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Abstract 

Identification of tumour biomarkers provides information on prognosis and guides the 

implementation of appropriate treatment in patients with many different types of cancer. In non-

small-cell lung cancer (NSCLC), targeted treatment plans based on biomarker identification are 

already being utilised in the clinic. However, such predictive molecular testing is not currently a 

universally employed practice. This is particularly the case in developing countries where lung cancer 

is increasingly prevalent. In September 2012 and November 2013, a committee of 16 lung cancer 

experts from Africa and the Middle East met to discuss key issues related to diagnosis and biomarker 

testing in NSCLC and the implementation of personalised medicine in the region. The committee 

identified current challenges for effective diagnosis and predictive analysis in Africa and the Middle 

East. Moreover, strategies to encourage the implementation of biomarker testing were discussed. 

Ultimately, a practical approach for the effective diagnosis and predictive molecular testing of NSCLC 

in these regions was derived. Key issues and recommendations arising from the meetings are 

presented here. 
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Introduction 

Lung cancer is the most common cancer worldwide [1]. In 2012, an estimated 1.8 million people 

worldwide were diagnosed with pulmonary carcinoma, accounting for 13% of total cancer diagnoses 

[1]. Pulmonary carcinoma can be divided into two histopathological groups: small-cell lung cancer 

(SCLC) and non-small-cell lung cancers (NSCLC) [2]. The latter group, NSCLC, comprises around 85% 

of lung cancers and represents a heterogeneous group of malignancies including adenocarcinoma, 

squamous cell carcinoma and large-cell carcinoma. In small-sample diagnosis when morphological 

features are not clear, cases may be classified as NSCLC, not otherwise specified (NSCLC-NOS) [2]. 

Recently, a number of oncogenic drivers of NSCLC have been identified, for example, activating 

mutations in the epidermal growth factor receptor (EGFR) gene and rearrangements in the 

anaplastic lymphoma kinase (ALK) gene [3-5]. Therefore, acquiring relevant biomarker information is 

essential in providing targeted and personalised treatment aimed at tumours harbouring specific 

genetic abnormalities [6]. 

 

In the era of personalised medicine, diagnostic strategies should be carefully considered in order to 

provide the necessary information to implement targeted therapy. Biopsy techniques, sample 

processing, histological diagnosis and biomarker testing should all be optimised. To achieve this goal 

requires adoption of a multidisciplinary approach in which interactions between the oncologist, 

molecular biologist, pathologist, pulmonologist, radiologist and other specialists are paramount. 

According to 2012 estimates, the highest incidence rates for lung cancer are seen in Central and 

Eastern Europe [1], and developing countries are now experiencing an increasing lung cancer burden 

[7, 8]. Of note, lung cancer has the highest incidence rate of all cancers in 7 of 14 Arab countries [9]; 

across the World Health Organization-defined East Mediterranean region, which comprises 

countries from North Africa and the Middle East, it is the most common cancer among men and the 

third most common cancer overall [1]. In Africa and the Middle East, a multidisciplinary approach for 

the diagnosis and management of NSCLC is currently constrained by a lack of economic and 

healthcare infrastructure. In September 2012 and November 2013, a committee consisting of 16 

lung cancer experts from the Africa and the Middle East region (8 oncologists, 6 pathologists, 1 

interventional radiologist and 1 pulmonologist) met to discuss key issues related to diagnosis and 

biomarker testing in NSCLC and the implementation of personalised medicine in the region. This 

review will discuss the outcome of these meetings with respect to the challenges associated with the 

diagnosis and predictive molecular analysis of NSCLC within Africa and the Middle East, and the 

strategies and practical recommendations that could be adopted to meet these challenges. 
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Recommendations from the meetings regarding the evolving treatment landscape and the optimal 

therapeutic algorithm for NSCLC are the subject of a separate review [10]. We start the current 

review with a brief assessment of the diagnostic steps and key biomarkers in NSCLC. 

 

Diagnostic steps in NSCLC 

The majority of patients with pulmonary carcinoma have non-resectable advanced disease [11, 12]; 

as a result, only minimally invasive non-surgical tissue-sampling is often performed. However, 

diagnostic demands are increasing due to the importance of correctly characterising each 

malignancy. Therefore, biopsy techniques and tissue utilisation need to be optimised in order to 

maximize the amount of sample available for a reliable and complete diagnosis, whilst minimizing 

the risk to and discomfort for the patient.  

