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* Prophylactic Ig is more
costly than
prophylactic antibiotics
in patients with
hematological
malignancies.

Patients with hematological malignancies are at high risk of developing
hypogammaglobulinemia (HGG) and infections. Immunoglobulin (Ig) is one recommended
option to prevent these infections, but it is expensive, and its cost-effectiveness compared
with other prevention strategies remains unknown. We conducted a trial-based economic
evaluation from the Australian health care system perspective to estimate the 12-month
cost-effectiveness of prophylactic Ig vs prophylactic antibiotics in 63 adults with HGG and
hematological malignancies participating in the RATIONAL feasibility trial. Two analyses
were conducted: (1) cost-utility analysis to assess the incremental cost per quality-adjusted

For many patients, Ig is
unlikely to provide
sufficient health
benefits to warrant the
additional cost
compared with
antibiotics.

life year (QALY) gained; and (2) cost-effectiveness analysis to assess the incremental cost per
serious infection prevented (grade >3) and per any infection (any grade) prevented. Over
12 months, the total cost per patient was significantly higher in the Ig group than in the
antibiotic group (mean difference, AU$29 140; P < .001). Most patients received IVIg, which
was the main cost driver; only 2 patients in the intervention arm received subcutaneous Ig.
There were nonsignificant differences in health outcomes. Results showed Ig was more
costly than antibiotics and associated with fewer QALYs. The incremental cost-effectiveness
ratio of Ig vs antibiotics was AU$111 262 per serious infection prevented, but Ig was more
costly and associated with more infections when all infections were included. On average
and for this patient population, Ig prophylaxis may not be cost-effective compared with
prophylactic antibiotics. Further research is needed to confirm these findings in a larger
population and considering longer-term outcomes. The trial was registered at the
Australian and New Zealand Clinical Trials Registry as #ACTRN12616001723471.

Submitted 30 October 2023; accepted 6 March 2024; prepublished online on Blood
Advances First Edition 14 March 2024; final version published online 14 May 2024.
https://doi.org/10.1182/bloodadvances.2023012047.

Deidentified participant data and study protocol will be made available with the pub-
lication upon request to the RATIONAL Principal Investigators by emailing the cor-
responding author, Sara Carrillo de Albornoz (sara.carrillo@monash.edu).
Investigators whose proposal has been reviewed and approved by the RATIONAL
investigators and relevant ethical review committees will be able to undertake analyses
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to achieve the aims specified in the approved proposal by accessing data through a
web-based data portal safe-haven based at Monash University, Australia.

The full-text version of this article contains a data supplement.

© 2024 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.
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Introduction

Patients with hematological malignancies are at risk of developing
hypogammaglobulinemia (HGG), due to disease-related immune
deficiencies or immunosuppression caused by systemic anticancer
treatments (eg, B-cell-targeted therapies). This increases their risk
of infection, hospitalization, and mortality. Individuals with multiple
myeloma (MM), chronic lymphocytic leukemia (CLL), and non-
Hodgkin lymphoma (NHL) are at particularly high risk of HGG
and subsequent infections.’ ™

Immunoglobulin (Ig) is a plasma-derived product manufactured
from blood donations, with a complex production process and high
cost. Ig can be administered IV (IVIg), with typically monthly infu-
sions provided in hospital, or can be self-administered subcuta-
neously (SClg) at home, usually weekly. Prophylactic Ig
replacement therapy is 1 recommended option to prevent infec-
tions in patients with HGG secondary to hematological malig-
nancies.*® In some countries, a trial of antibiotic prophylaxis is
required before initiating subsided Ig replacement therapy.® Sys-
tematic reviews evaluating the effectiveness of Ig vs other pre-
vention strategies in hematological malignancies have indicated a
reduction in infections after Ig treatment. Nevertheless, the quality
of included studies was considered poor, and most studies were
conducted more than 20 years ago.”®

