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Executive Summary 

Background 

There is a significant and growing burden facing respiratory clinicians, which needs immediate 

attention. Pulmonary nodules are small (<30mm) growths in the lung that carry a risk of 

malignancy and are detected by chest x-ray or CT scans. CT Scanning as a disease detection 

and diagnosis tool has been increasing by over 10% per annum in the UK for over 10 years 

and with increased use of CT scanning in screening trials for high risk smokers following the 

NELSON trial, the number of chest CT scans identifying pulmonary nodules will significantly 

increase over the coming years. The challenge for clinicians is determining which nodules are 

malignant and which are benign. 

Lung cancer is the UK’s largest cancer killer and 5-year survival is only 9.5%. Each year there 

are 46,700 new lung cancer cases. One of the key factors in the low survival of this disease 

is late diagnosis, with only 23% of diagnoses in England being made at stages I & II in 2014.3 

Almost 40% of lung cancer cases in England were diagnosed as part of an emergency 

presentation between 2006 and 2010,4 which creates a large burden for the NHS, both in 

resources and direct costs, but emergency presentation also results in very poor outcomes for 

the patient. 

There is significant interest in screening of high-risk individuals through CT scanning which 

may begin to address the late diagnosis issue. Whilst CT has a high sensitivity, it does produce 

false positives in the form of benign lung nodules. In the US’ NLST trial 96.4% of positive 

scans were benign.5 The Nelson trial used improved definitions of a positive scan, reducing 

the false positive rate, though it still remains high at 59%.6 Adoption of CT screening in the UK 

would therefore dramatically increase the number of IPNs identified, generating a significant 

follow-up burden to the NHS. 

The British Thoracic Society (BTS) recommend nodules below 5mm diameter/80mm3 volume 

are discharged and the remainder have the risk of malignancy calculated using the Brock 

model.8 A PET-CT scan is recommended for nodules with a risk of malignancy between 10% 

and 70%. Those above 70% are immediately placed in the intervention category for surgery. 

For indeterminate pulmonary nodules (IPNs), i.e. those between 10% and 70% risk, clinicians 

have to use their judgment, in discussion with the patient, whether to intervene, or place the 

patient into CT surveillance. 

CT surveillance will find the majority of cancers in IPNs in due course, with a sensitivity of 

93.8%.17 However, the low specificity of 73.4% creates unnecessary procedures on benign 

nodules.18 Moreover, there is considerable patient anxiety associated with CT surveillance of 

an IPN,19,20 as well as the risk of loss to follow-up, but most importantly, of disease progression 

between imaging, as 22% of tumours in a US study progressed in under 60 days.21   

EarlyCDT®—Lung 

EarlyCDT—Lung is a simple blood test that measures a panel of seven autoantibodies (AAbs) 

to tumour associated antigens (TAAs) related to lung cancer.32  AAbs can be detected easily 
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and accurately in blood, even in early stage disease due to the signal amplification generated 

by the immune response.30 The test utilises a standard ELISA method and is available as a 

CE-IVD kit, or from Oncimmune’s CLIA registered laboratories in the USA.  

By measuring the immune response to TAAs, the test is a non-invasive tool that provides an 

enhanced and independent means to fulfil the BTS guidelines,8 which recommend estimating 

the probability of an IPN being malignant. The additional clinical information provided by the 

EarlyCDT–Lung test is independent of the current risk assessment variables used by 

clinicians. When the test is used in conjunction with validated risk models, which are typically 

based on imaging findings and patient demographics alone, the accuracy of the current risk 

models is significantly improved.9,12 

The test has been extensively validated analytically and clinically in multi-centre 

studies.12,28,29,32,33,34,35 With high specificity*, the test has been optimized to minimize harm, and 

complement the high sensitivity† of CT to help identify those patients with an IPN who are, in 

fact, at higher risk of a lung cancer being present. Use of the test provides a favourable 

improvement of benefits over harm,9,28 and it is highly cost effective for the intended use.44 

EarlyCDT—Lung is a “rule in” test and only changes clinical management following a positive 

result. A positive result may escalate a patient being managed by CT surveillance to 

immediate evaluation with diagnostic procedures (e.g., bronchoscopy, biopsy and/or surgery). 

