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Summary. In our study, we investigate the possibilities of mathematical prediction of the poor
outcome in patients with pneumonia associated with immune disorders on the background of
oncohematological pathology. The study included 655 patients. It was identified predictors of the
poor outcome of pneumonia and a mathematical model was created. We propose to use the scale
forecast in clinical practice. It’s allow to optimize pneumonia treatment timely and reduce the
mortality of patients and the number of hospitalization days.
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Introduction. The 21st Century medicine is the medical knowledge and
standards that emerged in evidence-based medicine. At the heart of it are randomized,
so-called "blind" controlled studies. The application of mathematical methods with
prediction elements in medical practice is also likely a modern tool of “evidence-
based medicine" [1]. The mathematical prognosis represents is a current interest in
clinical practice today, because it is determines the main task of modern medicine -
preventing diseases and timely optimizing the treatment. According to the
dictionaries, the medical forecast is a prediction of "future diagnosis” [2]. There is a
prognosis for the possibility of disease developing in medicine; it allows expecting
some or other complications of the disease, death - as disease poor outcome or
recovery [3]. The disease consequences forecast is based on the detection of
pathological symptoms and syndromes in patients, the analysis of the regularities of
the functioning of organs and systems. Determining the pneumonia severity using the
scale of Fine M.J. et al., 1997 [4] is a well known method. Scoring systems on this
scale are available in the Internet [http: // ncemi.org, www.emedhomom.com]. The
main purpose of such forecast in medical practice is to plan medical measures, which
include determination of treatment place (outpatient, general clinical or specialized
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department), and determination of treatment modification time (inclusion of new
drugs, manipulations, etc.). The scale for determining treatment place for patients
with community acquired pneumonia CURB-65/CRB-65, which estimated 5/4
parameters (presence of 1 point, absence - 0 points) is widespread [5, 6]. The
limitation for using these prognostic scales for patients with pneumonia associated
with immune disorders is s ignoring, such important parameters for this category of
patients, as the number of leukocytes, platelets, neutrophils. Thus, despite the large
number of prognostic and diagnostic scales for determining treatment place,
diagnosis, assessment of pneumonia severity, this issue is not resolved today,
especially for patients with pneumonia on a background of oncohematological.
Forecasting is a difficult task. To predict the disease, the doctor examines the patient,
fixes the symptoms and syndromes, and based on their combination, causes and
sequence of occurrence, clinical features of the disease, using of the other doctors
experience (consultations, data literature) comes to the conclusion about the
prediction the onset of a pathological process results with some degree of uncertainty.
Moreover, the physician should take into account not only the patient’s general
condition, his age, but also concomitant diseases, heredity, bad habits, living
conditions, work activities for each patient. It is difficult to list all the factors which
physician should analyze. The physician should choose the most appropriate
treatment for the patient and think about the possible consequences after choosing
different treatment places. Using the statistical methods in medicine gives physician
the only correct solution, because mathematical methods can determine special
disease factors — predictors, that affect to disease severity and determine the disease
outcome [3].

The urgency of the problem of diagnosis and treatment of pneumonia associated
with immune disorders in patients on the background of oncohematological
pathology is due to the high frequency of occurrence, lack of clinical manifestations,
severe course, frequent complications and rapid development of poor outcome [7, 8].

Aim of the study: to create a mathematical model of pneumonia, associated
with immune disorders poor outcome forecasting in patients on the background of
oncohematological pathology for timely treatment optimization and determination the
treatment place.

