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Introduction 

While low dose computed tomography (LDCT) screening 
has now been broadly documented to have the potential 
to reduce lung cancer (LC) mortality (1-5), it comes with 
risks of radiation-induced cancer, false-positive test results, 
unnecessary follow-up testing and increased financial costs, 

as well as overdiagnosis (6,7). False-positive test results 
are a major concern, especially as these can lead to further, 
more invasive diagnostic verification procedures (surgery, 
biopsy). In view of improving the specificity of non-
invasive lung cancer detection and diagnostic triage, there 
is extensive ongoing research on the complementary use of 
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biomarkers measured in blood, exhaled breath condensates, 
or other biological materials (8-14). In addition, biomarkers 
are also being considered as a possibly more economic 
tool for population (pre-) screening, e.g., to selectively 
identify individuals who likely harbor a tumor that may be 
detectable during follow-up examinations by LDCT (15). 

A promising class of detection markers are tumor-
associated autoantibodies (TAAbs). These are produced 
as an immune (B-cell) response to aberrantly expressed, 
mutated or post-translationally modified proteins, or other 
tumor antigens. Comparative immuno-proteomic scans of 
blood sera from LC patients and cancer-free control subjects 
have identified multiple TAAbs showing highly increased 
titers in cancer patients with various forms of solid tumors, 
including lung cancer. In fact, a number of individual 
TAAbs and multi-TAAb panels have been evaluated for its 
ability to discriminate lung cancer patients from cancer-free 
individuals (16-20). Panels have outperformed individual 
TAAbs in all studies, which has been attributed to the 
heterogeneity of lung cancer tumors (17). However, while 
most of the panels show good specificity, their sensitivity 
was generally only modest (17,19,20). One well-established 
panel is EarlyCDT®-Lung (Oncimmune Ltd, Nottingham, 
United Kingdom) which, in its most recent version, is 
composed of 7 different antibody assays (CAGE, GBU4-
5, HuD, MAGEA4, NY-ESO-1, p53 and SOX2). Most of 
these are not specific for lung cancer but arise also in other 
cancers such as breast, colorectal, gastric, prostate, liver and 
testis, as well as in autoimmune diseases (16-18). This panel 
has shown useful diagnostic discrimination and has been 
proposed as a “rule-in” test, with about 90% specificity at 
40% sensitivity in clinical studies comparing lung cancer 
cases and cancer-free control subjects (14,21-23).

It is generally hypothesized that TAAbs are produced at 
very early stages of tumor development, which would make 
them suitable candidate markers for early detection (24).  
So far, however, it has not been studied whether blood 
TAAb concentrations are elevated in patients with small 
malignant nodules (<10 mm in diameter) as detected by 
LDCT screening (25), and whether antibody tests such as 
EarlyCDT®-Lung can detect tumors in an equally early 
stage as with LDCT-based screening. To address these 
questions, we performed EarlyCDT®-Lung tests in blood 
samples collected according to the protocol of the German 
Lung Cancer Screening Intervention Trial (LUSI) (4,26) 
and examined the sensitivity and specificity of this test panel 
for the detection of pulmonary tumors. 

We present the following article in accordance with the 

Standards for Reporting of Diagnostic Accuracy Studies 
(STARD) reporting checklist (27) (available at http://
dx.doi.org/10.21037/tlcr-20-727).

Methods

LUSI trial design

The German Lung Cancer Screening Intervention (LUSI) 
(4,26) is a screening trial among men and women from the 
Heidelberg region in Germany. Individuals eligible for the 
LUSI trial were those with a history of long-term smoking 
(smoking at least 15 cigarettes per day for at least 25 years, 
or smoking at least 10 cigarettes per day for 30 years, 
including ex-smokers who had stopped smoking not more 
than 10 years before invitation to screening). Participants 
were randomized into an intervention arm of five annual 
LDCT screenings and a control arm without screening. 
Details about study design and mortality-reduction results 
from the trial have been published elsewhere (4,26). The 
authors are accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. LUSI is a clinical research study, registered at 
ISRCTN (International Standard Randomized Controlled 
Trial Number) (28). Ethical approval was provided by 
the University of Heidelberg Medical Ethics Committee 
(073/2001). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). All 
participants enrolled provided written informed consent.

