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COMPUTER-BASED DEVICE AND MODEL 
FOR PREDIC TING PROBABILITY OF DEATH 

FROM THROMBOSIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application No. 61/532,349, ?led on Sep. 8, 
2011, incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a computer-based 
device and model for predicting or estimating probability of 
death from thrombosis. 

BACKGROUND OF THE INVENTION 

[0003] Thrombosis generally refers to formation of a blood 
clot inside a blood vessel such as a vein or artery. Among the 
common types of thrombosis are venous thrombosis and arte 
rial thrombosis. One complication that can result from throm 
bosis is pulmonary embolism (PE). Pulmonary embolism is 
basically a blockage of the main artery of the lung or one of its 
branches by a substance such as a blood clot that has travelled 
from elseWhere in the body through the blood stream. The risk 
of pulmonary embolism is increased in various medical situ 
ations and With certain medical conditions. 
[0004] Clinical guidelines recommend risk strati?cation of 
patients With acute pulmonary embolism. Risk strati?cation 
of acute pulmonary embolism generally refers to the use of 
objective criteria to predict the probability of clinical deterio 
ration during a short term folloW-up period after diagnosis. 
Active cancer increases risk of PE and Worsens prognosis but 
also causes incidental PE discovered during cancer staging. 
[0005] The majority of published literature focuses on cat 
egoriZing patients as loW, moderate, or high risk of death, 
respiratory failure, or circulatory failure during the inpatient 
period or up to 30 days. Known methods of risk strati?cation 
include the use of echocardiography, biomarkers, scoring 
systems, CT scan results, and use of comborbid conditions. 
Increased risk has been suggested to be important in decisions 
regarding need for admission, or need for treatment beyond 
standard anticoagulation. Patients With active malignancy 
represent a subgroup at particularly high risk of both devel 
oping PE and having an increased risk of death after diagnosis 
of PE compared With patients Who have no history of cancer 
or a past medical history of cancer in remission at the time of 
PE diagnosis. At present, there is no knoWn device for esti 
mating the quantitative shor‘t-term prognosis of a patient With 
active malignancy and PE. No quantitative decision instru 
ment or device has been derived speci?cally for patients With 
active cancer and PE. Thus, the present invention is directed 
to a computer-based device having a multivariate, quantita 
tive computer-implemented modeling equation used for the 
purpose of assessing the probability of death Within 30 days 
of patients With active cancer and PE. 

SUMMARY OF THE INVENTION 

[0006] The present invention is directed to a computer 
based device and predictive model to estimate a quantitative 
short-term prognosis of a patient With active cancer and 
thrombosis. The present invention is directed to a computer 
based device and predictive model to estimate a quantitative 
short-term prognosis of a patient With active cancer and pul 
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monary embolism. The present invention is further directed to 
a computer-based device and predictive model executable by 
computer softWare for use With the device to predict a per 
centage probability of death from pulmonary embolism in a 
patient With active cancer. 
[0007] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description pro 
vided hereinafter. It should be understood that the detailed 
description and speci?c examples, While indicating the pre 
ferred embodiment of the invention, are intended for purposes 
of illustration only and are not intended to limit the scope of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention Will become more fully 
understood from the detailed description and the accompa 
nying draWings, Which are not necessarily to scale, Wherein: 
[0009] FIG. 1 is an illustrative computer screen shot from a 
computer-based device shoWing the output resulting from the 
predictive model of the present invention. 
[0010] FIG. 2 is a receiver operating characteristic curve 
using a percentage probability estimate of mortality from a 
logistic regression equation as the diagnostic test, Where the 
outcome Was 30 day mortality in the validation dataset. 
[0011] FIG. 3 is a dot plot of the estimated probability of 
death from a logistic regression equation (Y axis), strati?ed 
according to survival status at 30 days Qi axis). 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The folloWing detailed description of the embodi 
ment(s) is merely exemplary in nature and is in no Way 
intended to limit the invention, its application, or uses. 
[0013] The computer-based device and predictive model of 
the present invention is used to estimate a quantitative short 
terrn prognosis of a patient With active cancer and thrombosis. 
The computer-based device and predictive model of the 
present invention is also used to estimate a quantitative short 
terrn prognosis of a patient With active cancer and pulmonary 
embolism. 
[0014] The computer-based device comprises a predictive 
model executable by computer softWare for estimating a per 
centage probability of death from pulmonary embolism (PE) 
in a patient With active cancer. The computer-based device 
typically comprises a processor, a data input device (e. g., 
keyboard), a data output device (eg computer monitor or 
display computer screen), a disk drive, a computer softWare 
application, computer memory, and data storage modules. 
The computer memory comprises instructions executable by 
the processor to run the predictive model of the present inven 
tion. The computer device may be communicatively con 
nected to a computer netWork. 

