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(57) ABSTRACT 

The present invention provides a method for detecting and 
differentiating disease states With high sensitivity and speci 
?city. The method alloWs for a determination of Whether a 
cell-based sample contains abnormal cells and, for certain 
diseases, is capable of determining the histologic type of 
disease present. The method detects changes in the level and 
pattern of expression of the molecular markers in the cell 
based sample. Panel selection and validation procedures are 
also provided. 
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CELL-BASED DETECTION AND 
DIFFERENTIATION OF DISEASE STATES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to early detection of 
a general disease state in a patient. The present invention 
also relates to discrimination (differentiation) betWeen spe 
ci?c disease states in their early stages. 

[0002] Early detection of a speci?c disease state can 
greatly improve a patient’s chance for survival by permitting 
early diagnosis and early treatment While the disease is still 
localiZed and its pathologic effects limited anatomically and 
physiologically. TWo key evaluative measures of any test or 
disease detection method are its sensitivity (Sensitivity= 
True Positives/(True Positives+False Negatives) and speci 
?city (Speci?city=True Negatives/(False Positives+True 
Negatives), Which measure hoW Well the test performs to 
accurately detect all affected individuals Without exception, 
and Without falsely including individuals Who do not have 
the target disease. Historically, many diagnostic tests have 
been criticiZed due to poor sensitivity and speci?city. 

[0003] Sensitivity is a measure of a test’s ability to detect 
correctly the target disease in an individual being tested. A 
test having poor sensitivity produces a high rate of false 
negatives, i.e., individuals Who have the disease but are 
falsely identi?ed as being free of that particular disease. The 
potential danger of a false negative is that the diseased 
individual Will remain undiagnosed and untreated for some 
period of time, during Which the disease may progress to a 
later stage Wherein treatments, if any, may be less effective. 
An example of a test that has loW sensitivity is a protein 
based blood test for HIV. This type of test exhibits poor 
sensitivity because it fails to detect the presence of the virus 
until the disease is Well established and the virus has invaded 
the bloodstream in substantial numbers. In contrast, an 
example of a test that has high sensitivity is viral-load 
detection using the polymerase chain reaction (PCR). High 
sensitivity is achieved because this type of test can detect 
very small quantities of the virus (see LeWis, D. R. et al. 
“Molecular Diagnostics: The Genomic Bridge BetWeen Old 
and NeW Medicine: A White Paper on the Diagnostic 
Technology and Services Industry” Thomas Weisel Partners, 
Jun. 13, 2001). 

[0004] Speci?city, on the other hand, is a measure of a 
test’s ability to identify accurately patients Who are free of 
the disease state. A test having poor speci?city produces a 
high rate of false positives, i.e., individuals Who are falsely 
identi?ed as having the disease. A draWback of false posi 
tives is that they force patients to undergo unnecessary 
medical procedures treatments With their attendant risks, 
emotional and ?nancial stresses, and Which could have 
adverse effects on the patient’s health. A feature of diseases 
Which makes it dif?cult to develop diagnostic tests With high 
speci?city is that disease mechanisms often involve a plu 
rality of genes and proteins. Additionally, certain proteins 
may be elevated for reasons unrelated to a disease state. An 
example of a test that has high speci?city is a gene-based test 
that can detect a p53 mutation. Ap53 mutation Will never be 
detected unless there are cancer cells present (see LeWis, D. 
R. et al. “Molecular Diagnostics: The Genomic Bridge 
BetWeen Old and NeW Medicine: A White Paper on the 
Diagnostic Technology and Services Industry” Thomas 
Weisel Partners, Jun. 13, 2001). 
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[0005] Cellular markers are naturally occurring molecular 
structures Within cells that can be discovered and used to 
characteriZe or differentiate cells in health and disease. Their 
presence can be detected by probes, invented and developed 
by human beings, Which bind to markers enabling the 
markers to be detected through visualiZation and/or quanti 
?ed using imaging systems. Four classes of cell-based 
marker detection technologies are cytopathology, cytometry, 
cytogenetics and proteomics, Which are identi?ed and 
described beloW. 

[0006] Cytopathology relies upon the visual assessment 
by human experts of cytomorphological changes Within 
stained Whole-cell populations. An example is the cytologi 
cal screening and cytodiagnosis of Papanicolaou-stained 
cervical-vaginal specimens by cytotechnologists and cyto 
pathologists, respectively. Unlike cytogenetics, proteomics 
and cytometry, cytopathology is not a quantitative tool. 
While it is the state-of-the-art in clinical diagnostic cytology, 
it is subjective and the diagnostic results are often not highly 
sensitive or reproducible, especially at early stages of cancer 
(e.g., ASCUS, LSIL). 
[0007] Tests that rely on morphological analyses involve 
observing a sample of a patient’s cells under a microscope 
to identify abnormalities in cell and nuclear shape, siZe, or 
staining behavior. When vieWed through a microscope, 
normal mature epithelial cells appear large and Well differ 
entiated, With condensed nuclei. Cells characteriZed by 
dysplasia, hoWever, may be in a variety of stages of differ 
entiation, With some cells being very immature. Finally, cells 
characteriZed by invasive carcinoma often appear undiffer 
entiated, With very little cytoplasm and relatively large 
nuclei. 

[0008] A draWback to diagnostic tests that rely on mor 
phological analyses is that cell morphology is a lagging 
indicator. Since form folloWs function, often the disease 
state has already progressed to a critical stage by the time the 
disease becomes evident by morphological analysis. The 
initial stages of a disease involve chemical changes at a 
molecular level. Changes that are detectable by vieWing cell 
features under a microscope are not apparent until later 
stages of the disease. Therefore, tests that measure chemical 
changes on a molecular level, referred to as “molecular 
diagnostic” tests, are more likely to provide early detection 
than tests that rely on morphological analyses alone. 

[0009] Cytometry is based upon the ?oW-micro?uoromet 
ric instrumental analysis of ?uorescently stained cells mov 
ing in single ?le in solution (?oW cytometry) or the com 
puter-aided microscope instrumental analysis of stained 
cells deposited onto glass microscope slides (image cytom 
etry). FloW cytometry applications include leukemia and 
lymphoma immunophenotyping. Image cytometry applica 
tions include DNA ploidy, Malignancy-Associated Changes 
(MACs) and S-phase analyses. The How and image cytom 
etry approaches yield quantitative data characteriZing the 
cells in suspension or on a glass microscope slide. FloW and 
image cytometry can produce good marker detection and 
differentiation results depending upon the sensitivity and 
speci?city of the cellular stains and ?oW/image measure 
ment features used. 

[0010] Malignancy-Associated Changes (MACs) have 
been qualitatively observed and reported since the early to 
mid-1900’s (O C Gruner: “Study of the changes met With 
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leukocytes in certain cases of malignant disease” in Brit J 
Surg 3: 506-522, 1916) (H E Neiburgs, F G Zak, D C Allen, 
H Reisman, T Clardy: “Systemic cellular changes in mate 
rial from human and animal tissues” in Transactions, 7th Ann 
Mtg Inter Soc Cytol Council, pp 137-144, 1959). From the 
mid-1900’s through 1975, MACs Were documented in inde 
pendent qualitative histology and cytology studies in buccal 
mucosa and buccal smears (Nieburgs, Finch, KlaWe), 
duodenum (Nieburgs), liver (Elias, Nieburgs), megakaryo 
cytes (Ramsdahl), cervix (Nieburgs, HoWdon), skin (KWi 
tiken), blood and bone marroW (Nieburgs), monocytes and 
leukocytes (van Haas, Matison, Clausen), and lung and 
sputum (MartuZZi and Oppen Toth). Before 1975 these 
qualitative studies reported MAC-based sensitivities for 
speci?c disease detection from 76% to 97% and speci?cities 
from 50% to 90%. In 1975 Oppen Toth reported a sensitivity 
of 76% and speci?city of 81% in a qualitative sputum 
analysis study. 

[0011] Quantitative observations regarding MAC-based 
probe analysis began tWo to three decades ago (H KlaWe, J 
RoWinski: “Malignancy associated changes (MAC) in cells 
of buccal smears detected by means of objective image 
analysis” in Acta Cytol 18: 30-33, 1974) (G L Wied, P H 
Bartels, M Bibbo, J J Sychra: “Cytomorphometric markers 
for uterine cancer in intermediate cells” in Analyt Quant 
Cytol 2: 257-263, 1980) (G Burger, U Jutting, K Roden 
acker: “Changes in benign population in cases of cervical 
cancer and its precursors” in Analyt Quant Cytol 3: 261-271, 
1981). MACs Were documented in independent quantitative 
histology and cytology studies in buccal mucosa and smears 
KlaWe, Burger), cervix (Wied, Burger, Bartels, Vooijs, Rein 
hardt, Rosenthal, Boon, KatZke, Haroske, Zahniser), breast 
(King, Bibbo, Susnik), bladder and prostate (Sherman, Mon 
tironi), colon (Bibbo), lung and sputum (SWank, MacAulay, 
Payne), and nasal mucosa (Reith) studies With MAC-based 
sensitivities from 70% to 89% and speci?cities from 52% to 
100%. Marek and Nakhosteen shoWed (1999, American 
Thoracic Society annual meeting) the results from tWo 
quantitative pulmonary studies shoWing (a) sensitivity of 
89% and speci?city of 92%, and (b) sensitivity of 91% and 
speci?city of 100%. 