Nodule management protocol

Similar to the Lung Imaging Reporting and Data System 
(LungRADS®) assessment guidelines (29) nodules detected 
for the first time by LDCT in any screening round were 
classified by size (largest diameter) into four categories: 
(I) no nodules or less than 5 mm, (II) 5–7 mm, (III) 8– 
<10 mm and (IV) 10 mm or larger. Accordingly, screening 
participants were: (I) returned to regular annual screening, 
invited for follow-up LDCT after (II) 6 months or (III)  
3 months, or (IV) recommended immediate diagnostic 
work-up. In screening rounds 2–5, work-up of the nodules 
already observed in earlier screens was based exclusively 
on nodule growth, and classified into three categories: (I) 
no growth or volume doubling time (VDT) more than 
600 days (returned to regular annual screening), (II) VDT 
within 400–600 days (invited for LDCT after 6 months) or 
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(III) VDT 400 days or less (recommended immediate work-
up). A schematic presentation of the nodule management 
protocol used in LUSI is given in Table S1. For immediate 
work-up, participants were referred to a cooperating 
pulmonologist, who then decided about further diagnostic 
procedures or treatments [X-ray, full-dose computed 
tomography (CT), positron emission tomography (PET), 
bronchoscopy, video-assisted thoracoscopic surgery (VATS), 
biopsy, antibiotic treatment and short-term follow-up].

Blood sample collection protocol

Among the 2,029 participants assigned to the LDCT arm, 
a total of 1,576 provided a blood sample at first screening 
participation [Round 1 (T0); N=1,362] or on a subsequent 
screening round (206 in round 2; 8 in rounds 3 to 5). 
Beyond this baseline sample collection, further samples 
were collected from individuals who, at any screening 
round, presented with suspicious LDCT scan results. This 
included all study participants who were referred to the local 
hospital clinic for immediate confirmatory diagnostic work-
up (N=111), plus those returning for 3-month (N=132) or 
6-month (N=408) follow-up examinations by LDCT to 
determine whether or not a suspicious pulmonary nodule 
was fast-growing. All blood samples were processed within 
2 hours of the blood draw. Serum was allowed to clot for  
30 minutes followed by centrifugation and aliquoting before 
long term storage at −80 ℃. A detailed overview of blood 
samples collected at baseline and at follow-up examinations 
is in Table S2. 

CT-detected lung cancer cases

In the LDCT arm, a total of 69 lung cancer cases were 

observed during the active screening period; 63 of these 
were screen-detected and 6 were interval cancers (25,26). 
For all lung cancer cases, detailed information from medical 
records (pathology reports, medical letters from responsible 
physicians on diagnosis and treatment and radiology 
reports) was obtained by contacting the treating clinics 
and coded according to the International Classification 
of Diseases for Oncology, version 3 (ICD-O-3). The 
Supplemental study design and methods section provides 
further details on ICD-O-3 coding for tumor histology and 
stage. 

Participant selection within the LUSI trial: nested case-
control design 

From amongst the 63 screen-detected lung cancer cases, we 
retrospectively selected all available blood samples taken at 
the time of the LDCT scan that led to further diagnostic 
work-up (X-ray, full-dose CT, PET, bronchoscopy, VATS, 
biopsy, antibiotic treatment and short-term follow-up) 
(n=46). Two sets of controls were selected. The first was a 
random selection of participants who had remained cancer-
free until the end of follow up (April 30th 2019), and who 
provided a baseline blood sample [baseline control group 
(BC), n=90]. The second set was a random selection of 
participants returning for follow-up scans of suspicious 
nodules found during the screening period but in the 
following were not diagnosed with lung cancer  [suspicious 
nodule control group (SNC), n=90] (Tables 1,2, Figure 1). 

