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ABSTRACT

BACKGROUND: A panel of 3 serum proteins and 1 autoantibody has been developed to assist with the detection of lung cancer. We aimed
to validate the accuracy of the biomarker panel in an independent test set and explore the impact of adding a fourth serum protein to the
panel, as well as the impact of combining molecular and clinical variables.

METHODS: The training set of serum samples was purchased from commercially available biorepositories. The testing set was from a biore-
pository at the Cleveland Clinic. All lung cancer and control subjects were >50 years old and had smoked a minimum of 20 pack-years. A
panel of biomarkers including CEA (carcinoembryonic antigen), CYFRA21-1 (cytokeratin-19 fragment 21-1), CA125 (carbohydrate antigen
125), HGF (hepatocyte growth factor), and NY-ESO-1 (New York esophageal cancer-1 antibody) was measured using immunoassay tech-
niques. The multiple of the median method, multivariate logistic regression, and random forest modeling was used to analyze the results.

RESULTS: The training set consisted of 604 patient samples (268 with lung cancer and 336 controls) and the testing set of 400 patient sam-
ples (155 with lung cancer and 245 controls). With a threshold established from the training set, the sensitivity and specificity of both the 4-
and 5-biomarker panels on the testing set was 49% and 96%, respectively. Models built on the testing set using only clinical variables had
an area under the receiver operating characteristic curve of 0.68, using the biomarker panel 0.81 and by combining clinical and biomarker
variables 0.86.

CONCLUSIONS: This study validates the accuracy of a panel of proteins and an autoantibody in a population relevant to lung cancer detec-
tion and suggests a benefit to combining clinical features with the biomarker results.
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Introduction

Early detection and diagnostic biomarkers have the potential
to improve lung cancer care. An accurate early detection bio-
marker could improve the efficiency of lung cancer screening,
allowing more lung cancers to be found while minimizing the
potential harms to those with a low likelihood of having lung
cancer. An accurate diagnostic biomarker has the potential to
improve the management of imaging findings, expediting ther-
apy for early stage cancers while minimizing the risks from
evaluating those with benign disease.

Biomarker development proceeds through a series of phases
toward the goal of proving clinical utility. Clinical utility suggests
that the outcomes of patient management decisions improve
with the use of the biomarker when compared with current
standard practice. As even biomarkers that are felt to be accurate
can lead to clinical decisions that harm some while benefiting
others, it is crucial that clinical utility is demonstrated. Prior to
embarking on a clinical utility study, a discovered biomarker pro-
ceeds through phases of analytical validation, to ensure that the
assay is robust and precise, and clinical validation, to determine
the accuracy of the biomarker in the intended use population.!

A handful of molecular biomarker panels have reached the
phase of clinical validation.>* The reported accuracies of these
panels have been modest, leading to choices about whether to
optimize sensitivity (rule-out test) or specificity (rule-in test).
Recently, a panel of serum proteins and an autoantibody was
developed based on prior evidence of an association between
each of the components of the panel and the presence of lung
cancer. The panel includes the following proteins: carcinoem-
bryonic antigen (CEA), carbohydrate antigen 125 (CA125),
cytokeratin-19 fragment 21-1 (CYFRA 21-1), and New York
esophageal cancer-1 antibody (NY-ESO-1). Assays developed
to measure the panel have been reported to have acceptable
metrics of analytical validity, and a clinical validation study
showed that the panel had a sensitivity of 74% at a specificity of
80%, using an algorithm that combines data from all 4 assays.”
This accuracy and the relatively low cost of the assays required
to measure this panel relative to most omics-based platforms
suggest a potential role as a diagnostic marker for lung cancer. It
is unclear whether this accuracy would be improved by adding
additional tumor-related antigens to the panel. Hepatocyte
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growth factor (HGF) levels have been associated with the pres-
ence and prognosis of lung cancer.%’ An inexpensive assay is
available to measure HGF making it a reasonable antigen to
explore for optimizing the accuracy of the panel.

The goals of this study were to confirm the accuracy of this
panel of biomarkers on an independent data set, to explore the
impact of adding a fourth serum protein (HGF) and to explore
the accuracy relative to and in combination with clinical risk pre-
dictors with a focus on patients at risk of having lung cancer.

Methods

Tmining set serum samples

All of the cancer and normal control samples used in the train-
ing set were Institutional Review Board (IRB)-approved, con-
sented serum samples that were purchased from the Clinical
Research Center of Cape Cod, Inc. (Cape Cod, MA, USA),
Asterand  (Detroit, MI, USA), Indivumed (Hamburg,
Germany), and Bioreclamation IVT (New York, NY, USA).
All of the lung cancer samples were collected at physicians’
offices or hospitals.