Materials and methods. The study included 655 patients with pneumonia
associated with immune disorders on the background of oncohematological
pathology. A computer database was created based on 132 indicators of the clinical-
laboratory, anamnestic and immunological indicators results. The study was
conducted in the haematological center “City Multidisciplinary Clinical Hospital
Ne4” Dnipro. The form and stage of oncohematological pathology and pneumonia
diagnosis was determined according to the diagnostic standards [9, 10]. Data were
analyzed using Microsoft Excel (Office Home Business 2KB4Y-6H9DB-BM47K-
749PV-PG3KT) add-on program AtteStat and software STATISTICA 6.1
(StatSoftInc., Serial Ne AGAR909E415822FA). To describe the quantitative
attributes median (Me) was used; to describe the signs variation - the interquartile
scale (25%, 75%). To construct a predictive model, a pairwise and multiple
regression analysis was used to calculate Spirman rank correlation coefficients (p),
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multiple comparisons were made with Bonferroni and Holm corrections [12]. A
pairwise and multiple regression analysis, Spirman rank correlation coefficients (p)
was used to construct a predictive model. Multiple comparisons were made with
Bonferroni and Holm corrections [12]. The significance level was taken p <0,05 (5%)
[11]. Factor analysis using the principal components method using the varimax of
rotation was used to determine the predictors of an adverse outcome [12, 13]. Factor
analysis with the principal components component with varimax rotation was used to
determine the predictors of poor outcome [12, 13]. The results of our study revealed
reliable connections between poor outcome of pneumonia associated with immune
disorders on the background of oncohematological pathology and 61 quantitative and
nominal indices. Indicators with statistically significant, moderate, and high
correlation coefficients were selected to determine the predictors of the poor
outcome. Indicators that characterize the patient's condition and cancer: erythrocyte
(p=-0,61; p <0,001); platelets (p =-0.40; p <0.001); leukocyte (p =-0,63; p <0,001);
HB (p = -0.48; p <0.001); the number of CT courses «8 and more» (p = 0,33; p
<0,001), glycemia (p = 0,43; p <0,001), PS (p = 0,50; p <0,001). Indicators
characterizing the pneumonia course: cough (p = 0,30; p <0,001), hemoptysis (p =
0,36; p <0,001), ESR (p = 0,38; p <0,001), wet rattles (p = 0.48; p <0.001); breathing
rate (BR) (p = 0,32; p <0,001) and the presence of Gp-causative agent (p = 0,48; p
<0,001). Indicators characterizing the immune reactivity: the number of neutrophils
(p =-0,34; p <0,001); CD 56,% (p = -0.86; p & It; 0.001); CD56, G/ L (p =-0.86; p
<0.001); CD4 / CD8 (p = -0.62; p <0.001); lymphocytes,% (p = -0,58; p <0,001);
CD4,% (p =-0.56; p <0.001); CD4, G/ L (p =-0.49; p <0.001); T CD19,% (p = 0.53;
p <0.001); B CD19, T/ L (p = -0.46; p <0.001); HCT-stimulated test (p = -0.45; p
<0.001); FA (p =-0,41; p <0,001); Ig G (p =-0.34; p <0.001); The HCT spontaneous
test (p =-0.30; p <0.001), neutropenia degree (p = 0.37; p <0.001).

Due to the mathematical models with AUC <0.7 do not have sufficient
prognostic ability [13, 14], the analysis excluded indicators with smaller and close to
this value of the area under the curve. Quantitative characteristics for calculating the
odds ratio (OR) were translated into a binary format relative to the threshold
forecasting level. Table. 1 show the clinical and laboratory parameters that influence
for the survival possibility of patients with pneumonia, associated with immune
disorders on the background of oncohematological pathology.

Table. 1
The clinical and laboratory parameters that influence for the survival
possibility
The proportion of
Indicators 0 patients, (%) ) -
(1 —yes, 0 -no) OR 9% Cl Survived Died p-value
n=544 n=267

Cough 4,99 3,14-7,93 68,01 91,39 <0,001
CT courses >8 4,55 3,3-6,29 18,57 50,94 <0,001
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Hemoptysis 28,61 11,3-72,41 0,92 20,97 <0,001
Thepresenceof | 5,5 | 391.76 | 1599 5094 | <0,001
P. aeroginosa
Gp- pathogens 5,73 4,14 -7,94 17,83 55,43 <0,001
Glycemia 6,92 4,99 - 9,59 26,65 71,54 <0,001
: rd
eutropenia 3 1245 |813-1908 | 6,07 4457 | <0001
Neutrophils
<1.4x10%n 6,26 4,51 - 8,69 17,65 57,30 <0,001
Wet wheezin 28,1 14,72 - 2,02 36,7 <0,001
; ’ 53,65 ' ’ ’
Pulse>92 per 12,96 -
min. 19,15 28 28 8,64 64,42 <0,001
Leukocytes 15,43 -
<2.98x10%/x 37,93 9323 6,57 72,73 <0,001
Hb< 90 r/n 8,51 6,02 - 12,03 30,7 79,03 <0,001
Erythrocytes 16,64 -
<2x10%, 24,58 36.29 9,93 73,03 <0,001
Platelets<
60x10%/1 6,5 4,7-9 19,67 61,42 <0,001
Lymphocytes ]
<19,9 % 17,13 9,39 - 31,24 14,35 74,16 <0,001
B CD19<10,3 % 14,86 5,81 - 38,05 29,32 86,05 <0,001
12,57 -
T CD19>58,29% | 33,87 91 22 20,99 90,0 <0,001
33,0 -
0 1
CD4<21,77 % 93,53 265,09 6,19 86,05 <0,001
25,72 -
CD4/CD8<1,09 112,07 488.25 15,46 95,35 <0,001
170,74 -
0 ]
CD56<6,7 % 8787,0 452227 29 0 100,0 <0,001
Ig G<8,22 r/n 7,45 3,26 - 17,03 37,65 81,82 <0,001
HCT- stimulated
test <26 % 10,48 4,78 - 22,99 13,87 62,79 <0,001

