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Docket No. WYE-034PC PHARMACOGENOMIC MARKERS FOR
PROGNOSIS OF SOLID TUMORS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the
benefit of U.S. Serial No. 60/654,082, filed February
l8, 2005. TECHNICAL FIELD [0002] The present invention
relates to gene markers and methods of using the same
for prognosis of solid tumors. BACKGROUND [0003]
Expression profiling studies in primary tissues have
demonstrated that there exist transcriptional
differences between normal and malignant tissues. See,
for example, Su, et al., CANCER RES., 61:7388-7393
(2001); and Ramaswamy, et al, PROC. NATL. ACAD. SCI.
U.S.A., 98:15149-15151 (2001). Recent clinical
analyses have also identified expression profiles from
tumors that appear to be highly correlated with
certain measures of clinical outcomes. One study has
demonstrated that expression profiling of primary
tumor biopsies yields prognostic "signatures" that
rival or may even out-perform currently accepted
standard measures of risk in cancer patients. See van
de Vijver, et ah N ENGL J MED, 347:1999-2009 (2002).
[0004] Although transcriptional or other biochemical
changes in the primary tumor tissue may represent the
best opportunity to identify prognostic evidence, in
many oncology scenarios the primary tumor is resected
prior to initiation of chemotherapy. In these
settings, it is therefore desirable to determine
whether responses in some other "surrogate" tissues
can provide indications of patient outcome.SUMMARY OF
THE INVENTION [0005] The present invention features
gene markers in peripheral blood mononuclear cells
(PBMCs) that can provide clues to eventual clinical
outcome of solid tumor patients. Each gene marker has
an altered expression pattern in PBMCs of solid tumor
patients following initiation of an anti-cancer
treatment, and the magnitude of this alteration is
statistically significantly correlated with clinical
outcome of the solid tumor patients. In many
embodiments, the correlation between gene expression
changes in PBMCs and patient outcomes is determined by
a Cox proportional hazard model, a Spearman
correlation, or a class-based correlation metric. The
gene markers of the present invention can be used as
surrogate markers for the prognosis of solid tumors.
They can also be used as pharmacogenomic indicators
for the efficacy of anti-cancer drugs. [0006] In one
aspect, the present invention provides methods for
prognosis, or evaluation of the effectiveness of a
treatment, of a solid tumor in a patient of interest.
The methods comprise detecting a change in the
expression level of at least one gene in peripheral
blood cells of the patient of interest during the
course of an anti-cancer treatment and comparing the
detected change to a reference change. The expression
level changes of the gene(s) in PBMCs of patients who
have the same solid tumor and receive the same
treatment as the patient of interest are correlated
with clinical outcomes of these patients. Therefore,
the magnitude of the expression level change in the
patient of interest is indicative of the prognosis or
effectiveness of the treatment of that patient. In
many embodiments, the reference change has an
empirically or experimentally determined value. The
patient of interest is considered to have a good or
poor prognosis if the expression level change in the
patient of interest is greater or lesser than the
reference change. In many other embodiments, the
reference change is an expression level change of the
gene(s) in peripheral blood cells of a reference
patient who has the same solid tumor and receives the
same treatment as the patient of interest. Other
measures or criteria can also be used to calculate the
reference change. [0007] A variety of types of blood
samples can be used to determine gene expression
changes in a patient of interest. Examples of these
blood samplesinclude, but are not limited to, whole
blood samples or samples comprising enriched or
purified PBMCs. Other types of blood samples can also
be used. Gene expression level changes in these
samples are statistically significantly correlated
with patient outcomes under an appropriate correlation
model. [0008] Solid tumors amenable to the present
invention include, but are not limited to, renal cell
carcinoma (RCC), prostate cancer, or head/neck cancer.
Anti 



cancer treatments that can be assessed according to
the present invention include, but are not limited to,
drug therapy, chemotherapy, hormone therapy,
radiotherapy, immunotherapy, surgery, gene therapy,
anti-angio genesis therapy, palliative therapy, or
other conventional or experimental therapies, or a
combination thereof. Any time-associated clinical
indictor can be used to evaluate the prognosis or
effectiveness of a treatment of a patient of interest.
Non-limitation examples of these clinical indictors
include time to disease progression (TTP) or time to
death (TTD). [0009] A variety of correlation or
statistical methods can be used to assess the
correlations between peripheral blood gene expression
changes during the course of an anti-cancer treatment
and patient outcomes. These methods include, but are
not limited to, the Cox proportional hazards model,
the nearest-neighbor analysis, the significance
analysis of microarrays (SAM) method, support vector
machines, artificial neural networks, or other rank
tests, survival analyses or correlation metrics.
[0010] In one embodiment, univariate Cox proportional
hazards models are used to determine the correlations
between gene expression level changes in PBMCs of RCC
patients following initiation of a CCI-779 treatment
and a temporal measurer of clinical outcomes of these
patients (e.g., TTP or TTD). Non-limiting examples of
prognostic genes identified by the Cox proportional
hazards models are described in Tables 4A, 4B, 5A and
5B. These prognostic genes can be used for predicting
clinical outcome, or evaluating the effectiveness of
an anti-cancer treatment, of an RCC patient of
interest. [0011] In one embodiment, the estimated
hazard ratio of a prognostic gene employed in the
present invention is less than 1. As a consequence, a
greater valueof the change in the expression level of
the gene in peripheral blood cells of a patient of
interest is suggestive of a better prognosis of the
patient. Conversely, a lesser value of the change in
the patient of interest is indicative of a poorer
prognosis. [0012] In another embodiment, the hazard
ratio of a prognostic gene employed in the present
invention is greater than 1. As a result, a greater
value of the change in the expression level of the
gene in peripheral blood cells of a patient of
interest is indicative of a poorer prognosis of the
patient, and a lesser value of the change in the
patient of interest is suggestive of a better
prognosis. [0013] The expression level change in a
patient of interest can be measured from any reference
point. The expression level change thus measured is
statistically significantly correlated with patient
outcome under an appropriate correlation model. In
many instances, the expression level change of a
prognostic gene is determined by measuring the
alteration between the peripheral blood expression
level of the gene at a specified time after initiation
of an anti-cancer treatment and the baseline
peripheral blood expression level of the gene. In one
non-limiting example, the specified time is about 16
weeks after initiation of the treatment. A specified
time of less than or greater than 16 weeks (e.g., 4,
8, 12, 20, 24, or 28 weeks after initiation of the
treatment) can also be used. [0014] The present
invention also features use of two or more gene
markers, or multivariate Cox models, for prognosis of
solid tumors. In addition, the present invention
features kits useful for prognosis of RCC or other
solid tumors. Each kit includes or consists
essentially of at least one probe for a prognostic
gene of the present invention. [0015] In another
aspect, the present invention features methods of
using logistic regression, ANOVA (analysis of
variance), ANCOVA (analysis of covariance), MANOVA
(multiple analysis of variance), or other correlation
or statistical methods for prognosis, or evaluation of
the effectiveness of a treatment, of a solid tumor in
a patient of interest. These methods comprise
detecting the expression level of at least one solid
tumor prognostic gene in peripheral blood cells of the
patient of interest at a specified time after
initiation of an anti-cancer treatment and entering
the expression level into a correlation or statistical
model todetermine the prognosis or effectiveness of
the treatment of the patient of interest. The
correlation or statistical model describes a
statistically significant correlation between the
expression levels of the solid tumor prognostic
gene(s) in PBMCs of patients who have the same solid
tumor and receive the same treatment as the patient of
interest, and clinical outcomes of these patients. In
many examples, the correlation or statistical model is
capable of producing a qualitative prediction of the
clinical outcome of the patient of interest (e.g.,
good or poor prognosis). Statistical 