[0012] Clearly, Malignancy-Associated Changes (MACs) 
are potentially useful probes that result from the image 
cytometry marker detection technology. MAC-based fea 
tures from DNA-stained nuclei can be used in conjunction 
With other molecular diagnostic probes to create optimiZed 
molecular diagnostic panels for the detection and differen 
tiation of lung cancer and other disease states. 

[0013] Cytogenetics detects speci?c chromosome-based 
intracellular changes using, for example, in situ hybridiZa 
tion (ISH) technology. ISH technology can be based upon 
?uorescence (FISH), multi-color ?uorescence (M-FISH), or 
light-absorption-based chromogenics imaging (CHRISH) 
technologies. The family of ISH technologies uses DNA or 
RNA probes to detect the presence of the complementary 
DNA sequence in cloned bacterial or cultured eukaryotic 
cells. FISH technology can, for example, be used for the 
detection of genetic abnormalities associated With certain 
cancers. Examples include probes for Trisomy 8 and HER-2 
neu. Other technologies such as polymerase chain reactions 
(PCR) can be used to detect B-cell and T-cell gene rear 
rangements. Cytogenetics is a highly speci?c marker detec 
tion technology since it detects the causative or “trigger” 
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molecular event producing a pathology condition. It may be 
less sensitive than the other marker detection technologies 
because feWer events may be present to detect. In situ 
hybridiZation (ISH) is a molecular diagnostic method uses 
gene-based analyses to detect abnormalities on the genetic 
level such as mutations, chromosome errors or genetic 
material inserted by a speci?c pathogen. For example, in situ 
hybridiZation may involve measuring the level of a speci?c 
mRNA by treating a sample of a patient’s cells With labeled 
primers designed to hybridiZe to the speci?c mRNA, Wash 
ing aWay unbound primers and measuring the signal of the 
label. Due to the uniqueness of gene sequences, a test 
involving the detection of gene sequences Will likely have a 
high speci?city, yielding very feW false positives. HoWever, 
because the amount of genetic material in a sample of cells 
may be very loW, only a very Weak signal may be obtained. 
Therefore, in situ hybridiZation tests that do not employ 
pre-ampli?cation techniques Will likely have a poor speci 
?city, yielding many false negatives. 

[0014] Proteomics depends upon cell characteriZation and 
differentiation resulting from the over-expression, under 
expression, or presence/absence of unique or speci?c pro 
teins in populations of normal or abnormal cell types. 
Proteomics includes not only the identi?cation and quanti 
?cation of proteins, but also the determination of their 
localiZation, modi?cations, interactions, chemical activities, 
and cellular/extracellular functions. Immunochemistry 
(immunocytochemistry in cells and immunohistochemistry 
(IHC) in tissues) is the technology used, either qualitatively 
or quantitatively (QIHC) to stain antigens (i.e., proteomes) 
using antibodies. Immunostaining procedures use a dye as 
the detection indicator. Examples of IHC applications 
include analyses for ER (estrogen receptor), PR progester 
one receptor), p53 tumor suppressor genes, and EGRF 
prognostic markers. Proteomics is typically a more sensitive 
marker detection technology than cytogenetics because 
there are often orders of magnitude more protein molecules 
to detect using proteomics than there are cytogenetic muta 
tions or gene-sequence alterations to detect using cytoge 
netics. HoWever, proteomics may have a poorer speci?city 
than the cytogenetic marker detection technology since 
multiple pathologies may result in similar changes in protein 
over-expression or under-expression. Immunochemistry 
involves histological or cytological localiZation of immu 
noreactive substances in tissue sections or cell preparations, 
respectively, often utiliZing labeled antibodies as probe 
reagents. Immunochemistry can be used to measure the 
concentration of a disease marker (speci?c protein) in a 
sample of cells by treating the cells With an agent such as a 
labeled antibody (probe) that is speci?c for an epitope on the 
disease marker, then Washing aWay unbound antibodies and 
measuring the signal of the label. Immunochemistry is based 
on the property that cancer cells possess different levels of 
certain disease markers than do healthy cells. The concen 
tration of a disease marker in a cancer cell is generally large 
enough to produce a large signal. Therefore, tests that rely 
on immunochemistry Will likely have a high sensitivity, 
yielding feW false negatives. HoWever, because other factors 
in addition to the disease state may cause the concentration 
of a disease marker to become raised or loWered, tests that 
rely on immunochemical analysis of a speci?c disease 
marker Will likely have poor speci?city, yielding a high rate 
of false positives. 



US 2003/0199685 A1 

[0015] The present invention provides a noninvasive dis 
ease state detection and discrimination method With both 
high sensitivity and high speci?city. The method involves 
contacting a cytological sample suspected of containing 
diseased cells With a panel of probes comprising a plurality 
of agents, each of Which quantitatively binds to a speci?c 
disease marker, and detecting and analyZing the pattern of 
binding of the probe agents. The present invention also 
provides methods of constructing and validating a panel of 
probes for detecting a speci?c disease (or group of diseases) 
and discriminating among its various disease states. Illus 
trative panels for detecting lung cancer and discriminating 
among different types of lung cancer are also provided. 

[0016] A human disease results from the failure of the 
human organism’s adaptive mechanisms to neutraliZe exter 
nal or internal insults Which result in abnormal structures or 
functions Within the body’s cells, tissues, organs or systems. 
Diseases can be grouped by shared mechanisms of causation 
as illustrated beloW, in Table 1. 

TABLE 1 

Classes of Diseases Examples of Disease States 

Allergy Adverse reactions to foods and plants 
Cardiovascular Heart failure, atherosclerosis 

Degenerative (neurological and Alzheimer’s and Parkinson’s 
muscular) 

Diet Non-nutritional substances and 
excess/imbalanced nutrition 

Hereditary Sickle cell anemia, cystic ?brosis 
Immune HIV and autoimmune 
Infection Viral, bacterial, fungal, parasitic 
Metabolic Diabetes 

Molecular and cell biology 
Toxic insults 

Cancer (neoplasia) 
Alcohol, drugs, environmental 
mutagens and carcinogens 

Trauma Bodily injury from automobile collision 

[0017] Disease states are either caused by or result in 
abnormal changes (i.e., pathological conditions) at a sub 
cellular, cellular, tissue, organ, or human anatomic or physi 
ological system level. Many disease states (e.g., lung cancer) 
are characteriZed by abnormal changes at a subcellular or 
cellular level. Specimens (e.g., cervical PAP smears, voided 
urine, blood, sputum, colonic Washings) can be collected 
from patients With suspected disease states to diagnose those 
patients for the presence and type of the disease state. 
Molecular pathology is the discipline that attempts to iden 
tify and diagnostically exploit the molecular changes asso 
ciated With these cell-based diseases. 

[0018] Lung cancer is an illustrative example of a disease 
state in Which screening of high1 risk populations and at-risk 
individuals can be performed using diagnostic tests (e.g., 
molecular diagnostic panel assays) to detect the presence of 
the disease state . Also, for patients in Which lung cancer or 
other disease states have been detected by these means, 
related diagnostic tests can be employed to differentiate the 
speci?c disease state from related or co-occurring disease 
states. For example, in this lung cancer illustration, addi 
tional molecular diagnostic panel assays may indicate the 
probabilities that the patient’s disease state is consistent With 
one of the folloWing types of lung cancer: (a) squamous cell 
carcinoma of the lung, (b) adenocarcinoma of the lung, (c) 
large cell carcinoma of the lung, (d) small cell carcinoma of 
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the lung, or (e) mesothelioma. Early detection and differen 
tiation of cell-based disease states is a hypothesiZed means 
to improve patient outcomes. 

[0019] Cancer is a neoplastic disease the natural course of 
Which is fatal. Cancer cells, unlike benign tumor cells, 
exhibit the properties of invasion and metastasis and are 
highly anaplastic. Cancer includes the tWo broad categories 
of carcinoma and sarcoma, but in normal usage it is often 
used synonymously With carcinoma. According to the World 
Health OrganiZation (WHO), cancer affects more than 10 
million people each year and is responsible for in excess of 
6.2 million deaths. 

[0020] Cancer is, in reality, a heterogeneous collection of 
diseases that can occur in virtually any tart of the body. As 
a result, different treatments are not equally effective in all 
cancers or even among the stages of a speci?c type of cancer. 
Advances in diagnostics (e.g., mammography, cervical 
cytology, and serum PSA testing) have, in some cases, 
alloWed for the detection of early-stage cancer When there 
are a greater number of treatment options, and therapies tend 
to be more effective. In cases Where a solid tumor is small 

and localiZed, surgery alone may be suf?cient to produce a 
cure. HoWever, in cases Where the tumor has spread, surgery 
may provide, at best, only limited bene?ts. In such cases the 
addition of chemotherapy and/or radiation therapy may be 
used to treat metastatic disease. While someWhat effective in 
prolonging life, treatment of patients With metastatic disease 
rarely produces a cure. Even through there may be an initial 
response, With time the disease progresses and the patient 
ultimately dies from its effects and/or from the toxic effects 
of the treatments. 

[0021] While not proven, it is generally accepted that early 
detection and treatment Will reduce the morbidity, mortality 
and cost of cancer. Early detection Will, in many cases, 
permit treatment to be initiated prior to metastasis. Further 
more, because there are a greater number of treatment 
options, there is a higher probability of achieving a cure or 
signi?cant improvement in long-term survival. 