Sample processing and laboratory assays

Autoantibodies to seven tumor-associated antigens (CAGE, 
GBU4-5, HuD, MAGEA4, NY-ESO-1, p53, SOX2) were 

Table 1 Subject characteristics of lung cancer cases and cancer-free controls

Subject characteristics

Lung cancer status

Lung cancer (n=46)
No lung cancer (BC) 

(n=90)
P

No lung cancer (SNC) 
(n=90)

P

Gender (male %) 32 (69.6) 56 (62.2) 0.51 64 (71.1) 1

Age† (years), median [range] 63.0 [51.9–74.5] 56.8 [50.9–69.7] 0.001 55.8 [50.6–70.0] <0.001

Smoking status‡ (current/former, %) 24/22 (52.2/47.8) 54/36 (60.0/40.0) 0.49 54/36 (60.0/40) 0.49

†, at blood draw; ‡, at randomization. Smokers: at least 25 years smoking of at least 15 cigarettes per day, or at least 30 years smoking 
of at least 10 cigarettes per day, including former smokers. Former smokers are those who had stopped smoking not more than 10 years 
before invitation to screening. BC, baseline control group; SNC, suspicious nodules control group.

https://cdn.amegroups.cn/static/public/TLCR-20-727-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-727-supplementary.pdf、
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236 González Maldonado et al. Can autoantibody tests enhance lung cancer screening?

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(1):233-242 | http://dx.doi.org/10.21037/tlcr-20-727

Table 2 LDCT result by EarlyCDT®-Lung results for lung cancer cases and cancer-free controls

EarlyCDT®-Lung test result

Lung cancer No lung cancer (BC) No lung cancer (SNC)

H (n=6) NS (n=40) P H (n=3) M (n=7) NS (n=80) P H (n=4) M (n=4) NS (n=82) P

No nodules 0 0 1 3 (100.0) 1 (14.3) 48 (60.0) 0.15 0 0 0 0.11

LDCT result (%)

Non-suspicious 0 0 0 4 (57.1) 22 (27.5) 0 0 0

Immediate recall 6 (100) 36§ (90.0) 0 0 2 (2.5) 0 1 (25.0) 4 (4.9)

3-month recall 0 0 0 0 1 (1.2) 2 (50.0) 0 10 (12.2)

6-month recall 0 4 (10.0) 0 2 (28.6) 7 (8.8) 2 (50.0) 3 (75.0) 68 (82.9)

§, for one subject, the CT scan evaluation at round 2 was deemed suspicious (with immediate recall) even in the absence of pulmonary 
nodules, due to the identification of atelectasis (collapsed lung) in the scan images. LDCT, low dose computed tomography; H, high test 
results; M, moderate level test result; NS, non-significant level test result. 

Figure 1 Flow chart illustrating inclusion and exclusion criteria applied to LUSI participants.
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measured with the EarlyCDT®-Lung enzyme-linked 
immunosorbent assay (ELISA) kit (Oncimmune Ltd., 
Nottingham, United Kingdom), at the German Cancer 
Research Center, Heidelberg (immunoassay laboratory, 
division of cancer epidemiology). Measurements were made 
blinded with regards to any additional clinical information 
about the participants from which the samples were taken. 
All assays were performed on serum samples, thawed for the 
first time for the present study, and using a two-plate set-
up, according to the manufacturer’s protocol instructions 
(see Supplemental study design and methods section).

EarlyCDT®-Lung results interpretation and application

EarlyCDT®-Lung classifies test results using a proprietary 
scoring algorithm and autoantibody-specific cut-off values. 
Positive results are reported as: “Moderate Level” [M] if the 
levels of one or more autoantibodies in the EarlyCDT®-
Lung panel are above the low cut-off value but all are below 
the high cut-off value, as “High Level” [H] if the levels 
of one or more autoantibodies are above the high cut-off 
value, or as “No Significant Level” [NS] if the levels of 
autoantibodies in the panel are below the low cut-off value. 

