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Evaluation of costs for quality control of [*™Tc]technetium
radiopharmaceuticals in Brazilian nuclear medicine centers'

Avaliagao dos custos para realizagdo de controles de qualidade de radiofarmacos marcados com
[%™Tc]tecnécio em servicos de medicina nuclear no Brasil

Daniele de Paula Faria', Fabio Luiz Navarro Marques?, Airton Seiji Yamada®, Charlie Antoni Miquelin*

Objective: To establish the costs for quality control of [**™Tc]technetium radiopharmaceuticals in Brazilian nuclear
medicine centers, in compliance with Agéncia Nacional de Vigilancia Sanitaria (National Health Surveillance Agency)
resolutions RDC No. 38/2008 and No. 63/2009. Materials and Methods: Prices for consumables, equipment and
labor involved in quality control procedures were calculated and the values were converted into units of volume, time
or other appropriate units for use in mathematical formulas for determining unit prices. Results: Estimated investment
for acquisition of consumables and equipment was R$ 35,500.00. The final unit cost for quality control of a
[®®™Tc]technetium radiopharmaceutical kit ranged from R$ 6.44 to R$ 7.80 per kit, depending on the product under
analysis, on the methodology applied and on the qualification of the professional involved in the process. Such values
may correspond to 0.5% to 10% of the amount received by the institution per diagnostic procedure. In practice the
effective cost might be lower, considering that a single labeled kit can be fractionated into several doses. Conclusion:
Considering the gains in quality and patients’ safety, the authors conclude that costs for implementing a quality control
program for radiopharmaceuticals can be absorbed in the financial planning of nuclear medicine centers.
Keywords: Technetium; Radiopharmaceuticals; Quality control; Cost analysis; Nuclear medicine; National Health
Surveillance Agency; Anvisa.

Objetivo: Estabelecer os custos dos controles de qualidade para os radiofarmacos marcados com [*°™Tc]tecnécio nos
servicos de medicina nuclear do Brasil, em atencdo as resolugcdes RDC n® 38/2008 e RDC n°® 63/2009 editadas pela
Agéncia Nacional de Vigjlancia Sanitaria. Materiais e Métodos: Foram apurados precos de materiais de consumo,
equipamentos e de mao-de-obra para a realizagdo dos controles de qualidade. Os valores foram convertidos para uni-
dades de volume, tempo e outras unidades cabiveis para a determinagéo do preco unitario. Resultados: O investi-
mento para aquisi¢édo de materiais de consumo e equipamentos foi estimado ser de R$ 35.500,00. O custo final para
o controle de cada kit variou entre R$ 6,44 e R$ 7,80, dependendo do produto a ser analisado e do profissional se-
lecionado para execugdo do procedimento. Esses valores podem representar de 0,5% a 10% do valor recebido pelas
instituicdes pela realizagdo dos exames. Na pratica, o custo efetivo pode ser menor, uma vez que o produto de um kit
pode ser utilizado em diversos pacientes. Conclusao: Em face do ganho de qualidade e seguranca dos pacientes,
concluimos que os custos da implantagédo do programa de controle de qualidade podem ser absorvidos no planeja-
mento financeiro dos servicos de medicina nuclear.

Unitermos: Tecnécio; Radiofarmacos; Controle de qualidade; Andlise de custo; Medicina nuclear; Agéncia Nacional
de Vigilancia Sanitaria; Anvisa.
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The devel opments occurred since 1960
in the areas of instrumentation and radio-
pharmaceuticals has determined aremark-
able increase in the relevance of nuclear
medicine diagnosis methodsin the clinical
practice nowadays, particularly on account
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of their accuracy and capacity to deliver an
early diagnosis in cases of important dis-
eases such as cancer, neurological and car-
diac disorders. Additionally, the utilization
of radiopharmaceuticals has gained impor-
tance in therapeutic processes with the use
of aphaand beta particles emitting radio-
isotopes.

However, the benefits of the technique
can only be achieved when all the agents
involved in the process (equipment,
radiopharmaceuticals and practitioners)
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meet high quality standards. For that rea-
son and, considering the risks associated
with the use of ionizing radiation, severa
standards and procedures have been inter-
nationally established with respect to the
implementation of radiological protection
in nuclear medicine centers as well as the
quality control of instruments*® and
radiopharmaceutical 4,

In Brazil, radiological protection and
equipment quality control are already prop-
erly regulated™ and under constant super-
vision. However, for radiopharmaceuticals
thesituation isquite different —even though
thisis a crucial matter —, since a majority
of radiopharmaceuticalsutilized in nuclear
medicine clinics is obtained in situ by re-
acting sodium pertechnetate (Na[*™Tc]O,)
with several chemical reagentscontainedin
alyophilized kit, which may lead to thefor-
mation of impurities®™.