models or analyses suitable for this purpose include,
but are not limited to, logistic regression or
class-based correlation metrics. In many other
examples, the correlation or statistical model is
capable of producing a quantitative prediction of the
clinical outcome of the patient of interest (e.g., an
estimated TTD or TTP). Statistical models or analyses
suitable for this purpose include, but are not limited
to, a variety of regression, ANOVA or ANCOVA models.
[0016] The expression levels used for prognosticating
the patient of interest can be relative expression
levels measured from baseline or another reference
time point after initiation of the anti-cancer
treatment. Absolute expression levels can also be used
for prognosticating the patient of interest. In the
latter case, expression levels at baseline or another
specified reference time can be used as covariates in
the prediction model. [0017] Other features, objects,
and advantages of the present invention are apparent
in the detailed description that follows. It should be
understood, however, that the detailed description,
while indicating embodiments of the present invention,
is given by way of illustration only, not limitation.
Various changes and modifications within the scope of
the invention will become apparent to those skilled in
the art from the detailed description. DETAILED
DESCRIPTION [0018] The present invention provides
methods and systems for prognosis of RCC or other
solid tumors. Solid tumor prognostic genes can be
identified by the present invention. Each prognostic
gene has altered expression profiles in PBMCs of solid
tumor patients following initiation of an anti-cancer
treatment, and the magnitudes of these alterations are
correlated with clinical outcomes of thesepatients. In
many embodiments, the expression profile alterations
are measured from baseline, and the correlations
between the expression profile alterations and patient
outcomes are assessed by a Cox proportional hazards
model. [0019] The prognostic genes of the present
invention can be used as surrogate markers for
prognosis or monitoring the effectiveness of a
treatment of a solid tumor patient of interest.
Different patients may have distinct clinical
responses to a treatment due to individual
heterogeneity of the molecular mechanism of the
disease. The identification of gene expression
patterns that correlate with patient response allows
clinicians to select treatments based on predicted
patient response and thereby avoid adverse reactions.
This provides improved safety of clinical trials and
increased benefit/risk ratio for drugs and other
anti-cancer treatments. Peripheral blood is a tissue
that can be routinely obtained from patients in a
minimally invasive manner. By determining the
correlations between patient outcomes and gene
expression changes in peripheral blood, the present
invention represents a significant advance in clinical
pharmacogenomics and solid tumor treatment. [0020]
Various aspects of the invention are described in
further detail in the following subsections. The use
of subsections is not meant to limit the invention.
Each subsection may apply to any aspect of the
invention. In this application, the singular forms "a"
and "an" include plural reference unless the context
clearly dictates otherwise, and the use of "or" means
"and/or" unless stated otherwise. I . General Methods
for Identifying Solid Tumor Prognostic genes [0021]
The present invention identifies statistically
significant correlations between alterations in
peripheral blood gene expression profiles and clinical
outcomes of solid tumor patients. Genes with such
correlations can be identified. These genes are solid
tumor prognostic genes and can be used as surrogate
markers for prognosis or evaluation of the
effectiveness of a treatment of solid tumors. [0022]
Correlation analyses suitable for the present
invention include, but are not limited to, the Cox
proportional hazards model (Cox, JOURNAL OF THE ROYAL
STATISTICAL SOCIETY, SERIES B 34:187 (1972)), the
Spearman's rank correlation (Snedecor and Cochran,
STATISTICALMETHODS (8th edition, Iowa StateUniversity
Press, Ames, Iowa, 503 pp, 1989)), the
nearest-neighbor analysis (Golub, et ah, SCIENCE, 286:
531-537 (1999); and Slonim, et ah, PROCS. OF THE
FOURTH ANNUAL INTERNATIONAL CONFERENCE ON
COMPUTATIONALMOLECULAR BIOLOGY, Tokyo, Japan, April
8-11, p263-272 (2000)), the significance analysis of
microarrays (SAM) method (Tusher, et ah, PROC. NATL.
ACAD. SCI. U.S.A., 98:5116-5121 (2001)), support
vector machines, and artificial neural networks. Other
rank tests, survival analyses, correlation metrics, or
statistical methods can also be used. 



[0023] The Cox proportional hazards model is the most
commonly used regression model for censored survival
data. See, for example, Tibshirani, CLINICAL &
INVESTIGATIVE MEDICINE, 5:63-68 (1982); Allison,
SURVIVALANALYSIS USING THE SAS SYSTEM: A PRACTICAL
GUIDE (Gary NC: SAS Institute, 1995); and Therneau and
Grambsch, MODELING SURVIVALDATA: EXTENDING THE COX
MODEL (New York: Springer, 2000). The Cox model
examines the relationship between survival and one or
more covariates or predictors. As used herein, the
term "survival" is not limited to real death or
survival. Instead, the term should be interpreted
broadly to cover any time-associated event. The Cox
proportional hazards model is often considered more
general than many other regression models in that the
Cox model is not based on any assumptions concerning
the nature or shape of the underlying survival
distribution. The Cox model assumes that the
underlying hazard rate is a function of independent
covariates or predictors, and no assumptions are made
about the nature or shape of the hazard function.
[0024] A non-limiting example of the Cox proportional
hazards model is described by the following equation:
where i is a subscript for subject, and Hi(t) is the
hazard at time t and represents the probability of an
endpoint (e.g., death, disease progression, or another
timeassociated event) at time t, given that the
subject has survived up to time t. Xj denotes a
predictor or covariate, which can be continuous,
dichotomous or other ordered categorical variables.
The Cox proportional regression model assumes thatthe
effects of the predictors are constant over time. In
many embodiments, Xj represents changes in the
expression level of gene j in peripheral blood cells
(e.g., PBMCs) of solid tumor patients following
initiation of an anti-cancer treatment. Where Xj has a
highly skewed distribution, logarithmic transformation
can be performed to reduce the effect of extreme
values. H0(t) is the baseline hazard at time t, and
designates the hazard for the respective individual
when all independent covariates are equal to zero. In
a Cox model, the baseline hazard function is
unspecified. Despite the lack of a specified baseline
hazard function, the Cox model can still be estimated,
for example, by the method of partial likelihood.
[0025] The Cox model depicted by Equation (1) is
semi-parametric because while the baseline hazard can
take any form, the coefficients of the covariates are
estimated. Consider two observations i and i' that
differ in their x-values, with the corresponding
linear predictors CS b Xy* (2) and The ratio of H;(t)
over Hj (t) , Hi(t)/Hi<t) = [H0(t) exp(PI)]/[H 0(t)
exp(PF)] = exp(PI)/exp(PI') (4) is independent of time
t . Therefore, the Cox model in Equation (1) is a
proportional hazards model. [0026] Equation (5)
describes a univariate Cox model in which only a
single predictor is assessed by Cox regression: Hi(t)
Ho(t) exp( ) (5) The hazard ratio (RR) is defined as
exp(b), which represents the relative risk of an event
(e.g., death or disease progression) for one unit
change in the predictor hi many applications, PBMC
expression values are presented as logarithms of base
2,and a one-unit change corresponds to a doubling of
expression. The natural logarithm of the hazard ratio
produces coefficient b. Where an S-Plus or R package
is utilized, the hazard ratio RR can be generated
using the "coxph( )" function in the package. [0027]
In the univariate Cox analysis, a hazard ratio of less
than 1 indicates a negative coefficient b. As a
result, an increase in the value of the predictor
produces a reduced instantaneous risk of the event
(e.g., death or disease progression). Conversely, a
decrease in the value of the predictor produces a
greater instantaneous risk of the event. Likewise, a
hazard ratio of greater than 1 suggests a positive
coefficient b. Therefore, an increase (or decrease) in
the value of the predictor produces a greater (or
lesser) instantaneous risk of the event. [0028] As a
non-limiting example, an increase in predictor . , as
compared to predictor , produces a lesser PI when
coefficient b is negative and, therefore, a lesser
Hj(t) compared to Hr(t). See Equations (2), (3) and
(4), where k = 1. Conversely, a decrease in . produces
a greater Hj(t) compared to H i (t) . When coefficient
b is positive, an increase (or decrease) in . produces
a greater (or lesser) 



Hj(t) as compared to Hr(t). Accordingly, the Cox
proportional hazards model can be used to evaluate the
relative risk of a time-associated event among
different individuals. [0029] Once a Cox model is fit,
at least three tests of hypothesis can be used to
assess the statistical significance of the covariate.
These tests are the likelihood ratio test, WaId' s
test, and the score test. In many embodiments, the
p-values determined by one or more of these tests for
the correlation between gene expression changes from
baseline and patient outcomes are no more than 0.05,
0.01, 0.005, 0.001, 0.0005, 0.0001, or less. The
hazard ratio for a prognostic gene of the present
invention can be less than 1, such as no more than
0.5., 0.33, 0.25., 0.2, 0.1, or less. The hazard ratio
of the gene can also be greater than 1, such as at
least 2, 3 4, 5, 10, or more. A hazard ratio of less
than one indicates that an increased expression level
of the gene in peripheral blood cells of a solid tumor
patient is suggestive of a good prognosis of the
patient, while a hazard ratio of greater than 1
suggests that anincreased expression level of the gene
in peripheral blood cells of the patient is indicative
of a poor prognosis of the patient. [0030] The present
invention also contemplates the use of multivariate
Cox models to correlate peripheral blood gene
expression changes and clinical outcomes of solid
tumor patients. Each multivariate Cox model includes
two or more covariates or predictors, and each
covariate represents a change in the expression level
of a predictor gene in peripheral blood cells (e.g.,
PBMCs) of solid tumor patients during the course of an
anti-cancer treatment. In many embodiments, the change
in the expression level is measured from baseline.
Interactions among different covariates can also be
introduced into the model. [0031] Predictors that are
significant on univariate analyses (e.g., having
pvalues of no more than 0.05, 0.01, 0.005, 0.001 or
less) can be tested in a multivariate model. In one
example, predictors are selected for multivariate
analysis using forward stepwise selection. For
instance, the single most significant predictor on
univariate analysis can be first entered into the
multivariate model, followed by the next most
significant predictor, and so on. In some instances,
dimension reduction methods (such as principal
component analysis or sliced inverse regression) are
used to reduce the number of predictors in a
multivariate model potentially without compromising
the predictive performance of the model. [0032]
Various computer programs are available for carrying
out Cox regression analysis. Examples of these
programs include, but are not limited to, the S-Plus,
SAS, or SPSS packages. See, for instance, Allison,
SURVIVAL ANALYSIS USING THE SAS SYSTEM: A PRACTICAL
GUIDE (Gary NC: SAS Institute, 1995); and Therneau, A
PACKAGE FOR SURVIVAL ANALYSIS IN S (Technical Report,
www.mayo.edu/hsr/people/therneau/survival.ps, Mayo
Foundation, 1999). [0033] Modified Cox models can also
be used. For instance, stratification factors can be
introduced into a Cox model to allow for
nonproportional hazards to exist between levels of
variables. Residuals can be used to discover the
correct functional form for a predictor, identify
subjects who are poorly predicted by the model, or
assess the proportional hazards assumption. In
addition, time varying covariates, time dependent
coefficients, multiple/correlated observations, or
multipletime scales can be analyzed by a modified Cox
model. Penalized Cox models or frailty models can also
be used. [0034] The present invention also features
the use of other correlation or statistical methods
for the identification of correlations between
peripheral blood gene expression changes and patient
outcomes. These methods include, but are not limited
to, weighted voting (Golub, et al, SCIENCE,
286:531-537 (1999)), support vector machines (Su, et
al, CANCER RESEARCH, 61:7388-93 (2001)), K-nearest
neighbors (Ramaswamy, et al, PROCEEDINGS OF THE
NATIONAL ACADEMY OF SCIENCES OF THE USA,
98:15149-15154 (2001)), correlation coefficients
(van't Veer, et al, NATURE, 415:530-536 (2002)), or
other suitable pattern recognition programs. [0035]
Examples of solid tumor treatments that can be
evaluated according to the present invention include,
but are not limited to, drug therapy (e.g., CCI-779
therapy), chemotherapy, hormone therapy, radiotherapy,
immunotherapy, surgery, gene therapy,
anti-angiogenesis therapy, palliative therapy, or
other conventional or non-conventional therapies, or
any combination thereof. Solid tumors amenable to the
present invention include, without limitation, RCC,
prostate cancer, head/neck cancer, ovarian cancer,
testicular cancer, brain tumor, breast cancer, lung
cancer, 



