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Abstract

Background: Therapeutic drug monitoring (TDM) of asparaginase is necessary to respond to vari-
ability in asparaginase activity levels, detect silent inactivation, and distinguish between real aller-
gies and allergic-like reactions with and without asparaginase neutralization, respectively. In this
study, the costs of an individualized and fixed asparaginase dosing schedule were compared.

Procedure: Patients, treated according to the Dutch Childhood Oncology Group ALL-11 proto-
col (individualized PEGasparaginase treatment, starting dose: 1,500 1U/m?2) or ALL-10 protocol
(native Escherichia coli asparaginase followed by 2,500 IU/m? PEGasparaginase), were included.
To focus on TDM of PEGasparaginase, the costs were also calculated excluding patients treated
with Erwinia asparaginase and compared to a hypothetical protocol with a fixed dose of 1,500
IU/m? PEGasparaginase. Direct asparaginase-related medical costs, including costs for asparag-
inase use (calculated with the absolute dose), TDM, laboratory tests, daycare treatment, and out-

patient clinic visits, were calculated.

Results: Eighty-three ALL-10 patients and 51 ALL-11 patients were included. The asparaginase-
related costs were 30.8% lower in ALL-11 than in ALL-10 ($29,048 vs. $41,960). The ALL-11 costs
of nonallergic patients were 20.4% lower, when using TDM, than the hypothetical protocol with a
fixed dose of 1,500 1U/m? ($13,178 vs. $16,551). TDM accounted for 12.4% of the costs. Including
asparaginase waste, TDM in ALL-11 will be cost saving if three doses can be prepared out of one
vial compared to a fixed dose of 1,500 |U/m?2.

Conclusions: TDM of asparaginase is cost saving if calculated with the absolute asparaginase dose
and will be if the waste is minimalized by preparing multiple doses out of one vial.
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neutralization, so-called allergic-like reactions.® A third type of reac-

tion to asparaginase is silent inactivation, which is neutralization of

Asparaginase is one of the key components of the treatment of acute
lymphoblastic leukemia (ALL) in children and significantly improves
the event-free survival (EFS) if patients are treated intensively.1-®
Unfortunately, hypersensitivity reactions may occur, usually result-
ing in complete neutralization of the drug.”# In that case, asparagi-
nase formulations should be switched to maintain optimal treatment.

Patients can also develop allergic symptoms without asparaginase

Abbreviations: AHA, L-aspartic g-hydroxamate; ALL, acute lymphoblastic leukemia; BSA,
body surface area; DCOG, Dutch Childhood Oncology Group; EFS, event-free survival; TDM,
therapeutic drug monitoring

asparaginase without clinical symptoms. Distinction between these
three reactions can only truly be made by continual measurement of
asparaginase activity levels.

In addition, high inter- and intrapatient variability of asparaginase
activity levels has been observed,? which requires individualized dos-
ing of the drug. In our previous Dutch Childhood Oncology Group
(DCOG) ALL-10 protocol, patients were treated with a fixed dose of
2,500 1U/m?2 PEGasparaginase.l9 These patients had relatively high
asparaginase activity levels (mean 899 IU/L), possibly causing unnec-
essary toxicity since an asparaginase activity level of >100 IU/l is con-

sidered sufficient for complete asparagine depletion.11-18 |n addition,
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8% of the patients turned out to have silent inactivation.” For these
reasons, therapeutic drug monitoring (TDM) was implemented in the
consecutive DCOG ALL-11 protocol to individualize the asparaginase
treatment.

Because asparaginase activity levels are high after the fixed dose
of 2,500 IU/m?2, individualized asparaginase treatment will decrease
asparaginase use, consequently reducing the costs. On the other hand,
the individualization of asparaginase therapy requires the measure-
ment of asparaginase activity levels and the formulation of dosing
advices. This will, in turn, increase the costs. PEGasparaginase treat-
ment accounts for a substantial amount of the total ALL therapy
costs.1? Therefore, a change in asparaginase costs will have a signifi-
cant impact on the total costs.

