy of 88.5%. Final histology after resection: pT1bN0M0, Stage 
1 NSCLC.

Figure 5. PET scan of a solid SPN in the right lower lobe. On the left: 
maximal intensity projection (MIP) of the total body F18-FDG PET 
investigation: no lesion visible. On the right: (above) transverse slice 
CT in lung settings shows a 2 cm lobulated lesion with ill defined edges 
and varying densities, HU –55 to +75; (below) two transverse slices 
of the hybrid F18-FDG PET/CT investigation showing activity not 
significantly above the background activity [standardized uptake value 
(SUV) <1.5]. Calculated probability for malignancy: 8.4%.

Treatment follows our algorithm and gets individualized 
according to the patient’s condition and preferences.

The first case is a PET positive lesion in a 54-year-old heavy 
smoker with chronic obstructive airway disease GOLD II. He 
underwent a PET scan according to our algorithm as a medium 
risk patient (Figure 4), followed by a transthoracic needle biopsie 
(TTNB) (squamous cell carcinoma) and a VATS lobectomy with 
systematic lymph node dissection (pT1N0M0).

The second case is a 63-year-old ex-smoker (stopped 30 years 
ago) with a history of a renal cell adenocarcinoma (pT3aN0M0) 
treated by nephrectomy six years ago, poor left ventricular 
function and a coronary bypass graft operation in 2012. At the 
preoperative work up in 2012 a new lung lesion was found. 
Again according to our algorithm a PET scan was performed 
(Figure 5). This patient was followed up for three months. On 
repeat CT scan the lesion had grown. Differential diagnosis 
included a benign lesion, a metastasis from the renal cell cancer 
or a PET negative lung cancer such as a carcinoid or some forms 
of adenocarcinoma. TTNB got some malignant cells compatible 
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with a metastasis from the previous renal cell (Grawitz) tumor. 
Due to the overall condition of this patient stereotactic radiation 
was performed.

A systematic review concludes that the additional information 
gained from PET imaging in diagnosing a malignant SPN is worth 
the costs providing good medical indications are applied (40).  
Implementation of the PET-CT as a combined modality 
is variable, depending on the health care system and the 
uncertainty about its cost-effectiveness. In our institution this 
will become standard next year, at present CT and PET are two 
machines and get combined by a computer program.

Tissue diagnosis and therapeutic approach

A management decision should be made once the probability 
that the SPN is malignant or likely to be malignant has been 
assessed (see algorithm in Figure 3). For high risk patients or PET 
positive lesions it is mandatory to get a tissue diagnosis but how 
to obtain the tissue is under debate. There is a lack of published 
data directly comparing the results from biopsies obtained using 
different methods. The location of the nodule and the likelihood 
of complications determine which approach is used. Preferences 
and expertise of the institution seem to play a role (41).

•	 Bronchoscopy can be used to evaluate larger or more 
central nodules (42). However it is much less useful for 
small (<2 cm) or peripheral solid SPNs.

•	 Fluoroscopy or endobronchial ultrasound (EBUS) can 
optimize localization of the solid SPN.

•	 TTNB: the procedure is reported to have a sensitivity of 
64-100% (14). Adding core needle biopsy to the procedure 
is more likely to establish the diagnosis especially for 
non-malignant lesions (14,43). A positive result is a 
reliable indicator of malignancy but a negative result is of 
limited value in excluding malignancy. Complications are 
hemorrhage and pneumothorax. In studies of CT guided 
needle biopsies, non-diagnostic results were seen in 20%. 

•	 Surgery: surgical resection of the solid SPN by thoracotomy 
or video assisted thoracoscopic surgery (VATS) is common 
practice for a growing solid SPN, a solid SPN with a high 
likelihood of malignancy or a proven malignant solid 
SPN. In combination with a frozen section, the definitive 
treatment can be achieved in the same session. Whether 
a wedge resection or a VATS lobectomy with systematic 
lymph node dissection is necessary is determined by the 
results of the frozen section. In rare cases the frozen section 
of the VATS wedge resection cannot differentiate between a 
metastasis and a primary lung tumor. In these circumstances 
a staged approach after f inal  histolog y including 

immunohistochemistry is adopted. Radio-guided surgery 
is the preferable method to locate a sub-centimeter solid 
SPN and mark it with a wire in order to achieve a successful 
excision instead of finger palpation (44). Intra-operative 
ultra-sonography is not available in Leeuwarden.