 

The diagnostic steps in NSCLC comprise establishing the presence of malignancy, identifying the type 

of malignancy, and performing predictive testing through biomarker identification [6, 13]. In the first 

instance, malignancy should be identified by light microscopic examination using routine and special 

stains (including haematoxylin and eosin [H&E], mucin stains and various cytological stains) [13]. 

Distinguishing between small cell lung cancer (SCLC) and NSCLC then follows, based upon 

morphology [13]. Knowledge of clinical history is essential to assess the possibility of metastatic 

disease to the lung and should be considered in combination with the morphological appearance of 

the tumour. However, resources should not be wasted in an inappropriate pursuit to differentiate 

primary from secondary tumours in the lung, and accordingly, good communication between 

clinician and pathologist is imperative. In the majority of NSCLC cases, morphological examination 

alone can accurately subtype NSCLC as squamous or adenocarcinoma [13], without a need for 

immunohistochemistry (IHC), thus preserving tissue for later molecular testing. However, 

approximately one third of tumours identified in small samples will exhibit no specific, 

morphological evidence of either adenocarcinoma or squamous cell carcinoma (NSCLC-NOS) [14, 

15]. A limited number of IHC stains can be utilised on NSCLC-NOS cases to determine whether such 

cases represent adenocarcinoma or squamous cell carcinoma, bearing in mind that IHC cannot 

predict the subtype in approximately one fifth of NSCLC-NOS cases [16] (Table 1). Minimum 

recommendations for IHC include the use of antibodies for TTF-1 (for adenocarcinoma) and p63 or 

p40 (for squamous cell carcinoma) [12, 17]. It is important to interpret the IHC tests according to 

validated levels of staining [16]; for example, squamous predictive markers generally require strong, 

diffuse staining for accurate diagnosis. Studies evaluating IHC markers have demonstrated that a 
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marker panel comprising TTF-1, p63, CK5/6 and CK7 is the most robust compromise for NSCLC 

subtyping, particularly when tissue is limited [15, 18, 19]. Immunophenotyping of NSCLC should 

therefore be limited to between 2 and 4 markers [13]. Moreover, Napsin A is not thought to yield 

additional information beyond that provided by TTF-1, [13] but may be useful when TTF-1 staining is 

equivocal [18]. Accurate determination of NSCLC subtype is important in the selection of treatment 

for patients with NSCLC. Agents such as pemetrexed and bevacizumab are only prescribed in 

patients with adenocarcinoma or non-squamous carcinomas. NSCLC subtype is also a useful 

consideration in the triage of cases for biomarker testing.  

 

Biomarkers in NSCLC 

Some tumours depend on only one molecular driver for progression. When that driver is inhibited by 

a targeted therapy, radiological and clinical response may be dramatic. However, tumours driven by 

a number of different factors will not generally respond to the same degree and may require a 

combination of therapies. It is therefore important to identify the drivers (biological markers or 

'biomarkers') of disease in order to determine the optimum therapy. Biomarkers can also indicate 

how a tumour will progress over time. A number of biomarkers that are prognostic and/or predictive 

for progression of NSCLC, and several targeted treatments, are already in use in the clinic. For 

adenocarcinoma, biomarkers include mutations in KRAS and EGFR and the presence of an ALK 

rearrangement (Figure 1) [3-5, 20]. Of note, there is an association between some of these 

molecular abnormalities and histology. For example, ALK-positive tumours have been more 

commonly detected in solid or poorly differentiated adenocarcinomas with a cribriform or signet-

ring cell morphology [21, 22]. However, such associations should not be used in the selection of 

patients for testing. 

 

Biomarker analysis for NSCLC utilises IHC, fluorescence in situ hybridisation (FISH) and DNA mutation 

analysis [13]. Currently there are two classes of targeted therapy approved for NSCLC patients with 

biomarker-positive tumours; EGFR tyrosine kinase inhibitors (TKIs) in patients with sensitizing 

mutations in exons 18–21 of the EGFR gene [23], and ALK TKIs for patients with transforming 

rearrangements in the ALK gene, which cause overexpression of ALK fusion proteins [24, 25]. 