Problemswith the poor efficiency inthe
labeling of such kits have been reported by
severa authors™?, and performing qual-
ity control serves the purposes of prevent-
ing inappropriate products from being uti-
lized in patients, as well as unusua image
patterns from being correlated with some
kind of uncommon disorder, instead of
being considered astheresult of failuresin
the radiopharmaceuticals preparation pro-
cess. In both cases, patients would be sub-
mitted to new examinations, with unneces-
sary radiation exposure. Examples of such
cases are the Rotor syndrome and Dubin-
Johnson syndrome. Images presented on
Figure 1 (obtained from the images data-
base of the Service of Nuclear Medicine of

Cost for quality control of technetium radiopharmaceuticals

Instituto de Radiologia do Hospital das
ClinicasdaFaculdade de MedicinadaUni-
versidade de S&o Paul o) show the distribu-
tion of the radiopharmaceutical [*™Tc]DI-
SIDA with characteristicsthat may be con-
fused, respectively, with theadministration
of [®™Tc] O, itsalf or [*™Tc] colloidal tech-
netium, an impurity that may occur during
the preparation of [*®™Tc]technetium-la-
beled radiopharmaceuticals.

On June 04, 2008, the Brazilian Health
Surveillance Agency (Anvisa)™¥ issuedits
resolution RDC No. 38 on the installation
and operation of in vivo nuclear medicine
centers. Such resolution instituted the first
Brazilian regulation that makes the quality
control of generator eluates and radiophar-
maceuticalsmandatory in nuclear medicine
centers. On December 18, 2009 Anvisais-
sued resolution RDC No. 63, classifying
areas of preparation and manipulation of
radiopharmaceuticals in nuclear medicine
clinics as radiopharmaceutical producing
units, and these shall follow the standards
established by the mentioned resol ution®.

Considering that radiopharmaceutical
quality control reguires investment and
potentially generates cost increases, the
present study describestheresultsfrom the
analysison the deployment of a[*™Tc]tech-
netium-labeled generator and radiophar-
maceuticals quality control program.

MATERIALSAND METHODS

The cost of the quality control program
implementation was based on the costs of
al consumable and permanent materials

necessary for such implementation, quoted
in Brazilian currency or whenever such
materials were imported, the considered
exchange rate was US$ 1.00 = R$ 1.90.

Permanent material

Permanent materialswere considered as
being those with a useful life of more than
24 months and that can be repeatedly used
in several analyses. Thus, well counter-W
(Capintec Inc.; Ramsey, NJ, USA), the
Capmac 6 mm lead shielding (Capintec
Inc.; Ramsey, NJ, USA), the vortex-type
mixer and the metal clamps had their use-
ful live estimated in 120 months, while the
micropipettes’ as being 60 months, and
glassware, hair dryer and plastic materials
as being 48 months.

Consumables

The following materials were consid-
ered as consumables: methanoal, ethyl ac-
etate, chloroform solvents, saline solution
and the chromatography platestypesITLC-
SG (instant thin-layer chromatography-
silica gel) (Pall Corporation; New York,
NY, USA), TLC-SG (thin-layer chromatog-
raphy-silicagel) (Merck KgaA; Darmstadi,
Germany), Whatman 3MM paper (What-
man International Ltd; Maidstone, En-
gland), litmus paper and aluminum indica-
tor (Merck KgaA; Darmstadt, Germany).

L abor

The professionals responsible for the
performance of the controls were divided
into two groups: the radiology technician,
working 96 hours per month and the col-

(A)

(B)

&

(©)

Figure 1. Biliary scintigraphy with the utilization of **™Tc-DISIDA radiopharmaceutical. A: Study within the normality parameters, with radiopharmaceutical
presenting radiochemical purity (RCP) = 98.5%. B: Study indicative of Rotor syndrome (RCP = 98.3%). C: Study indicative of Dubin-Johnson syndrome (RPC

= 98.7%).
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lege graduated professionals, graduated in
Pharmacy, Biomedicine or Biology, work-
ing 175 hours per month. Besides the pro-
fessionals base salaries, the hazard pay
(40% for radiology technicians and 30%
for college graduates) and social security
and |abor taxes (50% of base salary) were
calculated in order to determine the total
hourly cost of labor.

Calculation formulas

The formulas utilized for determining
the costs for deployment of the radio-
pharmaceuticals quality control program
are presented below.

a) Fixed costs

The fixed costs were calculated on the
basis of the list of permanent materials,
taking their useful lives into account.