[0015] The predictive model of the present invention com 
prises a multivariate equation. As a feature of the model, the 
multivariate equation is a logistic regression equation. As 
another feature of the model, the equation typically has eight 
variables or factors. The model has surprisingly been found to 
have good prognostic accuracy for 30 day mortality espe 
cially at loW and high estimates. The model is helpful for 
cancerpatients With PE discovered during disease staging and 
near the end of life. Additionally, the model has good overall 
diagnostic accuracy for prediction of death in patients With 
malignancy and suspected PE but for Whom no PE Was found 
despite standard of care evaluation for PE. 
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[0016] Equation (1) illustrates a multivariate equation for 
use in the model of the present invention in a form of a logistic 
regression equation. The logistic function may be plotted 
With Z on the horiZontal axis and f(Z) on the vertical axis. 

?z):1/(1+e’Z) Equation (1) 

[0017] Wherein 
[0018] f(Z):output (i.e. probability of particular outcome) 
[0019] z:input:[3o+[3lxl+[32x2+[33x3+[3ax4 . . . +[3kxk 

[0020] x1, x2, x3, . . .xi:factors 
[0021] kIl, 2, 3, . . .i 
[0022] [3O:intercept 
[0023] [31, [32, [33, . . . [3k:regression coef?cients 
[0024] Equation (2) is a derived logistic regression equa 
tion in the form of equation (1) having the folloWing unique 
intercept, regression coe?icients and factors for assessing the 
probability of death from pulmonary embolism (PE) in a 
patient With active cancer Within thirty days. 

P(z):[l—[l/(l+ez)]]* 100 Equation (2) 

[0025] Wherein 
[0026] P(Z):percentage probability of death Within thirty 
days 
[0027] Z:[30+[31X1+[32X2+[33X3+[34X4+[35X5l36x6+l37x7l3sxs 
[0028] [3O:intercept 
[0029] [31:patient body Weight 
[0030] [32:heart rate 
[0031] [33:respiratory rate 
[0032] [34:pulse oximetry (SaO2) 
[0033] [35:altered mental state 
[0034] [36:respiratory distress 
[0035] [37:“do not resuscitate” status 
[0036] [38q1nilateral limb sWelling 
[0037] Wherein 
xl:body Weight of patient in pounds 
x2:1 if heart rate of patient >99 beats per minute 
[0038] but x2:0 if heart rate<100 beats per minute 
x3:respiratory rate of patient in breaths per minute 
x4:pulse oximetry value in % obtained from the patient 
breathing room air 
x5:1 if patient has altered mental state but x5:0 if patient does 
not have altered mental state 
x6:1 if patient has respiratory distress but x6:0 if patient does 
not have respiratory distress 
x7:1 if patient has “do not resuscitate” status but x7:0 if 
patient does not have “do not resuscitate status” 
x8:1 if patient has unilateral limb sWelling but x8:0 but if 
patient does not have unilateral limb sWelling 
[0039] As indicated above in Equation (2), the multivariate 
equation has eight predictor factors xl to x8. The factors are 
body Weight, heart rate, respiratory rate, pulse oximetry, res 
piratory distress, altered mental status, do not resuscitate 
status and unilateral limb sWelling. 
[0040] The beta coef?cients of equation (2) preferably have 
the folloWing values: 
[0041] [3O:3.72 
[0042] [31 is in a range of —0.02 to 0 
[0043] [32 is in a range of 0.35 to 1.83 
[0044] [33 is in a range of —0.02 to 0.11 
[0045] [34 is in a range of —0.13 to 0 
[0046] [35 is in a range of 0.05 to 2.58 
[0047] [36 is in a range of —0.12 to 1.48 
[0048] [37 is in a range of 0.29 to 2.66 
[0049] [38 is in a range of —0.16 to 1.53 
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[0050] In accordance With the present invention, a user 
enters the values for the factors in the computer-based device 
using a computer user interface or application, such as an 
“Applet” programmed in Javascript, or HTML, or a macro 
programmed inVisual Basic for the user to input the variables 
or input data into the device and computer code to execute the 
equation and present the percentage probability of death 
Within 30 days. In addition to the values for the factors, the 
user enters any other needed information. The input data once 
entered is processed according to the computer-implemented 
model to generate the output data. The output data is dis 
played on a computer screen or other output display device as 
illustrated in FIG. 1, and the output data includes, but is not 
limited to, a percentage probability of death Within the next 
30 days and a recommended course of action based upon the 
percentage probability of death. The course of action may 
include, but is not limited to, treatment options and physical 
location of the patient, either in the hospital or home setting. 
It is desirable for the variables to be obtained at the bedside of 
the patient and for the device to be used in association With a 
medical history revieW and physical examination of a patient. 
[0051] A percentage of 5% or less corresponds to a near 
Zero chance of death Within 30 days and therefore the device 
output is typically a recommendation of home treatment. A 
percentage of >50% corresponds to a high probability of 
death With standard treatment, suggestive of need for 
advanced treatment options, including ?brinolysis, catheter 
embolectomy, or de-escalation of medical care and transition 
to palliation. At a percentage of 6 to 49% the device output is 
typically a recommendation of hospital admission With stan 
dard anticoagulation. The device is optionally used in con 
junction With an anticoagulant treatment to alloW early dis 
charge of patients With cancer and PE. 
[0052] It is Within the scope of the present invention that the 
variables are modi?able slightly either by substitution or 
addition. For example, unilateral limb sWelling can be sub 
stituted for one of the folloWing: prior PE, systolic blood 
pressure, immobility, and alternative diagnosis to obtain per 
formance almost as good. Similarly, the variable of breathing 
room air could substitute for respiratory distress. Likewise, 
the intercept and regression coef?cients are able to be 
changed slightly and the device performance nearly main 
tained. The device is able to be augmented to estimate other 
outcomes relevant to treatment options including probability 
of bleeding. 
[0053] It is Within the scope of the present invention that 
variables are able to be added or substituted, coef?cients 
modi?ed, or the contents of the equation used in different 
prediction models, including classi?cation trees, nomo 
grams, Bayesian netWork, arti?cial intelligence, nearest 
neighbor, or other nonlinear techniques. 
[0054] The results achieved With the derived multivariate 
model and device of the present invention are surprising, 
especially the accuracy of predicting near Zero probability of 
death in one-third of the at risk population. There is a need for 
the device and model of the present invention Which stems 
from the need for a validated clinical pathWay to manage 
cancer patients Who undergo staging imaging that includes 
the contrast-enhanced imaging pulmonary vasculature, 
Which demonstrates an incidentally discovered PE. This 
occurs in approximately 15-25% of scans. Not all incidental 
clots are benign especially in the case of larger clots. The 
device and model of the present invention are suitable for use 
in a clinical trial of outpatient management for patients With 
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active cancer and PE, including those With incidentally dis 
covered PE, and With a mortality estimate of 5% or less. 
Additionally, for selected patients With advanced cancer and 
PE, an accurate quantitative prediction device and model may 
also provide better congruence betWeen What families and 
patients Want and the care that providers give them near the 
end of life decisions. 