 

Sensitizing EGFR mutations are found in 10–50% of cases of lung adenocarcinoma, depending upon 

ethnic status, and appear to cause ligand-independent activation of the EGFR tyrosine kinase, a 

potent driver of oncogenic processes in tumour cells [23]. This activity can be inhibited by EGFR TKIs 
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such as erlotinib, gefitinib and afatinib [23]. These agents have shown positive treatment outcomes 

in selected patients in terms of progression-free survival (PFS) [23, 26, 27]. A variety of validated 

methods can be used to detect these mutations in tumour samples. 

 

ALK fusion genes are present in approximately 3–6% of adenocarcinomas [28]. The TKI crizotinib 

(PF-02341066, Pfizer) targets the ALK tyrosine kinase receptor [29-31]. Results from clinical trials 

with this agent led to its approval in the US in 2011 [24, 32], and conditional approval in Europe in 

2012. This has increased the need for routine testing for ALK rearrangements. In general, ALK testing 

is more challenging than EGFR mutation testing, leading to complex testing algorithms. ALK FISH 

(with EML4-ALK specific probes or ALK break apart probes), RT-PCR multiplex for screening ALK 

variants and IHC can all be used to identify the presence of ALK rearrangements [28]. ALK FISH is 

regarded as the gold standard for confirming ALK rearrangements and in the US, prescription of 

crizotinib is dependent upon the use of the ALK Break Apart FISH Probe Kit (Abbott Molecular, Inc.) 

[32]. Good concordance between IHC and FISH results has been reported [33, 34]. Therefore, it may 

be beneficial (easier, quicker, and cheaper) to use IHC to screen for ALK variants in the first instance 

as a negative ALK IHC test in particular, has a near 100% predictive value for negative FISH testing. 

Approaches to ALK testing, and the treatment responses in cases showing variation in test outcome 

are evolving issues. 

 

Challenges for NSCLC diagnosis and predictive molecular analysis within 

Africa and the Middle East  

NSCLC diagnosis and predictive biomarker analysis within Africa and the Middle East have suffered 

due to a poor economic and clinical infrastructure. Current challenges include a lack of finance and 

education, and a lack of communication within multidisciplinary teams.  

 

Referral within the multidisciplinary environment  

In Africa and the Middle East, multidisciplinary teams often exist but may not meet effectively. 

Logistics, flexibility of participants, geography and multi-hospital working environments all 

contribute to these difficulties. Given the increasing complexity of NSCLC diagnosis and 

management, a multidisciplinary team approach with optimised communication is vital to optimise 

patient care [35]. 
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Diagnosis 

One of the main challenges in NSCLC diagnosis is poor sample quality. Although good data are 

lacking, the group’s view was that across the region, many procedures are performed that fail to 

provide adequate material for diagnosis. Once again, the lack of MDT interaction before and after 

diagnosis leads to inappropriate procedures and poor sample handling. Incorrect fixation and poor 

storage of samples may also further negatively affect the rendering of a reliable diagnosis. 

 

Predictive molecular testing 

Where drugs are available, another major barrier to predictive molecular testing in Africa and the 

Middle East is a shortage of expertise. Lacking skill in reading FISH tests (the ALK break apart FISH 

test is relatively difficult to perform and analyse), and a lack of knowledge, understanding and 

clinical information amongst pathologists are major challenges. A lack of control over tissue 

handling, fixation and processing have a major impact on biomarker testing. Finally, small centres 

may not process sufficient numbers of samples per annum to guarantee the technical proficiency of 

a laboratory (a minimum of 150 in situ hybridisation tests are recommended for any tumour type 

[28]). 

