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Abstract

The logistic regression model allows the calculation of the minimal acceptable cost of HCT, having non-random impact
on HCT outcome, under which the probability of a positive outcome is 50%. There were 209 patients enrolled in the
study, who received autologous HCT, and allogenic related and unrelated HCT. The non-random cost and medical
parameters connected with patient status were defined before HCT and HCT outcomes. The application of reduced
toxicity (RTCR) or myeloablative conditioning regimens (MCR), the presence of relapse before HCT, and the cost of
drugs and blood transfusion all have an influence on the outcome, and the weight coefficients of these parameters were
calculated. This allows the connection of costs and clinical parameters, and the calculation of the minimal acceptable

cost of HCT.
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Introduction

The basic criterion for choosing a particular method of treatment in
medicine ought to be its effectiveness concerning the disease. This
approach should be used for managing the patient: choosing the
most effective method despite the cost. However, in many cases
the high cost of a method combined with debatable effectiveness
challenges their use and development, as well as their state
financing.

HCT effectiveness. The results were analyzed using parametric
and non-parametric statistics; data were assessed with regression
analysis.

Results

The result of data analysis suggests using the total cost of HCT.
The expression for total HCT cost can be expressed like this:

Therefore, the aim of the study was to C 1:C +C /d*Nd+C h*Nd+C d+Cd *Nd+(cd h) (1)
find some logical evaluation procedures total “exam p transp con g onor seare
of the treatment cost of HCT.

C__— the cost of laboratory examinations performed while the

Materials and methods

There were 209 patients enrolled in the study, who received
autologous HCT, and allogenic related and unrelated HCT
from 1998 to 2005. There were 91 patients (43.5%) aged from
1 to 66 years with allo-HCT, among them 57 from unrelated
donors and 34 from related donors; 118 patients (56.5%) had
auto-HCT.

Using their medical charts we performed the treatment efficacy
analysis and treatment cost analysis for these aforementioned
patients. Clinical effectiveness was assessed using a 2-year
overall survival. Evaluation of the total cost and its components
in related and unrelated allo-HCT, and assessment of allo-HCT
cost under myeloablative and reduced toxicity regimens was also
performed. We have independently analyzed the cost of HCT with
and without complications. There was an attempt to reveal the
statistically justified clinical and cost parameters that influenced

52  www.ctt-journal.com 2008;1(1)

exf‘)nalltient is in the clinic. This depends on the disease and duration
of in-patient period.
Ca— the cost of one patient day. This value is stable and calculated
by the clinic‘s statistics department.
N, —the duration of in-patient period. This depends on disease
severity and complications.
wansph the cost of transfusions per day (24 hours). This also
depends on disease severity, and complications that require
blood transfusions.
C,,.. — the cost of a conditioning regimen. This value is stable.
Cane — the cost of drugs per day (24 h). Dependent on discase
severity.
C, .. — the cost of apheresis and storage of BM and PBSC. This
value is stable.
tonor searey — this value should be considered only in unrelated allo-
HCT; it corresponds to the cost of a donor search in international

donor registers.




Before the model’s construction, which could be a function of
clinical, cost and other parameters, it is reasonable to perform
exploratory statistical analysis. The aim of such analysis is to
reveal the statistically significant influence on the outcome of
such features as: sex of patient, diagnosis, type of HCT, donor
sex, source of hematopoietic stem cells (BM or PBSC), presence
of relapse or progression, complications, particularly infections
that require blood transfusions, conditioning regimen, age at
HCT, and/or presence of GVHD. According to the character of the
clinical parameters, we used analysis of continuous and category
variables.

Our first step was to perform non-random difference of central
tendency of continuous variables analysis (1). Table 1 presents the
continuous variables that help to reveal a significant difference in
groups by patient status.

Additionally, we analyzed the

The  parameter Z=B X +B X +BX+BX+BX  connects

independent variables (predictors).

The procedure of both logistic regression construction and
standard regression includes three steps:

- Creation of a logistic regression model,

- Evaluation of the significance of weight factors in the
formula (B, B,, B,, B),

- Assessment of model stability.

By means of SPSS, using step-type variants of logistic regression
to include or exclude parameters from the model and Wald
criterion, we obtained the model, the parameters of which are
stated in Table 2 (see overleaf).