Example 
[0055] The model of the present invention Was derived 
using a subset of 408 patients With active cancer and PE Who 
Were enrolled in a multicenter registry knoWn as Emergency 
Medicine Pulmonary Embolism in the Real World Registry 
(EMPORER). The dataset Was collected in 22 community 
and academic emergency departments in the United States 
over a three year period. 
[0056] TWenty-?ve (25) potential candidate predictor vari 
ables Were selected; combined use of univariate (P<0.l) and 
classi?cation and regression tree analysis selected 8 ?nal 
predictors Which Were entered into multivariate logistic 
regression, solved for P to predict 30 day mortality. The 
resultant model cross validated in a composite sample of 149 
patients With active cancer and PE. The model (body mass, 
heart rate>l00, respiratory rate, SaO2%, respiratory distress, 
altered mental status, do not resuscitate status, unilateral limb 
sWelling) had an area under the receiver operating character 
istic curve of 0.83 in the derivation set and 0.85 (95% CI 
0.73-0.95) in the validation sample. In the validation sample, 
no patient With probability estimate§5% died (0/ 42, 95% Cl 
0 to 8.4%) Whereas 8/11 (73%, 95% Cl 39 to 94%) With an 
estimate>50% died Within 30 days. 
[0057] Participating sites in EMPORER prospectively col 
lected 264 data elements on 1,880 patients diagnosed With PE 
in the emergency department, including 30 day outcome. 
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[0058] The device of the present invention collected detail 
about risk factors for PE as Well as data to predict adverse 
outcomes. The device collected demographic data, vital 
signs, comorbidities, risk factors for thrombosis, values of 
biomarkers including troponins and natriuretic peptides, 
echocardiographic results and radiographic results. For many 
of these elements, additional detail Was collected. The malig 
nancy variable Was further divided into active cancer (de?ned 
as under the care of an oncologist), metastatic malignancy, or 
inactive cancer, de?ned as in remission by the patient and no 
longer under the active care of an oncologist. Patients Were 
folloWed prospectively for in-hospital adverse outcomes and 
for survival until 30 days. 