Note. * - Differences between groups according to Pearson's 2 criterion

Results of simple logistic regression analysis showed that probability of
pneumonia poor outcome depends on the state of the patient’s immune response:
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CD4<21.77% (OR 93.53 [95% CI 33.0-265.09]; T CD19> 58.29 % (OR 33.87 [95%
Cl 12.57-91.22]); CD56<6.7% (OR 8787.0 [95% CI 170.74-452227.29]); CD4 /
CD8<I , 09 (OR 112.07 [95% CI 25.72-488.25]); HCT-stimulated test <26% (OR
10.48 [95% CI 4.78-22.99]). The pneumonia poor outcome forecasting using the
indicators that characterized the pneumonia severity: the number of leukocytes >2,98
x 109 /| (OR 37,93 [95% CI 15,43-93,23]), hemoptysis (OR 28,61 [95 % CI 11.3-
72.41]), wet wheat (OR 28.1 [95% CI 14.72-53.65]); cough (OR 4.99 [95% CI 3.14-
7.93]); Gg- pathogens (OR 5.73 [95% CI 4.14-7.94]); the presence of P. aeroginosa
(OR 5.45 [95% CIl 3.91-7.6]). pneumonia poor outcome forecasting using the
indicators that characterized the oncological disease: hemoglobin <90 g /1 (OR 8.51
[95% CI 6.02-12.03]); erythrocytes <2 x 1012 /1 (OR 24.58 [95% CI 16.64-36.29]);
platelets <60 x 109 / | (OR 6.6 [95% CI 4.7-9]); lymphocytes <19.9% (HS 17.13
[95% CI 9.39-31.24]); the number of CT courses “8 and more” (OR 4.55 [95% CI
3.3-6.29]) glycemia (OR 6.92 [95% CI 4.99-9.59]); neutrophils <1.4 x 109 /1 (OR
6.62 [95% CI 4.51-8.69]).

The relationship between "died" or "survived" was analyzed using a logistic
regression model with a step-by-step predictors inclusion [13, 14]. The logistic
equation was taken as the basis for the predictive model development:

y=exp(bg+b1*X;+...+b,*X,)/[1+exp(bg+b *X +...+b *X,)] (1),

where, y - the result (in our study - the pneumonia poor outcome forecasting

(POF); by - free part of the regression equation; b, -b, - regression coefficients; x;-X, -
predictor variables.

If the calculated probability of pneumonia poor outcome is less than 0.5 - it is
possible the event will not occur (the patient will not die); if probability more than
0.5 - the pneumonia poor outcome is likely happen.

Tabl. 2. shows predictors of the pneumonia associated with immune disorders
on the background of oncohematological pathology poor outcome identify by logistic
regression analysis.

Table 2.
Predictors of the pneumonia associated with immune disorders on the
background of oncohematological pathology poor outcome identify by logistic
regression analysis

: . Regression | Standard error 2 -value
Forecasting variables coefgﬁcient B | of B coefficient v~ Wald P
Equation free member -19,714

Gg- pathogens (x;) 2,840 2,158 4,643 0,031
Erythrocytes (x;) -4,404 1,229 6,887 0,009
CD4/CD8 (x3) -4,298 2,945 5,905 0,015
Leukocytes (x4) -1,327 0,576 3,856 0,050
Neutropenia 3 st (xs) 19,354 4,167 12,108 | 0,001
Ig G (Xg) -0,154 0,174 8,661 0,003
Xi-square v*=188,36 (p<0,001)
Concordance percentage 99,44 %
Hosmer-Lemesh Test 0,220 (p=0,997)
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Nominal indicators were entered into the equation in form: 1 - present, O -
absent. Quantitative indicators - in commonly accepted units.