Specifically, a positive High Level EarlyCDT—Lung result has a positive predictive value 

(PPV) of 82% representing a 4.2-fold increased risk of lung cancer as compared to a result of 

‘No Significant Level of Autoantibodies Detected’, and a positive Moderate Level result 

represents a 1.9-fold increase in risk12,31 (assumes lung cancer prevalence of 25%, as typically 

seen in clinical practice).9,23   

EarlyCDT—Lung’s performance has been established over the last 10 years with several 

technical improvements and extensive published research culminating in a focused clinical 

indication for use in assessing the malignancy risk of IPNs identified by CT. EarlyCDT—Lung 

has strong data to support its clinical utility for IPNs in accordance with the criteria recently 

published by the American Thoracic Society.27 EarlyCDT—Lung was launched nationally for 

physician use in the US and in the UK private market in 2012. A kit form of the test was CE 

marked for distribution in UK and Europe in 2017. 

A further use of the test for lung cancer screening in high-risk, asymptomatic patients is 

currently being evaluated in a large clinical trial35,39 in the UK supported by National Health 

Service Scotland. This trial – called ECLS - is expected to report in the first half of 2019.

* Specificity is the percentage of healthy individuals correctly identified with a negative test

result.  High specificity means a low percentage of healthy individuals will receive a false

positive result.

† Sensitivity is the percentage of patients with lung cancer correctly identified with a positive 

result.  In the case of CT, sensitivity is high as most lung cancers are detected by CT, but 

specificity is lower because many CT findings are false positives. 



Page 1 

1 Pulmonary (Lung) Nodule Background 

1.1 Magnitude of the Problem 

Pulmonary nodules are small (<30mm) growths in the lung that carry a risk of malignancy and 

are detected by chest x-ray or CT scans. CT Scanning as a disease detection and diagnosis 

tool is increasing significantly in the UK (Figure 1).1 The average annual increase between 

2004 and 2014 is 10.1% pa and with the increase in CT scanning trials for screening high risk 

smokers following the NELSON trial (for example the pilots across London, Manchester and 

Leeds), the number of chest CT scans identifying pulmonary nodules will significantly increase 

over the coming years.   

Figure 1 CT Scan use in NHS England1 

The main challenge for clinicians is determining which nodules are malignant and which are 

benign. 

Currently, lung cancer is the UK’s largest cancer killer. According to CRUK: 2 

• There are around 46,700 new lung cancer cases in the UK every year, that's nearly

130 every day (2013-2015).

• Lung cancer is the 3rd most common cancer in the UK, accounting for 13% of all new

cancer cases (2015).

• 5-year survival is only 9.2%

• Incidence rates for lung cancer in the UK are highest in people aged 85 to 89 (2013-

2015).

• Since the early 1990s, lung cancer incidence rates have decreased by almost a tenth

(8%) in the UK, however this includes a decrease in males (31%) and an increase in

females (28%).

• Around three-quarters of lung cancer cases are diagnosed at a late stage in England

(2014), Scotland (2014-2015) and Northern Ireland (2010-2014).

• Incidence rates for lung cancer are projected to fall by 7% in the UK between 2014 and

2035, to 88 cases per 100,000 people by 2035.
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One of the key factors in the low survival of this disease is late diagnosis, with only 23% of 

diagnoses in England being made at stages I & II in 2014.3 Almost 40% of lung cancer cases 

in England were diagnosed as part of an emergency presentation between 2006 and 2010,4 

which creates a large burden for the NHS, both in resources and direct costs, but emergency 

presentation also results in very poor outcomes for the patient. 

There is significant interest in screening of high-risk individuals through CT scanning which 

may begin to address the late diagnosis issue. Whilst going some way to address the early 

detection problem, screening with CT does result in a number of false positives in the form of 

benign lung nodules. In the US’ NLST trial 96.4% of positive scans were benign.5 The Nelson 

trial used improved definitions of a positive scan, reducing the false positive rate, though it still 

remains high at 59%.6 Adoption of CT screening in the UK would therefore dramatically 

increase the number of IPNs identified, generating a significant follow-up burden to the NHS.  

In the Nelson trial, the prevalence of lung nodules in high-risk smokers (55-75 years of age 

with at least 30 pack years smoking history) was 33% following the first scan.7 Using smoking 

prevalence and age demographic data, Oncimmune estimates that around 470,000 people in 

the UK match the NELSON criteria and would be eligible for CT screening. With a 33% nodule 

prevalence, this would equate to 155,100 patients with lung nodules within the screening 

population alone, with significant numbers of cases in the wider population that could be 

identified incidentally, e.g. through x-rays and CT scans performed for other primary reasons, 

such as cardiovascular disease.  