Setting 2: SPN evaluation in South Africa,  
Cape Town

The approach to a new solid SPN in endemic areas of infectious 
pulmonary disease like TB, HIV related disorders (Pneumocystis 
jiroveci, bacterial pneumonia, Kaposi etc.) and fungal disease is 
different. The standard algorithms published for setting 1 (19) 
need to be modified especially in the first phase. This will be 
outlined in the following chapter. 

Clinical characteristics

In these endemic areas of TB and HIV infection the patients’ 
history, symptoms and contact history play a significant role in 
the diagnostic and therapeutic approach. 

HIV positive patients with a CD4 count >200 are treated 
as any other patient. With lower CD4 counts, however, more 
emphasis will be put on the search for pulmonary infections. In a 
study by Jasmer and coworkers 36% of the HIV patients had one 
or more pulmonary nodules on chest CT. Multivariate analysis 
identified fever, cough, and a nodule size of <1 cm on chest CT 
as independent predictors of having an opportunistic infection. 
Furthermore, a history of bacterial pneumonia, symptoms 
for one to seven days, and a nodule size of <1 cm on CT 
independently predicted the diagnosis of bacterial pneumonia. A 
history of homelessness, weight loss, and lymphadenopathy on 
CT independently predicted a diagnosis of TB (16). 

Search for an infective source

The search for an infective source will include induced sputum, 
bronchoscopy and lavage and in indicated cases (i.e., for enlarged 
lymph nodes) EBUS /EUS biopsies. With an incidence of TB 
being as hjgh as 981/100,000, a new lesion warrants active 
search for acid fast bacilli (AFB). Sensitivities and specificities for 
induced sputum smear microscopy lie in the range from 13-40% 
and 90-99%, respectively (6,45,46). Diagnostic progress was 
made in the last few years by introducing diagnostic rapid TB 
tests (e.g., the Xpert® assay). In recent studies the sensitivity of 
the Xpert® assay using bronchial washings or broncho-alveolar 
lavage fluid for the diagnosis of pulmonary TB was 81-96%, 
and the specificity was 98-100% (47-49). The positive predicted 
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value and the negative predicted value were 100% and 92.1%, 
respectively (49).

Management

Results from TB cultures are not available for at least six weeks. 
(I) In cases highly suspicious for TB with typical symptoms, 

positive contacts, younger age, HIV infection etc. empiric TB 
treatment is started. These patients need to be followed up 
closely and seen again within six weeks for reassessment of their 
symptoms. A repeat CXR is obtained to assess the growth pattern 
of the lesion. In this situation the suggested algorithm (Figure 3) 
can be followed to the left without a CT scan. Standard anti-TB 
treatment gets started, culture results obtained and a CXR taken 
after three and six months to monitor the effect of the applied 
treatment. In addition, the symptomatology of the patient is 
very important to ascertain whether there is improvement 
on anti-TB treatment. Targeted treatment is applied once the 
sensitivities are known. This approach is also supported by the 
WHO-TB guidelines (2). In cases of multi-drug resistant TB or a 
mycobacterium other than Tuberculosis (MOTT) the lesion will 
not change and treatment needs to be adapted.

(II) In cases of less obvious clinical suspicion for TB or other 
infectious diseases a high resolution CT scan serves as a basis to 
gain more information over the exact location, the density and 
borders of the lesion, over lymph nodes, lung parenchyma or 
additional small nodules other than the solid SPN seen on CXR.

The following two cases represent our daily practice.
The first case is a 40-year-old black male presenting with a 

Figure 6. CXR posterior-anterior (PA) on the left: a new SPN in the left 
upper lobe, size ~2 cm, smooth, vague borders, no calcifications, TTNB 
positive for AFB’s. On the right: after three months of standard anti-TB 
treatment, the lesion is less dense and decreased in size (1.2 cm).

productive cough, mild loss of weight and general malaise. He 
was HIV negative and had no TB contacts. CXR revealed a 
SPN in his left upper lobe. Induced sputum samples on three 
consecutive mornings were negative, bronchoscopic lavage 
results only showed mixed organism, TTNB revealed the 
presence of AFB’s and standard anti-TB treatment was started 
(Figure 6).