colon cancer, pancreas cancer, stomach cancer, bladder
cancer, skin cancer, cervical cancer, uterine cancer,
liver cancer, or other tumors that do not have their
origins in blood or lymph cells. The status or
progression of a solid tumor can be evaluated using
direct or indirect visualization procedures. Suitable
visualization methods include, but are not limited to,
scans (such as X-rays, computerized axial tomography
(CT), magnetic resonance imaging (MRI), positron
emission tomography (PET), or ultrasonography (U/S)),
biopsy, palpation, endoscopy, laparoscopy, or other
suitable means as appreciated by those skilled in the
art. [0036] Clinical outcome of a solid tumor can be
assessed by numerous criteria. In many embodiments,
clinical outcome is measured based on patient response
to a therapeutic treatment. Examples of
time-associated clinical outcome measures include, but
are not limited to, time to disease progression (TTP),
time todeath (TTD or Survival), time to complete
response, time to partial response, time to minor
response, time to stable disease, or a combination
thereof. [0037] TTP refers to the interval from the
date of initiation of a treatment until the first day
of measurement of progressive disease. TTD refers to
the interval from the date of initiation of a
treatment to the time of death. Complete response,
partial response, minor response, stable disease or
progressive disease can be evaluated, without
limitation, using the WHO Reporting Criteria, such as
those described in WHO Publication, No. 48 (World
Health Organization, Geneva, Switzerland, 1979). Under
the Criteria, uni- or bidimensionally measurable
lesions are measured at each assessment. When multiple
lesions are present in any organ, up to 6
representative lesions can be selected, if available.
[0038] In many cases, "complete response" (CR) is
defined as complete disappearance of all measurable
and evaluable disease, determined by two observations
not less than 4 weeks apart. There is no new lesion
and no disease related symptom. "Partial response"
(PR) in reference to bidimensionally measurable
disease means decrease by at least about 50% of the
sum of the products of the largest perpendicular
diameters of all measurable lesions as determined by 2
observations not less than 4 weeks apart. "Partial
response" in reference to unidimensionally measurable
disease means decrease by at least about 50% in the
sum of the largest diameters of all lesions as
determined by 2 observations not less than 4 weeks
apart. It is not necessary for all lesions to have
regressed to qualify for partial response, but no
lesion should have progressed and no new lesion should
appear. The assessment should be objective. "Minor
response" in reference to bidimensionally measurable
disease means about 25% or greater decrease but less
than about 50% decrease in the sum of the products of
the largest perpendicular diameters of all measurable
lesions. "Minor response" in reference to
unidimensionally measurable disease means decrease by
at least about 25% but less than about 50% in the sum
of the largest diameters of all lesions. [0039]
"Stable disease" (SD) in reference to bidimensionally
measurable disease means less than about 25% decrease
or less than about 25% increase in the sum of the
products of the largest perpendicular diameters of all
measurable lesions."Stable disease" in reference to
unidimensionally measurable disease means less than
about 25% decrease or less than about 25% increase in
the sum of the diameters of all lesions. No new
lesions should appear. "Progressive disease" (PD)
refers to a greater than or equal to about a 25%
increase in the size of at least one bidimensionally
(product of the largest perpendicular diameters) or
unidimensionally measurable lesion or appearance of a
new lesion. The occurrence of pleural effusion or
ascites is also considered as progressive disease if
this is substantiated by positive cytology.
Pathological fracture or collapse of bone is not
necessarily evidence of disease progression. [0040] In
one non-limiting example, overall subject tumor
response for uniand bidimensionally measurable disease
is determined according to Table 1. Table 1. Overall
Subject Tumor Response [0041] Overall subject tumor
response for non-measurable disease can be assessed,
for instance, in the following situations: a) Overall
complete response: if non-measurable disease is
present, it should disappear completely. Otherwise,
the subject cannot be considered as an "overall
complete responder." b) Overall progression: in case
of a significant increase in the size of
non-measurable disease or the appearance of a new
lesion, the overall response will be progression. 



[0042] For the correlation studies, solid tumor
patients can be classified based on their respective
clinical outcomes. They can also be classified using
traditional clinical risk assessment methods. In many
cases, these risk assessmentmethods employ a number of
prognostic factors which separate solid tumor patients
into different prognosis or risk groups. One example
of these methods is the Motzer risk assessment for
RCC5 as described in Motzer, et al, J CLIN ONCOL,
17:2530- 2540 (1999). Patients in different risk
groups may have different responses to a therapy.
[0043] A variety of types of peripheral blood samples
can be used for the identification of correlations
between peripheral blood gene expression changes and
patient outcomes. Peripheral blood samples suitable
for this purpose include, but are not limited to,
whole blood samples or samples comprising enriched
PBMCs. By "enriched," it means that the percentage of
PBMCs in the sample is higher than that in whole
blood. In many cases, the PBMC percentage in an
enriched sample is at least 1, 2, 3, 4, 5 or more
times higher than that in whole blood. In many other
cases, the PBMC percentage in an enriched sample is at
least 90%, 95%, 98%, 99%, 99.5%, or more. Blood
samples containing enriched PBMCs can be prepared by
using any method known in the art, such as Ficoll
gradients centrifugation or CPTs (cell purification
tubes). [0044] A peripheral blood sample employed in
the present invention can be isolated at any time
prior to, during or after an anti-cancer treatment.
For instance, peripheral blood samples can be isolated
prior to a therapeutic treatment. These samples are
herein referred to as "baseline" or "pretreatment"
samples. Gene expression profiles in these samples are
herein referred to as "baseline" or "pretreatment"
profiles. For another instance, peripheral blood
samples can be isolated from solid tumor patients at
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or
16 weeks following initiation of an anti-cancer
treatment. Other time intervals can also be used for
the preparation of blood samples. [0045] In many
embodiments, gene expression changes are determined by
measuring alterations between gene expression profiles
at a specified time after initiation of an anti-cancer
treatment and baseline expression profiles. Reference
time points other than baseline can also be used.
[0046] Peripheral blood gene expression changes can be
evaluated using global gene expression analysis.
Methods suitable for this purpose include, but arenot
limited to, nucleic acid arrays (such as cDNA or
oligonucleotide arrays), protein arrays, 2-dimensional
SDS-polyacrylamide gel electrophoresis/mass
spectrometry, and other high throughput nucleotide or
polypeptide detection techniques. [0047] Nucleic acid
arrays allow for quantitative detection of the
expression levels of a large number of genes at one
time. Examples of nucleic acid arrays include, but are
not limited to, Genechip microarrays from Affymetrix
(Santa Clara, CA), cDNA microarrays from Agilent
Technologies (Palo Alto, CA), and bead arrays
described in U.S. Patent Nos. 6,288,220 and 6,391,562.
[0048] The polynucleotides to be hybridized to a
nucleic acid array can be labeled with one or more
labeling moieties to allow for detection of hybridized
polynucleotide complexes. The labeling moieties can
include compositions that are detectable by
spectroscopic, photochemical, biochemical,
bioelectronic, immunochemical, electrical, optical or
chemical means. Exemplary labeling moieties include
radioisotopes, chemiluminescent compounds, labeled
binding proteins, heavy metal atoms, spectroscopic
markers such as fluorescent markers and dyes, magnetic
labels, linked enzymes, mass spectrometry tags, spin
labels, electron transfer donors and acceptors, and
the like. Unlabeled polynucleotides can also be
employed. The polynucleotides can be DNA, RNA, or a
modified form thereof. [0049] Hybridization reactions
can be performed in absolute or differential
hybridization formats. In the absolute hybridization
format, polynucleotides prepared from one sample, such
as a peripheral blood sample isolated from a solid
tumor patient at a specific time during the course of
an anti-cancer treatment, are hybridized to a nucleic
acid array. Signals detected after the formation of
hybridization complexes indicate the polynucleotide
levels in the sample. In the differential
hybridization format, polynucleotides prepared from
two biological samples, such as one from a patient of
interest and the other from a reference patient, are
labeled with different labeling moieties. A mixture of
these differently labeled polynucleotides is added to
a nucleic acid array. The nucleic acid array is then
examined under conditions in which the emissions from
the different labels are 