Based on studies for lung cancer detection among patients 
with incidentally observed pulmonary nodules in clinical 
settings (14,22), Oncimmune recommends combining the 
test result with the estimated risk of a given nodule being 
malignant from a model based on age, sex and radiologic 
(CT) data, as developed in the Mayo clinic (30). The 
EarlyCDT®-Lung test is then used to update the risk of 
patients presenting with indeterminate nodules, i.e., those 
with 10–65% risk of being malignant. Further diagnostic 
work-up is recommended for patients having ≥10% 
malignancy risk according to the Mayo model and with a 
“High Level” EarlyCDT®-Lung results, and for patients 
with an estimated risk ≥45% and a “Moderate Level” test 
result. Any other result, including “NS”, should not affect 
the clinical management plan. However, so far equivalent 
guidelines for the use of EarlyCDT®-Lung in population 
screening settings, and in particular, when EarlyCDT®-
Lung is used as a case-finding method prior to further CT 
scanning, have not been issued. Thus, for our main analyses, 
“High” or “Moderate” level results were considered positive 
tests, and “NS” results were considered negative, according 
to the manufacturer’s indications. This classification 
led to an approximate 90% specificity/40% sensitivity 
scenario observed in several clinical studies (14,21-23). For 
comparison purposes, analyses were also conducted for the 

alternative classification, defining only “High” levels as 
positive and “Moderate” or “NS” as negative.

Statistical analyses

The malignancy detection sensitivity of EarlyCDT®-Lung 
was assessed in the set of individuals whose lung cancer was 
LDCT-detected. Additionally, its specificity was assessed 
in each of the two control groups. The positive likelihood 
ratio (LR+) was calculated based on estimated sensitivity 
and specificity. Exact binomial confidence limits were 
calculated for sensitivity, specificity and LR+. Logistic 
regression analysis was performed to assess associations 
of EarlyCDT®-Lung test results with case-control status, 
and complementary statistical tests were also performed to 
assess whether positive test results were related to tumor 
size, stage or histology. The degree of association between 
test results and malignancy was also evaluated among lung 
cancer patients showing nodules on their CT-scans and the 
SNC group, overall and by categories of nodule size. For 
(non-normally distributed) continuous variables, medians 
and ranges (or medians and IQR) were reported (age, 
tumor diameter) and differences on their central tendency 
parameters between groups were tested via the non-
parametric Kruskal-Wallis Rank Sum Test (Mann-Whitney-
U-Test when comparing two groups). The Chi-Squared 
test or Fisher’s exact test were applied whenever testing 
for differences in distributions of categorical variables as 
appropriate, depending on cell counts. 

All analyses were carried out using the R software 
for statistical computing version 3.3.3 (31) and the epiR 
package (32).

Results

At time of blood collection, the 46 participants eventually 
diagnosed with lung cancer (32 of them males) were 
significantly older [median: 63.0 years (range, 51.9– 
74.5 years)] than those in both the BC group [56.8 years 
(range, 50.9–69.7 years), P<0.001] and the SNC group  
[55.8 years (range, 50.6–70.0 years), P<0.001] (Table 1).

Lung  cancer  de tec t ion  occur red  on  the  f i r s t 
(“prevalence”) screening round for 19 (41.3%) cases and 
on subsequent second to fifth (“incidence”) rounds for 27 
(58.7%) cases. As described in the nodule management 
protocol, all tumors detected in the first screening round 
were deemed suspicious based exclusively on their size. 
For one of the participants, lung cancer was detected on 

https://cdn.amegroups.cn/static/public/TLCR-20-727-supplementary.pdf
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the second screening round in the absence of pulmonary 
nodules, due to the identification of atelectasis in the scan 
images. Twenty-one (80.8%) of the remaining 26 detections 
in the incidence rounds were done in known nodules 
already observed in previous screening rounds; with 7 of 
these immediate recall decisions based solely on nodule 
volume doubling time (VDT).

EarlyCDT®-Lung produced “High Level” test results 
for 6 out of the 46 CT-detected lung cancer patients. 
There were no “Moderate Level” test results (Table 2). 
This resulted in a detection sensitivity of 13.0% (95% CI: 
4.9–26.3%). Within the subset of participants with nodules 
<10 mm in diameter, the test produced “High Level” results 
for 1 out of 11 CT-detected lung cancer patients, yielding a 
sensitivity of 9.1% (95% CI: 0.23–41.3%). For participants 
with nodules ≥10 mm, the estimated sensitivity was 14.7% 
(95% CI: 4.9–31.1%). 