Ig use is a key driver of plasma collection and fractionation and,
with many competing clinical indications for Ig treatment, demand
is putting pressure on the global plasma supply chain. In Europe,
~60% of the plasma is imported from the United States, and
plasma shortages have been identified as a serious risk in some
European countries.'® Acquired HGG due to hematological
malignancies or hematopoietic stem cell transplant remains the
most common indication for which Ig is issued.''"'? Ig demand has
been increasing worldwide by 6% to 11% per year in the past
decade,"""®'* and its use in patients with blood cancers may
increase further due to the introduction of new B-cell-targeted
treatments and chimeric antigen receptor T-cell therapies, which
increase the risk of HGG and infections." In the United States, the
annual cost of Ig treatment in primary immunodeficiencies was
estimated at $60 000 per patient."® In France, the cost of treating
a patient with secondary immunodeficiency with Ig was estimated
at >€20 000 per year.'® In Australia, 8 million grams of Ig were
issued from 2021 to 2022 at a cost of AU$810 million (including
the cost of plasma fractionation).'” A similar economic burden was
reported in New Zealand in 2021, with annual Ig cost of NZ$57
million."*

Despite increasing costs, the cost-effectiveness of Ilg compared
with antibiotic prophylaxis or no prophylaxis in patients with
hematological malignancies remains unknown. In a recent sys-
tematic review,'® we found no economic evaluations comparing Ig
vs antibiotics in patients with hematological malignancies and
HGG and only 1 cost-utility analysis (CUA)'® published in 1991
that compared Ig (IVlg) with no Ig in patients with CLL. In that
study, Weeks et al'® stated that IVlg was not cost-effective
compared with no Ig, with an estimated incremental cost of $6
million per quality-adjusted life year (QALY) gained over 1-year time
horizon. However, the modeling assumptions and structure were
only briefly described, utilities were based on physician's
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assessment of the patient’s quality of life (QoL), and no sensitivity
analyses were presented. These methodological issues, along with
changes in cost and treatment landscape for hematological
malignancies in the past 3 decades, limit its generalizability.

The aim of this economic evaluation was to evaluate the cost-
effectiveness of prophylactic Ig vs prophylactic antibiotics using
individual patient data from RATIONAL,?° a randomized controlled
feasibility trial comparing prophylactic Ig and prophylactic antibi-
otics in patients with HGG secondary to hematological
malignancies.

Materials and methods
RATIONAL trial

The RATIONAL trial (ACTRN12616001723471) was a phase 2,
open-label, multicenter, randomized controlled trial conducted
across Australia and New Zealand. The trial was powered to
assess the feasibility of prophylactic antibiotics as an alternative to
prophylactic Ig to prevent infections in adult patients (>18 years)
with HGG secondary to hematological malignancy and either a
history of recurrent/severe infection or IgG level <4 g/L. A total of
63 participants were randomized at a 1:2 ratio to Ig (0.4 g/kg per
4 weekly IV or 0.1 g/kg per week subcutaneously) or antibiotics
(trimethoprim-sulfamethoxazole 160 mg/800 mg or doxycycline
100 mg once daily if allergic to trimethoprim-sulfamethoxazole).
The protocol intended for the intervention in both arms to be
continued for 12 months, although participants randomized to the
antibiotic arm who developed a grade >3 infection (as per the
Common Terminology Criteria for Adverse Events [CTCAE]
version 5.0) were allowed to cross over to receive lg replacement
at the discretion of the treating clinician. The primary outcome was
the proportion of patients alive and on their assigned treatment
12 months after randomization. Full trial details have been pub-
lished elsewhere.?®

CEA

This was a trial-based post hoc economic evaluation of the
RATIONAL trial, which used health care resource use and clinical
outcomes from RATIONAL to assess the cost-effectiveness of
prophylactic treatment with Ig or antibiotics over 12-month trial
period from the Australian health system perspective. The base
case was a CUA, in which the incremental cost-effectiveness ratio
(ICER) was presented as the measure of additional cost per each
unit of improvement in effectiveness and calculated as the differ-
ence in total costs per person divided by the difference in total
QALYs per person between treatment arms over 12 months of
follow-up. Given there is no official willingness to pay (WTP)
threshold in Australia, a WTP of AU$50 000 per QALY gained,
based on published estimates,”’ was used. Although higher
thresholds have been applied in Australia to fund some innovative
or specialist cancer drugs,®® this threshold was considered
appropriate for our base-case analysis. The net monetary benefit
was calculated as the average QALY difference multiplied by the
WTP threshold, minus the average total cost difference.