[0059] The selection of variables, their analysis, model 
construction and assessment of goodness of ?t and validation 
Was performed in accordance With published standards. 
(Moss M, Wellman D A, Cotsonis G A. An appraisal of 
multivariable logistic models in the pulmonary and critical 
care literature. Chest 2003; 123:923-928). TWenty-?ve (25) 
potential independent variables Were identi?ed. The depen 
dent variable Was mortality at 30 days. The 25 potential 
predictor variables Were screened for inclusion in the multi 
variate model using tWo methods: First, data Was analyZed 
With classi?cation and regression technique (CART, Salford 
Systems Inc, San Diego, Calif.). Second, univariate analysis 
Was performed to screen for potentially important differences 
in means (unpaired t-test) or frequency (Chi square) for the 25 
variables betWeen survivors and decedents With variables. 
Variables With Weights>0 in the CART analysis and P<0.1 in 
univariate analysis Were retained. Retained continuous pre 
dictor variables (e. g., heart rate) underWent receiver operating 
characteristic curve analysis to determine the cutoff corre 
sponding to the loWest likelihood ratio negative for prediction 
of death at 30 days. 

TABLE 1 

Results of univariate and CART analysis on 25 candidate predictor 
variables in the derivation population 

P value 

(t-test or CART 
Predictor Survived >30 Death Within Chi- relative 
variable days SD or % 30 days SD or % Square) Weight 

Survival status 357 88% 51 13% NA NA 

Age (years) 62 15 63 13 0.716 8.6 
Systolic blood 128 25 124 26 0.342 7.2 
pressure (mmHg) 
Body Weight 180 49 158 40 0.004 97.8 
(pounds) 
Heart rate 97 21 105 22 0.009 23.9 

(beats/min) 
Respiratory rate 21 6 24 8 0.004 34.1 

(breaths/min) 
SaO2 (%) 95 5 92 7 0.000 100 
Hemoglobin 12.0 2.4 11.4 2.4 0.119 0 
Creatinine 1.1 0.7 1.0 0.8 0.937 0 
White blood count 11.8 34.6 11.7 6.5 0.985 0 
Male gender 181 51% 30 59% 0.270 0 
Respiratory 68 19% 21 41% 0.003 64.8 
distress 
Syncope 18 5% 2 4% 0.739 0 
PE most likely 70 20% 6 12% 0.178 0 
diagnosis 
Altered mental 14 4% 8 16% <0.001 30.3 
status 

Do not resuscitate 13 4% 10 20% <0.001 45.2 
status 
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TABLE l-continued 
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Results of univariate and CART analysis on 25 candidate predictor 
variables in the derivation population 

P value 
(t-test or CART 

Predictor Survived >30 Death Within Chi- relative 
variable days SD or % 30 days SD or % Square) Weight 

Immobilized >72 11 20 6% 5 10% 0.242 0 
Hospitalization 104 29% 13 25% 0.591 0 
Within previous 
Week 
Prior history of 40 11% 7 14% 0.598 0 
lung disease* 
Prior history of 16 4% 3 6% 0.657 0 
heart failure 
Other comorbidity 95 27% 1 1 22% 0.442 0 
IndWelling venous 45 13% 8 16% 0.540 0 
cathether 
Surgery Within 47 13% 3 6% 0.138 0 
previous month 
Prior History of 8 2% 3 6% 0.133 0 
pulmonary 
embolism 
Unilateral limb 69 19% 16 31% 0.048 7.2 
sWelling 
Biomarker or 79 34% 16 46% 0.198 0 
echocardiography 
abnormal+ 

[0060] Retained predictors Were then entered into a second TABLE 2 
logistic regression analysis, With the independent predictor 
being death at 30 days. Model ?t Was assessed by P values Odds ratios for the eight predictor variables 
from the Pearson’s goodness of ?t Chi-Square, Hosmer from logistic regression 
LemeshoW test, the Pseudo (McFadden) R-square and area I 
under the receiver operating characteristic curve in the deri- I I B135 comm“ 
vation dataset (C statistic). Variable Odds Ratio 95 A’ C1 

[0061] The prognostic accuracy of the model Was tested Immept 
using four prospectively collected datasets of patients diag 
nosed With PE in the emergency department setting. Studies Patient Weight (lb) 0.99 0.98 to 1 
included one multicenter sample from the US, tWo single- I 116m flaw >99 buts/min I 2-8 1-33 to 5-64 
center samples and one multicenter sample from Europe. The Hlghest resplmtory rim (breaths/mm) 1'05 1'01 to 1'09 
databases Were reduced to patients With active cancer and PE, Al $302 (A) 0'94 0'89 to 0'99 