CF=S(VE/W) CFA=CF/n

where: CF = fixed cost; VE = equipment
and utensils values, VU = number of
months of the materials useful life; CFA =
fixed cost per analysis, n = number of
analysis per month.

b) Variable costs

The variable costs were determined on
thebasis of thelist of consumables utilized
for each analysis, and the amount of such
materials utilized in only one individual
test. In the present study, one considered
the performance of quality control of lipo-
philic radiopharmaceuticals [*™Tc]MIBI
and [*MTc]ECD by the solvent extraction
method“®. For the other radiopharma-
ceuticals, aswell astheradiochemical con-
trol of [*™Tc]O,” eluated from the genera-
tor, the used method was chromatography
on paper or thin layer plates®.

Theformulasfor the calculation of cost
for each analysis are the following:

CMAC = S1+22+3J1+U2+SE+AG+PH
CMAES = 3% (SL)+3% (2)+SE+AG+PH
CMCE = S+U+SE+AG+pH+IAL
where: CMAC = cost of materialsfor chro-
matographic analysis of radiopharmaceu-
ticals; CMAES = cost of materials for
analysis by solvent extraction; CMCE =
cost of materials for control of eluate; S1

=unit valuesfor solvent 1 (1 ml); 2 = unit
value for solvent 2 (1 ml); SU = value of
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the chromatographic support or stationary
phase; SE = value of the syringe; AG =
value of the needle; pH = unit value of lit-
mus paper; IAL = unit value of aluminum
indicator.

c) Labor costs

Thelabor costs were determined on the
basis of reference salary of professionals
graduated in Technological Radiology or
with college graduation level in pharmacy,
biomedicine or biology, and by incorporat-
ing into such salaries other labor rights
such as vacations, FGTS (Government
Severance Indemnity Fund for Employees)
and hazard pay.

CHT = [(SB+AP+EC) / JT]
CHTA=CHT/nh

where: CHT = cost of worked hour; SB =
base salary; AP = hazard pay; EC = Social
security, labor taxes, vacations; JT = work-
day hours, CHTA = cost of worked hour per
analysis, nh = number of analyses per hour.

d) Cost of the analyses

For the calculation of the final cost for
each type of analysis, the fixed cost, vari-
able cost and labor cost were summed up,
for therespective method. Theformulasfor
the calculation of final quality control cost
are the following:

CAC = CMAC+CFA+CHTA
CAES = CMAES+CFA+CHTA
CAE = CMCE+CFA+CHTA

where: CAC = cost of chromatographic
analysis, CAES= cost of solvent extraction
analysis; CAE = cost of eluate analysis;
CMAC = cost of materials for chromato-
graphic analysis of radiopharmaceuticals;
CMAES= cost of materialsfor analysisby
solvent extraction; CMCE = cost of mate-
riasfor control of eluate; CFA = fixed cost
per analysis, CHTA = cost of worked hour
per analysis.

RESULTS

In the calculation of the cost of analy-
sisfor quality control, the monthly depre-
ciation costs for the permanent materials
were considered according to their monthly
depreciation rate. Such depreciation re-
sulted in amonthly value of R$ 273.01. In

order to calculate how much thefixed costs
impacts individual analysis cost, one con-
sidered that, at the nuclear medicine cen-
ter, approximately 140 quality control tests
are performed every month, thusthe depre-
ciation value per anaysisis R$ 1.95.

Thequality control of the generator elu-
ate must also be considered. The control of
radionuclide purity depends upon a lead
shielding, whose value is presented on
Table 1, and for which the monthly depre-
ciation value was calculated to be R$
31.67. Considering that the generator is
eluted twice daily, with an average of 40
elutions per month, the cost of the equip-
ment for this type of analysisis R$ 0.79.

In the calculation of labor costs, the
salariesplussocia security taxes, vacation,
hazard pay were considered for two groups
of professionals in the area of nuclear
medicine: the radiology technician (T)
whose total cost was calculated to be R$
1,767.00 and the college graduated in phar-
macy, biomedicine or biology profession-
als(S), whose cost was calculated to be R$
3,600.00. Considering that the radiology
technician works 96 hours per month and
the otherswork 176 hours, the value of the
worked hour calculated for each category
was R$ 18.40 and R$ 20.25 respectively.
Also, it was considered that, asin practice
several kitsare simultaneously labeled, the
professionals will spend one hour of work
to perform six quality controls, including
the controls of the generator eluate, chro-
matographies and solvent extractions. Thus
thecost of labor per analysiswas cal culated
to be R$ 3.06 for the technologist and R$
3.40for the college graduated professional .