The management of lung nodules is therefore becoming a significant challenge for the NHS. 

1.2 Clinical Management of Pulmonary Nodules 

The British Thoracic Society guidelines for the investigation and management of pulmonary 

nodules recommend estimating the malignancy risk of a pulmonary nodule.8 Based on the 

category of risk, the clinical pathway can then be considered.  

The guidelines recommend assessing the cancer risk (“pCA”) of nodules >5mm diameter or 

80mm3 volume using the Brock model, utilising key inputs including nodule size, location in 

the lung, age, edge characteristics and smoking status.8 Based on the assessed pCA, IPNs 

are stratified into 3 risk categories:  low (pCA <10%), moderate (pCA 10% to 70%), and high 

(pCA >70%).  Nodules within the 10% to 70% are classed as indeterminate. For high risk 

IPNs, intervention via image guided biopsy or surgical excision is recommended. With IPNs 

in the moderate risk category, PET-CT is recommended and the nodule risk then recalculated 

based on the Herder model.8 

The pathway for risk assessment of nodules is shown in Figure 2. Patients with pCA between 

10% and 70%, are classed as indeterminate and CT surveillance is an option for monitoring 

the nodule. The frequency and duration of repeating CT scans is determined by nodule size, 

characteristics and patient risk factors. For nodules smaller than 5 mm (or 80 mm3), the BTS 

recommend that the patient is discharged with no follow up. Nodules with a risk of malignancy 

>70% are presumed to be malignant.8
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Figure 2 BTS Guidelines for the initial approach to solid pulmonary nodules8 

Placing EarlyCDT–Lung into the pathway, malignancy risk and nodule size are correlated,8,11 

as depicted in Figure 3, utilizing data from the cohort reported by Massion et al.9 Even in a 

small nodule, the risk of lung cancer is significant, ranging from 6-28% for nodules 5-10 mm 

and 33-64% for nodules 11-20 mm, according to Wahidi et al.10 and corroborated by the data 

shown in Figure 3.   

Importantly, the vast majority of nodules carry a risk >10% (Figure 4). 
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Figure 3 Probability of lung cancer (calculated using the Brock nodule malignancy 

risk calculator11) by nodule diameter (mm); dataset from Massion et al. 9 

Figure 4 Frequency distribution of pulmonary nodules by probability of lung cancer.12 

The proportion of IPNs falling into each risk category varies with the clinical setting where they 

are detected (e.g., screening, diagnostic, preoperative). Nevertheless, the majority of IPNs 

(50-76%) are in the intermediate risk category.13  With a nodule prevalence of 33% in screened 
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populations, the number of IPNs will certainly grow given the likely adoption of lung cancer 

screening with low-dose CT.   

Although validated risk models are available, they are not generally used and physicians 

typically rely on their own clinical judgment. This may be because the models are based on 

only a few of the relevant risk factors, and so experienced clinicians believe they are better at 

assessing risk than the models. In fact, there is some evidence that physicians outperform the 

risk models. In one US study, physician performance in assigning nodules to the guideline risk 

categories revealed an area under the curve (AUC‡) of 0.85 compared to 0.75 and 0.78 

observed for the VA and Swensen/Mayo models, respectively.14 A second study considered 

physicians’ performance in assigning IPNs to two risk groups: pCA ≤50% or >50%.15 This 

study showed that physicians’ accuracy is reduced (AUC 0.69) when the pCA is ≤50%, 

suggesting an overall diminution in risk assessment accuracy for lower risk IPNs. 

The same diminution of risk assessment accuracy for lower risk IPNs is seen with positron 

emission tomography (PET), which the BTS guidelines recommend for further work-up of all 

intermediate risk nodules (Figure 3).8  The result of a PET scan enhances the performance of 

CT, though its performance varies with nodule size, and so with risk. In IPNs ≥15 mm diameter, 

the performance of PET has a sensitivity and specificity of 87% and 73% respectively, but in 

IPNs <15 mm, the sensitivity drops to 49%, and considering IPNs <10 mm, the sensitivity 

drops further to 39%.16 In fact, in this study, PET was only positive in 38% of stage I lung 

cancers. In the study described above that categorized risk into two groups, the performance 

of PET in IPNs with pCA ≤50% showed an AUC 0.58, which is significantly worse than that of 

physicians or the Swensen/Mayo model, as both demonstrated an AUC 0.69.15 

In addition, a proportion of nodules assessed by PET-CT will remain in the indeterminate risk 

group and so clinicians must use their judgment, in discussion with the patient, whether to 

intervene, or place the patient into CT surveillance. 