individually detectable. In one embodiment, the
fluorophores Cy3 and Cy5(Amersham Phapnacia Biotech,
Piscataway NJ.) are used as the labeling moieties for
the differential hybridization format. [0050] Signals
gathered from a nucleic acid array can be analyzed
using commercially available software, such as those
provided by Affymetrix or Agilent Technologies.
Controls, such as for scan sensitivity, probe labeling
and cDNA/cRNA quantitation, can be included in the
hybridization experiments. In many embodiments, the
nucleic acid array expression signals are scaled or
normalized before being subject to further analysis.
For instance, the expression signals for each gene can
be normalized to take into account variations in
hybridization intensities when more than one array is
used under similar test conditions. Signals for
individual polynucleotide complex hybridization can
also be normalized using the intensities derived from
internal normalization controls contained on each
array. In addition, genes with relatively consistent
expression levels across the samples can be used to
normalize the expression levels of other genes. In one
embodiment, the expression levels of the genes are
normalized across the samples such that the mean is
zero and the standard deviation is one. In another
embodiment, the expression data detected by nucleic
acid arrays are subject to a variation filter which
excludes genes showing minimal or insignificant
variation across all samples. II. Identification of
RCC Prognostic genes [0051] RCC comprises the majority
of all cases of kidney cancer and is one of the ten
most common cancers in industrialized countries. The
five-year survival rate for advanced RCC is less than
5 percent. RCC is usually detected by imaging methods,
and 30 percent of apparently non-metastatic patients
undergo relapse after surgery and eventually succumb
to disease. Recent expression profiling studies have
demonstrated that the transcriptional profiles of
primary malignancies are radically altered from the
transcriptional profiles of the corresponding normal
tissue (for a review see Slonim, PHARMACOGENOMICS,
2:123-136 (2001)). Specific microarray studies
examining RCC tumor transcriptional profiles in detail
(Young, et al, AM. J. PATHOL., 158:1639-1651 (2001))
have identified many classes of genes altered between
normal kidney tissue and primary RCC tumors.[0052]
Several prognostic factors and scoring indices have
been developed for patients diagnosed with RCC,
typified by multivariate assessments of several key
indicators. One example is the Motzer risk assessment
scores, which employ five prognostic factors proposed
by Motzer, et ah, J CLIN ONCOL, 17:2530-2540 (1999) -
namely, Karnofsky performance status, serum lactate
dehydrognease, hemoglobin, serum calcium, and
presence/absence of prior nephrectomy. RCC patients
can be classified into favorable, intermediate or poor
prognosis based on their respective Motzer risk
assessment scores. [0053] The present invention
features surrogate gene markers for prognosis of RCC.
The expression levels of these genes in peripheral
blood cells of RCC patients change during the course
of a CCI-779 therapy, and the magnitudes of these
changes from baseline expression levels are correlated
with a continuous measure of clinical outcome, such as
TTP or TTD. [0054] CCI-779 is a small molecule
inhibitor of the mTOR pathway that is currently
undergoing evaluation as a cytostatic agent in the
various indications in the field of oncology and in
such indications as multiple sclerosis. CCI-779 is an
ester analog of the immunosuppressant rapamycin and as
such is a potent, selective inhibitor of the mammalian
target of rapamycin. The mammalian target of rapamycin
(mTOR) activates multiple signaling pathways,
including phosphorylation of p70s6kinase, which
results in increased translation of 5' TOP mRNAs
encoding proteins involved in translation and entry
into the Gl phase of the cell cycle. By virtue of its
inhibitory effects on mTOR and cell cycle control,
CCI- 779 functions as a cytostatic and
immunosuppressive agent. [0055] 1 11 advanced RCC
patients (34 females and 77 males) were treated with
25, 75, or 250 mg of CCI-779 intravenous (IV) infusion
once weekly until evidence of disease progression.
Gene expression results of a subset of 45 patients (18
females and 27 males) were further analyzed. RCC
tumors of these 45 patients were classified at the
clinical sites as conventional (clear cell) carcinomas
(24), granular (1), papillary (3), or mixed subtypes
(7). Ten tumors were classified as unknown. RCC
patients were primarily of Caucasian descent (44
Caucasian, 1 African-American) and had a mean age of
58 years (range of 40 - 78 years).Inclusion criteria
included patients with histologically confirmed
advanced renal 



cancer who had received prior therapy for advanced
disease, or who had not received prior therapy for
advanced disease but were not appropriate candidates
to receive high doses of IL-2 therapy. Other inclusion
criteria included patients with (1) bi-dimensionally
measurable evidence of disease; (2) evidence of
progression of the disease prior to study entry; (3)
an age of 18 years or older; (4) ANC > 1500/mL,
platelet > 100,000/mL and hemoglobin > 8.5 g/dL; (5)
adequate renal function evidenced by serum creatinine
< 1.5 x upper limit of normal; (6) adequate hepatic
function evidenced by bilirubin < 1.5 x upper limit of
normal and AST < 3x upper limit of normal (or AST < 5x
upper limit of normal if liver metastases were
present); (7) serum cholesterol < 350 mg/dL,
triglycerides < 300 mg/dL; (8) ECOG performance status
0-1; and (9) a life expectancy of at least 12 weeks.
Exclusion criteria included patients who had (1) the
presence of known CNS metastases; (2) surgery or
radiotherapy within 3 weeks of start of dosing; (3)
chemotherapy or biologic therapy for RCC within 4
weeks of start of dosing; (4) treatment with a prior
investigational agent within 4 weeks of start of
dosing; (5) immunocompromised status including those
known to be HIV positive, or receiving concurrent use
of immunosuppressive agents including corticosteroids;
(6) active infections; (7) required treatment with
anticonvulsant therapy; (8) presence of unstable
angina/myocardial infarction within 6 months/ongoing
treatment of lifethreatening arrythmia; (9) history of
prior malignancy in past 3 years; (10)
hypersensitivity to macrolide antibiotics; and ( 11)
pregnancy or any other illness which would
substantially increase the risk associated with
participation in the study. The selected RCC patients
were treated with one of 3 doses of CCI-779 (25 mg, 75
mg, or 250 mg) administered as a 30 minute IV infusion
once weekly for the duration of the trial. [0056]
Clinical staging and size of residual, recurrent or
metastatic disease were recorded prior to treatment
and every 8 weeks following initiation of CCI-779
therapy. Tumor size was measured in centimeters and
reported as the product of the longest diameter and
its perpendicular. Measurable disease was defined as
any bidimensionally measurable lesion where both
diameters > 1.0 cm by CT-scan, Xray or palpation.
Tumor response was determined by the sum of the
products of allmeasurable lesions. The categories for
assignment of clinical response were given by the
clinical protocol definitions (i.e., progressive
disease, stable disease, minor response, partial
response, and complete response). The category for
assignment of prognosis under the Motzer risk
assessment (favorable vs intermediate vs poor) was
also used. Among the 45 RCC patients, 6 were assigned
a favorable risk assessment, 17 patients possessed an
intermediate risk score, and 22 patients received a
poor prognosis classification. In addition to the
categorical classifications, overall survival and time
to disease progression were also monitored as clinical
endpoints. [0057] PBMCs were isolated from peripheral
blood of the RCC patients prior to CCI-779 therapy and
every 8 weeks after initiation of the treatment.
Nucleic acid samples were prepared from the isolated
PBMCs and hybridized to HG-U95A genechips (Affymetrix,
Santa Clara, CA) according to the manufacturer's
guideline. See GeneChip(r) Expression Analysis -
Technical Manual (Part No. 701021 Rev. 1, Affymetrix,
Inc. 1999-2001), the entire content of which is
incorporated herein by reference. Signals were
calculated from probe intensities by the MAS 4
algorithm, and signal intensities were converted to
frequencies using the scale frequency normalization
method as described in the Examples. [0058] To
identify specific alterations in transcript levels in
PBMCs that were correlated with patient outcome, a Cox
proportional hazards regression was employed, which
accounts for the effect of censoring of clinical
outcome measures, to model outcome as a function of
Iog2-transformed expression levels (in units of ppm).
Cox regression analyses were performed on two clinical
outcome measures - TTP and TTD - for each of the 5,469
qualifiers that passed the initial filtering criteria
(at least 1 "present" call across the data set, and at
least one transcript with a frequency of > 10 ppm; see
Example 3). In the Cox proportional hazard analysis
the hazard ratio associated with each transcript
indicates the likelihood of a favorable or
non-favorable outcome, where a hazard ratio of less
than 1 indicates less risk for increasing levels of
the covariate and a hazard ratio of greater than 1
indicates higher risk.[0059] For each transcript and
outcome measure, hazard ratios were calculated and the
WaId p-value for the hypothesis that the hazard ratio
was equal to 