 

General recommendations for NSCLC diagnosis and predictive molecular 

analysis within Africa and the Middle East  

The key outcome from the Africa and Middle East Lung Cancer Experts Committee Meetings was the 

recognition that collaboration, communication and education are vital for effective diagnosis and 

predictive analysis. The establishment of a multidisciplinary team that holds regular meetings is 

essential. Face-to-face meetings are preferential but telecommunications could be utilised to 

increase meeting frequency. The multidisciplinary team should agree on the biopsy strategy 

together and it should be noted that biopsy yield is greater with improved radiological imaging and 

targeted biopsy. In some situations it may be that molecular testing is not required and the 

pathologist should be so informed. If sampling is found to be consistently poor, pathologist feedback 

is essential to aid the pulmonologist in identifying the problem. Thus, a complete audit cycle is 

critical. Rapid on site examination (ROSE) may confirm the adequacy of a retrieved cytology sample 

for a definitive tissue. While costly for long-term implementation, immediate feedback by ROSE may 

be educational for the interventionist and improve sample taking. Sampling should always aim to 

maximize tissue yield, without compromising patient safety.  
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The pathologist should also be informed whether metastatic disease is suspected by the clinician to 

minimise the sample wastage that can result from chasing a ‘phantom diagnosis’. The pathologist 

should reach a diagnosis using as little tissue as is necessary and samples should be stored correctly 

to enable future molecular testing. It should be noted that pre-cut samples have a short storage 

time compared with cell and tissue blocks, which can be stored for protracted periods in cool, dark, 

low-humidity conditions.  

 

Molecular testing should be encouraged through training and education. Dialogue between the 

interventionist, pathologist and molecular biologist is important to ensure the correct sample type is 

sent for predictive molecular testing. Centralising molecular testing may increase testing throughput 

which will help guarantee the technical proficiency of a laboratory. However, this may increase 

turnaround time and will be subject to logistical and political complications. Rigorous internal 

standards, laboratory accreditation, and ongoing participation in external quality assurance are 

essential. Recording test results in order to compare result statistics with other test centres is good 

quality control practice. Any abnormalities detected through this practice should be investigated 

accordingly.  

 

A practical approach for NSCLC diagnosis and predictive molecular analysis in 

Africa and the Middle East 

The general recommendations for NSCLC diagnosis and predictive molecular analysis within Africa 

and the Middle East lay the foundations for a practical approach, which should be implemented to 

improve treatment of NSCLC in the region. Below are some more specific recommendations.  

 

Tissue sampling 

Patients with suspected lung tumours need a tissue diagnosis, which requires either fine-needle 

aspiration or core biopsy to obtain cytological or histopathological specimens, respectively. 

Obtaining a tissue sample for diagnosis often involves procuring intra-thoracic tumour material 

through an invasive procedure. Chest computed tomography (CT) is required prior to sample 

collection to characterise the tumour and determine the appropriate technique based on tumour 

location, local expertise, safety, availability, ease, diagnostic accuracy, and patient preference [36]. 

Evidence from randomized trials suggests that image-guided sampling techniques offer advantages 

in terms of safety and diagnostic yield [37]. However, a multidisciplinary approach to sampling 



 

10 

 

technique at a local or institutional level should be adopted whenever possible to standardise 

sampling protocols, limit patient stress and risks and avoid unnecessary costs related to repeated 

sampling if more tissue is needed. Percutaneous image-guided lung biopsy and linear endobronchial 

ultrasound needle aspiration are useful methods for tissue sampling as image guidance increases the 

reliability of obtaining good samples for diagnostic testing. A brief overview of current sampling 

methodology is provided below. 

 

Exfoliative cytology 

Bronchial washing can be performed prior to or following biopsy sampling [38, 39]. It is 

recommended that as much volume of washings as possible should be recovered after instilling 20–

30 ml of isotonic saline [39, 40]. Following centrifugation the sediment can be directly stained; 

alternatively, fixation methods can be utilised [13, 41]. Bronchial lavage has well-standardised 

guidelines and increases the diagnostic yield in peripheral pulmonary lesions [42, 43]. Bronchial 

brushing can be performed before or after biopsy sampling and the area should be brushed two or 

three times [39, 44]. It is particularly useful in endoscopically visible tumours [13]. In comparison 

with the direct smear technique, the Saccomanno brush wash, which brushes cells directly into 

fixative, has shown better results [33, 42]. 

 

Aspiration 

Transbronchial needle aspiration gives high diagnostic yield for endoscopically visible abnormalities. 

The optimal diameter of the needle is between 19G and 22G [13]. The potential benefit of ROSE has 

already been mentioned. Linear endobronchial ultrasound (EBUS) is a valuable technique that can 

give staging information as well as diagnosis with high specificity and sensitivity [45]. The feasibility 

of biomarker analysis in EBUS transbronchial needle aspiration samples has been proven [13, 46]. 