The aim of this study was to analyze whether TDM of asparaginase
is cost saving when compared to the fixed dosing schedule. For this, we
have compared the individualized dosing schedule of the DCOG ALL-
11 protocol to the fixed dosing schedule of DCOG ALL-10 (2,500 |U/m?
PEGasparaginase) and to a hypothetical dosing schedule with a fixed
dose of 1,500 1U/m? PEGasparaginase, the starting dose used in the
DCOG ALL-11 protocol.

2 | METHODS

2.1 | Patients

This retrospective study was performed in the Sophia Children’s Hos-
pital (Rotterdam, The Netherlands) and the VU University Medical
Center (Amsterdam, The Netherlands). Patients with ALL, diagnosed
between May 2009 and March 2015, who were treated according to
the medium risk group of the DCOG ALL-10 or ALL-11 protocol, were
included. These patients were treated with asparaginase most inten-
sively. The study was approved by the Institutional Review Board in

accordance with the Declaration of Helsinki.

2.2 | Treatment protocols

ALL-10 contained eight doses of native Escherichia coli asparaginase
(5,000 1U/m2, every 3 days) in induction and 15 doses of PEGas-
paraginase (2,500 1U/m2, biweekly) in intensification. When an allergy
occurred, formulations were switched to Erwinia asparaginase (20,000
1U/m?2, three times a week).

In ALL-11, native E. coli asparaginase was omitted to prevent hyper-
sensitivity reactions and replaced by three doses of PEGasparaginase
(1,500 IU/m?2, biweekly). The intensification phase contained 14 doses,
individualized based on trough asparaginase activity levels. Week lev-
els were measured after the first dose in induction and intensification
to detect silent inactivation.

In case of asparaginase inactivation, patients were switched to
Erwinia asparaginase (20,000 [lU/m2, three times a week). The dose and

dosing schedule were adjusted to ensure adequate levels.

TABLE 1 Cost categories

Costs

$1,387/vial of 3,750 IU
$850/vial of 10,000 IU
$77/vial of 5,000 IU

Cost categories
PEGasparaginase
Erwinia asparaginase

Native E. coli asparaginase

Daycare treatment for asparaginase $250/day
administration

Outpatient clinic visits preceding an $152/visit
asparaginase dose or week
asparaginase activity level

Laboratory tests® $7/set of tests

TDMP $105

TDM, therapeutic drug monitoring.

aTests routinely measured prior to an asparaginase dose including aspartate
transaminase, alanine transaminase, bilirubin, amylase, and glucose.

bThe TDM costs include the costs for the AHA test and the formulation of
the dosing advice.

2.3 | Asparaginase activity analysis

Asparaginase activity levels were measured using the L-aspartic g-
hydroxamate (AHA) test as described earlier.82° Asparaginase inacti-
vation was defined as PEGasparaginase activity <100 |U/| after 1 week
or <10 IU/I after 2 weeks (trough level). The targeted trough asparagi-
nase activity level was 100-250 1U/I.

2.4 | Costs

Direct medical costs of the asparaginase treatment were calculated
from a hospital perspective and were retrieved from medical files. The
different cost categories with corresponding costs are described in
Tables 1 and 2. These categories included the costs for asparaginase
use ($1,387 per vial of 3,750 IU PEGasparaginase, $850 per vial of
20,000 IU Erwinia asparaginase, and $77 per vial of 5,000 IU native
E. coli asparaginase), daycare treatment for asparaginase administra-
tion ($250 per day), outpatient clinic visits preceding an asparaginase
dose or week level ($152 per visit), specific laboratory tests which were
performed prior to an asparaginase dose ($7 for Aspartate aminotrans-
ferase (AST), Alanine transaminase (ALT), bilirubin, amylase, and glu-
cose measurement), and the costs for TDM ($105 per AHA test and
dosing advice). The latter cost category included not only the costs of
the test itself but also the costs for the preparation of the blood sam-
ple, the dose advice, and the effort of prescribing the adjusted dose
(Table 2). Transport costs were not included because this will consid-
erably differ between countries and pediatric oncology centers. The
asparaginase-related costs were calculated by counting the amount of
cost categories per patient, multiplied with the unit prices. Dutch tar-
iffs were used for unit prices.2! All costs were converted to U.S. dol-
lars according to the average currency exchange rate of 2015 (€1 =
$1.067).