CT surveillance will find the majority of cancers in IPNs in due course when performed 

according to the guidelines, with a sensitivity of 93.8%.17 However, the low specificity of 73.4% 

means there are a lot of unnecessary procedures being performed on benign nodules; in fact, 

96.4% of positive CT screening results in the NLST were benign18 and although NELSON has 

improved nodule management, it has still reported a 59% false positive rate.6 Moreover, there 

is considerable patient anxiety associated with CT surveillance of an IPN,19,20 a risk of loss to 

follow-up, and most importantly, of disease progression between imaging, as 22% of tumours 

in a US study progressed in under 60 days.21  

Prior to the introduction of EarlyCDT–Lung, further diagnostic options beyond imaging were 

all invasive. These invasive methods have limitations and carry risks of harm, as summarized 

in Table 1. 

‡ Area under the curve (AUC):  The area under the Receiver Operator Characteristics (ROC) 

curve is a measure of how well a test distinguishes patients with the disease from those 

without. The closer the AUC is to 1, the better the test’s performance. 
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Table 1 Benefits and harms of various procedures for evaluating and managing an 

IPN.22 

A broad range of clinical practices discordant from guidelines has been widely observed for 

managing IPNs, and there is high frequency of harm being done.14,15,23,24,25  

A recent paper has highlighted that the rate of harm in US CT screening programmes is higher 

than anticipated. Huo et al estimate the complication rate for the cohort study was 22.2% for 

those aged 55 to 64, while those from 65 to 77 experienced adverse outcomes 23.8% of the 

time. In comparison, the NLST found complication rates to be between 8.5% and 9.8%.26 

Experts have highlighted the potential contribution of biomarker-based diagnostic 

technologies to improve the risk assessment of IPNs.13,20,27 
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2 EarlyCDT®—Lung 

EarlyCDT—Lung is a blood test that measures a panel of seven autoantibodies (AAbs) to 

tumour-associated antigens that have been found to be present in the blood of patients with a 

lung cancer. The test detects all types of lung cancer at all stages of the disease.28,29 AAbs 

provide a signal warning of the presence of lung cancer very early in disease progression. In 

fact, elevated AAb levels were detected an average of 4 years before a diagnosis of lung 

cancer by standard care pathways in the UKCTOCS study run from UCL in London.30,§. 

Moreover, the level of AAbs and the test’s performance is independent of nodule size.9,12 

EarlyCDT—Lung test results are reported as No Significant Level of Autoantibodies 

Detected (“NSLAD”), Moderate Level (“Moderate”), or High Level (“High”), depending on the 

level of AAbs relative to the cut-offs. The test has evolved from an original panel of 6 AAbs to 

one that measures 7, and the reporting has changed from two strata (negative vs. positive) to 

three strata (NSLAD vs. Moderate vs. High)**.   

The test has been developed to complement imaging modalities and so shows excellent 

specificity (Table 2) and PPV, making it a “rule in” test that helps identify those patients with a 

higher risk of having a lung cancer. In an indeterminate pulmonary nodule population with a 

lung cancer prevalence of 25%, for example, a High test result identifies a true cancer 5 out 

of every 6 High results (PPV 82%).  For the combined Moderate and High result, 2 out of every 

3 test positives will be a true cancer (PPV 66%).  With sensitivity at 41%, the NSLAD result 

does not “rule out” lung cancer; therefore, an NSLAD result does not alter risk evaluation of 

IPNs. Physicians are instructed to continue with their pre-test clinical management strategy 

and not deviate when the result is NSLAD.  

Table 2 Clinical performance of EarlyCDT—Lung.31 

Level of AAbs Detected Specificity Sensitivity 

High  98% 28% 

Moderate and High 93% 41% 

The high specificity of EarlyCDT—Lung complements CT scanning for which sensitivity is 

high but specificity is low, and is beneficial in circumstances where PET is less useful (e.g., 

IPNs <15 mm diameter7) or where the PET result is indeterminate. 

§ Standard of care in the UK is the same as in other parts of the world where CT screening is

not recommended.