[0022] Developing a test that can be used to screen an 
“at-risk” population has long been a goal of health practi 
tioners. While there have been some successes such as 

mammography for breast cancer, PSA testing for prostate 
cancer, and the PAP smear for cervical cancer, in most cases 
cancer is detected at a relatively late stage Where the patient 
is symptomatic and the disease is almost alWays fatal. For 
most cancers, no test or combination of tests has exhibited 
the necessary sensitivity and speci?city to permit cost 
effective identi?cation of patients With early stage disease. 

[0023] For a cancer screening program to be successful 
and gain acceptance by patients, physicians, and third party 
payers, the test must have implied bene?t (changes the 
outcome), be Widely available and be able to be carried out 
readily Within the frameWork of general healthcare. The test 
should be relatively noninvasive, leading to adequate com 
pliance, have high sensitivity, and reasonable speci?city and 
predictive value. In addition, the test must be available at 
relatively loW cost. 

[0024] For patients Who are suspected of having cancer, 
the diagnosis must be con?rmed and the tumor properly 
staged cytologically and clinically in order for physicians to 
undertake appropriate therapeutic intervention. Some tests 
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currently being used in the diagnosis and staging of cancer, 
however, either lack sufficient sensitivity or speci?city, are 
too invasive, or are too costly to justify their use as a 
population-based screening test. ShoWn below in Tables 2 
and 3, for example, are estimates of sensitivity and speci 
?city of lung cancer diagnostics and estimated costs for 
diagnostic tests used to detect lung cancer. 

TABLE 2 

ESTIMATES OF SENSITIVITY AND SPECIFICITY 
OF LUNG CANCER DIAGNOSTICS [1] 

DIAGNOSTIC TEST SENSITIVITY (%) SPECIFICITY (%) 

Conventional Sputum 51.0 100.0 
Cytology 
Chest X-ray 16-85 * 90-95 
White Light Bronchoscopy 48.0-80.0 91.1-96.8 
LIFE Bronchoscopy 72.0 86.7 
Computed Tomography 63.0-99.9 8.0-61 
PET Scan 88.0-92.5 83.0-93.0 

*Dependent upon the stage of the disease at the time of diagnosis 

[0025] 

TABLE 3 

ESTIMATED COSTS FOR DIAGNOSTIC 
TESTS USED IN LUNG CANCER [1] 

DIAGNOSTIC TEST COST (SS) 

Sputum Cytology 90 
Chest X-ray 44 
Bronchoscopy 725 
Computed Tomography 378 
PET Scan 800-3000 

Open Biopsy 12,847—14,121 

[0026] The chest radiograph (X-ray) is often used to detect 
and localiZe cancer lesions due to its reasonable sensitivity, 
high speci?city and loW cost. HoWever, small lesions are 
often dif?cult to detect and although larger tumors are 
relatively easy to visualiZe on a chest ?lm, at the time of 
detection most have already metastasiZed. Thus, chest 
X-rays lack the necessary sensitivity for use as an early 
detection method. 

[0027] Computed tomography (CT) is useful in the con 
?rmation and characteriZation of pulmonary nodules and 
alloWs the detection of subtle abnormalities that are often 
missed on a standard chest X-ray CT, and Spiral CT 
methods in particular, remains the test of choice for patients 
Who present With a prior malignant sputum cytology result 
or vocal chord paralysis. CT, With its improved sensitivity 
over the conventional chest ?lm, has become the primary 
tool for imaging the central airWay While capable of 
examining large areas, CT is subject to artifacts from cardiac 
and respiratory motion although improved resolution can be 
achieved through the use of iodinated contrast material. 

[0028] Spiral CT is a more rapid and sensitive form of CT 
that has the potential to detect early cancer lesions more 
reliably than either conventional CT or X-ray. Spiral CT 
appears to have greatly improved sensitivity in diagnosing 
early disease. HoWever, the test has relatively loW speci?city 
With a 20% false positive rate Spiral CT is also less 
sensitive in detecting the central lesions that represent 
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one-third of all lung cancers. Furthermore, While the cost of 
the initial test is relatively loW ($300), the cost of folloW-up 
can be high. Cytology using molecular diagnostic panel 
assays offers signi?cant promise as an adjunctive test With 
Spiral CT to improve the speci?city of Spiral CT testing by 
minimiZing false positive results through the evaluation of 
?ne needle aspirations (FNAs) or biopsies (FNBs) from 
Spiral CT-suspicious pulmonary nodules. 

[0029] Fluorescence bronchoscopy provides increased 
sensitivity over conventional White light bronchoscopy, sig 
ni?cantly improving the detection of small lesions Within the 
central airWay HoWever, ?uorescence bronchoscopy is 
unable to detect peripheral lesions, it takes a long time for 
bronchoscopists to examine a patient’s airWays, and it is an 
expensive procedure. Additionally, the procedure is moder 
ately invasive, creating an insurmountable barrier to its use 
as a population-based screening test. 

[0030] Positron Emission Tomography (PET) is a highly 
sensitive test that utiliZes radioactive glucose to identify the 
presence of cancer cells Within the lung [6-8]. The cost of 
establishing a testing facility is high and there is the need for 
a cyclotron on site or nearby. This, coupled With the high 
cost of the test, has limited the use of PET scans to staging 
lung cancer patients rather than for early detection of the 
disease. 

[0031] Although used for some time as a means of screen 
ing for lung cancer, sputum cytology has enjoyed only 
limited success due to its loW sensitivity and its failure to 
reduce disease-speci?c mortality. In conventional sputum 
cytology, the pathologist uses characteristic changes in cel 
lular morphology to identify malignant cells and make a 
diagnosis of cancer. Today only 15% of patients Who are 
“at-risk” or Who are suspected of having lung cancer 
undergo sputum cytology testing, and less than 5% undergo 
multiple evaluations A number of factors including 
tumor siZe, location, degree of differentiation, cell clumping, 
inef?ciency of clearing mechanisms to release cells and 
sputum to the external environment, and the poor stability of 
cells Within the sputum contribute to the overall poor 
performance of the test. 

[0032] Cancer diagnostics has traditionally relied upon the 
detection of single molecular markers. Unfortunately, cancer 
is a disease state in Which single markers have typically 
failed to detect or differentiate many forms of the disease. 
Thus, probes that recogniZe only a single marker have been 
shoWn to be largely ineffective. Exhaustive searches for 
“magic bullet” diagnostic tests have been underWay for 
many decades though no universal successful magic bullet 
probes have been found to date. 

[0033] A major premise of this invention is that cell-based 
cancer diagnostics and the screening, diagnosis for, and 
therapeutic monitoring of other disease states Will be sig 
ni?cantly improved over the state-of-the-art that uses single 
marker/probe analyses rather than kits of multiple, simula 
neously labeled probes. This multiplexed analytical 
approach is particularly Well suited for cancer diagnostics 
since cancer is not a single disease. Furthermore, this 
multi-factorial “panel” approach is consistent With the het 
erogeneous nature of cancer, both cytologically and clini 
cally. 
[0034] Key to the successful implementation of a panel 
approach to cell-based diagnostic tests is the design and 
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development of optimized panels of probes that can chemi 
cally recognize the pattern of markers that characterizes and 
distinguishes a variety of disease states. This patent appli 
cation describes an efficient and unique methodology to 
design and develop such novel and optimized panels. 

[0035] Improved methods for specimen collection (e.g., 
point-of-care mixers for sputum cytology) and preparation 
(e.g., neW cytology preservation and transportation ?uids, 
and liquid-based cytology preparation instruments) are 
under development and becoming commercially available. 
In conjunction With existing and these emerging methods, a 
successful implementation of this molecular diagnostics 
cell-based panel assay Will lead to (a) characterization of the 
molecular pro?le of malignant tumors and other disease 
states, (b) improved methods for early cancer and other 
disease state detection and differentiation, and (c) opportu 
nities for improved clinical diagnoses, prognoses, custom 
ized patient treatments, and therapeutic monitoring. 

SUMMARY OF THE INVENTION 

[0036] The present invention is directed to a panel for 
detecting a generic disease state or discriminating betWeen 
speci?c disease states using cell-based diagnosis. The panel 
comprises a plurality of probes each of Which speci?cally 
binds to a marker associated With a generic or speci?c 
disease state, Wherein the pattern of binding of the compo 
nent probes of the panel to cells in a cytology specimen is 
diagnostic of the presence or speci?c nature of said disease 
state. The present invention is also directed to a method of 
forming a panel for detecting a disease state or discriminat 
ing betWeen disease states in a patient using cell-based 
diagnosis. The method involves determining the sensitivity 
and speci?city of binding of probes each of Which speci? 
cally binds to a member of a library of markers associated 
With a disease state and selecting a limited plurality of said 
probes Whose pattern of binding is diagnostic for the pres 
ence or speci?c nature of said disease state. The present 
method is also directed to a method of detecting a disease or 
discriminating betWeen disease states comprising . The 
method involves contacting a cytological sample suspected 
of containing abnormal cells characteristic of a disease state 
With a panel according to claim 1 and detecting a pattern of 
binding of said probes that is diagnostic for the presence or 
speci?c nature of said disease state. 

BRIEF DESCRIPTION OF THE FIGURES 

[0037] FIG. 1. Molecular markers that are preferable 
markers to be included in a panel for identifying different 
histologic types of lung cancer. The column labeled “%” 
indicates the percentage of tumor specimens that express a 
particular marker. 