Endoscopic ultrasound (EUS) is an accurate method for sampling posterior mediastinal and 

paraoesophageal lymph nodes [45]. EBUS and EUS can be combined to reach most mediastinal 

lymph node stations [13]. Percutaneous, transthoracic approaches to peripheral lesions, using image 

guidance, also provide good diagnostic yield. In order to increase high quality sample yield, self-audit 

is recommended whereby documentation of sample number and the number of needle passes is 

used to refine aspiration technique. 
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Although direct smeared samples may be used for biomarker testing, a more feasible and practical 

approach may be the preparation of cell blocks from cytology materials; these can then be handled 

like tissue blocks. 

 

Tissue biopsy 

In general, the larger the biopsy sample the more accurate the diagnosis. Compared with aspiration 

cytology, core biopsy is preferred and considered superior as it can obtain multiple larger samples 

for both cytological and histological diagnosis [47, 48] and molecular analysis [49, 50]. However, 

increasing biopsy size also increases the risk of complications [13]. An inexpensive method for 

increasing biopsy yield is cryobiopsy [51], although this not currently a common technique. Image-

guided core needle biopsy can successfully provide material for predictive molecular analysis, with 

recent studies revealing a diagnosis rate for this method that is comparable to that of analysed 

surgical specimens [52, 53]. Tissue acquisition for EGFR DNA mutation analysis using 18G or 20G 

core biopsy needles introduced coaxially via 17G or 19G needles under CT-guidance has enabled the 

successful identification of EGFR gene mutations [13, 52]. Of note, the 18G core biopsy needle 

obtained larger specimens with higher DNA concentration than 20G biopsy needle [52]. However, 

core biopsy requires careful manipulation and special attention to prevent or reduce procedure 

related complications which pneumothorax, haemoptysis and, more rarely, peritumoural 

haemorrhage. Overall, the complication rate is low [52].  

 

There is no guarantee that any sampling procedure will provide sufficient material for all the 

diagnostic steps required in any individual case. The main issue is ease of access, comfort and safety 

for the patient and diagnostic yield. Unfortunately, most of the validation studies quoted for various 

techniques are based exclusively on the usefulness of a technique to provide a diagnosis of 

malignancy. One of the key factors is the skill and dedication of the operator taking the sample. 

Published studies reflect the skills of the authors, and outcomes are therefore not automatically 

transferrable.  

 

Processing and storage of samples 

Accurate and relevant clinical information should be used to inform the pathologist of the likely 

diagnostic requirements and may facilitate the most appropriate processing and storage of samples. 

Adequate, well preserved tissue/cytological material is paramount for tumour diagnosis and 

molecular testing. 10% neutral buffered formalin (an inexpensive, readily available and versatile 
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fixative), is recommended for immediate fixation of samples [54]. Alcohol-based fixatives should be 

avoided where possible as they can change the antigenicity of tissue samples thereby influencing IHC 

results [55]. Optimal fixation time is 6–48 h. In some cases, samples may be sent from distant 

hospitals, resulting in longer fixation periods. Such samples should be treated accordingly in order to 

optimise analysis (e.g. increased protease digestion). 

 

It is important that cell blocks are stored correctly: in a dark, constant low-temperature and low-

humidity environment [13]. Reflex block cutting in anticipation of IHC and molecular testing can 

prevent wastage that occurs in facing up tissue blocks to cut new samples. As pre-cut samples 

deteriorate more rapidly, reflex cutting risks sample quality deterioration and wastage. However, if 

this method is chosen, pre-cut tissue integrity can be preserved by recoating the section with 

paraffin wax [13] or ‘Tissue Protector’ tapes [13]. Extracted DNA is very stable and can be stored 

easily. Providing education on all these matters, to all members of the MDT will help improve NSCLC 

diagnosis and biomarker testing. 

 

Molecular testing 

Biomarker analysis is generally based upon IHC, FISH and/or DNA mutation analysis. The group 

recommended that all patients in Africa and the Middle East with non-squamous NSCLC, or any 

adenocarcinoma component, should undergo molecular testing [10]. Ideally, test result turnaround 

time should be a maximum of 2 weeks. 