According the results of our study the mathematical model of the pneumonia
associated with immune disorders on the background of oncohematological
pathology poor outcome is:

POF=exp(-19,714+2,840*x,-4,404*X,-4,298*X3-1,327*X4+19,354*X5-
0,154*xs)/[1+exp(-19,714+2,840*X,-4,404*X,-4,298%X3-1,327*X4+19,354* Xs-
0,154*Xe)] (2),

where, POF - the result that changes from 1 (died) to O (alive); by = -19,714 -
regression equation free member; x; - presence of Gp- pathogens; X, - erythrocytes;
X3 - immunoregulatory index (CD4 / CDS); x4 - leukocytes; Xs - neutropenia 3 st .; Xg
- 1gG.

Thus, if the POF for a particular patient is more than 0.5 - it is possible to make
a prediction of high risk of death; if it less than 0.5 - it is possible to consider the
prognosis is favorable for the patient.

100 __-l
' “QW Indicators
801 | characteristics | =
- o Sensitivity, % 97.67
.. 60p .
= Specificity, % 100.0
® a0l AUC 0,999
0,977 -
. 0 #
ol . 95 % CI AUC 1.000
AUC=09 P <0.001
- P = 0,001 T
i S TR SR S Qualitative Excellent
0 20 40 60 80 model evaluate | =
100-Specificity

Fig. 1. Operational characteristics of the mathematical model of the
pneumonia associated with immune disorders on the background of
oncohematological pathology poor outcome forecasting determined using ROC
analysis.

The POF equation estimating the predictive ability by Xi-square (¥2) showed its
adequacy: y2 = 188.36 (p <0.001); the proportion of the correct prediction of patient
belongs of to one or another group amounted to 99.44; according to the qualitative
evaluate - excellent. Thus, the POF mathematical model has excellent operational
characteristics: sensitivity - 97,67%, specificity - 100,0%, area under the ROC curve -
0,999 (Fig. 1).

ISSN 2523-4692 73



."\

Modern scientific researches Issue 4/ Vol.3 &

We have developed a predicting scale for risk of pneumonia associated with
Immune disorders poor outcome. It was determined if the point lower than 0.278 - the
risk of death is low. In such cases it is possible to recommend ambulatory pneumonia
treatment or treat the pneumonia in therapeutic department. When the point is from
0.278 to 0.500 - the risk of death is high. In such cases it is possible to recommend to
treat the pneumonia in a specialized hematological department. When the point is
above 0,500 - the risk of death is very high. In such cases it is necessary to treat
pneumonia in an intensive care unit and to optimize the treatment. Long-term results
can be reduced patients mortality and decrease the number of hospitalization days.

Conclusions. The results of our study showed that probability of pneumonia
associated with immune disorders poor outcome in patients on the background of
oncohematological pathology most depends on patient’s immune reactivity;
moreover, a poor outcome depends on indicators that characterized pneumonia
severity and indicators that characterized the main oncohematological disease course.
We identified independent predictors of pneumonia poor outcome and created
mathematical model of pneumonia poor outcome forecasting. Mathematical model
has excellent operational characteristics according to the ROC analysis.

1. Predictors of pneumonia associated with immune disorders poor outcome in
patients with oncohematological pathology were detected in our study. It are
indicators that characterized the pneumonia severity: the number of leukocytes,
hemoptysis, wet wheezing, cough, Gp- pathogens (OR 5.73 [95% CI 4.14-7.94]) and
P. aeroginosa (OR 5.45 [95% CI 3.91-7.6]; indicators that characterize the patient and
oncohematological disease: age (p = -0.25, p <0.001), the oncohematological form (p
= 0,29, p <0,001); the HT courses number (from 8) (p = 0.33, p <0.001), anemia (p =
0.61, p <0.001); the presence of neutropenia (p = 0.46, p <0.001); indicators of
immune reactivity: (CD4<21.77% (OR 93.53 [95% CI 33.0-265.09]; T CD19>
58.29% (OR 33.87 [95% CI 12.57-91, 22]), CD56<6.7% (OR 8787.0 [95% CI
170.74-452227.29]); 11 < 1.09 (OR 112.07 [95% CI 25.72-488.25 ]); HCT-test sp. <
26% (OR 10.48 [95% CI 4.78-22.99]).

2. As a result of our study, we created the mathematical model of pneumonia
associated with immune disorders poor outcome forecasting on the background of
oncohematological pathology.

POF=exp(-19,714+2,840*x;-4,404*X,-4,298*X3-1,327*X,+19,354*X5-0,154*X¢)/
[1+exp(-19,714+2,840*x,-4,404%X»-4,298*X3-1,327*X4+19,354*X5-0,154*X6)],
where, POF — poor outcome forecasting; by = -19,714 - regression equation free
member; X1, X, Xs, X4, X5, Xg - POOr outcome forecasting predictors.