** The two strata AAb cut-offs are the same as the current Moderate cut-offs24.  So the test 

performance of the two strata positive result is the same as the combined Moderate and High 

result.  We use “test positive” to signify the combined Moderate or High result. 
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2.1 EarlyCDT—Lung Analytical and Clinical Validity 

More than 120,000 patient samples from a variety of sources in the US and Europe were 

utilized in the development and validation of the EarlyCDT platform technology and the 

EarlyCDT—Lung test. The test performance has been validated in seven independent 

cohorts.12,28,29,32,33,34,35   

The clinical validity of the current EarlyCDT—Lung panel was originally described by 

Chapman et al. in 2012,32 and later by Jett et al. in 2014 in a cohort of over 1,600 patients.28  

In 2013, Healey et al. 31 published a paper demonstrating the clinical performance of the test 

with additional cut-offs to further stratify the test results, which serves the basis for the 

Moderate and High positive results. Following in 2017, Healey et al.12 reported a further 

analytical validation specifically focused on the test’s performance to evaluate IPNs. This 

paper included the test’s Receiver Operator Characteristics (ROC) curve shown in Figure 5.  

The ROC curve was generated utilizing EarlyCDT—Lung results of 235 serum samples 

collected at or just after histopathological diagnosis of lung cancer, including all types and 

stages of disease. The cohort was representative of a high-risk population with a mean and 

median age of 65 years and a high proportion of smokers (49%) and former smokers (29%). 

The controls included 266 high-risk volunteers matched to the lung cancer patients for age, 

gender and smoking history. The resulting ROC curve revealed an AUC of 0.743. Additionally, 

from the ROC curve, the performance of EarlyCDT—Lung at different sensitivities and 

specificities was predicted, specifically at high specificity and also at high sensitivity.12   

Figure 5 EarlyCDT—Lung ROC curve.12 

2.2 EarlyCDT—Lung Clinical Utility 

There is a widely acknowledged clinical need for new tools to assess malignancy in 

IPNs.13,20,27,36 The most challenging nodules for physicians to assess are the smaller, lower 

risk nodules, where current diagnostic methods perform relatively poorly, and which account 
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for the majority of IPNs. Importantly, the clinical information provided by the EarlyCDT—Lung 

test result is independent of imaging information (nodule size, morphology, location), which 

are currently some of the key factors being considered in standard risk assessment methods. 

There is an abundance of data to support EarlyCDT—Lung being a tool that helps address 

this unmet need.9,12,28,30,31,37   

The “double positive rule” for combining tests is a method used to evaluate the combined 

diagnostic performance of two independent clinical results. This rule was applied to evaluate 

the performance of EarlyCDT—Lung combined with the Swensen/Mayo malignancy risk 

model as described by Massion et al. 9 in an analysis of 208 patients with IPNs 4-20 mm 

diameter, for whom 40 (19% prevalence) patients were diagnosed with a lung cancer. A risk 

threshold (>R%) was utilized for assigning positivity to the Swensen/Mayo risk model result. 

If EarlyCDT—Lung was also positive (2-strata positive), then the double positive rule was 

true. Massion demonstrated that for all nodules above a pCA threshold ≥30%, the 

Swensen/Mayo model PPV was 48% (Figure 6). PPV improved to 91% with a positive 

EarlyCDT—Lung result. Addition of EarlyCDT—Lung also improved the specificity of the 

Swensen/Mayo model from 85% to 99%.  This method resulted in clinicians treating 10 lung 

cancers with only 1 benign intervention (9.1%),9,28 a significant improvement compared to the 

current rate of approximately 25% of surgical resections for benign nodules in screening 

detected nodules, and up to 35% in incidental IPNs in clinical practice.15,18,19,22,25,38,39,40,41  

Considering only nodules with a pCA between 30% and 65%, clinicians identified 6 lung 

cancers with no false positives. 

Figure 6 Improved PPV when a two strata test positive or three strata High EarlyCDT—

Lung result is combined with the Swensen/Mayo malignancy risk model and 

percentage of total Subjects above the risk threshold, plotted versus Risk Threshold 

(based on analysis of the Massion cohort).9,  
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The re-optimized three strata test (i.e., the current commercial EarlyCDT—Lung test) 

introduced the High cut-off,31 which provides improved specificity and PPV and extends the 

test’s clinical utility to all intermediate risk IPNs with pCA ≥10%.12 Applying the “double positive 

rule” to assess the combined performance of a High EarlyCDT—Lung result (98% specificity) 

and utilizing a Swensen/Mayo risk threshold for positivity of pCA ≥10%, PPV increased to 

>85%.