The second case is a 65-year-old white male, heavy smoker, 
HIV negative, pacemaker dependant presenting with a new 
SPN on routine CXR. CT scan revealed a well circumscribed 
lesion in his right middle lobe. Bronchoscopic biopsies showed 
inflammatory cells, no malignancy and cultures showed mixed 
organism, no AFB’s, TB cultures awaiting. He also went for 
TTNB to establish diagnosis falling into the intermediate risk 
group on calculations (Figure 7).

If there is a strong probability for the lesion to be a malignant 
lesion, as previously described, a tissue diagnosis of the lesion is 
being obtained. Tissue diagnosis is obtained by means of TTNB, 
VATS wedge or open wedge to distinguish malignancy from 
inflammatory disease. TTNB is the preferred investigation in 
our institution as we have a very experienced radiological team 
and the majority of lesions in our daily practice turn out to be 
infectious of nature (Figures 6-8). Early tissue diagnosis helps us 
to plan the further work up and treatment options.

If the diagnosis confirms malignancy the staging of the tumor 
follows established guidelines (50). Enlarged lymph nodes will 
be biopsied (via EBUS biopsy, mediastinoscopy or via a VATS 
approach) in order to stage the tumor.

The PET scan

The PET scan is useful for staging a proven malignant lesion, also 
in this setting but is not widely available. 

In the initial work up to establish a diagnosis and in order 
to distinguish malignancy from infectious or inflammatory 
disease the PET scan is less helpful as increased FDG activity 
on PET scan is found in all three conditions. For the initial 
assessment of the solid SPN we do not use this modality due to 
the high incidence of false positive findings with infections and 
inflammation.

A multi-disciplinary team, including a thoracic surgeon, a 
respiratory physician and a radiologist discuss the steps outlined 
above routinely in our own institution as well as in its affiliated 
satellite hospitals. The area served is spread out over the entire 
Western Province, with some hospitals being more than 600 km 
away. This is achieved by regular visits or teleconference. If any 
doubt exists amongst the treating physicians, the patients are 
referred to our centre. 
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Discussion

A solid SPN newly diagnosed on routine CXR or on (screening) 
CT is a common problem. We describe the decision making 
process in the Netherlands and in South Africa, a country with 
a high incidence of TB and other inflammatory diseases. It is 
clear that the general statement: “a new nodule in a smoker aged 
over 50 is a primary lung cancer until otherwise proven” is too 
simplistic to be used all over the world. 

The differential diagnosis is wide. One needs to know the 
incidences of different etiologies (malignant, infectious and 
inflammatory disease) of a solid SPN in the area the patient 
comes from. In setting 2 a new pulmonary nodule is often 

Figure 8. High resolution CT scan of a 60-year-old female, heavy 
smoker. A solid SPN in the right upper lobe was seen on CXR . 
CT scan shows a spiculated, ~2 cm lesion without calcifications, 
calculated probability for lung cancer: 66.4% in the absence of a PET, 
bronchoscopy and lavage did not reveal a diagnosis. A TTNB only 
showed necrosis, a wedge excision was performed and frozen section 
revealed a caseating granuloma compatible with TB.

Figure 7. CT scan of a new solid SPN in a 62-year-old smoker with 
COPD and a pacemaker, calculated probability for malignancy: 
55.2%. (A) smooth, homogenous opacity in the right middle lobe, no 
calcifications, proven to be a caseating granuloma on TTNB; (B) CT 
scan of the same patient six months after anti-TB treatment. Only a 
small holter is left in the antero-medial aspect of the right middle lobe.

A

B

regarded as TB until otherwise proven, especially in HIV 
positive patients. Incidence of lung cancer in Africa is very 
low, partly due the lower median life expectancy in developing 
countries. People die earlier from other diseases before lung 
cancer can develop. Hereditary factors may also play a role as 
well as different smoking habits. Unfortunately exact incidence 
and prevalence data are not widely available for developing 
countries (1,2), the most reliable information coming from the 
World Health Organization: www.who.int. Yet, the general rule: 
“common is common, rare is rare” applies.