A secondary analysis was a cost-effectiveness analysis (CEA)
comparing the difference in total costs per serious infection (grade
>3) or any infection prevented. Sensitivity analyses were
also conducted adjusting utilities derived from the 5-level EQ-5D
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(EQ-BD-5L) instrument by baseline utility values and using utility
values derived from the European Organization for the Research
and Treatment of Cancer Quality of Life Questionnaire (EORTC
QLQ-C30) data.

Because the time horizon did not exceed the 12-month trial dura-
tion, patient outcomes, and costs were not discounted. This study
was reported following the Consolidated Health Economic Evalu-
ation Reporting Standards 2022.%°

Health outcomes

The base-case analysis used health-related QoL (HRQol) trial data
obtained through the EQ-5D-5L instrument. EQ-5D-5L data were
converted into a utility score on a scale in which O indicated a
health state equivalent to death and 1 indicated full health, using
the EQ-5D-5L Australian value set.®* A sensitivity analysis was
performed using EORTC QLQ-C30 trial data (supplemental
Material), with utility values estimated using Australian utility
weights for the EORTC QoL Utility-Core 10 Dimensions,”® a
multiattribute utility instrument derived from the EORTC QLQ-C30.

Both instruments were administered at baseline and 3, 6, 9, and
12 months in the RATIONAL trial. Missing utility values were
imputed using a linear trend; we estimated the area under the curve
between 2 available point measures on either side of the missing
data using time-weight averages. Data missing at the first or last
observation were imputed with the adjacent value carried forward
or backward. Individual QALYs were calculated as the area under
the curve, assuming a linear change between HRQoL
measurements.

Other outcome data used in the economic evaluation were survival,
serious infections, and all infections at 12 months. A blinded
outcome adjudication committee reviewed and classified all infec-
tion outcomes according to the CTCAE, version 5.0. All infections,
including minor infections, were confirmed by the outcome adju-
dication committee, and those with a CTCAE grade >3 were
considered serious infections.

Resource use and costs

Patient resource use was collected via patient diaries and as part
of the case report forms monthly. Patients had monthly reviews
(phone calls) with the trial coordinator and 3-monthly visits (face-to-
face) with a clinician. Resource use data included hospital ward
and emergency department admissions, intensive care unit stay,
general practitioner and specialist consultations, day procedures,
investigations, dose of prophylactic Ig and antibiotics, and post-
infection antimicrobial use. Unit costs were obtained from Austra-
lian sources and presented in supplemental Table 1 (supplemental
Materials). Cost of anticancer treatments were not included, given
the heterogeneous patient cohort, the small number of patients on
treatment during the trial, and the high cost of anticancer drugs in
this population, which could have biased the results.

Only direct health care costs were included; indirect costs to the
patient (eg, cost of transport to hospital and productivity loss)
could not be assessed. Hospital costs were obtained from the
National Hospital Cost Data Collection round 24 (2019-2020).2°
Ig product costs were obtained from an Australian Government
review of Ig in hematological malignancies; these were the same
for IVlg and SClg.?” Ig cost was calculated per gram per patient

€ blood advances 14 MAY 2024 - VOLUME 8, NUMBER 9

according to the dosage used. Because small vial sizes are avail-
able to minimize wastage, the cost associated with wastage was
considered minimal and not included in the analysis. Administration
cost of IVlg and SClg were obtained from a tertiary hospital (Alfred
Health, Melbourne, Australia) and a Victorian Government program
run in collaboration with Australian Red Cross Lifeblood,®
respectively. SClg administration costs included in-hospital
patient training delivered by a SClg nurse and consumables.
Costs of prophylactic Ig treatment and administration were applied
to 9 patients (21.4%) who crossed over from the antibiotic arm to
receive lg. Antibiotic costs (out-of-hospital) were derived from the
Australian Pharmaceutical Benefits Schedule, and the number of
antibiotic packs used per patient was estimated according to the
dose and treatment duration. Wastage was included in the total
costs because patients would have to pay for a full pack. Australian
Medicare Benefits Schedule item numbers were used to estimate
the cost of out-of-hospital investigations and medical consultations.
All costs were presented as 2023 Australian dollars. An inflation
index was applied to prices published before 2023 using the
consumer price index for medical and hospital services published
by the Australian Bureau of Statistics (March 2023 quarter).”®

Given the small number of patients who died during the trial and
that hospitalization costs associated with these deaths were
included, additional costs related to death were not applied.