All lung cancer and control serum samples were from
patients 50years of age or older who were current or former
smokers with a smoking history of greater than 20 pack-years
and less than 15years of smoking cessation. Details about the
actual number of pack-years were not available. Diagnosis of
the lung cancer cohort was confirmed from surgical pathology
reports. The control group had no clinical evidence of current
or prior cancer.

Testin 14 set serum samples

All of the cancer and normal control samples used in the test-
ing set were obtained from an IRB-approved blood bioreposi-
tory at the Cleveland Clinic (IRB #10-521). All patients had
provided written informed consent. All lung cancer cases were
confirmed by biopsy. All samples were obtained prior to treat-
ment of the cancer. Control samples were obtained from
patients attending the lung cancer screening clinic or general
pulmonary clinic. The control group had no clinical evidence
of current or prior cancer.

Sample analysis

Multiplex magnetic bead—based immunoassay of CEA,
CYFRA21-1, CA125, and HGF in patients’ serum samples
was performed using reagents from EMD Millipore, Inc.
(Temecula, CA, USA), as previously described.® The
MILLIPLEX MAP Human Circulating Cancer Biomarker
Magnetic Bead Panel 1 was used. These 4 tumor proteins
(CEA, CYFRA21-1,CA125, and HGF) were measured using
the MAGPIX instrument (Luminex Corporation, Austin, TX,
USA) as previously described.” Using median fluorescence
intensity (MFI) values and a 5-parameter logistic curve fitting

method (xPONENT software for the MAGPIX), the concen-
trations of each tumor protein in the samples were calculated.
The calculated protein concentration values were used for the
subsequent analysis.

The NY-ESO-1 autoantibody detection was performed
using an immunoassay developed at 20/20 GeneSystems
(Rockville, MD, USA) and the MAGPIX reader, as previously
described.> Background-subtracted MFI values were used for
the subsequent analysis.

Statistical analysis

The study cohort was divided into 2 groups based on the out-
come of cancer or control. The demographics, comorbidities,
and cancer characteristics were described using sample mean
with standard deviation or proportion as appropriate.

Multiple of the median analysis. The 5 biomarkers were tested
separately and combined in 4- or 5-biomarker panels using a
multiple of the median (MoM) approach where data from each
biomarker were converted to a multiple of a population median
value by dividing by the median value of the control group.® An
area under the receiver operator characteristic (ROC) curve
(AUC) analysis was used to estimate the diagnostic power of
each panel and to determine the sensitivity at an MoM cutoff
value that yielded 80% specificity in the training set. The accu-
racy of the test was validated using this cutoff value to deter-
mine the sensitivity and specificity in the testing set. Additional
cutoff values were explored.

Multivariate logistic regression analysis. 'To determine the direc-
tion and statistical significance of the effect of each biomarker
on the outcome, we performed multivariate logistic regression
(MLR) analysis for the full training set and applied the model
developed to the testing set. The AUC was calculated for the
ROC curve that was constructed based on the model. In addi-
tion, exploratory MLR analyses were performed on the testing
set, divided by stage and histology, and after including clinical
variables. Clinical variables included age, sex, a clinical diagno-
sis of chronic obstructive pulmonary disease (COPD), and
smoking history.

Random forest analysis. Random forest (RF) models were used
to identify the variables that were associated with and predic-
tive of cancer.” To avoid the possible overfitting of the MLR
models, we used the repeated random-split cross-validation
procedure.® Specifically, we randomly split the data into train-
ing (70%) and testing (30%) sets 100 times. The RF model was
built on each training set and then evaluated on the corre-
sponding test set. The validation results were reported as the
average performance over all 100 test sets. Exploratory RF
analyses were performed on the testing set, divided by stage
and histology, and after including clinical variables (as described
above).
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Table 1. Clinical characteristics of the patients with cancer and controls in the training and testing sets.

TRAINING (604)

TESTING (400)

CANCER CONTROL CANCER CONTROL
(268) (336) (155) (245)
Age 64.0 64.5 65.3 68.3
Sex (% F) 43.7 39.9 40 51.9
Smoking (C/F/N) NA NA 20/129/6 95/142/7
Pack-years >20 >20 43 35
Adenocarcinoma, % 56.3 477
Squamous, % 33.2 39.4
Stage I, % 53.7 33.5
Stage Il, % 24.3 12.3
Stage Ill, % 17.9 374
Stage IV, % 41 16.8

Abbreviation: NA, not applicable.

Table 2. Performance of the individual BMs and panels of BMs in the training and testing sets.