2.5 | Analysis

The data were analyzed with the software package SPSS Statistics
version 21.0 (IBM Corp., Armonk, NY). To calculate the differences
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TABLE 2 Therapeutic drug monitoring costs

Costs per hour
Preparation of the blood sample $30
Test?

Equipment costs -

Chemicals =

Technician costs $30

Administration costs $30
Total costs -
Advise®

Determine advises dose $120

Prescription of medication $120
Total -

2Based on 1,200 asparaginase activity samples a year.
bThe formulation of the dosing advices is done by pediatric oncologists.

between the treatment protocols, we used t-tests, ){2 tests, or
Mann-Whitney U-tests. Two-sided P-values of <0.05 were considered
statistically significant.

The following comparisons were made: First, the total asparagi-
nase costs of ALL-11 (individualized dosing, starting with 1,500 1U/m?2
PEGasparaginase) were compared with ALL-10 (fixed dose of 2,500
IU/m? PEGasparaginase). Second, the two protocols were compared
excluding the patients with a hypersensitivity reaction because the
occurrence of hypersensitivity reactions and subsequent use of Erwinia
asparaginase were strongly influenced by the earlier use of native
E. coli asparaginase in induction, which has a major impact on the
costs.1? Third, the hypothetical costs of ALL-11 with a fixed dose of
1,500 IU/m? and no TDM were calculated using the existing data of
ALL-11 and compared with the individualized ALL-11 protocol. Thus,
the lower starting dose of ALL-11 compared to ALL-10 was taken into
account.

Asparaginase vials must be used directly after opening so waste
should be taken into consideration. One vial contains 3,750 IU PEGas-
paraginase. The number of doses that can be prepared out of a single
vial depends on the (mean) absolute dose and the number of patients
that are treated with asparaginase on the same day. The total costs per

patient were also calculated, taking this into account.

2.6 | Sensitivity analysis

To evaluate the uncertainty of the data, a one-way sensitivity analysis
was performed: the cost categories were varied one by one (mean costs

+ 1 SD) to assess their impact on the total costs.

3 | RESULTS

3.1 | Patient characteristics

The patient characteristics are described in Table 3. In total, 134
patients were included: 83 patients were treated according to the ALL-
10 protocol with a fixed dose of 2,500 1U/m? and 51 patients were

WILEY--

Duration (min) Total costs
10 $5

_ $9

- $24

41 $22

47 $25

- $80

5 $10

5 $10

- $105

treated according to the individualized dosing schedule of the ALL-11
protocol. The incidence of hypersensitivity reactions was lower in the
ALL-11 protocol than in ALL-10 (10% vs. 22%, P = 0.077). The patients
who were treated according to the ALL-11 protocol were slightly older
and had a higher body surface area (BSA) than the ALL-10 patients
(both not significantly different).

3.2 | Asparaginase costs

The total asparaginase-related costs of the ALL-10 protocol and ALL-
11 protocol are described in Table 4; the costs of these protocols with-
out patients with a hypersensitivity reaction and the costs of the hypo-
thetical protocol with a fixed dose of 1,500 1U/m? PEGasparaginase
and no TDM are described in Table 5.

First, the comparison between the ALL-10 protocol (fixed dose of
2,500 1U/ m2 PEGasparaginase) and ALL-11 protocol (individualized
dosing, starting with 1,500 |U/ m2 PEGasparaginase) was made: the
asparaginase-related costs of ALL-11 were 30.8% lower than ALL-10
($29,048 vs. $41,960, P < 0.001). These costs were calculated using the
absolute asparaginase dose, disregarding asparaginase waste. If the
whole vial has to be used for each asparaginase dose, the asparaginase-
related costs for ALL-11 would still be less than for ALL-10, although
the difference is smaller: $47,624 versus $54,892 for ALL-11 and ALL-
10, respectively (P < 0.001). One patient of the ALL-11 protocol was
initially treated with native E. coli asparaginase after silent inactivation
of PEGasparaginase but switched to Erwinia asparaginase after a few
doses. In the ALL-11 protocol, laboratory tests were standardly done
before each PEGasparaginase dose, in contrast to the ALL-10 protocol,
where they were ordered based on doctor’s choice.