Statistical analysis

The statistical analysis was conducted on the intention-to-treat
population, including all patients according to their originally allo-
cated treatment arm. Mean QALYs and cost per patient were
estimated for each treatment arm. Descriptive statistics were pre-
sented when appropriate, and unadjusted mean differences in
costs and outcomes were compared using t tests. A probabilistic
sensitivity analysis (PSA) was conducted using nonparametric
bootstrapping with 1000 iterations to explore the uncertainty
around the cost-effectiveness results. The 95% confidence inter-
vals (Cls) for costs and QALYs and probabilistic results were
plotted on the cost-effectiveness plane. Additional sensitivity ana-
lyses of costs and QALYs adjusted by baseline utility values were
performed using linear regressions and generalized linear models
with a logarithmic link function and gaussian distribution. The
Modified Park test was used to determine the generalized linear
model family.

The analysis was conducted using Stata version 17 (StataCorp,
2021; Stata Statistical Software: Release 17; College Station, TX)

The RATIONAL trial was registered on the Australian and New
Zealand Clinical Trials Registry (ACTRN12616001723471) and
was approved by relevant human research ethics committees at
participating sites. We obtained informed consent from trial
participants.

Results

A total of 63 patients with hematological malignancies were
included in the RATIONAL feasibility trial; 21 were randomized to
receive prophylactic Ig and 42 to receive prophylactic antibiotics.
Baseline characteristics were well balanced between the treatment
arms (Table 1). The mean age was 70 years, and 25% were
receiving systemic anticancer treatment at randomization. CLL was
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Table 1. Baseline patient characteristics

g Oral antibiotics
n 21 42
Age, mean (SD), y 71.2 (8.6) 69.1 (7.8)
Female, n (%) 13 (62%) 21 (50%)
BMI, mean (SD), kg/m? 30.3 (7.5) 28.8 (5.8)
IgG, mean (SD), g/L 5.6 (5.3) 5.3 (5.5)
Diagnosis, n (%)
CLL 8 (38%) 21 (50%)
MM 3 (14%) 9 (21%)
NHL 8 (38%) 12 (29%)
Other 2 (10%) 0 (0%)
Disease stage, n (%)
Treatment-naive 4 (19%) 13 (32%)
Remission after treatment 8 (38%) 13 (32%)
Relapsed/refractory 3 (14%) 5 (12%)
Currently receiving treatment 6 (29%) 9 (22%)
Stable disease posttreatment 0 (0%) 1 (2%)
ECOG performance status, n (%)
0 8 (38%) 19 (46%)
1 11 (52%) 15 (37%)
2 2 (10%) 7 (17%)
Prior cancer treatments’, n (%)
0 4 (19%) 12 (31%)
1 6 (29%) 11 (28%)
2 5 (24%) 5 (13%)
3 4 (19%) 6 (15%)
>4 2 (10%) 5 (13%)
Prior ASCT, n (%)
No 18 (86%) 37 (88%)
Yes 3 (14%) 5 (12%)
Infections requiring antibiotics in the past year, mean 2.5 (1.8) 2.8 (1.9)
(SD)
Infections requiring hospitalization in the past year, 0.4 (0.8) 0.7 (1.1)

mean (SD)

ASCT, autologous stem cell transplant; BMI, body mass index; ECOG, Eastern
Cooperative Oncology Group; SD, standard deviation.
*Including cancer treatments for other prior malignancies.

the most common diagnosis (46%), followed by NHL (32%) and
MM (19%). The mean number of infections requiring antibiotics in
the year before randomization were 2.5 and 2.8 in the Ig and
antibiotic arms, respectively, and the corresponding mean number
of infections requiring hospitalizations were 0.4 and 0.7.