In developed countries more insight in these data is available, 
also due to data from big screening trials where prevalence, 
follow up, treatment and outcome data is well recorded. The 
North American National Lung Screening Trial (NLST) is by far 
the largest series. So far, the NLST study is the only randomized 
controlled trial that has shown mortality reduction by using 
CT screening (10,51). Problems identified with CT screening 
include false positive, benign nodule resections, over-diagnosis, 
the exposure to radiation and costs (38,52,53). An estimated 
expense of 50,000 Euro per life year gained was reported (1,54). 
In the Netherlands, the prospective randomized NELSON 
screening trial did not show such a mortality reduction and the 
discussion is ongoing (12,45,54-58).
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For follow up of a solid SPN <8 mm, the Fleischner Society 
guidelines are used in a flexible manner. Strict adherence to the 
Fleischner Society guidelines for managing pulmonary nodules 
detected on CT scans is questionable and it does not seem to have 
found general acceptance. A review article from 2012 showed that 
the radiologists in a Large Community Hospital do not always 
adhere to the Fleischner criteria. In most cases they recommend a 
closer follow-up (59). We find the same in our clinical practices.

In the evaluation of a new solid SPN we believe that the PET 
scan is an extremely helpful tool besides its established role in 
the staging for lung cancer and differentiating it from metastatic 
disease. It is a cornerstone under the conditions of a developed 
country as outlined in the algorithm. Not using a PET scan in 
South Africa has various reasons from limited accessibility of 
tertiary health care facilities to budget constraints. Another 
reason is the lack of specificity in glucose uptake to distinguish 
inflammatory disease from cancer (33,34,36). Therefore, its 
predicting power for malignancy is limited for such a setting. 
As such, the value of performing a PET scan as outlined in the 
algorithm in ‘setting 2’ is questionable and as a consequence, this 
step is often skipped. For patients with intermediate risk it very 
much depends on the individual case. Diagnostic steps are focused 
on obtaining a tissue diagnosis i.e., TTNB or wedge resection (see 
Figures 6,7). PET scan (where available) is advisable in the further 
work up of the patient with a proven malignancy.

The use of calculators for predicting the risk of malignancy 
is also a very helpful tool (22,30,32). However, one has to take 
into consideration that the development of such calculators 
(probability tests) was based on cohorts in countries with high 
incidence of lung cancer and low incidence of infectious diseases. 
While they are in principle applicable in all settings, conclusions 
for countries such as South Africa, India and China should be 
less strict as TB can mimic the features of lung cancer (Figure 8).  
Upper lobes are the predilected location for both TB and 
aspergillomas. 

In general, the algorithms available and the risk-calculating 
methods do help in the decision making process. Physician, 
nuclear physician, radiologist and surgeon need to judge 
the probability of a malignancy. The patient and the health 
authorities play an increasingly important role in the choice of 
investigations and therapies.

One cannot point out strongly enough that the key issue in a 
new solid SPN is to establish a diagnosis for the surgical resection 
of early stage lung cancer. Stage I non small cell lung cancer 
(NSCLC) has a 5-year survival rate of approximately 60-80% (1).  
Whether this is achieved via a TTNB or directly via the surgeon, 
who will first perform a wedge resection and in the same session 
a lobectomy as the SPN turns out to be malignant, is handled 

differently in different institutions, mainly dependent on the 
expertise available in a center and individual preferences. 
Minimal invasive techniques are commonly used nowadays 
and therefore one tends to prefer an established diagnosis on 
histology rather than relying on frozen section. CT guided 
biopsies are commonly used with a good diagnostic yield. In 
case of functional inoperability stereotactic radiation is a good 
alternative (60,61).

In summary, the evaluation process for a new solid SPN in the 
two different areas—the Netherlands and South Africa—follows 
the same principles. Yet, the initial diagnostic steps differ because 
of the different incidence of the various etiologies of a solid SPN 
in these two areas. The proposed algorithm is a valuable tool for 
the teams in day-to-day practice, especially in challenging cases. 
It provides a framework incorporating many sets of guidelines 
for the different scenarios also in different countries. There is 
general consensus that management should be individualized 
and carefully adapted to the patient’s condition and preferences.

The approach to the solid SPN will probably modify with 
evolving technologies like volumetric imaging and advanced 
bronchoscopic techniques. Cost-effectiveness will also play an 
even more dominant role in the future (40,42,62).

Conclusions

To evaluate a solid SPN the physician needs to know what 
incidences and disease burdens are present in his/her area. 
Probabilities and risk stratification of being a malignant solid 
SPN needs to be judged accordingly. Models, calculators 
and guidelines are helpful tools for the countries with a high 
incidence of lung cancer.

Despite the difficulties in advising a general algorithm we 
believe that the stepwise approach outlined above is helpful in 
the decision making process in the developed and developing 
world. The team of physicians can use it as a template to provide 
individualized treatment in a newly diagnosed solid SPN.
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