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ABSTRACT

Objective: To compare the costs of hospitalization of
patients with moderate-to-severe COVID-19 who received
intravenous immunoglobulin (IVIG) with those of patients of
similar comorbidity and illness severity who did not.

Design: Analysis 1 was a case-control study of 10
nonventilated, moderately to severely hypoxic patients
with COVID-19 who received IVIG (Privigen [CSL Behring])
matched 1:2 with 20 control patients of similar age, body
mass index, degree of hypoxemia, and comorbidities.
Analysis 2 consisted of patients enrolled in a previously
published, randomized, open-label prospective study of
14 patients with COVID-19 receiving standard of care vs
13 patients who received standard of care plus IVIG
(Octagam 10% [Octapharma]).

Setting and participants: Patients with COVID-19 with
moderate-to-severe hypoxemia hospitalized at a single
site located in San Diego, California.

Measurements: Direct cost of hospitalization.

Results: In the first (case-control) population, mean total

ntravenous immunoglobulin (IVIG) has been available in

most hospitals for 4 decades, with broad therapeutic

applications in the treatment of Kawasaki disease and
a variety of inflammatory, infectious, autoimmune, and
viral diseases, via multifactorial mechanisms of immune
modulation.! Reports of COVID-19-associated multisys-
tem inflammatory syndrome in adults and children have
supported the use of IVIG in treatment.?® Previous stud-
ies of IVIG treatment for COVID-19 have produced mixed
results. Although retrospective studies have largely been
positive,*® prospective clinical trials have been mixed,

direct costs, including IVIG, for the treatment group were
$21,982 per IVIG-treated case vs $42,431 per case for
matched non-IVIG-receiving controls, representing a net
cost reduction of $20,449 (48%) per case. For the second
(randomized) group, mean total direct costs, including
IVIG, for the treatment group were $28,268 per case vs
$62,707 per case for untreated controls, representing

a net cost reduction of $34,439 (55%) per case. Of the
patients who did not receive IVIG, 24% had hospital costs
exceeding $80,000; none of the IVIG-treated patients had
costs exceeding this amount (P=.016, Fisher exact test).

Conclusion: If allocated early to the appropriate patient
type (moderate-to-severe illness without end-organ
comorbidities and age <70 years), IVIG can significantly
reduce hospital costs in COVID-19 care. More important,
in our study it reduced the demand for scarce critical care
resources during the COVID-19 pandemic.

Keywords: IVIG, SARS-CoV-2, cost saving, direct hospital
costs.

with some favorable results®'" and another, more recent
study showing no benefit.'’>? However, there is still con-
siderable debate regarding whether some subgroups of
patients with COVID-19 may benefit from IVIG; the studies
that support this argument, however, have been diluted
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by broad clinical trials that lack granularity among the het-
erogeneity of patient characteristics and the timing of IVIG
administration.’®'* One study suggests that patients with
CQOVID-19 who may be particularly poised to benefit from
IVIG are those who are younger, have fewer comorbidi-
ties, and are treated early.®

At our institution, we selectively utilized IVIG to treat
patients within 48 hours of rapidly increasing oxygen
requirements due to COVID-19, targeting those younger
than 70 years, with no previous irreversible end-organ
damage, no significant comorbidities (renal failure, heart
failure, dementia, active cancer malignancies), and no
active treatment for cancer. We analyzed the costs of care
of these IVIG (Privigen) recipients and compared them to
costs for patients with COVID-19 matched by comorbid-
ities, age, and illness severity who did not receive IVIG.
To look for consistency, we examined the cost of care of
COVID-19 patients who received IVIG (Octagam) as com-
pared to controls from a previously published pilot trial.”®

Methods

Setting and Treatment

All patients in this study were hospitalized at a single site
located in San Diego, California. Treatment patients in
both cohorts received IVIG 0.5 g/kg adjusted for body
weight daily for 3 consecutive days.