According to formula (2), the parameter

clinical, continuous and category
variables influencing the HCT

Z=-6.027%10°%X +0.0095%X,+3.513%10°0%X,~2.159+X,~2.059*X.. (3)

effectiveness. The statistically
significant influence on HCT outcome caused:

* HCT type — autologous or allogenic (p=0.002),

» presence of relapse or progression (p=0.048),

» presence of blood transfusions complications (p=0.003),

* type of conditioning regimen: myeloablative or reduced
toxicity (p=0.023).

The exploratory statistical analysis performed helps to form the
group of continuous and category variables that can be used as
predictors for regression modeling of patient status according to
clinical and cost parameters.

The construction of a regression model with dependent variables,
simulating dichotomous category variables and independent
variables creates the need

Formula (3) includes:
X1 — total cost of blood transfusions
X2 — the cost of blood transfusions per 24 h
X3 — the cost of drugs
X4 — conditioning regimen
X4=0 in reduced toxicity regimen,
X4=1 in myeloablative regimen,
X5 —relapse before HCT
X5=0 no relapse before HCT,
X5=1 presence of relapse before HCT.

Since the total cost of blood transfusions is obtained via the multi-
plication of the cost of blood transfusions per 24 h on the number
of patient days, X,=X,*N,, formula (3) can be expressed like this:

for logistic regression.
Logistic regression

Z=—6.027%10°%X *N, +0.0095+X,+3.513%10%X,~2.159%X,~2.059%X, (4)

connects event probability

(one of the events of disease outcome variables) with independent
variables (predictors), the impact of which was described in
the previous section. Considering that the dependent variable is
measured by probability mass, and independent variables include
continuous and category parameters, it is necessary to make a
functional transformation of the independent variables into the
interval 0—1. Such functional transformation is done by function

).
1
Trer @

this is called the logistic, with Z parameter.

P:

As stated in Table 2, the model has non-random parameters with
p<=0.05.

The quality of patient status prognosis could be assessed using the
Table of forecast classification (Table 3, see overleaf).

The values in Table 3 characterize the power of testing (probability
of status Alive prediction in present alive condition) and its
specificity (probability of status Dead prediction in present dead
condition). Thus the power of forecast is 93.5% and its specificity
is 63.6%. The probability of a correct forecast is 81.1%.

Table 1. Statistically significant cost predictors influencing the HCT outcome

The cost The cost The .CF)St .Of Total cost of The cost of
. of blood conditioning o The cost
Predictor Total cost of blood . . conditioning drugs
. transfusions regimen . of drugs
transfusions regimen per 24 h
per24 h per kg
Statistical |4 40 ~0.01 0.003 ~0.05 ~0.047 | p=0.009 | p=0.007
significance p= P p= P p=v p= p=
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Table 3. Table of forecast classification

Outcome
Regression (status) Percent
Parameter of correct
step : t
Alive | Dead orecasts
Outcome Alive | 29 2 93.5
8 (status) Dead g 14 3.6
Total percent 81.1

The stability of the model should be checked using other samples,
but we currently have no such data, so practical statistics
recommends repeating the analysis using only a part of data for
model creation, with the other part of data acting as the model
validity check. In our study we embraced this approach.

All data were randomly divided into two parts using the
Bernoulli distribution. The first part (selected observations)
included approximately 70% of the data, the second (unselected
observations) the remaining data. The first sample was used in a
logistic regression procedure

Both opportunities show the absence of differences in the
columns of classification table, i.e., the absence of differences in
diagnostics of the two samples, the first of which was used for the
model construction, and the second, which was used as a control.

A number of parameters were revealed during the aforementioned
analysis, which are either related or independent from the disease
outcome.

If the parameters are not connected with patient status, the central
tendencies, obtained during common analysis of study predictors
[see formula (1)], should be used for their characteristic.
Considering abnormality of studied random values distribution,
the median could be considered a central tendency.

The value of the parameters connected with patient status should
be obtained by means of a regression model. The logistic function
(2) possesses the value 0.5 under Z=0. This value corresponds with
the situation when patient status is determined with probability 0.5.
To obtain a more strict forecast condition Z>0 or Z<0 according to
the target status value should be met.