A summary of health care resource use during the trial and asso-
ciated costs is presented in Table 2. There were no significant
differences between the treatment arms in health care resource
use. The mean number of hospital admissions was the same
between the 2 groups, but the length of hospital stay was slightly
longer in the antibiotic arm, which was the driver of higher in-
hospital costs in patients treated with prophylactic antibiotics. On
the contrary, there were slightly more emergency department
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admissions and general practitioner visits in the Ig arm. There was
only 1 intensive care unit admission in the Ig arm, due to septic
shock. Mean total costs per patient were significantly higher in the
Ig than the antibiotic arm (AU$46 953 vs AU$17 813). The main
contributor to the higher costs in the Ig arm was the cost of pro-
phylactic Ig treatment, including both Ig product and administration
costs, than that of the prophylactic antibiotics arm (AU$37 331 vs
AU$5798). Among patients treated with Ig, IVlg was given to most
participants, except for 3 who received SClg (2 of them transi-
tioned from IVlg to SClg and the other 1 crossed over from the
antibiotics arm). In the Ig arm, the mean IVlg and SClg total costs
were similar (AU$39 374 and AU$37 613, respectively); however,
given the small number of patients receiving SClg, these numbers
need to be treated with caution.

There were no significant differences between the treatment
groups in the mean number of infections (difference, 0.76; 95% ClI,
—-0.33 to 1.86) and serious infections (difference, —0.26; 95% CI,
-0.74 to 0.21). The effect of infections on QoL could not be fully
assessed due to the small patient numbers. Three patients died, 2
in the Ig arm and 1 in the antibiotic arm, of which 1 death in the Ig
group occurred within 7 days of diagnosis of infection, and another
death in the antibiotic arm occurred within 1 month of a serious
infection.

Figure 1 presents mean utility scores derived from the EQ-5D-5L
through the 12-month trial duration. Baseline mean utility values
were lower in the Ig arm than in the antibiotic arm and did not
change considerably during the trial, but Cls in the Ig arm were
large and overlapped with those in the antibiotic arm. Of the 61
patients with EQ-5D-5L data available, 6 (9.8%) had missing data
at baseline. Imputed utility values were used to calculate QALY in
the base-case analysis (mean lg, 0.800; mean antibiotics, 0.863);
mean unimputed utilities (Ig, 0.796; antibiotics, 0.864) were similar
to imputed utility values.

The cost-effectiveness results are presented in Table 3. The base-
case CUA using unadjusted total costs and QALYs (derived from
the EQ-5D-5L) indicated that Ig was dominated by prophylactic
antibiotics; that is, Ig was associated with fewer QALYs (0.792 vs
0.864) and higher costs (AU$46 953 vs AU$17 813) than anti-
biotics. At a WTP of AU$50 000 per QALY, the incremental net
monetary benefit of prophylactic Ig vs antibiotic treatment was
-AU$32 740. In the CEA, the ICER of Ig vs antibiotics
was AU$111 262 per serious infection prevented, whereas Ig was
dominated by antibiotics (ie, g was associated with more infections
and higher costs) when all infections were considered.

Sensitivity analyses

A PSA using 1000 bootstrapped estimates of incremental costs
and QALYs was used to analyze the uncertainty around the ICER
(Figure 2). The majority of the ICER pairs were in the “north-
western” quadrant, above the AU$50 000 WTP threshold, indi-
cating that I|g was more costly and less effective than antibiotics.
Under this WTP threshold, Ig had a 0% probability of being cost-
effective and remained as such up to a WTP of ~AU$1 000 000
per QALY.

Ig remained dominated after adjusting for baseline utilities
(supplemental Table 2; supplemental Materials). The ICER in the
CEA was reduced to AU$104 744 per serious infection prevented
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Table 2. Resource use and cost (AU$) per patient per year

Ig (n =21), Antibiotics (n = 42),
mean (SD) mean (SD) Mean difference (95% CI)
Resource use per patient per year (12-mo follow-up)
Hospital ward admissions 0.48 (0.68) 0.48 (0.92) 0 (-0.45 to 0.45)
ED admissions 0.24 (0.62) 0.17 (0.44) 0.07 (-0.20 to 0.34)
ICU admissions 0.05 (0.22) 0 (0) 0.05 (-0.02 to 0.11)
Length of hospital stay,* d 3.24 (4.10) 4.24 (7.10) -1 (-4.35 to 2.35)
Day procedures 0.09 (0.44) 0.07 (0.35) 0.02 (-0.18 to 0.22)
Specialist consultations 0.05 (0.22) 0.05 (0.31) 0 (-0.15 to 0.15)
GP visits 1.90 (1.48) 1.71 (1.07) 0.19 (-0.46 to 0.84)
Investigations (out-of-hospital) 0.57 (0.87) 0.50 (1.13) 0.07 (-0.49 to 0.63)
Antimicrobials (excluding IV) 2.95 (2.13) 2.07 (2.67) 0.88 (-0.42 to 2.18)
Cost per patient per year (12-mo follow-up)