Second, the comparison was made between ALL-10 and ALL-
11, without patients who had developed a hypersensitivity reaction
(Table 5) because the difference in costs for Erwinia asparaginase use
contributes to a substantial amount of the incremental costs. The risk
of switching to this type of asparaginase was higher in ALL-10 due to
native E. coli asparaginase use in induction. Excluding hypersensitive
patients, the total asparaginase-related costs were 42.5% (P < 0.001)
lower in ALL-11 ($13,178) when compared to ALL-10 ($22,916). The
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TABLE 3 Patient and treatment characteristics

Sex (% male) (95% Cl)

Age (years) (median, range)

BSA (m2) (median, range)
Start intensification

Week 19 of intensification

Number of PEGasparaginase doses (median, range) (mean)

Number of Erwinia asparaginase doses (median, range)

Number of native E. coli asparaginase doses (median, range)

Number of AHA-tests (median, range)

Number of outpatient clinic visits (median, range)

Number of daycare admissions (median, range)

Number of laboratory tests (median, range)

Hypersensitivity reactions (%) (95% Cl))

KLOOSET AL.
ALL-10 (n=83) ALL-11(n=51) P-value
39% (28-49%) 41% (27-55%) 0.763
5.0(1.5-18.1) 6.4(1.3-17.1) 0.074
0.8(0.4-2.0) 0.9(0.5-2.3) 0.105
0.8(0.5-2.1) 0.9(0.6-2.2) 0.218
15 (0-15) (14.5) 17 (1-17) (16.4) <0.001
0(0-84) 0(0-99) 0.170
8(3-8) 0(0-4) <0.001
0 16 (2-53) <0.001
23 (2-100) 18 (1-41) <0.001
23(3-94) 17 (1-105) <0.001
6(1-23) 16 (6-40) <0.001
22%(13-31) 10% (1-18)2 0.077
Average absolute PEGasparaginase dose (IU) per patient (median, range) 2,025(1,225-5,188) 726 (366-2,400) <0.001
2,500 778 (482-1,500) <0.001

Average PEGasp dose IU/m? per patient (median, range)

AHA-test: Method used to measure asparaginase activity levels.
aFour patients had silent inactivation of PEGasparaginase, and one patient had an allergy to PEGasparaginase.

TABLE 4 Total asparaginase-related costs ($) per patient

Cost category
PEGasparaginase (IU used)

Erwinia asparaginase (IU used)

Native E. coli asparaginase (IU used)

Daycare

Outpatient clinic visits

Laboratory tests

TDM

Total

Mean + SD median (IQR) % of total

ALL-11 (TDM) vs. ALL-10

N =83
ALL-10

10,604 + 6,867
10,064 (5,112)
22.4%

18,624 + 40,552
0(0)

44.4%

750 + 284
614(0)

1.6%

8,129 + 5,487
5771(0)

17.2%

3,803+ 1,586
3,502 (0)

8.0%

51+37

43 (50)

0.1%

0

41,960 + 43,205
22,268 (14,529)

N=51
ALL-11

4,363 +2,168
3,733(3,293)
14.1%

13,816 + 43,506
0(0)

47.6%

8+54

0(0)

0.03%

5,874 + 5,493
4,265 (0)
19.0%

2,953+ 1,013
2,741(152)
9.6%

118 + 36

114 (14)

0.4%

1,917 + 945
1,680(210)
6.2%

29,048 + 49,787
13,010 (4,283)

Mean incremental costs

-6,241

—-4,808

-742

-2,255

-850

67

1,917

—12,912(30.8%)

P (95% Cl of the difference)
<0.001 (4,630-7,852)

0.159**

<0.001**

<0.001*

<0.001**

<0.001*

<0.001**

<0.001**

This table shows the mean (+SD) and median (IQR) of the different cost categories. Also the percentage of the mean total costs was shown. The costs of
asparaginase use were calculated using the amount of asparaginase administered. The right side of the table describes the difference between the ALL-11
and ALL-10 costs for each category and for the total costs.
SD, standard deviation; IQR, interquartile range; TDM, therapeutic drug monitoring.
No Cl because of logarithmic transformation* or Mann-Whitney test**.
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TABLE 5 Total asparaginase-related costs ($) per patient in patients without a hypersensitivity reaction to PEGasparaginase

Mean + SD median (IQR) % of total

(1) ALL-11 (TDM) vs. ALL-10
(2) ALL-11 (TDM) vs. ALL-11 (1,500 1U/m?)