Using the “double positive rule” for all intermediate risk IPNs below 65% risk and applying 

EarlyCDT—Lung’s Moderate & High (2-strata positive) as the threshold for positivity if pCA 

≥30% and extending the threshold down to pCA ≥10% when EarlyCDT—Lung is High, 

interventions would be performed on nearly 10 true cancers (up from 6 for the Moderate only) 

with 11% benign interventions, a vast improvement over the benign intervention rate for 

intermediate risk nodules of 35% seen in clinical practice.23 

Utilising the data from Massion, the effect of EarlyCDT—Lung on the Brock model has also 

been calculated and are shown in Figure 7. 

Figure 7 Improved PPV when a two strata test positive or three strata High EarlyCDT—

Lung result is combined with the Swensen/Mayo malignancy risk model and 

percentage of total Subjects above the risk threshold, plotted versus Risk Threshold 

(based on analysis of the Massion cohort).9 

A key benefit of using the test is to detect some lung cancers earlier than would otherwise be 

the case. Detection of early-stage lung cancer has been shown to significantly improve 5-year 

survival rates. For example, it has been shown that the 5-year survival rate increases from 

18.6% to 56.3% when the lung cancer is still localized at diagnosis,42 and has been reported 
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to be as high as 80-90% when diagnosed at Stage IA.43 A 2017 publication by Maiga et al. 

reported that 22% of malignant nodules demonstrated T-stage progression within <60 days21 

– a duration shorter than the recommended follow-up scan interval for CT surveillance, due to

the time required to calculate nodule doubling time. For patients with malignancies time is of

the essence.

The Maiga et al paper also raises the question of finding the sub-5mm malignant nodules in 

patients that are currently discharged with no follow up. A high specificity test to detect 

malignancies prior discharge could have clinical utility in finding the stage 1A nodules where 

5-year survival is maximised without causing harm through intervention in false positives.

To assess the pCA of an IPN in a specific patient, the impact of a Moderate or High 

EarlyCDT—Lung result on the pCA calculated from the chosen risk model (eg, 

Swensen/Mayo, or Brock) has been modelled utilizing the ROC curve12 and Massion data9 

(Figure 8). The results reveal that intermediate IPNs can be reclassified by risk of malignancy, 

thereby altering the clinical course of action.  

We are thus able to recommend a simple rule that is easily communicated and understood for 

utilizing EarlyCDT—Lung positive results:  

For Intermediate risk IPNs consider intervening if pCA >10% and EarlyCDT—

Lung is High, or consider intervening if pCA is >27.5% and the test is Moderate. 

Do not change the pre-test planned clinical management if the test result is No 

Significant Level of Autoantibodies Detected.  

The balance of benefits and harms relies crucially on physicians not changing their intended 

pre-test clinical strategy based on a No Significant Level of Autoantibodies Detected” test 

result (i.e., the test is a ‘rule in,’ not ‘rule out’). 
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Figure 8 Impact of EarlyCDT—Lung Moderate or High result on pCA calculated using 

the Swensen/Mayo nodule malignancy risk calculator.  A nodule risk calculator 

combining the Swensen/Mayo model with EarlyCDT—Lung is available at 

http://oncimmune.com/nodule-calculator. †† 

In 2017, the American College of Chest Physicians (CHEST) conducted an independent 

prospective survey of pulmonologists and thoracic surgeons to confirm the clinical utility of 

EarlyCDT—Lung in assessing malignancy risk in intermediate risk IPNs (publication 

submitted). A stratified random sample of 416 physicians, including pulmonologists (n=322) 

and thoracic surgeons (n=84) from the CHEST member database, were screened to ensure 

that they see at least one pulmonary nodule case per month, and the participants were 

stratified to ensure a representative sample of pulmonologists and thoracic surgeons in 

community and academic settings. Clinicians were presented with a hypothetical series of 

cases and asked about the influence of the test’s results on their clinical decision making. 

Importantly, the survey showed that physicians’ clinical plans indicated prior to the 

EarlyCDT—Lung test varied significantly from the guideline recommendations and was more 

aggressive than the guidelines’ recommendation for the risk level of each case study, even 

after they were given the Swensen/Mayo calculated risk. However, physicians interpreted the 

positive test results correctly, with a significant shift toward intervention on a Moderate and 

High result. The study showed some physicians changed their decision on a NSLAD result to 

be less aggressive in their evaluation, when they should not have done so. However, the 

†† Note that the difference between Figure 6 and Figure 8 is that the former shows the PPV for 

the risk above a given risk threshold, whereas the latter shows the PPV of the test in 

increments of 5% for each level of risk. 
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influences of the NSLAD result were both toward and away from intervention. Importantly, no 

physicians took a patient with a nodule out of CT surveillance based on the NSLAD result. 