. . . . tered mental status 4.36 1.47 to 13 

and the ‘percentage mortallty estlmate (1.e., the pred1cted R?spimtory distress 222 L12 to 443 
probab1l1ty of death W1th1n 30 days) Was then deterrnlned by DO not msuscitm 472 [75 to 1276 
taking the antilog and solving the logistic regression equation Unilateral limb sWelling 2.08 1 to 4.36 
for the P term. Using a criterion standard of 30 day all-cause 
mortality, prognostic accuracy Was assessed from the area 
under the Curve (AUC) for the recelver Operanng Character‘ [0065] The Pearson chi-square goodness of ?t P values Was 
istic curve, With the assumption that loWer limit 95% con? 
dence interval for the AUC greater than 0.5 indicated poten 
tial validity. 
[0062] To assess the potential signi?cance of all 25 predic 
tor variables, the original EMPORER database (N:1,880) 
Was reduced to patients With active cancer and PE, excluding 
patients Who had comfort care status only. This process 
excluded 1,464 patients Without active cancer, and 18 patients 
With active cancer and comfort care only status, leaving 408 
patients, of Whom 51 (12.5%) died Within 30 days of any 
cause. Table 1 lists the means and frequency data for the 25 
predictor variables for survivors compared With patients Who 
died. Table 1 also shoWs the relative Weights of each predictor 
determined from CART and the univariate P values. 
[0063] Eight variables had a non-Zero Weight from CART 
and a P<0.1 from either the unpaired t-test or Chi-Square and 
Were thus retained for the multivariate model. 
[0064] The remaining 8 candidate variables Were subjected 
to logistic regression analysis. The loWer limit of the 95% 
con?dence interval for the odds ratios associated With each 
variable is shoWn in Table 2. 

0.94, the Hosmer LemeshoW P value Was 0.48, the McFad 
dens’ R2 Was 0.21 and the AUC for the receiver operating 
characteristic curve used on the derivation set Was 0.83. Taken 
together, these data indicate reasonable model ?tness predic 
tive accuracy in the derivation set. 

[0066] The six validation samples contained a total of 
14,121 patients, of Whom 202 had active cancer and PE+. The 
database from Europe also did not explicitly record the terms 
for altered mental status or do not resuscitate but in accor 
dance With original inclusion and exclusion requirements for 
study enrollment, these Were assumed to be absent for all 
patients. Data Were missing [body mass (12), respiratory rate 
(5) and pulse oximetry (3)] in 20 patients, seven from the 
European sample and three from the NeW Zealand sample and 
these 20 patients Were excluded. Thus, 182 patients had com 
plete data, of Whom, 27 died Within 30 days (mortality 15, 
95% Cl 10 to 21%). Table 3 presents the mean percentage 
mortality estimate for patients from each validation sample, 
strati?ed by survival status at 30 days. 
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TABLE 3 

Description of validation samples 

Outcome, Mean estimate of 
Source Description* N** active cancer, PE+ mortality probability 

#1 Single center, prospective study of PE prognosis 19 Survived >30 days 18 13% 
(N = 200, all PE+) Died Within 30 days 1 62% 

#2 Single center, prospective study of PE diagnosis 9 Survived >30 days 6 6% 
(N = 178, 24 PE+) Died Within 30 days 3 39% 

#3 Multicenter prospective study of PE diagnosis 70 Survived >30 days 62 10% 
(N = 7,940, 481 PE+) Died Within 30 days 8 43% 

#4 Multicenter prospective study of PE diagnosis 12 Survived >30 days 10 9% 
(N = 702, 114 PE+) Died Within 30 days 2 44% 

#5 Single center, prospective study of PE diagnosis 22 Survived >30 days 14 33% 
(N = 2,134, 103 PE+) Died Within 30 days 8 9% 

#6 Multicenter prospective study of PE diagnosis 50 Survived >30 days 45 16% 
(N = 3,174, 661 PE+) Died Within 30 days 5 45% 

Total 182 Survived >30 days 15 6 12% 
Died Within 30 days 27 44% 
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*PE+ refers to image-proven PE diagnosed at index visit; excludes patients With isolated DVT or PE diagnosed on folloW-up; 
**number With active cancer and PE 