ALL-10(2,5001U/m?)  ALL-11(TDM)

Cost category N =66 N =46

PEGasparaginase (IU used) 13,015+ 5,744 4,672 + 2,043
11,063 (5,042) 3,905 (3,204)
56.8% 35.5%

Native E. coli asparaginase 747 + 292 0

(1U used) 614 (0)

3.3%

Daycare 5,662 + 627 4,107 + 640
5,771(0) 4,265 (0)
24.7% 31.2%

Outpatient clinic visits 3,438 + 399 2,658 +434
3,502 (0) 2,741(38)
15.0% 20.2%

Laboratory tests 52+37 111+ 19
43(54) 114 (16)
0.2% 0.8%

TDM 0 1,630 + 266

1,680 (131)
12.4%

Total 22,916 + 6,373 13,178 + 2,660

20,965 (5,503) 12,548 (3,345)

ALL-11(1,5001U/m?)  Mean incremental

N=46 costs P (95% ClI of the difference)

9,675+4,218 —-8,343 <0.001*

8,618 (5,678) —-5,003 <0.001*

58.5%

0 —747 <0.001"
O —

4,107 + 640 —-1,555 <0.001*

4,265 (0) 0 -

24.8%

2,658 +434 —-780 <0.001*

2,741 (38) 0 -

16.1%

111+ 19 59 <0.001*

114 (16) 0 -

0.7%

0 1,630 <0.001*
1,630 <0.001*

16,551+ 4,626 —9,738 (42.5%) <0.001*

15,698 (5,911) —3,373(20.4%) <0.001*

Inthis table, the patients with a hypersensitivity reaction to PEGasparaginase were excluded. The mean (+SD) and median (IQR) costs of ALL-10, ALL-11 with
TDM, and the hypothetical scenario of ALL-11 without TDM were described. The right side of the table shows (1) the difference between ALL-10 and ALL-11
with TDM, and (2) between ALL-11 with TDM and ALL-11 without TDM. The costs for asparaginase use were calculated with the amount of asparaginase

administered.
IQR, interquartile range; TDM, therapeutic drug monitoring.
*No Cl because a Mann-Whitney test was performed.

mean costs for the TDM were $1,630, which was 12.4% of the total
costs.

Third, the comparison was made between the ALL-11 protocol and
the hypothetical ALL-11 protocol with a fixed dose of 1,500 1U/m?
PEGasparaginase and no TDM (Table 5), because the starting dose of
PEGasparaginase was 1,000 |U/m?2 lower in ALL-11 than in ALL-10,
which already led to a cost reduction. Furthermore, the fact that three
doses of PEGasparaginase were used instead of eight native E. coli
asparaginase doses in induction resulted in a cost reduction of day-
care admissions and outpatient clinic visits. On the other hand, the
drug PEGasparaginase is more expensive than native E. coli asparagi-
nase (Table 1). The costs of PEGasparaginase use of the ALL-11 proto-
col ($4,672) were 48.3% (P < 0.001) lower than the PEGasparaginase
costs of the hypothetical protocol with the fixed dose of 1,500 1U/m?
($9,675). Taking into account the costs for the AHA tests as well, in
total, still $3,373 (20.4%) will be saved per patient when using TDM
(P <0.001).

In clinical practice, leftover asparaginase after preparation of the
dose may have to be discarded if it cannot be used for another patient.