In-hospital costs

Hospital ward $8 637 (10 984) $11 473 (19 225) -$2 836 (-11 905 to 6 233)

ED $221 (581) $155 (406) $66 (-185 to 318)

ICU $279 (1 277) $0 (0) $279 (-112 to 669)

Day procedures $217 (993) $162 (777) $54 (-402 to 511)

Total in-hospital costs $9 354 (11 436) $11 791 (19 159) -$2 436 (-11 532 to 6 657)
Out-of-hospital costs

Specialist consultations $8 (35) $8 (50) $0 (-24 to 24)

GP visits $111 (86) $100 (62) $11 (=27 to 49)

Investigations (out-of-hospital) $21 (32) $19 (42) $2 (-18 to 23)

Antimicrobials (excluding V) $128 (161) $98 (190) $30 (-67 to 127)

Total out-of-hospital costs $268 (211) $224 (224) $44 (-74 to 161)

Prophylactic treatment (Ig or antibiotics) $37 331 (16 493)

Total cost $46 953 (18 626)

$5 798 (11 635)
$17 813 (27 173)

$31 533 (24 360-38 707)
$29 140 (15 940-42 334)

All costs in AU$ (2023).
ED, emergency department; GP, general practitioner; ICU, intensive care unit.
*ICU and ward.

after adjusting for baseline utility, but the impact on the incremental
costs was minimal. Additional sensitivity analyses were conducted
assuming 16% and 50% of patients in the Ig arm received SClg
(supplemental Table 2), with minimal impact on incremental costs
and ICER.

A PSA of incremental costs and QALYs adjusted by baseline
utilities led to similar results to those in the base case
(supplemental Figure 1; supplemental Materials). A sensitivity
analysis was also conducted using EORTC QLQ-C30 to derive
utility values (supplemental Table 2; supplemental Materials). Both
utilities and QALYs were lower using this instrument than EQ-5D-
5L, but the QALY difference between treatment arms was similar to
the base-case analysis, and Ig remained dominated by antibiotics in
the CUA.

Discussion

To our knowledge, this is the first trial-based economic evaluation
to assess the cost-effectiveness of prophylactic Ig compared with
prophylactic antibiotics in patients with HGG secondary to hema-
tological malignancy. Our results indicated that, over the 12-month
trial period, I|g was more costly than antibiotics and did not lead to
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significant QALY gains. Similarly, there were no significant differ-
ences in annual infection rates between the treatment arms. There
was a trend toward a lower occurrence of serious infections in the
Ig arm, which was reversed when all infections were considered.
The incremental cost per serious infection prevented for Ig vs
antibiotics was AU$111 262, whereas Ig was dominated by anti-
biotics when all infections were included.

There was a high level of uncertainty around the HRQoL and
infection outcomes. Mean tilities in the Ig arm were highly
uncertain, as indicated by large Cls that overlapped with those in
the antibiotic arm. Baseline utility values were lower in patients
randomized to Ig than in those receiving prophylactic antibiotics
and did not vary substantially throughout the trial. Adjustment for
baseline utilities decreased QALY differences between the treat-
ment arms, but mean QALYs in the Ig group remained lower than
that in the antibiotic group. These QALY differences were main-
tained when EORTC QLQ-C30 data were used to derive utility
scores, although QALYs in both treatment arms were lower than
that in the base-case analysis, indicating the EORTC QLQ-C30
may be more sensitive to detect HRQoL changes in patients
with hematological malignancies than the EQ-5D-5L.

COST-EFFECTIVENESS OF IG IN BLOOD CANCERS 2263
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Figure 1. Mean utility scores by treatment group. Mean
imputed utility scores by treatment group, derived from
EQB5D-5L trial data. Higher utility values reflect better HRQoL.
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Our utility values were consistent with published estimates.®*’

The systematic review of EQ-5D-derived utilities by Golicki
et al® reported a wide range of utility values across different
hematological malignancies, which varied depending on disease
stage, severity, and treatment. The large Cls in the Ig arm may be in
part due to the small number of patients but also reflects the het-
erogeneity of our patient cohort. Golicki et al also noted that,
overall, patients with CLL had higher health state utilities (range,
0.75-0.90) than those with MM or NHL.3° Other studies in patients
with CLL have reported decreasing utility values as treatment
intensifies, ranging from 0.82 in those treatment-free during
progression-free survival to 0.42 after relapsed lines of treatment
for CLL.®" This might explain why utility scores in our study were
relatively high, because CLL was the largest diagnostic group (29
of 63 patients), and the majority of trial participants had only
received a maximum of 2 lines of treatment.