1 (i.e., no risk) was calculated. The number of tests
that were nominally significant out of the 5,469 tests
performed for each outcome measure was calculated for
five Type I (i.e., false-positive) error levels. To
adjust for the fact that the 5,469 tests were not
independent, a permutation-based approach was then
employed to evaluate how often the observed number of
significant tests would be found under the null
hypothesis of no risk. [0060] Cox proportional hazard
regression models were fit to assess the association
between gene expression levels measured by HG-U95A
Affymetrix microarrays and clinical outcome. Models
were fit using expression levels from each of 5,469
qualifiers that passed the initial filtering criteria
in the baseline, 8 week, and 16 week samples (at least
1 "present" call across the samples, and at least one
transcript with a frequency of > 10 ppm). Two clinical
measures - TTD and TTP - were tested for their
association with change from baseline scaled
frequency. Change from baseline was calculated based
on Iog2-transformed scaled frequency values, and was
computed for 8 weeks and for 16 weeks after baseline.
[0061] The results of comparisons of clinical outcomes
with change from baseline expression levels are
summarized in Tables 2A and 2B for change at 8 weeks,
and in Tables 3A and 3B for change at 16 weeks. The
evidence for association between clinical outcomes and
change from baseline gene expression is strong for
both outcome variables at 16 weeks.Table 2A.
Permutation Results for Cox Proportional Hazards
Regressions of Clinical Outcome of TTP o 8-Week Change
from Baseline Log^-Transformed Frequencies (n=30
patients) * for 5,469 genes (filtered by "at least one
Present call and at least one frequency > 10 ppm")
Table 2B. Permutation Results for Cox Proportional
Hazards Regressions of Clinical Outcome of TTP on
8-Week Change from Baseline Log?-Transformed
Frequencies (n=30 patients ') * for 5,469 genes
(filtered by "at least one Present call and at least
one frequency > 10 ppm")Table 3A. Permutation Results
for Cox Proportional Hazards Regressions of Clinical
Outcome of TTD on 16-Week Change from Baseline
Log^-Transformed Frequencies (n=22 patients) * for
5,469 genes (filtered by "at least one Present call
and at least one frequency > 10 ppm") Table 3B.
Permutation Results for Cox Proportional Hazards
Regressions of Clinical Outcome of TTP on 16-Week
Change from Baseline Logy-Transformed Frequencies
(n=22 patients) * for 5,469 genes (filtered by "at
least one Present call and at least one frequency > 10
ppm") [0062] Tables 4A and 4B provide 20 exemplary
genes in PBMCs with changes in transcript levels at 16
weeks that were correlated with low risk (hazard ratio
< 1.0) or high risk (hazard ratio > 1.0) for TTP,
respectively. Tables 5A and 5B list 20 exemplary genes
in PBMCs with changes in transcript levels at 16
weeksthat were correlated with low risk (hazard ratio
< 1.0) or high risk (hazard ratio > 1.0) for TTD,
respectively. Table 6 provides annotations of these
genes. Table 4A. 20 Exemplary Genes in RCC PBMCs of
CCI-779 Treated Patients Exhibiting Changes at 16
Weeks Significantly Correlated with TTP (Elevated
Expression at 16 Weeks Suggests Good Prognosis for
Progression)Table 4B. 20 Exemplary Genes in RCC PBMCs
of CCI-779 Treated Patients Exhibiting Changes at 16
Weeks Significantly Correlated with TTP (Elevated
Expression at 16 Weeks Suggests Poor Prognosis for
Progression)PROCESSING INFORMATION MANAGEMENT IN A
PLASMA PROCESSING TOOL BACKGROUND OF THE INVENTION
[Para 1] A cluster tool may consist of one or more
plasma-processing chambers (i.e., module) and other
components to facilitate substrate processing. Each
plasma-processing chamber may have a plurality of
transducers (i.e., sensors). Each transducer is able
to detect specific process parameter (i.e., condition)
of the plasma-processing chamber and/or other
components of the tool. Examples of process parameters
include, but are not limited to, temperature,
pressure, step numbers, and gas flow. [Para 2] A
cluster tool interacts with data owners to collect
substrate processing (SP) data as a substrate (i.e.,
wafer) is processed in a plasma-processing chamber.
Substrate processing data refers to two types of data
(i.e., meta-data and process data) that may be
gathered. Meta-data are individual data items that
identify a substrate (i.e., substrate id, lot id,
etc.) or a process (i.e., recipe name, etc.). The
other type of data, process data, relates to 



individual data items that pertain to process
parameters (i.e., pressure, gas flow, step number,
etc.) monitored by a plurality of transducers (i.e.,
sensors located in a cluster tool). [Para 3] As
discuss herein, data owner relates to a software
interface that interacts with a data source to collect
data pertaining to a cluster tool and its
sub-components. Data source may include, but are not
limited to, transducers that detect conditions of the
cluster tool or its sub-components. The data gathered
by transducers are generally known as process data.
Also, data source may relate to pre-stored data (i.e.,
meta-data) that may include information about a
substrate or a process. Data may be collected when
changes occur in a plasma-processing chamber or
periodically. Changes may include increases/decreases
in temperature, pressure, gas flow, etc. [Para 4] To
facilitate discussion, Fig. 1 shows how data flows
from a cluster tool to a database. In a cluster tool
102, data is collected by each data owner (104a, 104b,
and 104c). The data that is collected by each data
owner may be, for example, a name of a data point,
absolute timestamps when changes occur, and a value
for each absolute timestamp. For example, data owner
104a may be a software interface that interacts with a
transducer that detects changes in pressure. Thus,
data collected by data owner 104a may include pressure
asthe name of the data point, absolute timestamps when
pressure changes occur, and a pressure value for each
absolute timestamp. [Para 5] Once the data has been
gathered, a database interface 106 is notified by data
owner (i.e., 104a) via path 108 that data are
available for upload. Database interface 106 then
sends the data to a database 112 via pipeline 110 to
be stored. Database 112 may be located on cluster tool
102 or on a network server. Due to the sheer size of
the data that may be collected by cluster tool 102,
pipeline 110 may have to be fairly large in order to
handle the large bandwidth required to transmit large
amount of data to database 112. [Para 6] The data that
is created is stored on individual tables ( 114a,
114b, and 114c) on database 112. Each table is
arranged according to the data owner. For example,
table 114a stores information (such as data point,
value, and absolute timestamp) gathered by data owner
104a, which monitors pressure changes. One common
variable between these tables is absolute timestamp.
More details about how absolute timestamps work among
the various tables are provided in the discussion
about Fig. 2. [Para 7] Fig. 2 provides examples of
tables that may exist in database 112. Each table
stores data (i.e., data point, absolute timestamp, and
value) about a specific process parameter or
meta-data. For example, table 202 stores data about
substrate id, table 204 stores data about lot id,
table 206 stores data about optical character reader
(OCR) id, table 208 stores data about step number, and
table 210 stores data about pressure. [Para 8] Since
the data collected is not specific to a substrate, a
user may have a difficult time reconstructing
processing conditions for a specific substrate when an
issue arises. To reconstruct the processing
conditions, the user may first have to determine when
the substrate entered a plasma-processing chamber.
Once the user has the absolute timestamp (i.e., 202a
or 202b) at which time the substrate entered the
plasma-processing chamber, the user is then able to
use that absolute timestamp to compare it against
absolute timestamps (i.e., 204a, 204b, 206a, 206b,
208a, 208b, 208c, 208d, 208e, 210a, 210b, 210c, 21Od,
21Oe, 21Of, 21Og) on the other tables. However, the
absolute timestamps on the other tables may not
produce a perfect match. A reason for a lack of a
perfect match may relate to how data stored on each of
the tables is collected when mere is a change in a
processing parameter. [Para 9] For example, substrate
B enters a plasma-processing chamber after substrate A
has already begun its processing cycle in the same
cluster tool. When substrate B enters the
plasma-processing chamber, data owner for substrate id
collects data indicating that substrateB has entered
the processing environment. Meanwhile, the data owner
for pressure acquires a multitude of data points
because changes in pressure are happening for both
substrates. As a result, the absolute timestamp that
is recorded on the substrate id table may not match up
perfectly with any of the absolute timestamps on the
pressure table because the pressure for substrate A is
changing at the same time that the pressure for
substrate B is beginning to change. [Para 10] For
example, a user is researching a problem with
substrate 123. Looking at substrate id table 202, the
user is able to determine that substrate 123 entered a
plasmaprocessing chamber at an absolute timestamp 202a
of 9:58:09:015. Since the common variable on each of
the tables is the absolute timestamp, the user then
uses absolute timestamp 202a as a guiding post for
retrieving data from the other tables by comparing
absolute timestamp 202a against the absolute
timestamps on the other tables. In some situations,
the user is able to extract the relevant values since
absolute timestamp 202a matches the absolute
timestamps on the other tables. For example, absolute
timestamp 202a matches absolute timestamp 208c on step
number table 210. 