[0067] Referring to the ?gures, FIG. 2 shows the receiver 
operating characteristic curve derived in the aggregated 
sample of all 182 validationpatients. The area under the curve 
(AUC) Was 0.86 (95% CI 0.78 to 0.93) indicating good over 
all discriminatory value in the validation samples. FIG. 3 
shoWs a frequency dot plot of each probability estimate, 
strati?ed by survival status at 30 days. 
[0068] The percentage estimates of mortality Were exam 
ined for cutoffs that predicted a very loW and very high 
probability of death in the validation sample. The cutoff of 
5% produced a very loW probability of death; no patient With 
a mortality estimate of 5% or less died Within 30 days (sen 
sitivity 17/17:100%, 95% CI 82 to 100%) and 42 patients 
Who survived >30 days had a mortality estimate of 5% or less 
(speci?city 42/132:32%, 95% CI 24 to 40%), producing a 
posterior probability of death equal to 0/42 (95% CI 0 to 
8.4%). The cutoff of 50% produced a very high probability of 
death; 11 patients had a mortality estimate >50%, and 8/ 11 
died (posterior probability 73%, 95% CI 39 to 94%). 
[0069] In conclusion, the area under the receiver operating 
characteristic curve Was good in the derivation dataset (0.83) 
and the validation dataset (0.85). Estimates at or beloW 5% 
Were associated With a very 10W 30 day mortality rate (0/ 42, 
95% C1 0 to 8.4%). 

Example 

[0070] To determine the validity of a range of beta coef? 
cients, 95% con?dence intervals Were constructed around 
each coel?cient using the bootstrap approach With 1000 
interations. (Efron B. T he jackknife, the bootstrap and other 
resampling plans. Philadelphia: Society for Industrial and 
Applied Mathematics; 1982). 
[0071] This produced bias-corrected loWer limit (LL) and 
upper limit (UL) values for each beta coel?cient as demon 
strated in Table 4. 

TABLE 4 

beta 
Parameter coef?cient LL UL 

constant 3.72 3 .72 3.72 
patient body —0.01 —0.02 0.00 

Weight 

TABLE 4-continued 

beta 
Parameter coel?cient LL UL 

heart rate 1.03 0.35 1.83 

(hr100) 
respiratory 0.04 —0.02 0.11 
rate (hirr) 
SaO2 —0.06 —0.13 0.00 
altered 1.47 0.05 2.58 

mental state 

(AMS) 
respiratory 0.80 —0.12 1.48 
distress 
“do not 1.55 0.29 2.66 

resuscitate” 
(DNR) status 
unilateral limb 0.73 —0. 1 6 1.53 

sWelling 
(ULS) 

[0072] A computer program Was then Written in Visual 
Basic to repeatedly draW a random sample between the LL 
and UL for each beta coel?cient to produce a neW logistic 
regression equation characterized by a beta coef?cient for 
each of the eight predictor variables betWeen the LL and UL 
values. The computer program Was constructed With a “For” 
loop instructing it to repeat this process 1000 times, produc 
ing 1000 neW equations With each of the eight beta coef? 
cients draWn betWeen the LL and UL values. Each equation 
Was then retested in the derivation database by solving for the 
value f(Z) and then constructing a receiver operating charac 
teristic curve and calculating the area under the curve. For all 
1000 equations, the area under the receiver operating charac 
teristic curve Was higher than 0.5, indicating a better ability to 
discriminate Which patients in the derivation database Would 
survive for 30 days Would be produced by chance alone (e.g., 
by ?ipping a coin to predict survival or death). 
[0073] It Will therefore be readily understood by those per 
sons skilled in the art that the present invention is susceptible 
of broad utility and application. Many embodiments and 
adaptations of the present invention other than those herein 
described, as Well as many variations, modi?cations and 
equivalent arrangements, Will be apparent from or reasonably 
suggested by the present invention and the foregoing descrip 
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tion thereof, Without departing from the substance or scope of 
the present invention. Accordingly, While the present inven 
tion has been described herein in detail in relation to its 
preferred embodiment, it is to be understood that this disclo 
sure is only illustrative and exemplary of the present invention 
and is made merely for purposes of providing a full and 
enabling disclosure of the invention. The foregoing disclo 
sure is not intended or to be construed to limit the present 
invention or otherWise to exclude any such other embodi 
ments, adaptations, variations, modi?cations and equivalent 
arrangements. 
What is claimed is: 
1. A computer-based device comprising: 
computer executable instructions comprising a multivari 

ate, computer-implemented modeling equation to esti 
mate a quantitative short-term prognosis of a patient 
With active cancer and thrombosis; and 

a computer processor for executing the computer execut 
able instructions. 

2. The computer-based device according to claim 1, 
Wherein the thrombosis is pulmonary embolism. 

3. The computer-based device according to claim 2, 
Wherein the device estimates a percentage of probability of 
death from pulmonary embolism Within a period of thirty 
days in the patient With active cancer. 

4. The computer-based device according to claim 1, 
Wherein the multivariate equation is a logistic regression 
equation. 