The study stressed the need for clinicians to be educated on the correct interpretation of the 

test results.  

Finally, EarlyCDT—Lung can be readily integrated into clinical practice consistent with the 

guidelines, as shown in Figure 9. 

Figure 9 Flow chart showing how EarlyCDT—Lung can be incorporated into current 

clinical practice. Nodule risk calculator available at http://oncimmune.com/nodule-

calculator; a Moderate Level result adds 12-20% risk to pre-test risk. 

2.3 EarlyCDT—Lung Economic Value 

EarlyCDT—Lung is highly cost effective. Under an NHS SBRI funded project, the University 

of Leeds Academic Unit of Health Economics assessed the health economics of EarlyCDT–

Lung in calculating the malignancy risk of IPNs (publication in preparation). The group 

concluded that the test will not be cost saving for the NHS, but that the cost per Quality-

Adjusted Life Year (QALY) would be under £2,000 – significantly below NICE’s £20,000 to 

£30,000 value for money threshold.  

As a rule-in test EarlyCDT–Lung pushes more patients into earlier intervention and therefore 

saves on downstream CT scans that would normally be required to look for nodule growth, 

improving time to diagnosis significantly for those that are double-positive by imaging and 
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EarlyCDT–Lung. Given that patients that receive a positive EarlyCDT–Lung immediately the 

nodule is detected can be moved straight to intervention without the wait to detect doubling 

time, the proposed new pathway will help significantly with the NHS’ 62-day target for time 

from referral to treatment, a target the NHS is currently failing to meet.

The conclusions drawn from the analysis at Leeds University are supported in the study by 

Edelsberg et al. which also found EarlyCDT–Lung to be cost-effective compared to 

surveillance in the US market. The cost of EarlyCDT—Lung per QALY gained, based on a 

test price of $124, for a High test result is $8,423 with a stage shift due to early diagnosis of 

7.4%, and for a Medium test result is $12,773 with a stage shift of 10.8%. These are very low 

costs per QALY in the US market, revealing a cost-effective test. Furthermore, the costs per 

QALY will be further reduced from this low base risk as risk increases. Thus, at a slightly 

heightened malignancy risk of 12% (compared to the base case 9.5% in this study), the cost 

per QALY falls by over 20%, and at 25% prevalence, as commonly seen in clinical practice, 

the cost per QALY falls to $2,779.44 

Should EarlyCDT–Lung be used to assess sub-5mm nodules, the risk of malignancy 

becomes smaller and therefore the cost per QALY increases but remains within the thresholds 

of value for money ($50,000 in the USA and £20,000-£30,000 in the UK), as shown in Table 

3. 

Table 3 The increase in cost per Quality Adjusted Life Year for use of 

 EarlyCDT–Lung in different risks of malignancy for IPNs 

Risk Cost per QALY 
9.50% $8,432 
5.00% $16,726 
2.50% $35,522 
2.00% $45,629 

2.4 EarlyCDT—Lung Availability 

EarlyCDT—Lung was launched in the US via the Clinical Laboratory Improvement 

Amendments (CLIA) in 2009. It was made available to private patients in the UK via a 

partnership with The Doctors Laboratory (TDL) in 2012, with TDL sending samples to 

Oncimmune’s US laboratories. In 2017 a CE-IVD marked kit form of the test was produced for 

distribution across Europe and other markets world-wide. The CE-IVD Certificate of 

Conformity is at Appendix C  

The test is a simple ELISA format, which can be run in the majority of clinical laboratories 

across the NHS. Under the above mentioned SBRI project, EarlyCDT–Lung was validated in 

Leeds Teaching Hospitals NHS Trust’s (LTHT) pathology laboratories, demonstrating that 

adoption of the test by the NHS is a relatively simple matter. Initially the test could be made 

available to the NHS through LTHT and TDL whilst training and validation work is rolled out to 

additional laboratories as demand dictates. 