[Para 11] However, absolute timestamps may not always
match on all the tables. Under that situation, the
user may have to interpolate based on values
corresponding to the absolute timestamps that exist on
the tables. For example, absolute timestamp 202a does
not match any of the absolute timestamps on pressure
table 210. Instead absolute timestamp 202a falls
between absolute timestamp 210b and absolute timestamp
210c. Even though the user may be able to determine
the range (i.e., actual pressure value falls between
59 and 68 millitorrs), the user may find it difficult
to determine an actual value. [Para 12] There are
several problems with the current methods for
collecting data from a cluster tool. First, data may
not always be readily accessible since the data may be
stored locally on a cluster tool or on a network
server. To retrieve the data, a user may need to have
access to the cluster tool or network server. [Para
13] Second, data is currently collected on a time
slide, grouped by data owners, and is stored on the
database as individual tables. For example, data about
pressure is stored together on a single table whereas
data about gas flow is stored on a different table. To
reconstruct processing conditions for a specific
substrate may take some time since data for a specific
substrate is not readily available.[Para 14] Third,
due to the way data is stored, a user may not be able
to automatically request for data without having to do
some analysis to determine the usability of the data.
Further, since data for a substrate is stored across
multiple tables, a user may have to use multiple
queries to extract the data needed. Since the common
variable among the tables is the absolute timestamp,
data that is gathered may not always give an accurate
picture of what has occurred since the user may have
to synchronize the data on the various tables. As a
result, the accuracy and quality of the data may be
lacking. SUMMARY OF INVENTION [Para 15] The invention
relates, in an embodiment, to a computer-implemented
method for managing substrate processing data. The
substrate process data is acquired while a substrate
is processed in a plasma-processing chamber of a
cluster tool. The method includes receiving meta-data
that identifies at least one of an identification of
the substrate and a process. The method further
includes receiving from a plurality of transducers a
plurality of process data streams, each of the
plurality of process data streams pertaining to a
process parameter being monitored. Individual data
items in each of the plurality of process data streams
are being collected in accordance to one of a first
methodology and a second methodology. The first
methodology represents data collection that is
periodic in time. The second methodology represents
data collection that takes place when predefined
events occur. The method also includes storing the
individual data items associated with the plurality of
process data streams in a single file. The single file
stores only the substrate process data pertaining to a
single recipe that is employed to process the
substrate. [Para 16] In yet another embodiment, the
invention relates to a computer-implemented method for
managing substrate processing data. The substrate
processing data is acquired while a substrate is
processed in a plasma-processing chamber of a cluster
tool. The method includes receiving meta-data
associated with the substrate. The meta-data
identifies a process recipe employed to process the
substrate. The method further includes receiving from
a plurality of transducers a plurality of process data
streams, each of the plurality of process data streams
pertaining to a process parameter being monitored. The
method also includes employing a single file for
storing the individual data items associated with the
plurality of process data streams and the meta-data.
The single file is not employed for storing
substrateprocess data associated with other recipes.
The single file is also not employed for storing
substrate process data associated with other
substrates. [Para 17] In yet another embodiment, the
invention relates to an article of manufacture
including a program storage medium having computer
readable code embodied therein. The computer readable
code is configured for managing substrate processing
data in a substrate processing environment. The
substrate processing data is acquired while a
substrate is processed in a plasma-processing chamber
of a cluster tool. The article of manufacture includes
computer readable code for receiving meta-data
associated with the substrate. The meta-data
identifies a process recipe employed to process the
substrate. The article of manufacture further includes
computer readable code for receiving from a plurality
of transducers a plurality of process data streams,
each of the plurality of process data streams
pertaining to a process parameter being monitored. The
article of manufacture also includes computer readable
code for storing the individual data items associated
with the plurality of process data streams and the
meta-data in a single file. The single file is not
employed for storing substrate process data associated
with other recipes. The single file is also not
employed for storing substrate process data associated
with other substrates. BRIEF DESCRIPTION OF THE
DRAWINGS 



[Para 18] The present invention is illustrated by way
of example, and not by way of limitation, in the
figures of the accompanying drawings and in which like
reference numerals refer to similar elements and in
which: [Para 19] Fig. 1 shows, in the prior art, how
data flows from a cluster tool to a database. [Para
20] Fig. 2 shows, in the prior art, example of tables
that may exist in a database. Each table stores data
about a specific process parameter or meta-data. [Para
21] Fig. 3 shows, in an embodiment of the invention,
an example of individual data items in a single file.
[Para 22] Fig. 4A shows, in an embodiment of the
invention, indexes of individual data items on an
archive database [Para 23] Fig. 4B shows, in an
embodiment of the invention, a processing data
hierarchy.[Para 24] Fig. 5 shows, in an embodiment of
the invention, an overall view of the process.
DETAILED DESCRIPTION OF EMBODIMENTS [Para 25] The
present invention will now be described in detail with
reference to a few embodiments thereof as illustrated
in the accompanying drawings. In the following
description, numerous specific details are set forth
in order to provide a thorough understanding of the
present invention. It will be apparent, however, to
one skilled in the art, that the present invention may
be practiced without some or all of these specific
details. In other instances, well known process steps
and/or structures have not been described in detail in
order to not unnecessarily obscure the present
invention. [Para 26] Various embodiments are described
hereinbelow, including methods and techniques. It
should be kept in mind that the invention might also
cover articles of manufacture that includes a computer
readable medium on which computer-readable
instructions for carrying out embodiments of the
inventive technique are stored. The computer readable
medium may include, for example, semiconductor,
magnetic, opto-magnetic, optical, or other forms of
computer readable medium for storing computer readable
code. Further, the invention may also cover
apparatuses for practicing embodiments of the
invention. Such apparatus may include circuits,
dedicated and/or programmable, to carry out tasks
pertaining to embodiments of the invention. Examples
of such apparatus include a general-purpose computer
and/or a dedicated computing device when appropriately
programmed and may include a combination of a
computer/computing device and dedicated/programmable
circuits adapted for the various tasks pertaining to
embodiments of the invention. [Para 27] In accordance
with embodiments of the present invention, there are
provided computer-implemented methods for collecting
meta-data and process data from a substrate processing
environment while the substrate (i.e., wafer) is
processed in a plasma-processing chamber (i.e.,
module) of a cluster tool. As discuss herein, a
substrate processing environment includes equipments
associated with processing substrates, including the
cluster tool, supporting servers and computers,
interfaces that manage the movement of individual data
items, and applications that may interact with the
individual data items. [Para 28] As discussed herein,
meta-data relates to individual data items that
identify a substrate (i.e., substrate id, lot id,
etc.) or a process (i.e., recipe name, etc.). Also, as
discussedherein, process data relates to individual
data items that pertain to process parameters (i.e.,
pressure, gas flow, step number, etc.) monitored by a
plurality of transducers (i.e., sensors located in a
cluster tool). Together, meta-data and process data
form the substrate processing data. Individual data
items from a single recipe that is employed to process
a single substrate are stored as a single file. The
single file is uploaded to a process control computer,
is stored and indexed into an archive database, and is
made readily available for analysis or review. [Para
29] For example, a substrate is etched in a
plasma-processing chamber of a cluster tool, hi the
plasma-processing chamber, there is a plurality of
transducers that receives a plurality of process data
streams. Each of the process data streams pertains to
a process parameter (i.e., pressure, temperature, step
number, etc.) that is monitored. Process data
associated with each of the plurality of process data
streams for a substrate of a single recipe are
collected and stored as a single file. Also, on the
single file is the meta-data that is collected by the
cluster tool for that specific substrate undergoing
that specific recipe. [Para 30] In an embodiment of
the invention, the methodology used to collect
individual data items may be either synchronous or
asynchronous. The methodology is synchronous if
individual data items are collected periodic in time.
For example, a transducer may be scheduled to receive
process data streams at a specific interval (i.e.,
every ten seconds) regardless of activities. The
methodology is asynchronous if individual data items
are collected upon occurrence of predefined events
(such as a change in a process parameter). [Para 31]
The individual data items collected may be stored as a
single file, in which the single file pertains to
process data and meta-data that are related to a
single recipe used to process a substrate. In an
embodiment of the invention, a single file may be
uploaded to a real 