[0038] FIG. 2. Potential Ways in Which different markers 
may be used to discriminate betWeen speci?c types of lung 
cancer. SQ indicates squamous cell carcinoma, AD indicates 
adenocarcinoma, LC indicates large cell carcinoma, SC 
indicates small cell carcinoma and ME indicates mesothe 
lioma. The numbers appearing in each cell represent fre 
quency of marker change in one cell type versus another. To 
be included in the table, the ratio must be greater than 2.0 or 
less than 0.5. A number larger than 100 generally indicates 
that the second marker is not expressed. In such cases the 
denominator Was set at 0.1 for the purpose of the analysis. 
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Finally, empty cells represent either no difference in expres 
sion or the absence of expression data. 

[0039] FIG. 3. Comparisons betWeen H-scores for probes 
7 and 15 in control tissue and in cancerous tissue. The x-axis 
shoWs the H-scores While the y-axis shoWs the percent of 
cases. 

[0040] FIG. 4. Correlation matrix, in Which correlation 
measures the amount of linear association betWeen a pair of 
variables. All markers in this matrix With a correlation 
number of 50% or higher are considered correlate markers. 

[0041] FIG. 5. Detection panel compositions, pair-Wise 
discrimination panel compositions and joint discrimination 
panel compositions. Panel compositions using decision tree 
analysis, stepWise LR and stepWise LD are shoWn. 

[0042] FIG. 6. Detection panel compositions Wherein 
probe 7 Was not included as a probe. Panel compositions 
using decision tree analysis, stepWise LR and stepWise LD 
are shoWn. 

[0043] FIG. 7. Detection panel compositions using only 
commercially preferred probes. Panel compositions using 
decision tree analysis, stepWise LR and stepWise LD are 
shoWn. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] 1. Introduction 

[0045] The present invention provides a noninvasive dis 
ease state detection and discrimination method With high 
sensitivity and speci?city. The method involves contacting a 
cytological sample suspected of containing diseased cells 
With a panel comprising a plurality of agents, each of Which 
quantitatively binds to a disease marker, and detecting a 
pattern of binding of the agents. This pattern includes the 
localization and density/concentration of binding of the 
component probes of the panel. The present invention also 
provides methods of making a panel for detecting a disease 
and also for discriminating betWeen disease states as Well as 
panels for detecting lung cancer in early stages and discrimi 
nating betWeen different types of lung cancer. Panel tests 
have been used in medicine. For example, panels are used in 
blood serum analysis. HoWever, because a cytology analysis 
involves imaging and localization of speci?c markers Within 
individual cells and tissues, prior to the present invention it 
Was not apparent that the panel approach Would be effective 
for cytology samples. Additionally, it Was not apparent 
Which, if any statistical analyses could be applied to design 
and develop an optimized cell-based diagnostic panel of 
probes. 

[0046] One of the feW examples of a cytology-based 
screening program is the PAP Smear, Which screens for 
cervical cancer. For over 50 years this method has been 
practiced and has greatly contributed to the fact that today, 
almost no Woman Who has regular PAP smears dies of 
cervical cancer. There are drawbacks, hoWever, to the PAP 
smear screening program. For example, PAP smears are 
labor intensive and are not universally accessible. The 
present molecular diagnostic cell-based screening method 
utilizing probe panels does not suffer from these draWbacks. 
The method may be fully automated and thereby made less 
expensive, increasing access to this type of testing. 
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[0047] The present invention provides a method, having 
both high speci?city and high sensitivity, for detecting a 
disease state and for discriminating betWeen disease states. 
The invention is applicable to any cell-based disease state, 
such as cancer and infectious diseases. 

[0048] The panel is diagnostic of the presence or speci?c 
nature of the disease state. The present invention overcomes 
the limitations and drawbacks of knoWn disease state detec 
tion methods by enabling quick, accurate, relatively nonin 
vasive and easy detection and discrimination of diseased 
cells in a cytological sample While keeping costs loW. 

[0049] A feature of the inventive method for making a 
panel of the present invention is the rapidity With Which the 
panel may be developed. 

[0050] There are several bene?ts to using a panel of agents 
in a method for detecting a disease state, and for discrimi 
nating betWeen types of disease states. One bene?t is that a 
panel of agents has suf?cient redundancy to permit detection 
and characteriZation of disease states thereby increasing the 
sensitivity and speci?city of the test. Given the heteroge 
neous nature of many disease states, no single agent is 
capable of identifying the vast majority of cases. 

[0051] An additional bene?t to using a panel is that use of 
a panel permits discrimination betWeen the various types of 
a disease state based on speci?c patterns (probe localiZation 
and density/concentration) of expression. As the various 
types of a disease may exhibit dramatic differences in their 
rate of progression, response to therapy, and lethality, 
knoWledge of the speci?c type can help physicians choose 
the optimal therapeutic approach. 

[0052] 2. The Panel 

[0053] The panel of the present invention comprises a 
plurality of agents, each of Which quantitatively binds to a 
disease marker, Wherein the pattern (localiZation and den 
sity/concentration) of binding of the component agents of 
the panel is diagnostic of the presence or speci?c nature of 
a disease state. Therefore, the panel may be a detection panel 
or a discrimination panel. Adetection panel detects Whether 
a generic disease state is present in a sample of cells, While 
a discrimination panel discriminates among different spe 
ci?c disease states in a sample of cells knoWn to be affected 
by a disease state Which comprises different types of dis 
eases. The difference betWeen a detection panel and a 
discrimination panel lies in the speci?c agents that the 
panels comprise. A detection panel comprises agents having 
a pattern of binding that is diagnostic of the presence of a 
disease state, While a discrimination panel comprises agents 
having a pattern of binding that alloWs for determining the 
speci?c nature (i.e., each type) of the disease state. 

[0054] A panel, by de?nition, contains more than one 
member. There are several reasons Why it is bene?cial to use 
a panel of markers rather than just one marker alone to detect 
a generic disease state or to discriminate among speci?c 
disease states. One reason is the unlikely existence of a 
probe for one single marker, that is present in all diseased 
cells yet not present in healthy cells, Whose behavior can be 
measured With a high speci?city and sensitivity to yeild an 
accurate test result. If such a single probe existed for 
detection of a particular disease With high sensitivity and 
speci?city, it Would already have been utiliZed for clinical 
testing. Rather, it is the directed selection of panel tests, each 
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consisting of multiple probes, that together can provide the 
range of detection capability to ensure clinically adequate 
testing. 

[0055] If one nevertheless chooses to construct a panel test 
comprising one or a very feW probes, then the failure of any 
single marker/probe combination to perform its labeling 
function for any reason (for example, diminished reactivity 
of the specimen cells due to biological variability; inherent 
variability betWeen lots of probe reagents; a Weak, outdated 
or defective processing reagent; improper processing time or 
conditions for that probe) could result in a catastrophic 
failure of the test to detect or discriminate the target disease. 
The inclusion of multiple, and even redundant probes in 
each panel test greatly enhances the probability that a failure 
of any one probe Will not cause a catastrophic failure of the 
test. 

[0056] A probe is any molecular structure or substructure 
that binds to a disease marker. The term “agent” as used 
herein, may also refer to a molecular structure or substruc 
ture that binds to a disease marker. Molecular probes are 
homing devices used by biologists and clinicians to detect 
and locate markers indicative of the speci?c disease states. 
For example, antibodies may be produced that bind speci? 
cally to a protein previously identi?ed as a marker for small 
cell lung cancer. This antibody probe can then be used to 
localiZe the target protein marker in cells and tissues of 
patients suspected of having the disease by using appropriate 
immunochemical protocols and incubations. If the antibody 
probe binds to its target marker in a stoichiometric (i.e., 
quantitative) fashion and is labeled With a chromogenic or 
colored “tag”, then localiZation and quantitation of the probe 
and, indirectly, its target marker may be accomplished using 
an optical microscope and image cytometry technology. 

[0057] The present invention contemplates detecting 
changes in molecular marker expression at the DNA, RNA 
or protein level using any of a number of methods available 
to an ordinary skilled artisan. Exemplary probes may be a 
polyclonal or monoclonal antibody or fragment thereof or a 
nucleic acid sequences that is complementary to the nucleic 
acid sequence encoding a molecular marker in the panel. A 
probe may also be a stain, such as a DNA stain. Many of the 
antibodies used in the present invention are speci?c to a 
variety of cell surface or intracellular antigens as marker 
substances. The antibodies may be synthesiZed using tech 
niques generally knoWn to those of skill in the art. For 
example, after the initial raising of antibodies to the marker, 
the antibodies can be sequenced and subsequently prepared 
by recombinant techniques. Alternatively, antibodies may be 
purchased. 

[0058] In embodiments of the present invention, the probe 
contains a label. Aprobe containing a label is often referred 
to herein as a “labeled probe”. The label may be any 
substance that can be attached to a probe so that When the 
probe binds to the marker a signal is emitted or the labeled 
probe can be detected by a human observer or an analytical 
instrument. This label may also be referred to as a “tag”. The 
label may be visualiZed using reader instrumentation. The 
term “reader instrumentation” refers to the analytical equip 
ment used to detect a probe. Labels envisioned by the 
present invention are any labels that emit a signal and alloW 
for identi?cation of a component in a sample. Preferred 
labels include radioactive, ?uorogenic, chromogenic or 
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enzymatic moieties. Therefore, possible methods of detec 
tion include, but are not limited to, immunocytochemistry, 
immunohistochemistry, in situ hybridization, ?uorescent in 
situ hybridization, ?oW cytometry and image cytometry. The 
signal generated by the labeled probe is of suf?cient inten 
sity to permit detection by a medical practitioner. 