We then set the value Z=0 to search for minimal expenses for
HCT. Then from formula (4) we get:

for model creation, while the
other was used to check its

—6.027%* IO‘S*XZ*NCyt+0.0095 *X,+3,513%10°%X = -2.159*X ~2.059+X_ (5)

validity.

The model had the same parameters as described above, and its
stability was confirmed using the Table of classification (Table 4),
created independently for the two samples.

As is clear from the data in Table 4, test power and specificity
between Selected observations and Unselected observations
have different meanings. Such differences are caused by random
variations. The absence of non-randomness for such differences
can be assessed by Fischer’s test. In this case:

For observation Alive give the opportunity p = 0.1594,
for observation Dead give the opportunity p = 0.7081.

On the left side of an equation are the cost parameters, and on the
right side are the clinical parameters.

For different treatment variants (k), which are fed into the right
side of equation (5), we could calculate weighting values, given

by equation:
k=2.159%X, +2.052%X..
Estimated values for k are shown in Table 5.

Using the data from Table 5 for k and setting the median for X,
or X, we can calculate the minimal expenses, which depend on

Table 4. Table of classification of forecasted data

Selected observations Unselected observations
Outcome Percent of Outcome Percent of
Alive | Dead | correct forecasts | Alive | Dead | correct forecasts
Alive 23 2 92 4 2 66.7
Dead 5 13 72.2 1 3 75
Total percent 83.7 70
Table 2. The variables in HCT cost formula
Regression Predictor Wei ght SE Wal_d StaFistical
step coefficient B criterion | significance
The cost of blood transfusions | —6.027*10-° | <0..001 2.95 0.086
The cost of blood transfusions 0.0095 0.004 5.08 0.014
] per24 h
The cost of drugs 3.513*10° | <0.001 4.038 0.044
Conditioning regimen -2.159 0.752 8.243 0.004
Presence of relapse —2.059 0.862 5.703 0.017
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Table 5. The variants of k£ parameter calculation

X, X,
0(MCR), O(Remission), k
1(RTCR) 1(Relapse)
1 0 0 0
2 0 1 2.159
3 1 0 2.059
4 1 1 4.218

patient status, and which patients will be alive with probability
0.5 (i.e., 50%).

There could be 2 variants of calculation:
1. We set median for X, (the median of cost of blood transfusions

per 24 h under known clinical parameters), and the second
parameter is calculated like this:

—k+6.027 ¥10° %X, *N, — 0.0095 *X,
X =
2 3.513 *10°

2. We set median for X, (i.e., the median for total drug cost), and
the second parameter is calculated like this:

—k —3.513 %10° %X,
~6.027 107 *N, + 0.0095

AX;:

In summary, a model for calculating minimal acceptable cost of
predictors was created, having a non-random impact on HCT
outcome, under which the probability of positive outcome is 50%.
The calculation of minimal total cost of HCT, under which there is
50% survival, is possible by data substitution on formula (1).

Discussion

The transplantation of hematopoietic stem cells is one of the
high-technology treatment methods, thus it is rather expensive
due to demand for contribution to international directives (GMP,
EBMT).

According to the literature, the cost of allo-HCT can vary from
US $100,000 to $250,000 (Armitage J.O. et al., 1984; Welch
H.G., Larson E.B., 1989; Beard M.E. et al., 1991; Dufoir T.
et al., 1992; Barr R. et al., 1996; Faucher C. et al., 1998); cost
differences are caused by local features in different countries,
considering economic factors, labor costs, drug costs, etc. M.
van Agthoven et al. (2002) reviewed the results of allo-HCT in
patients with acute leukemia (ALL and AML) for 2 years. In
patients who survived, the cost of allo-BMT from HLA-matched
related donors was approximately EUR 103.509, and the cost of
allo-PBSCT was EUR 105.906. The cost of allo-BMT from HLA-
matched unrelated donor was approximately EUR 173.587, where
1/3 of this sum was spent on a donor search.

According to the literature, the main components of clinical
expenses in HCT are outgoings on drugs (38.9%);

33.7% of clinical expenses are due to the cost of patient days;
7.5% is for blood transfusions;

5.8% for laboratory examinations;

5.6% for microbiological examinations;

1.4% for radiology, and

1.9% are other expenses (Kline R.M. et al., 1998).