Table 2 presents the final cost of qual-
ity control of radiopharmaceuticals and
[%™Tc] technetium eluates, based on the
cost of consumables, fixed materials and
|abor.

DISCUSSION

It was considered that, for the deploy-
ment of a quality control program, the
nuclear medicine clinic should purchaseall
the necessary materials for such program.
The initia investment achieves approxi-
mately R$ 33,000.00 for permanent mate-
rials, with the largest part of such invest-
ment being related to the acquisition of the
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Table 1 List of products, cost and depreciation rates of materials required for the quality control in

nuclear medicine centers.

Acquisition Monthly Number
value depreciation of possible
Material (R$) rate (%) analyses
Well counter (W-Capintec) 28,000.00 0.83 Und.
6 mm lead shielding (Capmac) 3,800.00 0.83 Und.
Metal clamps 60.00 0.83 Und.
Automatic pipettes (single channel, Bel) 344.42 1.66 Und.
Reusable plastic materials 8.00 2.08 Und.
Hair dryer 30.00 2.08 Und.
Glassware 260.90 2.08 Und.
Vortex stirrer (Phoenix model AP56) 585.75 0.83 Und.
Box of Whatman 3MM paper 273.81 LSL 4,800
Box of Whatman 1 paper 270.00 LSL 4,800
Box of TLC-SG 1,200.00 LSL 880
Box of ITLC-SG 900.00 LSL 880
Box of pH indicator 39.10 LSL 100
Box of indicator for aluminum 539.24 LSL 100
One liter of chloroform or ethyl acetate 22.50 LSL 330
One liter of acetone 16.15 LSL 1,000
LSL, limited shelf life; Und, undetermined.
Table 2 Cost of quality control tests, including labor costs.
Costs (R$)
Radiopharmaceuticals Variable Fixed Labor (T/ S) Final
[**™c]0, (generator eluate) 6.91 2.74 3.06/ 3.40 12.71/13.05
[**™c]MDP / [**™Tc]DTPA 1.54 1.95 3.06/ 3.40 6.55/6.89
[*°™MTc]DMSA 2.45 1.95 3.06/3.40 7.46/7.80
[®®*™C]ECD (extraction) 1.43 1.95 3.06/3.40 6.44/6.78
[®*™c]Phytate / [*"TcIMAA 1.47 1.95 3.06/ 3.40 6.48 / 6.82
[®*™TcIMIBI (extraction) 1.43 1.95 3.06/ 3.40 6.44/6.78

T, radiology technician; S, college graduate professional.

gamma counter (well counter) correspond-
ing to 85% of the total investment, fol-
lowed by thelead shielding required for the
determination of (**M o) present in the gen-
erator eluate, corresponding to 10% of the
total investment. Although the initia in-
vestment is apparently high, such value
represents approximately 9% of the value
of atomographic scintillation camerawith
one detector, and the monthly depreciation
value of the permanent materials of R$
273.01 is roughly equivalent to the value
received for a single bone scintigraphy
study (R$ 190.99 — SUS reference value or
R$ 259.12 AMB reference value).

The value of bone scintigraphy was
taken asan example, asit isone of themost
frequent studies performed in nuclear
medicine clinics. Another very frequent
study is [*™Tc] MIBI myocardial scintig-
raphy, at acost of R$ 791.59 (SUS) or R$
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955.61 (AMB). In such acase, the value of
the monthly depreciation of equipment
corresponds to 1/3 of the value of asingle
perfusion myocardial scintigraphy.

In the cost assessment, permanent ma-
terialswere considered as afixed cost, i.e.,
the cost of theanalysisisrelated to therate
of utilization of equipment and utensils.
The calculated valuesbetween R$ 1.43 and
R$ 2.54, may vary up or down according
to the number of examinations performed
in the center.

Intheanalysisof cost of control by sol-
vent extraction, whose measurements are
performed by means of a dose calibrator,
the value involved in the acquisition of
such equipment was not considered, since
thisis amandatory item in the installation
of nuclear medicine centers for labeling
measurement and radiopharmaceuticals
injection.

In the other item compounding the fi-
nal cost, the initial investment for the ac-
quisition of consumables achieves R$
2,500.00, and such value is enough for the
acquisition of materialsin quantitiesfor use
along up to two years. With the recent
Anvisaresolutions 4 and the obligation
to perform quality control of all radiophar-
maceuticals, it is possible that private sup-
pliers start producing and marketing sys-
temsfor quality control in quantitiesenough
for a single month use, thus reducing the
initial expenditure with consumables.