[0059] A “marker”, “disease marker” or “molecular 
marker” is any molecular structure or substructure that is 
correlated With a disease state or pathogen. The term “anti 
gen” may be used interchangeably With “marker”. Broadly 
de?ned, a marker is a biological indicator that may be 
deliberately used by an observer or instrument to reveal, 
detect, or measure the presence or frequency and/or amount 
of a speci?c condition, event or substance. For example, a 
speci?c and unique sequence of nucleotide bases may be 
used as a genetic marker to track patterns of genetic inher 
itance among individuals and through families. Similarly, 
molecular markers are speci?c molecules, such as proteins 
or protein fragments, Whose presence Within a cell or tissue 
indicates a particular disease state. For example, proliferat 
ing cancer cells may express novel cell-surface proteins not 
found on normal cells of the same type, or may over-express 
speci?c secretory proteins Whose increased or decreased 
abundance (e.g., overexpression or underexpression, respec 
tively) can serve as markers for a particular disease state. 

[0060] Suitable markers for cytology panels are sub 
stances that are localiZed in or on the nucleus, cytoplasm or 
cell membrane. Markers may also be localiZed in organelles 
located in any of these locations in the cell. Exemplary 
markers localiZed in the nucleus include but are not limited 
to retinoblastoma gene product (Rb), Cyclin A, nucleoside 
diphosphate kinase/mn23, telomerase, Ki-67, Cyclin D1, 
proliferating cell nuclear antigen (PCNA), p120 (prolifera 
tion-associated nucleolar antigen) and thyroid transcription 
factor 1 (TTF-1). Exemplary markers localiZed in the cyto 
plasm include but are not limited to VEGF, surfactant 
apoprotein A(SP-A), nucleoside nm23, melanoma antigen-1 
(MAGE-1), Mucin 1, surfactant apoprotein B (SP-B), ER 
related protein p29 and melanoma antigen-3 (MAGE-3). 
Exemplary markers localiZed in the cell membrane include 
but are not limited to VEGF, thrombomodulin, CD44v6, 
E-Cadherin, Mucin 1, human epithelial related antigen 
(HERA), ?broblast groWth factor (FGF), heptocyte groWth 
factor receptor (C-MET), BCL-2, N-Cadherin, epidermal 
groWth factor receptor (EGFR) and glucose transporter-3 
(GLUT-3). An example of a marker located in an organelle 
of the cytoplasm is BCL-2, located (in part) in the mito 
chondrial membrane. An example of a marker located in an 
organelle of the nucleus is p120 (proliferating-associated 
nucleolar antigen), located in the nucleoli. 

[0061] Preferred are markers Where changes in expres 
sion: occur early in disease progression, are exhibited by a 
majority of diseased cells, alloW for detection of in excess of 
75% of a given disease type, most preferably in excess of 
90% of a given disease type and/or alloW for the discrimi 
nation betWeen the nature of different types of a disease 
state. 

[0062] It is noted that the inventive panel may be referred 
to as a panel of probes or a panel of markers, since the probes 
bind to the markers. Therefore, the panel may comprise a 
number of markers or it may comprise a number of probes 
that bind to speci?c markers. For the sake of consistency, the 
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present panel is referred to as a panel of probes; hoWever, it 
could also be referred to as a panel of markers. 

[0063] Markers can also include features such as malig 
nancy-associated changes (MACs) in the cell nucleus or 
features related to the patient’s family history of cancer. 
Malignancy-associated changes, or MACs, are typically 
sub-visual changes that occur in normal-appearing cells 
located in the vicinity of cancer cells. These exceedingly 
subtle changes in the cell nucleus may result biologically 
from changes in the nuclear matrix and the chromatin 
distribution pattern. They cannot be appreciated even by 
trained observers through the visual observation of indi 
vidual cells, but may be determined from statistical analysis 
of cell populations using highly automated, computeriZed 
high-speed image cytometry. Techniques for detection of 
MACs are Well knoWn to those of skill in the art and are 
described in more detail in: Gruner, O. C. Brit J. Surg. 3 
506-522 (1916); Neiburgs, H. E. et al., Transaction, 7th 
Annual Mtg. Inter Soc. Cytol. Council 137-144 (1959); 
KlaWe, H. Acta. Cytol. 18 30-33 (1974); Wied, G. L., et al., 
Analty. Quant. Cytol. 2 257-263 (1980); and Burger, G., et 
al.,Analyt. Quant. Cytol. 3 261-271 (1981). 

[0064] The present invention encompasses any marker 
that is correlated With a disease state. The individual markers 
themselves are mere tools of the present invention. There 
fore, the invention is not limited to speci?c markers. One 
Way to classify markers is by their functional relationship to 
other molecules. As used herein, a “functionally related” 
marker is a component of the same biological process or 
pathWay as the marker in question and Would be knoWn by 
a person of skill in the art to be abnormally expressed 
together With the marker in question. For example, many 
markers are associated With a cell proliferation pathWay, 
such as ?brobast groWth factor (FGF), (vascular endothelial 
groWth factor) VEGF, CyclinA and Cyclin D1. Other mark 
ers are glucose transporters, such as Glut-1 and Glut-3. 

[0065] A person of ordinary skill in the art is Well 
equipped to determine a functionally related marker and 
may research various markers or perform experiments in 
Which the functional behavior of a marker is determined. By 
Way of non-limiting example, a marker may be classi?ed as 
a molecule involved in angiogenesis, a transmembrane 
glycoprotein, a cell surface glycoprotein, a pulmonary sur 
factant protein, a nuclear DNA-binding phosphoprotein, a 
transmembrane Ca2+ dependent cell adhesion molecule, a 
regulatory subunit of the cyclin-dependent kinases (CDK’ s), 
a nucleoside diphosphate kinase, a ribonucleoprotein 
enZyme, a nuclear protein that is expressed in proliferating 
normal and neoplastic cells, a cofactor for DNA polymerase 
delta, a gene that is silent in normal tissues yet When it is 
expressed in malignant neoplasms is recogniZed by autolo 
gous, tumor-directed and speci?c cytotoxic T cells (CTL’s), 
a glycosylated secretory protein, the gastrointestinal tract or 
genitourinary tract, a hydrophobic protein of a pulmonary 
surfactant, a transmembrane glycoprotein, a molecule 
involved in proliferation, differentiation and angiogenesis, a 
proto-oncogene, a homeodomain transcription factor, a 
mitochondrial membrane protein, a molecule found in 
nucleoli of a rapidly proliferating cell, a glucose transporter, 
or an estrogen-related heat shock protein. 

[0066] Classes of biomarkers and probes include, but are 
not limited to: (a) morphologic biomarkers, including DNA 
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ploidy, MACs and premalignant lesions; (b) genetic biom 
arkers including DNA adducts, DNA mutations and apop 
totic indices; (c) cell cycle biomarkers including cellular 
proliferation, differentiation, regulatory molecules and apo 
ptosis markers, and; (d) molecular and biochemical biom 
arkers including oncogenes, tumor suppressor genes, tumor 
antigens, groWth factors and receptors, enZymes, proteins, 
prostaglandin levels and adhesion molecules. 

[0067] A“disease state” may be any cell-based disease. In 
some embodiments the disease state is cancer. In other 
embodiments, the disease state is an infectious disease. The 
cancer may be any cancer, including, but not limited to 
epithelial cell-based cancers from the pulmonary, urinary, 
gastrointestinal, and genital tracts; solid and/or secretory 
tumor-based cancers, such as sarcomas, breast cancer, can 
cer of the pancreas, cancer of the liver, cancer of the kidneys, 
cancer of the thyroid, and cancer of the prostate; and 
blood-based cancers, such as leukemias and lymphomas. 
Exemplary cancers Which may be detected by the present 
invention are lung, bladder, gastrointestinal, cervical, breast 
or prostate cancer. Exemplary infectious diseases Which may 
be detected are cell-based sieases in Which the infectious 
organism is a virus, bacteria, protoZoan, parasite, or fungus. 
The infectious disease, for example, may be HIV, hepatitis, 
in?uenza, meningitis, mononucleosis, tuberculosis and 
sexually transmitted diseases (STDs), such as chlamydia, 
trichomonas, gonorrhea, herpes and syphilis. 

[0068] As used herein, the term “generic disease state” 
refers to a disease Which comprises several types of speci?c 
diseases, such as lung cancer, sexually transmitted diseases 
and immune-based diseases. Speci?c disease states are also 
referred to as histologic types of diseases. For example, the 
term “lung cancer” comprises several speci?c diseases, 
among Which are squamous cell carcinoma, adenocarci 
noma, large cell carcinoma, small cell lung cancer and 
mesothelioma. The term “sexually transmitted diseases” 
comprises several speci?c diseases, among Which are Gon 
orrhea, Human Papilloma Virus (HPV), herpes and Syphilis. 
The term “immune-based diseases” comprises several spe 
ci?c diseases, such as systemic lupus erythematosus 
(Lupus), rheumatoid arthritis and pernicious anemia. 

[0069] As used herein, the term “high-risk population” 
refers to a group of individuals Who are exposed to disease 
causing agents, e.g., carcinogens, either at home or in the 
Workplace (i.e., a “high risk population” for lung cancer 
might be exposed to smoking, passive smoking and occu 
pational exposure). Individuals in a “high-risk population” 
may also have a genetic predisposition. 