However, if patients are treated at the same day, multiple doses can

be prepared out of a single vial. Supplementary Figure S1 shows the
total asparaginase-related costs when vials can be shared between
patients, taking into account the PEGasparaginase waste. Depending
on the number of patients treated at the same day and the amount of
PEGasparaginase administered per dose, multiple doses can be pre-
pared out of the same vial, resulting in less waste per dose. Sup-
plementary Figure S1 shows that, in our cohort, TDM is cost saving
when compared to a fixed dose of 1,500 1U/mZ2, if three patients are
treated with asparaginase on the same day. If only one PEGasparag-
inase dose can be prepared out of a single vial, TDM would be more
expensive than the hypothetical protocol due to the measurement
of asparaginase activity levels and the formulation of dosing advices.
More information about this analysis is included in the Supplementary
Results.

3.3 | Sensitivity analysis

The one-way sensitivity analysis is shown in a tornado diagram
(Fig. 1). Erwinia asparaginase use has the greatest impact on the total

costs. Except for the Erwinia asparaginase costs, the maximum costs of
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PEGasparaginase
Erwinia asparaginase $23,337
Native E. coli asparaginase

Daycare admissions

Out-patient clinic visits

Laboratory tests

$35,0

$36,

Sensitivity analysis of ALL-10

$48,828

$82,513

$41667 | $42,245

474 $47,448

#0,375 $43,547

41,924 | $41,998

PEGasparaginase $26,881

Erwinia asparaginase $15.233
Native E. coli asparaginase

TDM $28,104

Daycare admissions $23,556

Out-patient clinic visits $28,036

Laboratory tests

° & P

Sensitivity analysis of ALL-11

$29,041

$29,013

$72,555

$29,103

438,499

542

$30,062

$29,085

° &£ L

&

FIGURE 1 One-way sensitivity analysis of the ALL-10 and ALL-11 protocol. (A) The range of mean total asparaginase costs for ALL-10 is shown:
for each cost category, the mean + 1 SD of each category was varied to calculate the total asparaginase costs. The minimal costs of Erwinia asparag-
inase were <$0 but were fixed at $0. The dotted line represents the mean total costs of ALL-11 ($29,048). (B) The same for the ALL-11 protocol is
shown. Again, the minimal costs of Erwinia asparaginase were <$0 and fixed at $0. The dotted line represents the mean ALL-10 costs ($41,960)

ALL-11 did not exceed the mean ALL-10 costs when varying the cost
categories one by one with 1 SD. The same is true for the minimal costs
of ALL-10.

4 | DISCUSSION

In this study, several comparisons were made to study the effect
of TDM on the asparaginase-related costs. Although the comparison
between real treatment protocols is important, the fairest compar-
ison made was between the ALL-11 protocol and the hypothetical
ALL-11 protocol with a fixed dose of 1,500 IU/m? and no TDM. This
comparison has shown that TDM is cost saving despite of the extra
costs for the asparaginase activity analysis and dosing advices. How-
ever, with the current size of PEGasparaginase vials (3,750 IU), the
costs will be higher than a fixed dosing schedule if leftover asparagi-
nase from vials cannot be used for other patients: much asparaginase
has to be discarded if only one or two doses can be prepared at the

same time, which is the case in many pediatric oncology centers. Hence,

centralization of pediatric oncology care would reduce the asparagi-
nase waste and subsequent costs. The size of PEGasparaginase vials
is based on the adult asparaginase dose of 2,000 U/m2, for whom the
average absolute dose is approximately 3,600 |U as the mean adult BSA
is 1.79 m2.22 Therefore, for pediatric asparaginase doses and lower
doses in adults, smaller vials should become available to reduce the
waste.

Among the current treatment protocols used to treat children with
ALL, asparaginase treatment differs considerably regarding the num-
ber of asparaginase doses and asparaginase dosage. Thus, the expenses
that could be saved when using TDM will vary between countries.
However, as PEGasparaginase is an expensive drug, a dose reduction
of approximately 50% will significantly decrease the total treatment
costs in most cases. Moreover, the starting dose of ALL-11 (1,500
IU/m?2) is relatively low compared to other treatment protocols, so the-
oretically the dose could be reduced even more, which will relatively
save even more costs.