time process control computer (i.e., server) as a
substrate is processed to enable a user to monitor for
process irregularities. In another embodiment of the
invention, a single file may be uploaded to a process
control computer after a single recipe for a substrate
has completed. [Para 32] Once uploaded to the process
control computer, the single file is managed by an
equipment information management system (EIMS). As
discussed herein, an EIMS is an interface that manages
individual data items and directs communications
relating to individual data items to relevant
party(s). In an embodiment, an EIMS sends a single
file to an archive database, which may be a relational
database. [Para 33] The archive database indexes the
individual data items, which allows the individual
data items to be searched quickly in subsequent
searches. By indexing theindividual data items, a user
is able to easily obtain individual data items related
to a single substrate of a single recipe without
having to go through a multitude of steps to
reconstruct the substrate processing environment.
[Para 34] The archive database also stores the single
file into a processing data hierarchy. The process
data hierarchy includes files stored as leaf nodes in
a tree-like storage arrangement (i.e., file
directory). The tree-like storage arrangement makes
navigation among the files more accessible for a user
when files need to be retrieved. [Para 35] In another
embodiment, an EIMS also notifies an application when
specific individual data items, which an application
has requested for, are available. The EIMS may also
compress and push the individual data items to the
application when the individual data items have been
stored and indexed on an archive database. [Para 36]
The EIMS may also provide the individual data items to
a customer application. Prior to pushing the
individual data items to the customer application, the
EIMS may send the individual data items to a data
adapter to translate individual data items into a
format that is suitable for use by the customer
application. As discussed herein, a data adapter is a
software interface that reformats individual data
items into specific format as requested by the
customer application. [Para 37] To facilitate
discussion, the following example provides an overview
of how embodiments of the invention may work. Assume a
specific substrate file is needed by an application.
The application registers with an EIMS by identifying
what type of individual data items the application is
looking for. The EIMS then forwards the request to a
database interface module, which may be located on a
cluster tool. Meanwhile, a substrate is loaded onto a
plasma-processing chamber in the cluster tool to be
processed. While the substrate is processed,
individual data items are collected and stored on a
single file. [Para 38] The database interface module
is notified that a single file is available for upload
onto a process control computer. The database
interface module may compress and push the individual
data items onto the process control computer. At the
same time, the database interface module may notify
the EIMS that a single file with the individual data
items, which has been requested by the application,
has been created. [Para 39] Once the single file has
been written to the process control computer, the EIMS
reads the file and pushes the individual data items to
an archive database. The archivedatabase stores and
indexes the single file. Once indexing has completed,
the EIMS notifies the application that the requested
individual data items are available and EIMS may
compress and push the individual data items to the
application. At the same time, the EIMS may push the
individual data items to a customer application in a
format that is usable by the customer application. To
convert the individual data items into a format that
the customer application is able to use, the
individual data items may first go through a data
adapter. [Para 40] The features and advantages of the
present invention may be better understood with
reference to the figures and discussions that follow.
Fig. 3 shows, in an embodiment of the invention, an
example of individual data items in a single file. A
file 300 includes individual data items that may be
process data or meta-data. [Para 41] Individual data
items may include substrate id 302 (the id of the
substrate), lot id 304 (substrates are grouped
together using the same recipe), OCR id 306 (serial
number on a substrate), notch angle 308 (number on a
substrate that is used to align substrate the same way
for every steps throughout a single recipe), recipe
start time 310 (time a process begins) and recipe end
time 312 (time a process ends). Individual data items
may further include step number 314, a pressure 316,
and a gas flow 318. [Para 42] The type of data that is
collected may include data point (i.e., type of
processing parameter), relative time interval, and a
value associated with that relative time interval. For
example, for pressure 316, at 0 time interval (at the
recipe start time), the value at 0 time interval has
been recorded as 54 millitorrs. At 200 milliseconds
later (200 milliseconds after the recipe start time),
the value has changed to 68 millitorrs. Taking recipe
start time 310 (recipe start time is 10:04:38:070),
the user is able to calculate the time (10:04:38:270)
at 



which the pressure changed to 68 millitorrs given the
relative time interval. [Para 43] As mentioned above,
individual data items may be collected periodically or
they may be collected due to predefined events. The
example in Fig. 3 shows that more process data is
collected for gas flow 318 than pressure 316. This
example illustrates process data being collected due
to predefined events (such as changes to process
parameters) and not at a specific time interval. [Para
44] Individual data items collected on a single
substrate for a single recipe are stored as a single
file. The single file is loaded onto a process control
computer and from there may be stored in an archive
database. Individual data items saved on an archive
database are indexed to enable more effective
searching. Also, individual data items saved on the
archivedatabase may be stored in a tree-like storage
arrangement (i.e., directory), which allows for visual
organization of the files. [Para 45] To facilitate
discussion, Fig. 4A shows, in an embodiment of the
invention, indexes of individual data items on an
archive database. The indexes shown are examples and
are not meant to be all inclusive of the possible
indexes that may exist in the archive database. Index
404 includes individual data items about substrate id
and file id. Index 410 includes individual data items
about OCR id and file id. Index 416 includes
individual data items about file id, start time, end
time, and file path. [Para 46] For example, a user
queries an archive database to retrieve a file related
to substrate 123. Since individual data items stored
on the archive database is indexed, the system is able
to quickly determine that substrate 123 has a file id
of 6, which is stored at the following path:
Archive/tooll/modulel/filetypeA/1-1 l-05/file2. In
another example, a user queries an archive database to
locate files related to substrate 124. Since the
archive database is an indexed database, the system is
able to quickly locate 3 file ids related to this
single substrate. [Para 47] There are 3 file ids
related to substrate 124 because there are three
different files for this single substrate. A substrate
may have more than one file depending on what is
stored on the file. For example, substrate 124 has
been etched twice, once in plasma-processing chamber 1
and the other time in plasma-processing chamber 2. As
a result, two files are created for substratel24. The
first file
(Archive/tooll/modulel/filetypeA/l-12-05/filel)
provides the individual data items for when
substratel24 was in plasma-processing chamber 1. The
second file
(Archive/tooll/module2/filetypeA/l-12-05/file2)
provides the individual data items for when
substratel24 was in plasma-processing chamber 2. The
third file for substratel24 may be a maintenance log
that is produced when substatel24 has completed
processing in plasma-processing chamber 2
(Archive/tool l/module2/filetypeA/l-12-05/file3).
[Para 48] Files may also be organized into a
processing data hierarchy, where the files are stored
as leaf nodes in a tree-like storage arrangement. For
example, each filepath in index 416 (i.e.,
Archive/tooll/module2/filetypeA/l-12-05/file3) is a
leaf node in the tree-like storage arrangement. Fig.
4B shows, in an embodiment of the invention, a
processing data hierarchy 420. The files are first
grouped by date (parent level). At the next level up
(grand-parent level), the files are grouped by file
type. File type may include, but is not limited to
procedure data log, spectrum data, history data log,
and maintenance data log.[Para 49] At the
grand-grand-parent level, the files are grouped by
module ID (i.e., plasma-processing chamber). For
example, a cluster tool has 4 plasma-processing
chambers. The files are grouped by which
plasma-processing chambers handled the processing. At
the highest level (grand-grand-grand-parent level),
the files are grouped together by tool ID (cluster
tool). [Para 50] For example, substrate A has been
processed by plasma-processing chamber 1 of a Lam 2300
cluster tool on January 25, 2005. Meanwhile, on the
same date, substrate B has been processed by
plasma-processing chamber 2 of the same Lam 2300
cluster tool. Thus, the single file created for
substrate A is stored in the processing database
hierarchy under Lam 2300 (tool 1), plasma-processing
chamber 1 (module 1), procedure data log (file type),
January 25, 2005 (date). While, the single file
created for substrate B is stored in the processing
database hierarchy under Lam 2300 (tool 1),
plasma-processing chamber 2 (module 2), procedure data
log (file type), January 25, 2005 (date). [Para 51] In
an embodiment of the invention, a tree-like storage
arrangement (i.e., directory) is navigable on a
display screen (i.e., computer monitor) by a user
employing a navigation interface. The navigation
interface allows the user to view the tree-like
storage arrangement and to choose any leaf node (file)
for viewing. [Para 52] To better understand how the
whole process works, Fig. 5 shows, in an embodiment of
the invention, an overall view of the process. A
single recipe is employed to process a substrate.
While the single substrate is processed in a cluster
tool 502, a data owner 504 collects process data and
meta-data and writes the individual data items to a
file 506. [Para 53] As mentioned above, data owner
relates to a software interface that interacts 