Patient Cohort #1: Retrospective Case-Control Trial
Intravenous immunoglobulin (Privigen 10%, CSL Behring)
was utilized off-label to treat moderately to severely
il non-intensive care unit (ICU) patients with COVID-19
requiring >3 L of oxygen by nasal cannula who were
not mechanically ventilated but were considered at high
risk for respiratory failure. Preset exclusion criteria for
off-label use of IVIG in the treatment of COVID-19 were
age >70 years, active malignancy, organ transplant recip-
ient, renal failure, heart failure, or dementia. Controls were
obtained from a list of all admitted patients with COVID-
19, matched to cases 2:1 on the basis of age (+10 years),
body mass index (+1), gender, comorbidities present at
admission (eg, hypertension, diabetes mellitus, lung dis-
ease, or history of tobacco use), and maximum oxygen
requirements within the first 48 hours of admission. In sit-
uations where more than 2 potential matched controls
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were identified for a patient, the 2 controls closest in age
to the treatment patient were selected. One IVIG patient
was excluded because only 1 matched-age control could
be found. Pregnant patients who otherwise fulfilled the
criteria for IVIG administration were also excluded from
this analysis.

Patient Cohort #2: Prospective, Randomized,
Open-Label Trial

Use of IVIG (Octagam 10%, Octapharma) in COVID-
19 was studied in a previously published, prospective,
open-label randomized trial.'® This pilot trial included 16
IVIG-treated patients and 17 control patients, of which
13 and 14 patients, respectively, had hospital cost data
available for analysis.”® Most notably, COVID-19 patients
in this study were required to have >4 L of oxygen via
nasal cannula to maintain arterial oxygen saturation
of <96%.

Outcomes

Cost data were independently obtained from our finance
team, which provided us with the total direct cost and the
total pharmaceutical cost associated with each admis-
sion. We also compared total length of stay (LOS) and ICU
LOS between treatment arms, as these were presumed
to be the major drivers of cost difference.

Statistics

Nonparametric comparisons of medians were performed
with the Mann-Whitney U test. Comparison of means was
done by Student t test. Categorical data were analyzed by
Fisher exact test.

This analysis was initiated as an internal quality assess-
ment. It received approval from the Sharp Healthcare
Institutional Review Board (research@sharp.com), and
was granted a waiver of subject authorization and con-
sent given the retrospective nature of the study.

Results

Case-Control Analysis

A total of 10 hypoxic patients with COVID-19 received
Privigen IVIG outside of clinical trial settings. None of
the patients was vaccinated against SARS-CoV-2, as
hospitalization occurred prior to vaccine availability. In



Table 1. Baseline Characteristics

Characteristics

Age, median (range), yr

Median Charlson Comorbidity Index (range)
BMI, median (range)

Received remdesivir, No. (%)

Received glucocorticoids, No. (%)

addition, the original SARS-CoV-2 strain was circulat-
ing while these patients were hospitalized, preceding
subsequent emerging variants. Oxygen requirements
within the first 48 hours ranged from 3 L via nasal can-
nula to requiring bi-level positive pressure airway ther-
apy with 100% oxygen; median age was 56 years and
median Charlson comorbidity index was 1. These 10
patients were each matched to 2 control patients hos-
pitalized during a comparable time period and who,
based on oxygen requirements, did not receive IVIG.
The 20 control patients had a median age of 58.5 years
and a Charlson comorbidity index of 1 (Table 1). Rates
of comorbidities, such as hypertension, diabetes mel-
litus, and obesity, were identical in the 2 groups. None
of the patients in either group died during the index
hospitalization. Fewer control patients received gluco-
corticoids, which was reflective of lower iliness severity/
degree of hypoxia in some controls.

Health care utilization in terms of costs and hospital
LOS between the 2 groups are shown in Table 2. The
mean total direct hospital cost per case, including IVIG
and other drug costs, for the 10 IVIG-treated COVID-19
patients was $21,982 vs $42,431 for the matched con-
trols, a reduction of $20,449 (48%) per case (P=.6187)
with IVIG. This difference was heavily driven by 4 control
patients (20%) with hospital costs >$80,000, marked
by need for ICU transfer, mechanical ventilation during
admission, and longer hospital stays. This reduction in
progression to mechanical ventilation was consistent
with our previously published, open-label, randomized
prospective IVIG study, the financial assessment of which
is reviewed below. While total direct costs were lower in
the treatment arm, the mean drug cost for the treatment
arm was $3122 greater than the mean drug cost in the
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IVIG recipients Controls
(n=10) (n=20)
56.0 (23-65) 58.5 (27-65)

1 (0-3) 1(0-3)
29.3 (24.5-40.0) 28.7 (20.3-44.4)
7 (70) 13 (69)

9 (90) 12 (60)

control arm (P=.001622), consistent with the high cost of
IVIG therapy (Table 2).