Several pharmacoeconomic analyses of pediatric ALL treatment

and asparaginase treatment have been performed.1%23-26 However,
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none of these include TDM. Furthermore, analyses about TDM mainly
focused on clinical outcomes such as hospitalization or complication
rates while our study focused on cost savings due to dose reduction of
asparaginase.2’-30

In this study, we have only performed a cost analysis, without includ-
ing the effects of individualized asparaginase doses. In the short term,
lower asparaginase activity levels may reduce toxicity such as hepato-
toxicity and dyslipidemia. This, however, will have little impact on the
total costs but will, of course, be important for the patient. In addi-
tion, also the risk of pancreatitis, thromboembolic events, and cen-
tral neurotoxicity might be reduced, although the incidence of these
side effects is relatively low, and patient numbers may be too small to
observe an effect.

But more importantly, TDM of asparaginase will improve the long-
term outcome of children with ALL: first, silent inactivation of asparag-
inase will be detected, which will result in a better EFS if formulations
are switched.31:32 This will probably increase the total costs as rela-
tively more patients will be treated with Erwinia asparaginase. How-
ever, because of a lower relapse rate, the costs may be lower though,
as expensive relapse therapy will be given less frequently. In our ALL-
11 cohort, only four cases of silent inactivation occurred, which makes
it difficult to draw conclusions regarding these costs. Second, allergic-
like reactions can only be distinguished from real allergies by TDM.8
The influence on the costs, however, should be studied more closely
because not switching to Erwinia asparaginase after an allergic-like
reaction to PEGasparaginase will reduce the costs, while continuation
of asparaginase after an allergic-like reaction to Erwinia asparaginase
will increase the direct medical asparaginase-related costs. Regard-
less of these direct costs, TDM allows patients with an allergic-like
reaction to Erwinia asparaginase to finish their asparaginase treatment,
which will improve their outcome and consequently prevent relapse-
associated costs.

In our study, the TDM costs accounted for 12% of the total
asparaginase-related costs. These costs may be an overestimation
because of two reasons: first, the number of asparaginase activity lev-
els measured is relatively high because enough insight into the popu-
lation pharmacokinetics of PEGasparaginase is lacking. If we would be
able to better predict asparaginase activity levels in individual patients,
less AHA tests would be needed, which would reduce the costs. Sec-
ond, our TDM administration costs are relatively high as we now need
47 min per sample for administration. This includes processing the
samples before activity measurement and entering all information in
the database, which is used for the formulation of dosing advices. Espe-
cially the latter is time consuming and is partly caused by entering
information, which is irrelevant for the dosing advices, but necessary
for research purposes. Without the administration costs, the actual
AHA test costs $55.

In conclusion, TDM of asparaginase will save expenses when cal-
culated with the amount of U asparaginase administered. TDM will
also be cost saving if the asparaginase waste is minimized by prepar-
ing multiple doses out of a single vial or if smaller vials become avail-
able. Although the effects of TDM were not included in the analysis,
TDM has several advantages including the possible prevention of tox-

icity, the detection of silent inactivation, the distinction between real
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allergies and allergic-like reactions, and consequently the improve-
ment of the EFS. Therefore, we recommend TDM of asparaginase from

aclinical and cost perspective.
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Supplemental Figure S1: Mean total costs per patient, taking into account the PEGasparaginase waste.

This figure illustrates when TDM is cost saving when compared to a fixed dosing schedule, assuming that vials (3,750 IU) should be used completely after
opening. The mean total costs of asparaginase treatment are plotted against the mean absolute asparaginase dose for the situations of six (A), five (B), four
(C), three (D), two (E) and one (F) asparaginase administration(s) on the same day: the horizontal dashed lines show the mean total costs of ALL-11 with
TDM; the horizontal solid lines the mean total costs per patient of ALL-11 with a fixed dose of 1500 [U/m2. The vertical dotted lines represent the mean
absolute asparaginase dose of ALL-11 with TDM (726 IU) and with a fixed dose of 1500 IU/m2 (1,350 IU, calculated with an overall mean BSA of 0.9 m2).
The total asparaginase related costs increase when the absolute amount of asparaginase needed exceeds the content of a vial and an extra vial has to be opened
for each new dose.
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