When considering both “High Level” and “Moderate 
Level” [H/M] results as positive, the false-positive detection 
rates were 11.1% in the BC group [specificity of 88.9% 
(95% CI: 80.5–94.5%)] and 8.9% [specificity of 91.1% 
(95% CI: 83.2–96.1%)] in the SNC group. Based on these 
estimates, the LR+ was then calculated at 1.17 (95% CI: 
0.46–3.03) in the BC group and at 1.47 (95% CI: 0.54–3.98) 
in the SNC group. Logistic regression provided insufficient 
evidence to claim an increased risk of malignancy, regardless 
of which control group was considered [odds ratio (OR): 
1.20 (95% CI: 0.41–3.54), P=0.74 for BC; OR: 1.54 (95% 
CI: 0.5–4.73), P=0.45 for SNC]. 

If only “High Level” results  were considered positive, 
the false-positive detection rate was 3.3% [specificity of 
96.7% (95% CI: 90.6–99.3%)] in the BC group and 4.4% 
[specificity of 95.6% (95% CI: 89.0–98.8%)] in the SNC 
group, yielding estimates of LR+ of 3.91 (95% CI: 1.03–
14.94) and 2.93 (95% CI: 0.87–9.88), respectively. In this 
case, logistic regression showed a moderate, but significant 
association of test-positivity with malignancy in comparison 
to the BC group [OR: 4.35 (95% CI: 1.04–18.28), P=0.04] 
and not enough evidence of association in the SNC group 
[OR: 3.22 (95% CI: 0.86–12.07), P=0.08].

Among lung cancer patients showing nodules on their 
CT-Scans (N=45) (Table 3) and the SNC group, we couldn’t 
find enough evidence between test results and malignancy, 
with OR of 1.58 (95% CI: 0.51–4.86) and 3.31 (95% CI: 
0.88–12.39) depending on the definition of a positive test 
(Table S3). Similar results were obtained when stratifying 
by nodule size (<10 mm, ≥10 mm). Regarding positive test 
results and malignancy, there was only weak evidence of 

association when considering only “High Level” results as 
significant with LR+: 1.92 (95% CI: 1.09–3.40) overall, and 
among participants with nodules ≥10 mm [1.17 (95% CI: 
1.02–1.35)], but not among those with nodules <10 mm [OR: 
1.93 (95% CI: 0.24–15.77)].

EarlyCDT®-Lung returned positive results for 5 of  
6 tumors stages IB or higher (sensitivity of 22.7%), against 
only 1 out of 24 stage IA tumors (sensitivity of 4.2%). A 
“High Level” test result was associated with a significant 
shift in tumor stage distribution (P=0.03) towards 
moderately higher stages (83.3% in stages IB and above), 
compared to patients with negative results (NS) who were 
predominantly (57.5%) stage IA (Table 3). By contrast, 
we observed no significant association of test results with 
malignant nodule size or histology (Table 3).

Discussion

EarlyCDT®-Lung is currently being tested as a first-line 
population screening tool in a Scottish trial (N=12,209) for 
the identification of subjects likely to harbor a lung tumor, 
who are then further examined by LDCT (33). In addition, 
EarlyCDT®-Lung has been evaluated as a confirmatory test 
in clinical settings, with the purpose of deciding whether 
a biopsy or surgical intervention for definitive diagnosis is 
necessary for subjects presenting with incidentally observed 
pulmonary nodules (14,22,23). 

After analyzing blood samples collected as part of a lung 
cancer screening trial, we found EarlyCDT®-Lung to have 
limited sensitivity for the identification of patients with 
lung tumors detected via LDCT. Although statistically 
significant associations with case-control status (and among 
cases with tumor stage) indicate a degree of intrinsic validity 
of EarlyCDT®-Lung as a tumor detection test, the test’s 
sensitivity [13.0% (95% CI: 4.9–26.3%)] was found to be 
too low for it to be of practical diagnostic use in screening 
context. 