[0070] The term “at-risk” refers to individuals Who are 
asymptotic but, because of a family history or signi?cant 
exposure are at a signi?cant risk of developing a disease 
state (i.e., an individual at risk for lung cancer With a >30 
pack-year history of smoking; “pack-year” is a measurement 
unit computed by multiplying the number of packs smoked 
per day, times the number of years for this exposure). 

[0071] Cancer is a disease in Which cells divide Without 
control due to, for example, altered gene expression. In the 
methods and panels of the present invention, the cancer may 
be any malignant groWth in any organ. For example, the 
cancer may be lung, bladder, gastrointestinal, cervical, 
breast or prostate cancer. Each cancer may comprise a 
collection of diseases or histological types of cancer. The 
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term “histologic type” refers to cancers of different histol 
ogy. Depending on the cancer there can be one or several 

histologic types. For example, lung cancer includes, but is 
not limited to, squamous cell carcinoma, adenocarcinoma, 
large cell carcinoma, small cell carcinoma and mesothe 
lioma. Knowledge of the histologic type of cancer affecting 
a patient is very useful because it helps the medical practi 
tioner to localiZe and characteriZe the disease and to deter 
mine the optimal treatment strategy. 

[0072] Infectious diseases include cell-based diseases in 
Which the infectious organism is a virus, bacteria, protoZoan, 
parasite or fungus. 

[0073] Exemplary detection and discrimination panels are 
panels that detect lung cancer, a general disease state, and 
panels that discriminate a single lung cancer type, speci?c 
disease state, against all other types of lung cancer and false 
positives. False positives can include metastatic cancer of a 
different type, such as metastasiZed liver, kidney or pancre 
atic cancer. 

[0074] 3. Methods of Making a Panel 

[0075] The method of making a panel for detecting a 
generic disease state or discriminating betWeen speci?c 
disease states in a patient involves determining the sensi 
tivity and speci?city of binding of probes to a library of 
markers associated With a generic or speci?c disease state 
and selecting a plurality of said probes Whose pattern of 
binding (localization and density/concentration) is diagnos 
tic of the presence or speci?c nature of the disease state. In 
some embodiments, optional preliminary pruning and prepa 
ration steps are performed. The method of making a panel of 
the present invention involves analyZing the pattern of 
binding of probes to markers in knoWn histologic pathology 
samples, i.e. gold standards. The classi?er designed on the 
gold standard data can then be used to design a classi?er for 
cytometry, especially automated cytometry. Therefore, the 
set of marker probes selected from the pathology analysis is 
used to prepare a neW training data set taken from a cytology 
sample, such as sputum, ?ne needle aspirations, urine, etc. 
Cells shed from the speci?ed lesions Will stain in a similar 
fashion to the gold standards. The method described here 
eliminates the experimental error in selecting the best fea 
tures set because the integrity of the diagnosis based on gold 
standard histologic pathology samples is high. Although it 
is, in principle, possible to use cytology samples to produce 
a panel, this is less desireable because cytology samples 
contain debris, there may be deterioration of the cells in a 
cytology sample, and the pathology diagnosis may be dif 
?cult to con?rm clinically. 

[0076] A library of markers is a group of markers. The 
library can comprise any number of markers. HoWever, in 
some embodiments the number of markers in the library is 
limited by technical and/or commercial practicalities, such 
as specimen siZe. For example, in some embodiments, each 
specimen is tested against all of the markers in the panel. 
Therefore, the number of markers must not be larger than the 
number of samples into Which the specimen may be divided. 
Another technical practicality is time. Typically, the library 
contains less than 60 markers. Preferably, the library con 
tains less than 50 markers. More preferably, the library 
contains less than 40 markers. Most preferably the library 
contains 10-30 markers. It is preferable that the library of 
potential panel members contain more than 10 markers so 
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that there is opportunity to optimize the performance of the 
panel. As used herein, the term “about” means plus or minus 
3 markers. 

[0077] In some embodiments, a library is obtained by 
consulting sources Which contain information about various 
markers and correlations betWeen the markers and generic/ 
speci?c disease states. Exemplary sources include experi 
mental results, theoretical or predicted analyses and literary 
sources, such as journals, books, catalogues and Web sites. 
These various sources may use histology or cytology and 
may rely on cytogenetics, such as in situ hybridiZation; 
proteomics, such as immunohistochemistry; cytometry, such 
as MACs or DNA ploidy; and/or cytopathology, such as 
morphology. The markers may be localiZed anyWhere in or 
on a cell. For example, the markers may be localiZed in or 
on the nucleus, the cytoplasm or the cell membrane. The 
marker may also be localiZed in an organelle Within any of 
the aforementioned localiZations. 

[0078] In some embodiments, the library may be of an 
unsuitable siZe. Therefore, one or more pruning steps may be 
required prior to initiating the basic method for making a 
panel. The pruning step may involve one or several succes 
sive pruning steps. One pruning step may involve, for 
example, setting an arbitrary threshold for sensitivity and/or 
speci?city. Therefore, any marker Whose experimental or 
predicted sensitivity and/or speci?city falls beloW the 
threshold may be removed from the library. Other exemplary 
pruning steps, Which may be performed alone or in sequence 
With other pruning steps, may rely on detection technology 
requirements, access constraints and irreproducibility of 
reported results. With respect to detection technology 
requirements, it is possible that the machinery required to 
detect a particular marker is unavailable. With respect to 
access constraints, it is possible that licensing restrictions 
make it dif?cult or impossible to obtain a probe that binds to 
a particular marker. In some embodiments, a due diligence 
study is performed on each marker. 

[0079] In some embodiments, prior to beginning the basic 
method for making a panel, it may be necessary to perform 
preparation steps. Exemplary preparation steps include opti 
miZing the protocols for objective quantitative detection of 
the markers in the library and collecting histology speci 
mens. OptimiZation of the protocols for objective quantita 
tive detection of the markers is Within the skill of an ordinary 
artisan. For example, the necessary reagents and supplies 
must be obtained, such as buffers, reagents, softWare and 
equipment. It is possible that the concentration of reagents 
may need to be adjusted. For example, if non-speci?c 
binding is observed, a person of ordinary skill in the art may 
dilute the concentration of the probe solution. 

[0080] In some embodiments, the histology specimens are 
Gold Standards. The term “Gold Standard” is knoWn by a 
person of ordinary skill in the art to mean that the histology 
and clinical diagnosis of the specimen is knoWn. The gold 
standards are often referred to as a “training” data set. The 
gold standards comprise a set of measurements, or reliable 
estimates, of all the features that may contribute to the 
discriminating process. Such features are collected from 
samples collected from a representative number of patients 
With knoWn disease states. The standard samples can be 
cytology samples but this is less desireable for panel selec 
tion. 
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[0081] The histology samples may be obtained by any 
technique knoWn to those of skill in the art, for example 
biopsy. In some embodiments, it is necessary that the siZe of 
the specimen per patient be large enough so that enough 
tissue sections can be obtained to test each marker in the 
library. 

[0082] In some embodiments, specimens are obtained 
from multiple patients diagnosed With each speci?c disease 
state. One specimen per patient may be obtained, or multiple 
specimens per patient maybe obtained. In embodiments in 
Which multiple specimens are obtained from individual 
patients, the expertise of the surgeon is relied upon to 
establish that each specimen obtained from a single patient 
is similar to the other specimens obtained from that patient. 
Specimens are also obtained from a control group of 
patients. The control group of patients may be healthy 
patients or patients that are not suffering from the generic or 
speci?c disease state that is being tested. 

[0083] The ?rst step of the basic method is determining 
the sensitivity and speci?city of binding of probes to a 
library of markers associated With the desired disease state. 
In this step, a probe that is speci?c for each marker in the 
library is applied to a sample of the patients’ specimens. 
Therefore, in some embodiments, if there are, for example, 
30 markers in the library, each patient’s specimen Will be 
divided into 30 samples and each sample Will be treated With 
a probe that is speci?c for one of the 30 markers. The probe 
contains a label that may be visualiZed. Therefore, the 
pattern and level of binding of the probe to the marker can 
be detected. The pattern and level of binding may be 
detected either quantitatively, i.e., by an analytical instru 
ment, or qualitatively, by a human, such as a pathologist. 

[0084] In some embodiments, an objective and/or quanti 
tative scoring method is developed to detect the pattern and 
level of binding of the probe to the markers. The scoring 
method may be heuristically designed. Scoring methods are 
used to objectify a subjective interpretation, for example, by 
a pathologist. It is Within the skill of an ordinary artisan to 
determine a suitable scoring method. In some embodiments, 
the scoring method may comprise categoriZing features, 
such as the density of a marker probe stain as: none, Weak, 
moderate, or intense. In another embodiment, these features 
may be measured With algorithms operating on microscope 
slide images. An exemplary scoring method is one in Which 
the proportions and density are consolidated into a single “H 
Score” obtained by grading the intensity as: none=0, Weak= 
1, moderate=2, intense=3, and the percentage cells as: 
0-5%=0, 6-25%=1, 26-50%=2, 51-75%=3, >75%=4, and 
then multiplying the tWo grades together. For example, 50% 
Weakly stained plus 50% moderately stained Would score 
6=(1><2)+(2><2). The “H score” honors the late Kenneth 
Hirsch, one of the present inventors. 