TRAINING SET
AUC

CEA 0.71

CA125 0.69

CYFRA 0.55

HGF 0.65

NY-ESO-1 0.64

4 BM: CEA, CA125, CYFRA, NY-ESO-1 0.75

5 BM (+HGF) 0.76

TESTING SET

P VALUE P VALUE
<.0001 0.70 <.0001
<.0001 0.67 <.0001

.06214 0.68 <.0001
<.0001 0.66 <.0001
<.0001 0.45 .09453
<.0001 0.77 <.0001
<.0001 0.80 <.0001

Abbreviations: AUC, area under the receiver operator characteristic curve; BM, biomarker; CA125, carbohydrate antigen 125; CEA, carcinoembryonic antigen; CYFRA
21-1, cytokeratin-19 fragment 21-1; HGF, hepatocyte growth factor; NY-ESO-1, New York esophageal cancer-1 antibody.
The listed panel accuracies are from the multiple of the median method calculations.

Results

The training set consisted of 604 patient samples (268 with
lung cancer, 336 controls). Of the 268 patients with lung can-
cer, 151 (56.3%) were adenocarcinoma and 144 (53.7%) were
stage 1. The testing set consisted of 400 patient samples (155
with lung cancer, 245 controls). Of the 155 patients with lung
cancer, 74 (47.7%) were adenocarcinoma and 52 (33.5%) were
stage I (Table 1).

The combination of the biomarkers studied was more accu-
rate than the individual biomarkers considered alone (AUC:
0.75-0.80 vs 0.45-0.71) (Table 2). Using the MoM method on
the training set, a test result threshold with a specificity of 80%
was established. This threshold was applied to the testing set to
reveal a sensitivity of 49% and a specificity of 96% for both the
4-biomarker panel (without HGF) and the 5-biomarker panel

(with HGF). In exploratory analysis, adjusting the threshold to
obtain 80% specificity in the testing set led to a sensitivity of
65%. The highest combination of sensitivity and specificity for
the 4-biomarker panel was 59% and 90% and for the 5-bio-
marker panel was 64% and 85%. Evaluation of the accuracy by
stage and histology in the testing set showed improved sensi-
tivity as the stage increased and relatively consistent accuracy
across histologies (Table 3).

An MLR model was built on the training set then applied
to the testing set. The AUC of the MLR model built on the
training set was 0.77. This MLR model applied to the testing
set yielded an AUC of 0.74 with a sensitivity of 39% and a
specificity of 97%. In exploratory analysis,an MLR model built
on the testing set alone had an AUC of 0.81 with a sensitivity
of 53% and a specificity of 93%. Random forest modeling of
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the testing set alone yielded an average AUC of 0.84 with an
average sensitivity and specificity of 66% and 86%. An MLR
model built from clinical variables in the testing set (age, sex,
COPD, smoking history) had an AUC of 0.68. When clinical
variables were combined with the 5-biomarker panel, the AUC
was 0.86 (Table 4). The addition of clinical variables to bio-
marker results showed the largest improvement in AUC in
patients with stage I (0.64-0.81 in MLR modeling and 0.67-
0.79 in RF modeling).

Discussion

This study attempted to validate the accuracy of a combined
protein and antibody panel in a population at risk of having
lung cancer, determine whether the inclusion of an additional
protein to the panel could improve the accuracy, and explore
the impact of combining clinical and biomarker variables on
test accuracy. The results suggest that the combination of
markers is more accurate than any of the markers alone. The
accuracy of the panel was slightly lower than in the previous
report, and the addition of HGF to the panel did not substan-
tially improve its accuracy. The biomarker was more accurate in

Table 3. Accuracy of BM panels by stage and histology.

SENSITIVITY (%) AT 80%
SPECIFICITY

| (h=52) 52 52
Il (n=19) 63 53
Il (hn=58) 67 71
IV (n=26) 85 85
Adenocarcinoma 70 68
(n=74)

Squamous (61) 57 59
SCLC (n=13) 62 69

Abbreviations: BM, biomarker; SCLC, small cell lung cancer.

late-stage disease than early-stage disease. In exploratory anal-
ysis, the highest accuracy was achieved by combining clinical
features and biomarker results.

In previous work, a training set of 230 patients and testing
set of 150 patients was used to assess the 4-biomarker panel.
The overall sensitivity was reported to be 74% at a specificity of
80%.> This is compared with the current validation results,
where the sensitivity was 49% at 96% specificity in the testing
set when using the MoM method. Accuracies for early-stage
disease in the prior trial are superior to those in the current
report (71% sensitivity at 83% specificity for stage I-II com-
pared with 52%-63% sensitivity at 80% specificity in this
study). The reasons for these differences, as well as differences
in the CYFRA and HGF levels between the 2 sets, are not
clear but could represent variability inherent to the sources of
the samples. This highlights the need for multiple rounds of
validation of biomarker accuracies in different settings. Other
panels of established protein cancer biomarkers have reported
similarly promising results.!12 A recent large study using a dif-
terent panel of proteins showed a sensitivity of 89% at a speci-
ficity of 82%. The patient population of that study differed
from our study in that all controls were symptomatic, controls
had a lower risk of having lung cancer, and 52% of the popula-
tion had stage IV disease.!? Our study also highlights the chal-
lenge of optimizing a biomarker panel by trying to add
potentially useful markers to the panel. Although reasonably
accurate as a stand-alone marker, HGF was not able to sub-
stantially add to the accuracy of the panel, suggesting overlap
with the performance of other markers. This is a common
experience of biomarker developers.!3