In the context of population screening, the Early 
detection of Cancer of the Lung Scotland (ECLS) study 
(15,34) reports a positive EarlyCDT®-Lung detection 
signal for 12 out of 23 cancer patients in stages I or II 
[sensitivity of 52.2% (95% CI: 30.6–73.2%)] and for 6 out 
of 33 patients with stage II–IV tumors [sensitivity of 18.2% 
(95% CI: 7.0–35.5%)]. The ECLS also found a statistically 
significant shift towards earlier stages for tumors identified 
by EarlyCDT®-Lung, later confirmed by standard chest 
X-ray and LDCT, among 12,208 men and women at 
elevated risk (1–2%) of developing lung cancer within  

https://cdn.amegroups.cn/static/public/TLCR-20-727-supplementary.pdf
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Table 3 Tumor and nodule characteristics by EarlyCDT®-Lung result in the lung cancer group

EarlyCDT®-Lung test result HIGH NS P Total, n (col %)

Detection/diagnosis

Round of detection (%) 0.67

1st (prevalence) 3 (50.0) 16 (40.0) 19 (41.3)

2nd–5th (incidence) 3 (50.0) 24 (60.0) 27 (58.7)

Time between detection and diagnosis (months),  
median [range]

2.28 [1.4–7.8] 3.12 [0.5–49.8] 0.35 3.00 [0.48–49.8]

Tumor characteristics

Histology (%) 1

Adenocarcinoma 5 (83.3) 27 (67.5) 32 (69.6)

Carcinoid 0 2 (5.0) 2 (4.3)

Large cell 0 1 (2.5) 1 (2.2)

Small cell 0 3 (7.5) 3 (6.5)

Squamous cell 1 (16.7) 7 (17.5) 8 (17.4)

Stage (%) 0.03

IA 1 (16.7) 23 (57.5) 24 (52.2)

IB 3 (50.0) 5 (12.5) 8 (17.4)

IIA 1 (16.7) 2 (5.0) 3 (6.5)

IIB 1 (16.7) 1 (2.5) 2 (4.3)

IIIA 0 6 (15.0) 6 (13.0)

IIIB 0 0 0

IV 0 3 (7.5) 3 (6.5)

Largest diameter (mm), median [range] 15.65 [8.7–20.9] 12.00 [5.5–54.1] 0.31 12.00 [5.5–54.1]

Largest diameter, n (%) 0.43

No nodules§ 0 1 (2.5) 1 (2.2)

5 to <8 mm 0 4 (10.0) 4 (8.7)

8 to <10 mm 1 (16.7) 6 (15.0) 7 (15.2)

10 to <20 mm 3 (50.0) 25 (62.5) 28 (60.9)

>20 mm 2 (33.3) 4 (10.0) 6 (13.0)
§, for one subject, the CT scan evaluation at round 2 was deemed suspicious (with immediate recall) even in the absence of pulmonary 
nodules, due to the identification of atelectasis (collapsed lung) in the scan images. NS, non-significant.

24 months (50–75 years of age, smokers and ex-smokers 
with a close relative with lung cancer). In contrast, our 
findings suggest that EarlyCDT®-Lung would miss the 
majority of early-stage small tumors that can be detected 
by LDCT. This puts into question whether multi-modal 
screening with EarlyCDT®-Lung as a pre-CT screening 
tool can reduce lung cancer mortality to a similar degree as 

observed in CT-based screening trials.
As a test for further diagnostic triage after LDCT 

screening, for individuals with screen-detected indeterminate 
pulmonary nodules, our data indicate that EarlyCDT®-Lung 
may also have insufficient sensitivity to reliably identify 
patients for whom more invasive diagnostics involving 
biopsy or surgery should be recommended. As mentioned in 
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the Methods section, the EarlyCDT® test is being proposed 
as a “rule-in” test to identify patients with increased risk 
of having a pulmonary malignancy, whereas a negative 
EarlyCDT® test should not affect the clinical management 
plan; that is, EarlyCDT® is not meant to be used as a “rule-
out” test. The low sensitivity of the test as estimated from 
our data confirms the recommendations from the providers. 
Similarly, previous studies (14,22,23) among clinical case 
series of patients with indeterminate nodules (22) indicated 
that the negative predictive value (NPV) of the EarlyCDT®-
Lung may be too low for it to be used reliably for exclusion 
of individuals from further, more invasive diagnostics such 
as biopsies, although they did report higher sensitivities for 
EarlyCDT®-Lung as a detection test. 