[0085] An ordinary artisan is capable of addressing issues 
related to minimiZing potential biases related to pathologists 
and samples. For example, randomiZing may be used to 
minimiZe the chance of having a systematic error. Blinding 
may be used to eliminate experimental biases by the people 
conducting the experiments. For example, in some embodi 
ments, pathologist-to-pathologist variation may be mini 
miZed by conducting a double blind study. As used herein, 
the term “double blind study” is a Well establish method for 
avoiding biases, Where the data collection and data analysis 



US 2003/0199685 A1 

are done independently. In other embodiments, sample-to 
sample variation is minimized by randomizing the samples. 
For example, the samples are randomiZed before the 
pathologist analyZes them. There is also randomiZation 
involved in the experimental protocols. In some embodi 
ments, each sample is analyZed by at least tWo pathologists. 
For each patient, a reliable assessment of the binding of the 
probe to the marker is obtained. In one embodiment, this 
diagnosis is made by quali?ed pathologists, using tWo 
pathologists per patient, to check for reliability. 

[0086] A suf?cient number of samples should be collected 
to produce reliable designs and reliable statistical perfor 
mance estimates. It is Within the skill of a normal artisan to 
determine hoW many samples are suf?cient to produce 
reliable designs and reliable statistical performance esti 
mates. Most standard classi?er design packages have meth 
ods for determining the reliability of the performance esti 
mates and the sample siZe should be progressively increased 
until reliable estimates are achieved. For example, suf?cient 
estimates to produce reliable designs may be achieved With 
200 samples collected and 27 different features estimated 
from each sample. 

[0087] The second step is selecting a limited plurality of 
probes. The selecting step may employ statistical analysis 
and/or pattern recognition techniques. In order to perform 
the selecting step, the data may be consolidated into a 
database. In some embodiments, the probes may be num 
bered to render their method of action as unseen during the 
analysis of their effectiveness and further minimiZe biases. 
Rigorous statistical techniques are used because of the large 
amount of data that is generated by this method. Any 
statistical method may be used and an ordinary skilled 
statistician Will be able to identify Which and hoW many 
methods are appropriate. 

[0088] Any number of statistical analysis and/or pattern 
recognition methods may be employed. Since the structure 
of the data is initially unknoWn, and since different classi?er 
design methods perform better for different structures, it is 
preferred to use at least tWo design methods on the data. In 
some embodiments, three different methodologies may be 
used. One of ordinary skill in the art of statistical analysis 
and/or pattern recognition of data sets Would recogniZe from 
characteristics of the data set structures that certain statisti 
cal methods Would be more likely to yield an efficient result 
than others, Where ef?cient in this case means achieving a 
certain level of sensitivity and speci?city With a desired 
number of probes. Aperson of ordinary skill in the art Would 
knoW that the ef?ciency of the statistical analysis and/or 
method is data dependent. 

[0089] Exemplary statistical analysis and/or pattern rec 
ognition methods are described beloW: 

[0090] a) A decision tree method, knoWn as C45. 
C45 is public domain softWare available via ftp 
from http://WWW.cse.unsW.edu.au/~quinlan/. This is 
Well suited to data that can be best classi?ed by 
sequentially applying a decision threshold to speci?c 
features in turn. This Works best With uncorrelated 
data; it also copes With data With similar means 
provided the variances differ. The C4.5 package Was 
used to provide the examples shoWn herein. 

[0091] b) Linear Discriminant Analysis. This 
involves ?nding Weighted combinations of the fea 
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tures that give the best separation of the classes. 
These methods Work Well With correlated data, but 
not in data With similar means and different vari 
ances. Several statistical packages Were used (SPSS, 
SAS and R), depending on the performance esti 
mates and graphical outputs required. Fisher’s linear 
discriminant function Was used to obtain the classi 
?er that minimiZed the error rate. A canonical dis 
criminant function Was used to compute receiver 
operating characteristic (ROC) curves shoWing the 
trade-off betWeen sensitivity and selectivity as the 
decision threshold is changed. 

[0092] c) Logistic Regression. This is a non-linear 
transformation of the linear regression model: the 
dependent variable is replaced by a log odds ratio 
(logit). Linear regression, like discriminant analysis, 
belongs to a class of statistical methods founded on 
linear models. Such models are based on linear 
relationships betWeen the explanatory variables. 

[0093] With a suf?cient number of samples it is possible, 
using the above techniques and softWare packages, to search 
for combinations of features giving good discrimination 
betWeen the classes. Other exemplary statistical analysis 
and/or pattern recognition methods are the linear Discrimi 
nant Function Method in SPSS and Logistic Regression 
Method in R and SAS. SPSS is the full product name and is 
available from SPSS, Inc., located at SPSS, Inc. Headquar 
ters, 233 S. Wacker Drive, 11th ?oor, Chicago, Ill. 60606 
(WWW.spss.com). SAS is the full product name and is 
available from SAS Institute, Inc., 100 SAS Campus Drive, 
Cary, NC. 27513-2414, USA (WWW.sas.com). R is the full 
product name and is available as Free SoftWare under the 
terms of the Free SoftWare Foundation’s GNU (General 
Public License). 

[0094] http://WWW.r-project.org/. 
[0095] In some embodiments, a correlation matrix is 
obtained. Correlation measures the amount of linear asso 
ciation betWeen a pair of variables. A correlation matrix is 
obtained by correlating the data obtained With one marker to 
data obtained With another marker. A threshold correlation 
number may be set, for example, 50% correlation. In this 
case, all markers With a correlation number of 50% or higher 
Would be considered correlate markers. 

[0096] In some embodiments of the present invention, 
user supplied Weighting factors may be used to obtain 
optimiZed panels. Weighting may be related to any factor. 
For example, certain markers may be Weighted higher than 
others due to cost, commercial considerations, misclassi? 
cations or error rates, prevalence of a generic disease state 
in a geographic location, prevalence of a speci?c disease 
state in a geographic location, redundancy and availability 
of probes. Some factors related to cost that may encourage 
a user to Weight certain markers higher than others is the cost 
of the probe and commercial access issues, such as license 
terms and conditions. Some factors related to commercial 
considerations that may encourage a user to Weight certain 
markers higher than others are Research and Development 
(R&D) time, R&D cost, R&D risk, i.e., the probability that 
the probe Will Work, cost of ?nal analytical instrument, ?nal 
performance and the time to market. In a detection panel, for 
example, some factors related to misclassi?cations or error 
rates that may encourage a user to Weight some markers 
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higher than others is that it may be desirable to minimize 
false negatives. In a discrimination panel, on the other hand, 
it may be desirable to minimiZe false positives. Some factors 
related to prevalence of a generic or speci?c disease state in 
a geographic area that may encourage a user to Weight some 

probes higher than others are that in some geographic 
locations the incidence of certain generic or speci?c diseases 
are more or less prevalent. With respect to redundancies, in 
some instances it is desirable to have redundancies in the 
panel. For example, if for some reason one probe fails to be 
detected, due to the biological variability of the markers in 
the panel, a disease state Will still be detected by the other 
markers. In some embodiments, markers that are preferred 
redundant markers may be Weighted more heavily. 

[0097] The invention is ?exible in being adaptable to the 
availability of features Where cost or supply problems may 
not alloW the very best combination. In one embodiment, the 
invention can simply be applied to the available features to 
?nd an alternative combination. In another embodiment, the 
algorithm is used to select features that alloW cost Weight 
ings to be included in the selection process to arrive at a 
minimum cost solution. In the examples, marker perfor 
mance estimates for combinations selected from all the 
markers collected or for only a group of commercially 
preferred probes are shoWn. The examples also demonstrate 
hoW the C4.5 package can be used to doWn Weight certain 
probes on the basis of their high cost. These probe combi 
nations may not perform as Well as the optimum combina 
tion, but the performance might be acceptable in circum 
stances Where cost is a signi?cant factor. 

[0098] Some of the methods used alloW Weightings to be 
applied to the classes. This is available in C4.5 Where the 
tree design can optimiZe the cost. Also, the Discriminant 
Function method gives a single parameter output Which can 
be used to give a desired false positive or false negative 
probability. Aplot of these parameters for different threshold 
settings is knoWn as the receiver operating characteristic 
(ROC) curve. An ROC curve shoWs the estimated percent 
age of false positive against true positive scores for different 
threshold levels of a classi?er. 

[0099] Given the heterogeneous nature of many generic 
disease states, the panels may be constructed With a degree 
of redundancy to ensure that the tests have suf?cient sensi 
tivity, speci?city, positive predictive value (Positive Predic 
tive Value=True Positives/(True Positives+False Positives) 
and negative predictive value (Negative Predictive Value= 
True negatives/(False Negatives+True Negatives) to justify 
their use as a population-based screen. HoWever, local and 
regional differences may dictate speci?c use of the tests in 
different segments of the global market, and so may signi? 
cantly in?uence the criteria used to construct the ?nal panel 
test for a given market. While the optimiZation of clinical 
utility is of utmost importance, local factors including 
affordability (cost), technical competence, laboratory and 
healthcare provider resources, Work?oW issues, manpoWer 
requirements, and availability of the probes and labels Will 
contribute to a ?nal, local selection of the markers used in 
the panel. Well knoWn linear discriminant function analysis 
is used to include and assess all potential selection factors, 
by Which each local factor is represented by a term in the 
equation, and each is Weighted according to its locally 
determined signi?cance. In this Way, a panel test optimiZed 
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for use in one World region may differ from a panel test 
optimiZed for use in a different region. 