5. The computer-based device according to claim 1, 
Wherein the multivariate equation comprises predictive fac 
tors selected from the group consisting of patient body 
Weight, heart rate, respiratory rate, pulse oximetry, altered 
mental state, respiratory distress, resuscitation status, and 
unilateral limb sWelling, and a combination thereof. 

6. A computer-based device comprising: 
computer executable instructions comprising a multivari 

ate, computer-implemented modeling equation to esti 
mate a percentage of probability of death from pulmo 
nary embolism in a patient With active cancer; and 

a computer processor for executing the computer execut 
able instructions, Wherein the multivariate equation is as 
set forth in equation (2): 

P(z):[l—[l/(l+ez)]]*l00 Equation (2) 

Wherein 
P(Z):percentage probability of death Within thirty days, 

and 

Z:l30+|-11X1 +l32X2+l33X3 +l34x4+ 65x54’ B6X6+ 67x74’ [38x8 
Wherein 

[3O:intercept 
[31:patient body Weight 
[32:heart rate 
[33:respiratory rate 
[34:pulse oximetry (SaO2) 
[35:altered mental state 
[36:respiratory distress 
[37:“do not resuscitate” status 
[38:unilateral limb sWelling 
xl:body Weight of patient in pounds 
x2:1 if heart rate of the patient >99 beats per minute 

but x2:0 if heart rate of the patient <100 beats per 
minute 
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x3:respiratory rate of the patient in breaths per minute 
x4:pulse oximetry value in % obtained from the 

patient breathing room air 
x5:1 if patient has altered mental state but x5:0 if 

patient does not have altered mental state 
x6:1 if patient has respiratory distress but x6:0 if 

patient does not have respiratory distress 
x7:1 if patient has “do not resuscitate” status but x7:0 

if patient does not have “do not resuscitate status” 
x8:1 if patient has unilateral limb sWelling but x8:0 

but if patient does not have unilateral limb sWelling. 
7. The computer-based device according to claim 6, 

Wherein [30:372. 
8. The computer-based device according to claim 6, 

Wherein [31 is in a range of —0.02 to 0. 

9. The computer-based device according to claim 6, 
Wherein [32 is in a range of 0.35 to 1.83. 

10. The computer-based device according to claim 6, 
Wherein [33 is in a range of —0.02 to 0.11. 

11. The computer-based device according to claim 6, 
Wherein [34 is in a range of —0.13 to 0. 

12. The computer-based device according to claim 6, 
Wherein [35 is in a range of 0.05 to 2.58. 

13. The computer-based device according to claim 6, 
Wherein [36 is in a range of —0.12 to 1.48. 

14. The computer-based device according to claim 6, 
Wherein [37 is in a range of 0.29 to 2.66. 

15. The computer-based device according to claim 6, 
Wherein [38 is in a range of —0.16 to 1.53. 

16. The computer-based device according to claim 6, 
Wherein the device further comprises an output display. 

17. A computer-based device comprising: 
computer executable instructions comprising a multivari 

ate, computer-implemented modeling equation to esti 
mate a percentage of probability of death from pulmo 
nary embolism in a patient With active cancer; and 

a computer processor for executing the computer execut 
able instructions; 

Wherein the percentage of 5% or less corresponds to a 
prognosis of a near Zero chance of death Within 30 days. 

18. A computer-based device comprising: 
computer executable instructions comprising a multivari 

ate, quantitative computer-implemented modeling 
equation to estimate a percentage of probability of death 
from pulmonary embolism in a patient With active can 
cer; and 

a computer processor for executing the computer execut 
able instructions; 

Wherein the percentage of >50% corresponds to a progno 
sis of a high probability of death Within thirty days. 

19. A method of using a computer-based device to predict 
a percentage of probability of death from pulmonary embo 
lism in a patient With active cancer, the method comprising: 

entering input data pertaining to a patient With active can 
cer in a computer-based device having an output display 
and a computer processor, 

processing by the computer processor entered input data 
according to a multivariate, computer-implemented 
modeling equation to estimate a percentage of probabil 
ity of death from pulmonary embolism in the patient 
With active cancer, and 
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displaying output data on the output display of the device 
Wherein the output data comprises a percentage prob 
ability of death of the patient Within a period of thirty 
days. 

20. The method according to claim 19, Wherein the output 
data further comprises a recommended course of action for 
the patient. 

21. The method according to claim 19, Wherein the per 
centage of 5% or less corresponds to a prognosis of a near 
Zero chance of death Within thirty days. 

22. The method according to claim 19, Wherein the per 
centage of >50% corresponds to a prognosis of a high prob 
ability of death Within thirty days. 