In order to facilitate production and commercialisation of our diagnostic tests, Oncimmune’s 

Quality Management System is certified to EN ISO 13485:2016. Certification is shown in 

Appendix D. 
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3 Conclusions 

In conclusion, EarlyCDT—Lung has been thoroughly evaluated and demonstrates the level 

of evidence necessary for clinical use as a biomarker test for early detection of lung cancer, 

as recommended by the American Thoracic Society’s policy statement, which requires that a 

biomarker test:27   

1. Improves on the accuracy of current diagnostic methods

2. The accuracy is sufficient to move the pretest probability of malignancy beyond a

clinical decision threshold

3. The balance of benefits and harms strongly favours using the test

4. Calculations can be performed on the relative benefit of a true positive to false

positive for clinical benefit. Oncimmune’s simple risk calculator and our physician

support material facilitate these calculations.

The high specificity of EarlyCDT—Lung complements the high sensitivity of CT, significantly 

improving accuracy of current risk assessment models. The test accurately moves the pretest 

probability of malignancy beyond a clinical decision threshold, and the reduction in the rate of 

benign interventions shows how the test can reduce harm for those with a positive test result 

from EarlyCDT–Lung. Recategorization of intermediate risk IPNs for more appropriate follow-

up may facilitate earlier stage detection of lung cancer, which has been shown to improve 

mortality2. It will also aid in speeding the time from referral to treatment for positive cancers. 

The test complements the current BTS guidelines and diagnostic methods commonly used in 

clinical practice. 

Using the EarlyCDT—Lung test to triage IPNs between CT surveillance and intervention 

should be deemed medically necessary for NHS patients with intermediate risk IPNs with pCA 

>10%. EarlyCDT—Lung meets an urgent clinical need with a very favourable balance of

benefits over harms and does so cost-effectively.
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Appendix C. CE IVD Certificate of Conformity 
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Appendix D EN ISO 13485:2016 Certificate 
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Appendix E EarlyCDT—Lung Specimen Collection Instructions, 2 
Options 

Prepare for shipment: 
• Place in bubble wrap

• Place sample in biohazard bag

• Place in shipping envelope

Prepare for shipment: 
• Place in bubble wrap provided

• Place sample and lancets in biohazard bag

• Place bag and requisition in collection kit box

• Place box in pre-paid envelope and place envelope
in the post
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Appendix G EarlyCDT—Lung Test Reports 

Test Report, Page 1, High Level: 
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Test Report, Page 1, Moderate Level: 
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Test Report, Page 1, No Significant Level of Autoantibodies Detected: 
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Test Report, Page 2 (same for all test results): 
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Appendix H EarlyCDT—Lung Technical Overview 

Background for Test Application: Cancer antigens are different to normal antigens so the 

body’s immune system reacts to these antigens by producing autoantibodies. These 

autoantibodies, which can elevate in the earliest stages of lung cancer and have been shown 

to be present in all types of lung cancer and at all stages of disease, are produced in sufficient 

quantities to be measured in a patient’s blood using a simple blood test, EarlyCDT—Lung.  

The EarlyCDT—Lung test measures a panel of seven autoantibodies to detect the presence 

of lung cancer. This is not a genetic test for predisposition; a positive test may indicate the 

presence of the malignant disease. 

Specimen Requirements: 

0.5 mL serum is required. 

Blood should be collected, allowed to clot completely and centrifuged.  

Specimen can be shipped overnight at ambient temperature or frozen ice packs. 

Method: Enzyme-linked immunosorbent assay (ELISA) with 7 lung-cancer associated 

proteins as the bound antigen. Relative autoantibody levels are compared to fixed cut-offs and 

reported accordingly. The test was developed and its performance characteristics were 

determined by Oncimmune®. Oncimmune is a high-complexity laboratory in compliance with 

all CLIA regulations and the EarlyCDT–Lung test is available both from Oncimmune’s 

laboratories in the USA and as a CE-IVD marked kit for distribution in the UK, Europe and 

markets outside the USA. 

Performance:  The clinical sensitivity and specificity of EarlyCDT—Lung is 41% and 93%, 

respectively, with specificity increasing to 98% for a High Level result. The high specificity 

makes the test a “rule in” test where a Moderate or High Level result indicates that the patient 

is at increased risk of having a lung cancer, while a No Significant Level of Autoantibodies 

Detected result should not be used to rule out the presence of lung cancer either now or in the 

future. 

Limitations:  This test is not recommended for patients with a history of cancer (exception: 

basal cell carcinoma). 