In our study the aforementioned components of HCT costs were
analyzed on statistically significant influences on death rate after
HCT and were included in a suggested model of cost assessment,
which provide 50% survival.

Despite of the importance of the studied problem and limiting role
of high cost of HCT in its routine use in clinical practice in some
countries, at the moment there is no method for analysis that can
definitely justify its cost, and moreover there are no approaches to
predict the influence of expenses on disease outcome.

Considering these facts the suggested method for statistically
justified assessment of HCT cost, which helps to connect clinical
parameters influencing treatment cost, as well as forecast minimal
accessible cost of HCT, in which 50% is achieved, could be used
for evaluation of necessary financing for this treatment method.
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Mogeb JJOTMCTHYECKON perpeccuu B CTATUCTHYECKOM 000CHOBAHMH CTOMMOCTH
TPAHCIVIAHTALMH IeMONMO3THYECKHX CTBOJIOBBIX KJIETOK

J.A. bBarre, b.A. CmupHoB, b.B. ApanacbeB

Pe3rome

Mogens IOTUCTHYECKON PerpecCry O3BOISIET PACCUUTATh MUHUMAIIBHO JonmycTuMyto ctoumocts TT'CK, mpu
KOTOPOi BO3MOXKHO noctrkeHne 50% monoxurenbHoro addekra. B uccienoBanne o 209 manueHToB
MEPEHECIINX ayTOJIOTHYHY, aJUIOTeHHYI0 poacTBeHHYro u HepoxactBeHHyr TI'CK. Beuto ompeneneno
HecydaiiHoe BinusHue Ha ncxon TT'CK mapaMeTpoB cTOMMOCTH M pa3lWYHBIX MEIUIIMHCKUX (aKTOPOB, B
TOM 4FCIIE BO3pAcTa ¥ 0JIa MAaINeHTa, TUIIA IOHOpa (POACTBEHHBIN/HEPOJCTBEHHBIH), HCTOYHHKA CTBOJIOBBIX
KJIETOK (M3 KOCTHOT'O MO3Ta WJIH Mepru(eprudecKorl KPOBH).

B croumocts nmpouenypst TI'CK Bkmtouanuce pacxonsl Ha mpeObiBaHUE OOJIBHOTO B CTalMOHApe (YUCIIO
KOWKO-IIHEeH), CTOMMOCTH J1abOpaTOpPHOro OOCIENOBAaHUS, PACXOAbl HAa KOHAWLHMOHUPYIOUIYIO TEpaluio,
CTOMMOCTD JIEKAPCTBEHHBIX IpPENapaToB B MNOCTTPAHCIUIAHTALMOHHOM IIEpHOIE, pacxolsl Ha adepe3 u
3aroTOBKY KOCTHOT'O MO3Tra MJIM Nepu(epryecKruX CTBOJOBBIX KJIETOK, a TAK)KE CTOMMOCTH MOMCKAa JOHOPA
(mpu mHepoacTBeHHBIX TI'CK). [IprMeHeHre peskuMOB KOHIHITHOHUPOBAHUS CO CHI)KEHHOW NHTEHCUBHOCTHIO
J103bI 1 MH€J10a01aTUBHBIX PEXKUMOB, HAJTMYNE WU OTCYTCTBUE PELIUINBA, a TAKKE CTOUMOCTh MEINKAMEHTOB
U TpaHC(Y3UOJOrMUECKOr0 MOCOOMS CTaTUCTHYECKU 3HauuMo Biusiau Ha ucxox TI'CK, yto mossommio
paccuuTarh BecoBble KO3((QULUEHTH! M CBA3aTh MOKAa3aTeId CTOMMOCTH U KJIMHUYECKHE HapaMeTphl. JTO
JaeT BO3MOXKHOCTb PacCYUTaTh MUHUMAJIBHO JonycTuMyto ctoumocTs TT'CK.

KarwueBble cJjioBa: reMONO3TUYECKHE CTBOJIOBBIC KJETKHM, TPAHCIJIAHTALUS, CTOMMOCTh, CTaTHUCTHUKA,
perpeccuoHHasi MOAECIb
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