Regarding the association between a positive test result 
and malignancy among subjects with suspicious nodules on 
their CT-scan images, our positive likelihood ratio estimates 
(1.5 to 1.9 depending on positive test definition) are in line 
with those from Massion et al. [LR+: 2.3 (95% CI: 1.3–4.1), 
all nodules combined) (14,23). Our results, however, were 
not statistically significant which might be attributed to 
the small sample size of this study. Our study is the first to 
evaluate the discrimination performance of the EarlyCDT®-
Lung in the context of LDCT-based screening, with blood 
samples available at baseline CT screening appointments 
as well as for individuals undergoing accelerated (3- or 
6-month) follow-up screenings because of suspicious CT-
findings. A strength of this study is the linkage of malignancy 
to specific nodules. This is in contrast to previous studies, 
in which participants were represented by the largest non-
calcified nodule observed (14,23). A limitation of our study 
is that, given the blood collection protocol, no samples are 
available from participants with interval cancers (n=6) who, 
by definition, received a lung cancer diagnosis without 
previous suspicious findings on their CT-scan appointments. 
Without such samples, we are unable to evaluate whether 
malignancy that went undetected by CT could have been 
detected by the test. Independently of the latter limitation, 
however, our findings do indicate that the EarlyCDT®-Lung 
TAAb panel—a test previously shown to provide a potential 
decision aid for further diagnostic work-up or treatment 
of clinical patients with suspected lung cancer—may not 
be sensitive enough to detect cancer at stages detectable by 
LDCT in a screening setting. 
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Study design and methods

CT-detected lung cancer cases

Tumor histology was coded according to ICD-O-3 version 2003 or 2013 as appropriate. For this article, the morphology 
codes were combined to the following groups: small-cell lung cancers (ICD-O-3: 8041/3, 8042/3, 8045/3, 8044/3); non–
small-cell lung cancers, subdivided into squamous cell carcinomas (8070/3, 8072/3, 8071/3, 8083/3, 8076/3, 8078/3), 
adenocarcinomas (8140/3, 8255/3, 8250/3, 8480/3, 8550/3, 8260/3, 8310/3, 8490/3, 8046/3, 8250/3, 8253/3), (8250/3, 
8253/3) large cell carcinomas (8013/3), carcinoids (8240/3, 8246/3, 8249/3), unspecified carcinomas (8010/3) and malignant 
neoplasms (8000/3).

Participant selection within the LUSI trial: nested case-control design 

Participants with screen-detected lung cancer are represented by the blood sample taken at the time of the suspicious 
LDCT scan that led to further diagnostic work up. Participants in RS1 are represented by the sample taken at the baseline 
examination, and in RS2 by the sample taken at the time of their first suspicious LDCT scan. 

Sample processing and laboratory assays

Reagents were brought to room temperature 2 hours before the start of the assay. Control A was used on plate one with 
patient samples one through five run on the same plate. Control B was measured with patient samples six through ten on plate 
two. All controls and samples were pipetted in duplicate on their respective plate. 100 µL of control or patient samples were 
added to their wells, the wells sealed and incubated at room temperature for 90 minutes with shaking (400 rpm). Samples 
were tapped out on absorbent paper and the wells washed four times with wash buffer with tapping out of buffer between 
each wash cycle. 100 µL of secondary antibody was then added to each well followed by covered incubation with shaking 
for a further 60 minutes. The four step wash cycle was then repeated and 100 µL of substrate added to each well. Color 
development was carried out for no more than 15 minutes in the dark at room temperature with intermittent shaking per 
hand. 100 µL of stop solution was added to each well and the plates read at a wavelength of 650 nm within 10 minutes (Victor 
III, Perkin Elmer).