The selection of materialsfor each con-
trol was based on a compilation of proce-
dures described in official compendiums,
as determined by Anvisa, or in published
scientific articles comparing different con-
trol procedures.

No significant difference was observed
in values for the two methods utilized for
analyses, chromatography and extraction
by solvent (Table 2). Asthe extraction con-
trol is much faster (approximately 3 min-
utes) than control by chromatography (ap-
proximately 15 minutes), the first one was
utilized for the quality control of [*™Tc]
MIBI and [*™Tc] ECD radiopharmaceu-
ticals, that are lipophilic, a necessary con-
dition for the use of such process. However
it should be highlighted that such method
is not among the safest ones, due to the
possihility of breakage of theanalysistubes
and solvent spillage during manipulation.

The chromatographic method ismanda-
torily utilized in the evaluation of quality
of other [*™Tc]technetium labeled radio-
pharmaceuticals. In such case, there are
several possibilities of combination be-
tween the stationary and mobile phases.
The systems described in the American®
and European® pharmacopoeias are many
times impracticable in the process per-
formedin clinicsfor being expensive, time
consuming and for requiring mixtures of
solventsthat are not usua inthedaily prac-
tice of nuclear medicine centers. In prac-
tice, one utilizesthe systemsrecommended
by the radiopharmaceutical manufacturers
or those recognized in the scientific litera-
ture describing particularly the utilization
of Whatman 3MM paper or ITLC-SG, as
stationary phase, and physiological solu-
tion and ketones (acetone or methyl ethyl
ketone), as mobile phases.
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Although ITLC-SG and Whatman
3MM paper may beindistinctively utilized
inmost analyses, thefirst oneisbetter than
the second one (better resolution in the
separation of components and swiftness of
the analysis — approximately 3 minutes).
However, such advantages become of
lesser importance when one compares the
unit cost of R$ 1.36 for ITLC-SG and R$
0.06 for Whatman 3MM paper. Thus, inthe
present study the utilization of Whatman
3MM paper was considered whenever such
utilization was possible, of course with the
exception for the analysis of [*®™Tc]
DMSA, for which TLC-SG is obligatorily
necessary, at a cost of R$ 1.36.

As regards the time required for the
analysis, the most significant limiting fac-
tor is the use of Whatman 3MM paper/sa-
line solution, that takes approximately 12
minutes, whilethe system Whatman 3MM/
acetone takes 5 minutes. When the analy-
sistimeis of primary concern at the insti-
tution, being such time as important as or
more important than the cost, it is possible
to utilize a mixed system of ITLC-SG/sa-
line solution and Whatman 3M M/acetone.

Labor costs play asignificant role, rep-
resenting 40% to 50% of the total cost of
the analyses. In the present study, within
the utilized model, the utilization of profes-
sionalswith different graduation levelsand
under different workday regimenisof little
difference in the final cost of analysis
(Table 2), provided the minimum base sal-
ary is considered for both categories, and
that the professionals dedicate the estab-
lished time for the performance of quality
control. Variations in costs will depend
upon regional or category collective labor
agreements.

Finally, by analyzing Table 2, it is pos-
sibleto observethat coststo perform qual-
ity control of [*™Tc] technetium labeled
radiopharmaceuticals are relatively low,
even considering the most extreme cost
conditions, ranging from R$ 6.44 to R$
7.80, depending upon the product or
method to be adopted. The exception oc-
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cursfor the control of the generator eluate,
whose value achieves R$13.05, because of
the higher number of analyses required to
ensure the eluate quality.

In practice, the effective cost may be
reduced, considering thefact that alabeled
kit is utilized in more than one patient.

CONCLUSIONS

Inorder to comply with the Anvisareso-
lutions RDC No. 38/2008 and RDC No.
63/2009 regarding the deployment of qual-
ity control programs for radiopharmaceu-
ticals utilized in nuclear medicine centers,
the authors conclude that, although the in-
vestment in equipment isrelatively high, it
actually represents a small fraction of the
cost for set up and operation of a nuclear
medicine center, and should therefore be
automatically consideredintheinstallation
of new centers.

The final cost for quality control of
[®™Tc]technetium labeled radiopharma-
ceuticals, between R$ 6.44 and R$ 7.80,
can be absorbed in the cost of most nuclear
medicine studies, particularly because the
consumable contained in asingleflask can
beused for several patients, and therespec-
tive cost can be divided by that number of
patients. Additionally, itispossiblethat the
optimization of the work of the profes-
sional involved in thetask, and themultiple
utilization of the equipment in other func-
tions in the clinic, may actually make the
effective cost become sufficiently low so
as not to affect the financia results of the
nuclear medicine center.
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