 

Molecular testing is a sophisticated process requiring skilled personnel and expensive laboratory 

apparatus. In Africa and the Middle East, lack of expertise and laboratory resources are the biggest 

barriers to molecular testing. Outsourcing of molecular testing to international centres (e.g. Europe, 

United Kingdom, South Africa) has been undertaken, but lead times are a concern; the turnaround 

time for molecular testing is crucial for patients with advanced-stage disease [54]. Organised 

educational events and resources can help address the skills shortage. 

 

Sample quality is a key determinant of test outcome. Both the absolute number of tumour cells as 

well as the relative proportion of tumour cells should be considered when choosing samples for 

molecular testing. Manual macrodissection of unstained regions may improve the tumour cell ratio 

[56]. In rare cases, laser capture microdissection may be used. Rigorous quality control is required 

for all laboratories. Performance should be monitored against a set standard. Centralising molecular 
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testing may aid the technical proficiency of a laboratory. Overall, rigorous internal standards, 

laboratory accreditation and ongoing participation in external quality assurance are essential.  

 

In the region, routine diagnostic IHC testing is already utilised in larger laboratories, and has 

potential to be used more widely. IHC to detect EGFR mutation is limited due to the mutation-

specificity of the antibodies and the large number of mutations that need to be tested. However, as 

ALK gene rearrangement generally leads to over-expression of ALK protein, it can be detected by IHC 

[54]. IHC for ALK may be used to screen-out patient samples that do not require the ALK FISH test; 

this can be both cost- and time-effective. However, IHC remains a screening test and, by current 

standards, will still require FISH confirmation of positive cases.  

 

Recommendations for reporting  

The report is the joint responsibility of the molecular biologist and pathologist. It should be detailed 

so that the oncologist can understand how reliable the test result is, in the context of the 

pathological assessment of the test sample, and be aware of any issues that may influence optimal 

interpretation. The means by which this combination of responsibilities is achieved will vary 

according to locally appropriate solutions. 

 

The report should include: details of the sample, such as sample site, type of material, primary 

tumour/metastases context and patient history; details of sample handling, such as fixation method 

and duration; the number of cells that were assessed and the percentage of positive cells in the 

sample; the test modality that was used; the test outcome and interpretation; an explanation of any 

inconclusive results; the date that the sample was received in the laboratory and the date that the 

result was issued.  

 

Conclusions 

The Lung Cancer Experts Committee agreed that NSCLC diagnosis and predictive analysis within 

Africa and the Middle East would benefit from improved clinical infrastructure. Its key 

recommendation is a focus on collaboration, communication, and education, which are considered 

vital for effective diagnosis and predictive analysis. Importantly, members of multidisciplinary teams 

do not practice efficiently in isolation; regular multidisciplinary team meetings are essential. 

Collaboration is necessary to obtain good tissue samples and to achieve effective diagnosis through 
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appropriate sample use and the relevant choice of predictive tests. A general consensus on what is 

the accepted standard minimum practice should be adopted.  

 

Observing the recommended procedures, as outlined here, for procuring, processing, and storing 

samples, as well as for molecular testing and reporting, will, together with enhanced communication 

within multidisciplinary teams, reduce the need for re-biopsy and lower the rate of inconclusive test 

results. Effective diagnosis and predictive molecular testing will in turn ensure that correct 

treatment plans are implemented thus improving the clinical response to NSCLC treatment in Africa 

and the Middle East. 
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Table 1. Small biopsy diagnosis of NSCLC refined by immunohistochemistry. Reproduced from [13]. 

[Permission from journal will be required to use this table]  

 

Squamous cell carcinoma IHC not required – diagnostic morphology 

present 

Adenocarcinoma IHC not required – diagnostic morphology 

present 

NSCLC-NOS IHC not predictive or not done 

NSCLC-favour squamous cell carcinoma IHC predictive in case where morphology is 

NSCLC-NOS 

NSCLC-favour adenocarcinoma IHC predictive in case where morphology is 

NSCLC-NOS 

Occasionally another diagnosis may be suggested (carcinoid, salivary type carcinoma, etc.) 
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Figure 1. Oncogene drivers in adenocarcinoma, the basis for predictive analysis. Reproduced from 

[57] 

 

 

 

 

 
 
 