[0100] Once detection or discrmination panels have been 
designed using the above described method, the next step is 
to validate the panel using knoWn cytology samples. Prior to 
validation, optional optimiZation steps may be performed. In 
some embodiments, the method for collecting cytology 
samples may be improved. This encompasses methods of 
obtaining the sample from the patient as Well as methods for 
mixing the cytology sample. In other embodiments, the 
cytology presentation methods may be improved. For 
example, identifying optimal ?xatives (preservation ?uids) 
or transportation ?uids. 

[0101] The cytology samples used to validate the panels 
produced using the gold standard histology samples are 
cytology samples With knoWn diagnoses. These samples 
may be collected using any method knoWn by those of skill 
in the art. For example, sputum samples can be collected by 
spontaneous production, induced production and through the 
use of agents that enhance sputum production. The sample 
is contacted With each probe in the panel and the level and 
pattern of binding of the probes is analyZed to determine the 
performance of the panel. In some embodiments, it may be 
necessary to further optimiZe the panel. For example, it may 
be necessary to remove a probe from the panel. Or, it may 
be necessary to add an additional probe to the panel. 
Additionally, it may be necessary to replace one probe on the 
panel With another probe. If a neW probe is added, this probe 
may be a correlate marker as determined from a correlation 
matrix. Alternatively, the probe may be a functionally simi 
lar marker. Once the panel is optimiZed, the panel may 
proceed for further testing in clinical studies. 

[0102] In other embodiments, it is not necessary to opti 
miZe the panel. If the results With the cytology samples 
correlate With the results from the histology samples, there 
may not be a need to optimiZe the panel and the panel may 
proceed for further testing in clinical studies. 

[0103] 4. Methods of Use 

[0104] Once a panel is obtained using the above described 
method, it may be applied to cytologic samples. To illustrate 
the method, cancer, especially lung cancer, Will be exem 
pli?ed. Similar steps and procedures Will be appliced for 
other disease states. It is to be expected that cells shed from 
the speci?ed lesions Will stain in a similar fashion and shoW 
in a cytologic sample, such as a ?ne need aspiration, sputum, 
urine, in a similar fashion as in the histologic pathology 
samples used to obtain the panel. 

[0105] The basic method of the present invention typically 
involves tWo steps. First, a cytological sample suspected of 
containing diseased cells is contacted With a panel contain 
ing a plurality of agents, each of Which quantitatively binds 
to a disease marker. Then, the level or pattern of binding of 
each agent to a disease marker is detected. The results of the 
detection may be used to diagnose the presence of a generic 
disease or to discriminate among speci?c disease states. An 
optional preliminary step is identifying an optimiZed panel 
of agents that Will aid in the detection of a disease or the 
discrimination betWeen disease states in a cytologic sample. 

[0106] Cytology specimens may include, but are not lim 
ited to, cellular samples collected from body ?uids, such as 
blood, urine, spinal ?uids, and lymphatic systems; epithelial 
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cell-based organ systems, such as the pulmonary tract, e.g., 
lung sputum, urinary tract, e.g., bladder washings, genital 
tract, e.g., cervical PAP smears, and gastrointestinal tract, 
e.g., colonic Washings; and ?ne needle aspirations from 
solid tissue sites in organs and systems such as the breast, 
pancreas, liver, kidneys, thyroid, bone marroW, muscles, 
prostate, and lungs; biopsies from solid tissue sites in organs 
and systems such as the breast, pancreas, liver, kidneys, 
thyroid, bone marroW, muscles, prostate, and lungs; and 
histology specimens, such as tissue from surgical biopsies. 

[0107] An illustrative panel of agents according to the 
present invention includes any number of agents that alloWs 
for accurate detection of malignant cells in a cytological 
sample. Molecular markers envisioned by the present inven 
tion may be any molecule that aids in the detection of 
malignant cells. Markers may be selected for inclusion in a 
panel based on several different criteria relating to changes 
in level or pattern of expression of the marker. Preferred are 
molecular markers Where changes in expression: occur early 
in tumor progression, are exhibited by a majority of tumor 
cells, alloW for detection of in excess of 75% of a given 
tumor type, most preferably in excess of 90% of a given 
tumor type and/or alloW for the discrimination betWeen 
histologic types of cancer. 

[0108] The ?rst step of the basic method is the detection 
of changes in the level or pattern of expression of the panel 
of agents in a cytological sample. This step typically 
involves contacting the cytologic sample With an agent, such 
as a labeled, polyclonal or monoclonal antibody or fragment 
thereof or a nucleic acid probe, and observing the signal in 
individual cells. Detection of cells Where there is a change 
in signal is indicative of a change in the level of expression 
of the molecular marker to Which the label probe is directed. 
The changes are based on an increase or decrease in the level 
of expression relative to nonmalignant cells obtained from 
the tissue or site being examined. 

[0109] An analysis of the changes in the level or pattern of 
expression of a panel of agents enables a skilled artisan to 
determine, With high sensitivity and high speci?city, 
Whether malignant cells are present in the cytologic sample. 
The term “sensitivity” refers to the conditional probability 
that a person having a disease Will be correctly identi?ed by 
a clinical test, (the number of true positive results divided by 
the number of true positive and false negative results). 
Therefore, if a cancer detection method has high sensitivity, 
the percentage of cancers detected is high e.g., 80%, pref 
erably greater than 90%. The term “speci?city” refers to the 
conditional probability that a person not having a disease 
Will be correctly identi?ed by a clinical test, (i.e., the number 
of true negative results divided by the number of true 
negative and false positive results) . Therefore, if a cancer 
detection method has high speci?city, 80%, preferably 90%, 
more preferably 95%, the percentage of false positives the 
method produces is loW. A “cytologic sample” encompasses 
any sample collected from a patient that contains that 
patient’s cells. Examples of cytological samples envisioned 
by the present invention include body ?uids, epithelial 
cell-based organ system Washings, scrapings, brushings, 
smears or effusions, and ?ne-needle aspirates and biopsies. 

[0110] Use of the markers described in this invention 
assumes that it is possible to obtain an adequate cytologic 
sample routinely and that the samples can be adequately 
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preserved for subsequent evaluation. The cytologic sample 
may be processed and stored in a suitable preservative. 
Preferably, the cytologic sample is collected in a vial con 
taining the preservative. The preservative is any molecule or 
combination of molecules knoWn to maintain cellular mor 
phology and inhibit or block degradation of cellular proteins 
and nucleic acids. To ensure proper ?xation, the sample may 
be mixed at the collection site at high speeds to disaggregate 
the sample and/or break up obscuring material such as 
mucus, thereby exposing the cells to the preservative. 

[0111] Once a specimen is obtained, it is desirable to 
homogeniZe it, using an appropriate mixing device. This 
permits using aliquots for multiple purposes, including the 
possibility of sending aliquots to more than one testing site, 
as Well as preparing multiple slides and/or multiple deposi 
tions on a slide. The initial homogeniZation of the specimen 
and of each aliquot before use Will ensure that each indi 
vidual slide Will have substantially the same distribution of 
cells, so that comparisons of results from one slide to 
another Will be meaningful. 

[0112] Preparation of a specimen for analysis involves 
applying a sample to a microscope slide using methods 
including, but not limited to, smears, centrifugation, or 
deposition of a monolayer of cells. Such methods may be 
manual, semi-automated, or fully automated. The cell sus 
pension may be aspirated depositing the cells on a ?lter and 
a monolayer of cells transferred to a prepared slide that may 
be processed for further evaluation. By repeating this pro 
cess additional slides may be prepared as necessary. The 
present invention encompasses detection of one molecular 
marker per slide. Detection of several molecular markers per 
slide is also envisioned. Preferably, 1-6 markers are detected 
per slide. In some embodiments 2 markers are detected per 
slide. In other embodiments, 3 markers are detected per 
slide. 

[0113] The present invention contemplates detecting 
changes in molecular marker expression at the DNA, RNA 
or protein level using any of a number of methods available 
to an ordinary skilled artisan. Detection of the changes in the 
level or pattern of expression of the molecular markers in a 
cytologic sample generally involves contacting a cytologic 
sample With a polyclonal or monoclonal antibody or frag 
ment thereof or a nucleic acid sequence that is complemen 
tary to the nucleic acid sequence encoding a molecular 
marker in the panel, collectively “probes”, and a label. 
Typically, the probe and label components are operatively 
linked so that When the probe reacts With the molecular 
marker a signal is emitted (a “labeled probe”). Labels 
envisioned by the present invention are any labels that emit 
or enable a signal and alloW for identi?cation of a compo 
nent in a sample. Preferred labels include radioactive, ?uo 
rogenic, chromogenic or enZymatic moieties. Therefore, 
possible methods of detection include, but are not limited to, 
immmunocytochemistry; proteomics, such as immu 
nochemistry; cytogenetics, such as in situ hybridiZation, and 
?uorescence in situ hybridiZation; radiodetection, cytometry 
and ?eld effects, such as MACs and DNA ploidy (the 
quantitation of stoichiometrically-stained nuclear DNA 
using automated computeriZed cytometry) and; cytopathol 
ogy, such as quantitative cytopathology based on morphol 
ogy. The signal generated by the labeled probe is preferrably 
of suf?cient intensity to permit detection by a medical 
practitioner or technician. 


































































