23. The method according to claim 19, Wherein the multi 
variate equation is as set forth in equation (2): 

P(Z):[1-[1/(1+@Z)]]*100 Equation (2) 

Wherein 
P(Z):percentage probability of death Within thirty days, 

and 

Z:[3O+[31X1+i32x2+[33x3+B4X4+BSXS+B6X6+B7X7+BSXS 
Wherein 

[3O:intercept 
[3lrpatient body Weight 
[32:heart rate 
[33:respiratory rate 
[34:pulse oximetry (SaO2) 
[35:altered mental state 
[36:respiratory distress 
B7:“do not resuscitate” status 
[38q1nilateral limb sWelling 
X l:body Weight of patient in pounds 
742:1 if heart rate of the patient >99 beats per minute 

but XZIO if heart rate of the patient <100 beats per 
minute 

X3Irespiratory rate of the patient in breaths per minute 
x4rpulse oximetry value in % obtained from the patient 

breathing room air 
745:1 if patient has altered mental state but x5 :0 if patient 

does not have altered mental state 
746:1 if patient has respiratory distress but x6:0 if patient 

does not have respiratory distress 
747:1 if patient has “do not resuscitate” status but X7:0 if 

patient does not have “do not resuscitate status” 
748:1 if patient has unilateral limb sWelling but XSIO but 

if patient does not have unilateral limb sWelling. 
24. The method according to claim 23 Wherein [30:372. 
25. The method according to claim 23, Wherein [31 is in a 

range of —0.02 to 0. 
26. The method according to claim 23, Wherein [32 is in a 

range of 0.35 to 1.83. 
27. The method according to claim 23, Wherein [33 is in a 

range of —0.02 to 0.11. 
28. The method according to claim 23, Wherein [34 is in a 

range of —0.13 to 0. 
29. The method according to claim 23, Wherein [35 is in a 

range of 0.05 to 2.58. 
30. The method according to claim 23, Wherein [36 is in a 

range of —0.12 to 1.48. 
31. The method according to claim 23, Wherein [37 is in a 

range of 0.29 to 2.66. 
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32. The method according to claim 23, Wherein [38 is in a 
range of —0.16 to 1.53. 

33. A method of using a computer-based device to estimate 
a percentage of probability of death from pulmonary embo 
lism in a patient With active cancer, the method comprising: 

estimating a percentage of probability of death from pul 
monary embolism in a patient With active cancer based 
upon a percentage generated by a computer processor 
executing computer executable instructions comprised 
of a multivariate, quantitative computer-implemented 
modeling equation in a computer-based device. 

34. The method according to claim 33, Wherein the per 
centage of 5% or less corresponds to a prognosis of a near 
Zero chance of death Within 30 days. 

35. The method according to claim 33, Wherein the per 
centage of >50% corresponds to a prognosis of a high prob 
ability of death Within thirty days. 

36. The method according to claim 33, Wherein the multi 
variate equation is as set forth in equation (2): 

P(Z):[1-[1/(1+@Z)]]*100 Equation (2) 

Wherein 
P(Z):percentage probability of death Within thirty days, 

and 

Z:[3O+[31X1+i32x2+[33x3+64X4+65X5+B6X6+B7X7+BSXS 
Wherein 

[3O:intercept 
[31:patient body Weight 
[32:heart rate 
B3:respiratory rate 
[34:pulse oximetry (SaO2) 
[35:altered mental state 
[36:respiratory distress 
[37:“do not resuscitate” status 
[38q1nilateral limb sWelling 
xfbody Weight of patient in pounds 
742:1 if heart rate of the patient >99 beats per minute 

but XZIO if heart rate of the patient <100 beats per 
minute 

X3:respiratory rate of the patient in breaths per minute 
x4rpulse oximetry value in % obtained from the patient 

breathing room air 
745:1 if patient has altered mental state but x5 :0 if patient 

does not have altered mental state 
746:1 if patient has respiratory distress but x6:0 if patient 

does not have respiratory distress 
747:1 if patient has “do not resuscitate” status but X7:0 if 

patient does not have “do not resuscitate status” 
748:1 if patient has unilateral limb sWelling but XSIO but 

if patient does not have unilateral limb sWelling. 
37. The method according to claim 36, Wherein [30:372. 
38. The method according to claim 36, Wherein: 
[31 is in a range of —0.02 to 0, 
[32 is in a range of0.35 to 1.83, 
[33 is in a range of —0.02 to 0.11, 
[34 is in a range of —0.13 to 0, 
[35 is in a range of 0.05 to 2.58, 
[36 is in a range of —0.12 to 1.48, 
[37 is in a range of0.29 to 2.66, and 
[38 is in a range of —0.16 to 1.53. 

* * * * * 