Prophylactic Ig treatment has previously been found to reduce the
risk of clinically documented infections in patients with hemato-
logical malignancies and HGG, although it did not appear to affect

overall survival.”® The efficacy of prophylactic antibiotics in this
population is more unclear; the systematic review by Chai et al” did
not find any significant reduction in the risk of infections after
prophylactic antibiotics compared with placebo. In the clinical
evaluation of RATIONAL,2° time to serious infection was similar in
the Ig and antibiotic arms (11.1 vs 9.7 months). In our analysis, the
rate of serious infections in the Ig group was consistent with annual
rates previously described in patients with secondary immunode-
ficiencies during SClg treatment.®?

We could not examine the impact of antibiotic prophylaxis on
antibiotic resistance and associated clinical outcomes and costs.
Antibiotics are known to induce changes in the intestinal micro-
biome that can lead to antibiotic resistance, but the effect on the
microbiome depends on the antibiotic class.*® Beyond the impact
of antibiotic resistance on morbidity and mortality,®* the associated
economic burden is considerable, leading to higher overall health
care costs, length of hospital stay, and readmission rates.®® Long-
term antibiotic use is not uncommon; a recent survey of infectious
disease physicians identified that 88% had previously prescribed

Table 3. Cost-effectiveness results over the 12-month trial period (costs in AU$)

Prophylactic Ig,

Trial-based 12-mo results mean (95% CI)

Prophylactic antibiotics,
mean (95% CI)

Difference,
mean (95% CI)

$46 953 (38 474-55 431)
0.792 (0.687-0.897)
0.24 (0.04-0.44)

2.76 (1.78-3.75)

Total costs per person

QALY (unadjusted) per person
Serious infections per person
All infections per person

ICER (cost/QALY)

ICER (cost/serious infection)
ICER (cost/any infection)

Incremental net benefit

$17 813 (9 345-26 280)
0.864 (0.820-0.910)
0.50 (0.17-0.82)
2.00 (1.38-2.62)

$29 140 (15 941-42 340)
-0.072 (-0.167 to 0.023)
-0.26 (-0.74 to 0.21)
0.76 (-0.33 to 1.86)
Ig dominated (higher costs, lower QALYs)
$111 262 per serious infection prevented
Ig dominated (higher costs, more infections)

-$32 740 (-45 678 to —19 958)

Utilities were derived from EQ-5D-5L trial data. All costs are in AU$ for the year 2023.
Serious infections are grade >3, as confirmed by an independent committee.

We do not report the 95% Cl around a negative ICER because it can be misleading. A negative ICER can either represent a very cost-effective result (lower costs, better health outcomes) or a
not cost-effective result (higher costs, worse health outcomes). Please see a visual presentation of the 95% Cl in Figure 2, which allows an easier interpretation.
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Figure 2. Cost-effectiveness plane Ig vs antibiotics. PSA. The ellipse represents
the 95% Cl around the ICER points, calculated via bootstrap (1000 iterations). The
ICER scatter lies over the WTP line of AU$50 000 per QALY, indicating prophylactic
Ig is less effective and more costly than antibiotics in this population and at that WTP
threshold.

long-term antibiotics.®® The need for further research on the full
impact of long-term antibiotic prophylaxis has been highlighted, in
particular regarding changes in microbiome and development of
resistance, long-term effectiveness, and chronic side effects.®’