with a data source to collect data pertaining to a
cluster tool and its sub-components. Data source may
include, but are not limited to, transducers that
detect conditions of the cluster tool and/or its
sub-components. Data source may also relate to
pre-stored data that may include information about a
substrate or a process. [Para 54] Once file 506 has
been created, data owner 504 notifies an interface
module 508 via path 512 that file 506 has been
created. Upon receipt of the notification, interface
module 508 may compress and push file 506 to a process
control computer 518 via path 514. In an embodiment of
the invention, a single file may be loaded immediately
to a real-time process control computer. By uploading
the single file as process data streams are received,
a user is able to monitor the process for
irregularities. In another embodiment of the
invention, a singlefile may be uploaded to a process
control computer after a single recipe for a substrate
has completed. [Para 55] Meanwhile, interface module
508 may also notify an EIMS 522 via path 515 that a
file has been created. For example, an application 540
needs a specific file. Application 540 registers (534)
with EIMS 522 the type of file that is needed. EIMS
522 then notifies interface module 508 that
application 540 is waiting for a specific file. Once
the requested file is available, interface module 508
notifies EIMS 522 that a file has been created. [Para
56] Once EIMS 522 receives the notification, EIMS 522
waits for file 506 to be written to process control
computer 518 as file 516. Once the upload has
completed, EIMS 522 reads and pushes file 516 via path
530 to an archive database 524. Archive database 524
opens the file and updates the indexes with the new
individual data items collected. Once archive database
524 has completed the index process, EIMS 522 pushes
file 516 via path 532 to application 540 as file 538
and notifies application 540 via path 536 that file
538 is available. [Para 57] At the same time, EIMS 522
may push the individual data items to a customer
application 544. Individual data items may be pushed
upon request or when the individual data items meet
certain specifications that have been pre-programmed.
Before pushing the individual data items to customer
application 544, the individual data items are sent to
a data adapter 520 via path 528. Data adapter 520 is a
software interface that translates (i.e., reformats)
individual data items to client's specifications. Once
the individual data items have been translated, the
individual data items are pushed via path 542 to
customer application 544. [Para 58] As can be
appreciated from the foregoing, embodiments of the
invention allow for individual data items to be
collected on a per substrate per recipe basis instead
of on a parameter time slide interval. By storing
individual data items that pertain to a single recipe
for a single substrate as a single file, a user is
able to monitor a substrate for process
irregularities. Also, data analysis may be quicker
since interpolation or synchronization is not
required. Further, a single file for individual data
items related to a single recipe for a single
substrate allows for quicker reconstruction of a
processing environment at a later date. Additionally,
a user is no longer burden with the challenge of
separating unrelated data from individual data items
that a user may need to analyze problems related to a
specific substrate. [Para 59] In addition, embodiments
of the invention allow for individual data items to be
indexed, which enable for quicker searches. User is
able to easily access the individual dataitems without
having to do multiple queries to pull relevant data.
An embodiment of the invention also allows for
individual data items to be sent to a customer
application in a format that is suitable for the
customer application's needs. [Para 60] While this
invention has been described in terms of several
embodiments, there are alterations, permutations, and
equivalents, which fall within the scope of this
invention. It should also be noted that there are many
alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore
intended that the following appended claims be
interpreted as including all such alterations,
permutations, and equivalents as fall within the true
spirit and scope of the present invention.CLAIMS What
is claimed is: 1. In a substrate processing
environment, a computer-implemented method for
managing substrate processing data, said substrate
process data being acquired while a substrate is
processed in a plasma-processing chamber of a cluster
tool, comprising: receiving meta-data that identifies
at least one of an identification of said substrate
and a process receiving from a plurality of
transducers a plurality of process data streams, each
of said plurality of process data streams pertaining
to a process parameter being monitored, individual
data items in each of said plurality of process data
streams being collected in accordance to one of a
first methodology and a second methodology, said first
methodology representing data collection that is
periodic in time, said second methodology representing
data collection that takes place when predefined
events occur; and 



storing said individual data items associated with
said plurality of process data streams in a single
file, said single file storing only said substrate
process data pertaining to a single recipe that is
employed to process said substrate. 2. The method of
claim 1 further comprising providing said individual
data items pertaining to said plurality of data
streams substantially in real time to a real-time
process control computer, said real-time process
control computer being configured to analyze said
individual data items while said substrate is
processed to monitor for process irregularities. 3.
The method of claim 1 further comprising storing said
single file into an archive database, said storing
including storing said individual data items
associated with said plurality of data streams in a
single file of said archive database. 4. The method of
claim 3 wherein said archive database represents a
relational database. 5. The method of claim 3 further
comprising indexing said single file in said archive
database to improve searching speed in subsequent
searches.6. The method of claim 3 wherein said storing
said single file into said archive database further
comprises placing said single file into a processing
data hierarchy, said processing data hierarchy
comprising files stored as leaf nodes in a tree-like
storage arrangement, wherein date represents a parent
level of said files, file types represent a
grand-parent level of said files, module IDs
representing a grand-grand-parent level of said files,
and tool IDs representing a grand-grand-grand-parent
level of said files. 7. The method of claim 6 wherein
said tree-like storage arrangement is navigable on a
display screen by a user employing a navigation
interface, said navigation interface permitting said
user to view said tree-like storage arrangement and to
select any of said leaf nodes for viewing. 8. The
method of claim 1 further comprising providing said
single file to an application, said providing further
including compressing said single file prior to
transmitting to said application. 9. The method of
claim 1 further comprising furnishing said substrate
process data to a customer application, said
furnishing further including translating said single
file into a format suitable for use by said customer
application. 10. In a substrate processing
environment, a computer-implemented method for
managing substrate processing data, said substrate
processing data being acquired while a substrate is
processed in a plasma-processing chamber of a cluster
tool, comprising: receiving meta-data associated with
said substrate, said meta-data further identifying a
process recipe employed to process said substrate;
receiving from a plurality of transducers a plurality
of process data streams, each of said plurality of
process data streams pertaining to a process parameter
being monitored; and employing a single file for
storing said individual data items associated with
said plurality of process data streams and said
meta-data, said single file is not employed for
storing substrate process data associated with other
recipes, said single file is also not employed for
storing substrate process data associated with other
substrates.11. The method of claim 10 further
comprising providing said individual data items
pertaining to said plurality of data streams
substantially in real time to a real-time process
control computer, said real-time process control
computer being configured to analyze said individual
data items while said substrate is processed to
monitor for process irregularities. 12. The method of
claim 10 further comprising storing said single file
into an archive database, said storing including
storing said individual data items associated with
said plurality of data streams in a single file of
said archive database. 13. The method of claim 12
wherein said archive database represents a relational
database. 14. The method of claim 12 further
comprising indexing said single file in said archive
database to improve searching speed in subsequent
searches. 15. The method of claim 12 wherein said
storing said single file into said archive database
further comprises placing said single file into a
processing data hierarchy, said processing data
hierarchy comprising files stored as leaf nodes in a
tree-like storage arrangement, wherein date represents
a parent level of said files, file types represent a
grand-parent level of said files, module IDs
representing a grand-grand-parent level of said files,
and tool IDs representing a grand-grand-grand-parent
level of said files. 16. The method of claim 15
wherein said tree-like storage arrangement is
navigable on a display screen by a user employing a
navigation interface, said navigation interface
permitting said user to view said tree-like storage
arrangement and to select any of said leaf nodes for
viewing. 17. The method of claim 10 further comprising
providing said single file to an application, said
providing further including compressing said single
file prior to transmitting to said application. 



18. The method of claim 10 further comprising
furnishing said substrate processing data to a
customer application, said furnishing further
including translating said single file into a format
suitable for use by said customer application.19. An
article of manufacture comprising a program storage
medium having computer readable code embodied therein,
said computer readable code being configured for
managing substrate processing data in a substrate
processing environment, said substrate processing data
being acquired while a substrate is processed in a
plasma-processing chamber of a cluster tool,
comprising: computer readable code for receiving
meta-data associated with said substrate, said
meta-data further identifying a process recipe
employed to process said substrate; computer readable
code for receiving from a plurality of transducers a
plurality of process data streams, each of said
plurality of process data streams pertaining to a
process parameter being monitored; and computer
readable code for storing said individual data items
associated with said plurality of process data streams
and said meta-data in a single file, said single file
is not employed for storing substrate process data
associated with other recipes, said single file is
also not employed for storing substrate process data
associated with other substrates. 20. The article of
manufacture of claim 19 further comprising computer
readable code for providing said individual data items
pertaining to said plurality of data streams
substantially in real time to a real-time process
control computer, said real-time process control
computer being configured to analyze said individual
data items while said substrate is processed to
monitor for process irregularities. 2 1. The article
of manufacture of claim 19 further comprising computer
readable code for storing said single file into an
archive database, said storing including storing said
individual data items associated with said plurality
of data streams in a single file of said archive
database. 22. The article of manufacture of claim 2 1
wherein said archive database represents a relational
database. 23. The article of manufacture of claim 2 1
further comprising computer readable code for indexing
said single file in said archive database to improve
searching speed in subsequent searches.24. The article
of manufacture of claim 2 1 wherein said computer
readable code for storing said single file into said
archive database further comprises computer readable
code for placing said single file into a processing
data hierarchy, said processing data hierarchy
comprising files stored as leaf nodes in a tree-like
storage arrangement, wherein date represents a parent
level of said files, file types represent a
grand-parent level of said files, module IDs
representing a grand-grand-parent level of said files,
and tool IDs representing a grand-grand-grand-parent
level of said files. 25. The article of manufacture of
claim 24 wherein said tree-like storage arrangement is
navigable on a display screen by a user employing a
navigation interface, said navigation interface
permitting said user to view said tree-like storage
arrangement and to select any of said leaf nodes for
viewing. 26. The article of manufacture of claim 19
further comprising computer readable code for
providing said single file to an application, said
providing further including compressing said single
file prior to transmitting to said application. 27.
The article of manufacture of claim 19 further
comprising computer readable code for furnishing said
substrate processing data to a customer application,
said furnishing further including translating said
single file into a format suitable for use by said
customer application. 