The intended use population for this study was patients at
risk of having lung cancer. All participants in the training set
were at least 50years old and had smoked 20pack-years or
more. The age range of the testing set was similar and the
group had a substantial smoking history. To pursue further
validation and clinical utility testing, it should be determined
whether the results of this study support further development
of this biomarker as a lung cancer diagnostic. To justify moving
forward, the accuracy of the test should support the potential

Table 4. Accuracy of a clinical model built using the testing set of 400 subjects (including age, sex, chronic obstructive pulmonary disease, smoking

history) compared with and combined with the 5-BM panel.

RANDOM FOREST 70:30 SPLIT

SENSITIVITY,

% (SD)
Clinical 0.68 34 (0.08)
5-BM test 0.81 66 (0.06)
Combined 0.86 67 (0.07)

SPECIFICITY, ACCURAGCY,
% (SD) % (SD)

85 (0.07) 65 (0.03) 0.66 (0.04)
86 (0.04) 78 (0.03) 0.84 (0.03)
88 (0.04) 79 (0.03) 0.86 (0.03)

Abbreviations: AUC, area under the receiver operating characteristic curve; BM, biomarker; LR, logistic regression.
Sensitivity, specificity, accuracy, and AUC are averages of 100 iterations of a 70:30 training:testing split.
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clinical application. To estimate the accuracy required to justify
investment in a clinical utility study, a formula has been sug-
gested that incorporates the accepted benefit:harm balance of
current standard practice (the formula states that sensitivity/
(1-specificity) > [(1 - prevalence)/prevalence] x harm/benefit;
harm/benefit can be expressed as 1/N, where N is the number
of control subjects testing positive that is tolerated to benefit
one case subject testing positive).!"* Currently, we accept the
balance of benefit:harm in lung cancer screening for a popula-
tion with a 0.83% incidence of lung cancer (ie, the incidence of
lung cancer during the screening years of the National Lung
Screening Trial’®; 120 control subjects test positive for each
positive case subject). With this accepted standard, we can use
this formula to determine a test accuracy that would allow us to
use the results of a biomarker to expand the eligibility criteria
for lung cancer screening to a population with a 0.4% incidence
of lung cancer. The calculation reveals that the positive likeli-
hood ratio (PLR) (ie, sensitivity/(1 - specificity)) of the test
would have to be at least 2.1 (eg, a sensitivity of 50% at a speci-
ficity of 88% or a sensitivity of 70% at a specificity of 83%).
Based on this estimate, the accuracy of the biomarker panel in
this study approaches values that could justify further valida-
tion of the accuracy of the test in the context of lung cancer
screening (overall sensitivity of 49% at a specificity of 96%,
PLR: 12.3; stage I sensitivity of 52% at a specificity of 80%,
PLR: 2.6). In addition, the cost of this test is much lower than
most omics-based testing platforms currently available. Cost is
particularly important to consider when developing a screening
test. The next steps in the development of this panel include
larger clinical validation studies in the intended use population,
tollowed by clinical utility studies if supported by the validation
results. Similarly, one might consider applying this test to help
with the evaluation of indeterminate lung nodules. Although
not directly assessed in this project, accuracies of the biomarker
alone for stage I disease may approximate the accuracy within
a nodule population. Combining the biomarker with clinical
and imaging variables may optimize a nodule risk prediction
tool.

The strengths of this study include a reasonably large num-
ber of samples from a cohort relevant to potential clinical
applications, with samples obtained from more than one source.
The sample sets included a substantial portion of cases with
early-stage disease, and a diverse set of relevant patient comor-
bidities, supporting the robustness of the method. The results
were compared with and were more accurate than clinical pre-
diction, and the combination of the marker results with clinical
features improved the accuracy of both. A weakness of the
study was that there was less information available about the
quality of the training samples and there was less metadata
available for these samples, so exploratory analysis was per-
formed only on the testing set.

This study validates the accuracy of a panel of proteins and
an autoantibody in a population relevant to lung cancer detec-
tion and suggests a benefit to combining clinical features with
the biomarker results.
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