In our analysis, mean total costs per patient were significantly
higher in the prophylactic I|g arm than the prophylactic antibiotic
arm, mainly driven by higher product and administration costs.
Annual hospitalization rates were similar in both treatment arms,
but mean length of hospital stay was slightly longer in patients
receiving prophylactic antibiotics. Only 3 patients received SClg in
RATIONAL. Uptake of SClg in Australia remains low across all
approved clinical indications, with ~16% of patients eligible for Ig
treatment currently receiving SCIg.°® Some of the identified bar-
riers to SClg uptake are lack of funding and resourcing, clinician
and hospital preferences, low awareness of SClg and its benefits,
limited access, and patient's preference for IVIg.*® Cost-
minimization analyses in primary immunodeficiency diseases have
indicated that SClg is less costly than IVIg to the health sys-
tem.®?*° Similarly, 2 Canadian studies”’*? in patients with primary
and secondary immunodeficiencies estimated that switching from
IVig to SClg would decrease nurse shortages and health care
costs, with ~CA$31 million in cost savings to the health system if
80% of individuals switched from clinic-administered [Vilg to
SClg.*? Our sensitivity analysis assuming that 50% of patients in
the Ig arm received SClg did not significantly affect the incremental
costs and ICER. Nevertheless, given the upfront costs of training
and key consumables associated with SClg, further research over
a longer time horizon may be needed to evaluate the potential for
lower incremental costs with more widespread use of SClg.

Our evaluation followed a health care system perspective, and only
direct costs to the health system were included. Including costs to
the patient may lead to higher overall costs in those treated with Ig,
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particularly for patients receiving IVlg in hospital. The cost-
minimization analysis by Perraudin et al*® in primary immunodefi-
ciency diseases indicated that indirect costs (ie, transport and
productivity loss) accounted for ~9% and ~4% of the total costs in
patients treated with IVlg and SClg, respectively.

The main limitation of our study was the small sample size,
particularly in the Ig arm. RATIONAL was a phase 2 feasibility trial
that was not powered for noninferiority nor superiority, and
therefore, we cannot discard the possibility that important differ-
ences in clinical outcomes may not have been detected. Our
patient population was heterogeneous, with 3 main diagnoses,
varying lines of treatment, and disease stages. Given the small
sample size, we could not assess the impact of infections,
hematological malignancy diagnosis, disease stage, stem cell
transplantation, or anticancer treatment on utilities and QALYs.
Small differences in these factors could have affected QALY
gained due to the small number of patients in the study. Never-
theless, our adjustment for baseline utility values would at least
partially account for any imbalances in baseline characteristics,
because these would be reflected on baseline utilities. Moreover,
we conducted a PSA to test the robustness of the model, which
indicated that a very large increase in QALYs would be needed
for Ig to become cost-effective, given its high cost. Crossover was
allowed from the antibiotic arm to Ig arm, which may have led to
an increase in the cost of prophylactic treatment in the antibiotic
arm and potentially affected infection rates. However, this
approach is more reflective of the real-world setting in which
patients would likely receive Ig treatment after a serious infection.
Our trial-based economic evaluation only included costs and
benefits over the 12-month trial duration. Many of these patients
can have prolonged HGG, and our 12-month time horizon did not
allow for us to account for the longer-term costs, benefits, and/or
harms of treatment with Ig or antibiotics, including the potential
risk of antibiotic resistance.

Despite these limitations, RATIONAL is one of the largest trials
of Ig in this patient population and, to our knowledge, the only
trial to date comparing prophylactic Ig with prophylactic antibi-
otics. This is also, to our knowledge, the only trial-based eco-
nomic evaluation to date comparing prophylactic Ig and
prophylactic antibiotics and the only CEA comparing Ig with any
other therapeutic strategy since the appearance of targeted
anticancer treatments for hematological malignancies. This
evaluation highlights the high costs and uncertainty regarding
the effectiveness of Ig compared with prophylactic antibiotic
treatment in this patient population. Either a significant
improvement in clinical outcomes, a significant reduction in
costs, or more likely both would be required for Ig to become
cost-effective compared with antibiotics at standard cost-
effectiveness thresholds. Our results challenge previously
reported physician expectations on Ig replacement therapy,” in
which the majority of respondents anticipated improvements in
Qol, prevention of severe and moderate infections, and reduc-
tion in hospitalization rates. Further research is warranted to
assess the full health economic impact of Ig according to HGG
severity, previous infections, hematological diagnoses, and
different stages of the treatment pathway, including a larger
number of patients and longer follow-up. A follow-on phase 2/3
trial is currently open for recruitment and will provide an oppor-
tunity to address these questions (ACTRN12622000359730).
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