The resulting optical density values were copied and pasted into the provided Excel calculation table from Oncimmune. 
The provided table indicated the Control Pass/Fail status along with a result status for the patient samples [non-significant 
level (NSL), moderate or high].

Supplementary
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Table S1 LDCT evaluation algorithm applied in the German randomized lung cancer screening trial LUSI

Newly observed nodules  
(first screening round or new in subsequent rounds)

Known nodules  
(early recalls or subsequent screening rounds)

Outcome by nodule size Action Outcome by nodule growth Action

Without abnormality or nodules <5 mm Back to routine screening  
(12 months)

– –

Nodules ≥5 and <8 mm Early recall (6 months) >600 VDT Back to routine screening

400–600 VDT
D <7.5 mm

Early recall (6 months)

Nodules ≥8 and ≤10 mm Early recall (3 months) D ≥7.5–10 mm Early recall (3 months)

Nodules >10 mm/not highly suspicious ≤400 VDT or D >10 mm Immediate recall

Highly suspicious Immediate recall Malignant Treatment

Non-malignant Back to routine screening

VDT, volume doubling time; mm: millimeters; D, diameter.

Table S2 Blood collection and LDCT-scan results

Blood sample 
LDCT-scan result

Non-suspicious Early recall 6 months Early recall 3 months Immediate recall Not available Total

Baseline

Available samples 1,362 285 62 44 1‡ 1,754

Unavailable samples† 215 45 6 9 275§

Round 1 total (T0) 1,577 330 68 53 1‡ 2,029

Rounds 2 to 5

Available samples 206¶ 16 5 8 235

Unavailable samples 1,598 20 11 28 1,657

Round 2 total (T1) 1,804 36 16 36 1,892

Available samples 5 21 19 15 60

Unavailable samples 1,770 5 4 10 1,789

Round 3 total (T2) 1,775 26 23 25 1,849

Available samples 2 43 24 23 92

Unavailable samples 1,720 3 1 10 1,734

Round 4 total (T3) 1,722 46 25 33 1,826

Available samples 1 43 22 21 87

Unavailable samples 1,710 6 1 6 1,723

Round 5 (T4) 1,711 49 23 27   1,810

LDCT, low-dose computed tomography; T0, T1, T2, T4: time points zero until four. †, blood draw not carried out (in case of unsuspicious 
findings after T0) or unsuccessful blood draw; ‡, one subject could not be scanned because of overweight. The subject was excluded from 
the study. §, out of 275 unavailable samples: 234 were not carried out because the freezer was not available, 38 patient-related, 1 blood-
draw technique-related; ¶, red cells indicate samples taken as replacement for unsuccessful baseline blood draws. These were taken even 
if the LDCT-Scan results were non-suspicious. 
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Table S3 Performance of EarlyCDT®-Lung amongst subjects with suspicious nodules, by nodule size

Largest 
diameter 
(mm)

EarlyCDT®-Lung result

HIGH MOD NS OR (95% CI) LR+

LC No LC LC No LC LC No LC Positive (high)
Positive (high or 

moderate)
Positive (high)

Positive (high or 
moderate)

<10 1 4 0 3 10 78 2.03 (0.20–19.95) 1.11 (0.12–10.02) 1.93 (0.24–15.77) 1.10 (0.16–7.53)

≥10 5 0 0 1 29 4 – 0.69 (0.06–7.51) 1.17 (1.02–1.35) 0.95 (0.65–1.39)

Overall† 6 4 0 4 39 82 3.31 (0.88–12.39) 1.58 (0.51–4.86) 1.92 (1.09–3.40) 1.50 (0.55–4.06)
†, for one subject, the CT scan evaluation at round 2 was deemed suspicious (with immediate recall) even in the absence of pulmonary 
nodules, due to the identification of atelectasis (collapsed lung) in the scan images. That subject was excluded for these analyses. MOD, 
moderate level result; NS, no significant level results; OR, odds ratio; LR+, positive likelihood ratio; LC, lung cancer; mm, millimeters.
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