3. We have developed a predicting scale for risk of pneumonia associated with
immune disorders poor outcome. It was determined if the point lower than 0.278 - the
death risk is low (should to recommend ambulatory treatment or treating in
therapeutic department); 0.278 to 0.500 - the death risk is high (should to recommend
to treat pneumonia in a specialized hematological department); point is above 0,500 -
the death risk is very high (should to treat pneumonia in an intensive care unit).
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Anomauia. B pobomi poszensoaromvcsi MONCIUBOCMI MAMEMAMUYHO20 NPOSHO3Y8AHHA )
BUDIWMEHHA aKMYAlbHO20 NUMAHHA NYAbMOHONIO2II ma 2emamonoii, a came, NpPOSHO3YEAHHS
HACMAHHA JeMAalbHO20 pe3yibmamy Yy X6Opux Ha NHEe8MOHIl, aACOYIUOBAHUX 3 NOPYUIEHHAMU
iMyHimemy Ha @QoHi OHKO2emamono2iyHoi namonocii. B docniodcenni nHa docmamuiil KitbKocmi
(655 xe6opux) mamepiany 6usHayeHi npeOUKMOPU HACMAHHA JeMAalbHO20 De3yIbmamy NHEeEMOHIL
ma cmeopeHa MamemMamuiHa MoOelb NPOSHO3Y ) XB0pPUX HA NHEBMOHIl, aAcOYIOBAHUX 3
NOpYWEeHHAMU IMYHImemy Ha (POHI OHKO2eMamono2iuHoi namonocii. Buxopucmanus 6 KuiHI4Hill
npakmuyi 3anponoHOBaHOl WIKAAU HPOSHO3Y 00360]UMb CEOEYACHO ONMUMI3YEAMU NiKYEAHHS
NHEeBMOHIL, ACOYILLOBAHUX 3 NOPYULEHHAMU IMYHImMem)y Ha (OHI OHKO2eMamono2iuHol namoioeii ma
SHUZUMU TeMAbHICMb X80PUX I KiIbKICMb OHI8 20CHIMAni3ayii 3 ybo2o npusooy.

Knwuoei cnosa: mamemamuuna mooenb NpocHO3Y, NHEBMOHIS, NOPYUIEHHS IMYHImemy,
OHK02eMamo0214Ha NAMON02Is, HECNPUAMAUSULL Pe3YTbmam

Aunomayus. B  pabome  paccmampusaiomcs — 803MONCHOCMU — MAMEMAMUYECKO20
NPOCHO3UPOBAHUSA 6 PEeUeHUU aKmyaibHO20 60NpPOCa NYIbMOHON02UU U 2eMAMONI02UU, A UMEHHO,
NPOCHO3UPOBAHUE HACMYNIIEHUs. TeMAbHO20 UCX00A Y OObHBIX NHEBMOHUAMU, ACCOYUUPOBAHBIX C
HapywleHuamuy UMMYHUmMema Ha @one OHKo2eMamono2uyeckol namonaoeuu. B uccireoosanuu na
docmamouHom Konuwecmee mamepuana (655 001bHLIX) onpedeneHbl NPEOUKMOPU HACYNIEHUS.
JIeMAnbHO20 UCX00d NHEBMOHUU U CO30aHA MAMEeMAMU4ecKas MOoOelb NpocHO3a ) OONbHbIX C
NHEBMOHUAMU, ACCOYUUPOBAHBIX C HAPYUEHUAMU UMMYHUMeEmMa Ha )oHe OHKO2eMamono2uieckou
namonoauu. Mcnonvzoeanue 6 KIUHUYECKOU NPAKMUKe NPeosioNCeHHOU WKAlbl NPOSHO3A NO360NUM
CB0EBPEMEHHO  ONMUMUSUPOBAMb  Je4YeHUe NHEeBMOHUL, ACCOYUUPOBAHBIX C HAPYUeHUAMU
UMMYHUmMema Ha hone OHKO2eMamon02uieckol namoaocuy U CHU3UMb J1emaibHOCmb O0NIbHLIX U
KOJIUYEeCmeo OHell 20CNUMAIU3ayuL no 5momy noooy.

Kniouesvie cnosa: mamemamuueckas MoOeNb NPOSHO3A, NHEGMOHUS, HAPYULEHUs]
UMMYHUMEMA, OHKO2EMAMON02UYECKAs NAMOLO2Us, IeMAaNlbHblll CX00
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