LOS information was obtained, as this was thought
to be a primary driver of direct costs. The average LOS
in the IVIG arm was 8.4 days, and the average LOS in
the control arm was 13.6 days (P=NS). The average
ICU LOS in the IVIG arm was O days, while the aver-
age ICU LOS in the control arm was 5.3 days (P=.04).
As with the differences in cost, the differences in LOS
were primarily driven by the 4 outlier cases in our con-
trol arm, who each had a LOS >25 days, as well as
an ICU LOS >20 days.

Randomized, Open-Label, Patient Cohort
Analysis
Patient characteristics, LOS, and rates of mechanical ven-
tilation for the IVIG and control patients were previously
published and showed a reduction in mechanical ventila-
tion and hospital LOS with IVIG treatment.”® In this group
of patients, 1 patient treated with IVIG (6%) and 3 patients
not treated with IVIG (18%) died. To determine the consis-
tency of these results from the case-control patients with
a set of patients obtained from clinical trial randomization,
we examined the health care costs of patients from the
prior study.’® As with the case-control group, patients in
this portion of the analysis were hospitalized before vac-
cines were available and prior to any identified variants.
Comparing the hospital cost of the IVIG-treated
patients to the control patients from this trial revealed
results similar to the matched case-control analysis dis-
cussed earlier. Average total direct cost per case, includ-
ing IVIG, for the IVIG treatment group was $28,268, vs
$62,707 per case for non-IVIG controls. This represented
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Table 2. Health Care Utilization Statistics of Intravenous Immunoglobulin (IVIG) Recipients vs

a Non-IVIG Matched Case-Control Group

IVIG Recipients

(n=10)
Direct costs, $
Mean 21,982
Median 21,844
Range 15,264-29,178

Pharmaceutical costs, $

Mean 7172

Median 7652

Range 3908-29,178
Net revenue, $

Mean 52,704

Median 39,227

Range 10,513-117,156

Length of stay, d

Mean 8.4
Median 9.0
Range 417

Intensive care unit length of stay, d

Mean <1

Median 0

Range 0-1
Stepdown unit length of stay, d

Mean 7.0

Median 8

Range 0-14

a net cost reduction of $34,439 (55%) per case, very
similar to that of the prior cohort.

IVIG Reduces Costly Outlier Cases
The case-control and randomized trial groups, yielding
a combined 23 IVIG and 34 control patients, showed a
median cost per case of $22,578 (range $10,115-$70,929)
and $22,645 (range $4723-$279,797) for the IVIG and
control groups, respectively. Cases with a cost >$80,000
were 0/23 (0%) vs 8/34 (24%) in the IVIG and control
groups, respectively (P=.016, Fisher exact test).
Improving care while simultaneously keeping care
costs below reimbursement payment levels received
from third-party payers is paramount to the financial
survival of health care systems. IVIG appears to do this
by reducing the number of patients with COVID-19 who
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Controls
(n=20) P value
42,431 NS
20,990 NS
4723-161,398 NS
4050 .0016
3190 NS
307-18,754 NS
34,712 .0338
18,886 NS
7382-120,806 NS
13.6 NS
10.0 NS
2-36 NS
5.3 .040
0 NS
0-32 NS
5.5 NS
4 NS
0-25 NS

progress to ICU care. We compared the costs of care of
our combined case-control and randomized trial cohorts
to published data on average reimbursements hospitals
receive for COVID-19 care from Medicaid, Medicare,
and private insurance (Figure).”® [VIG demonstrated a
reduction in cases where costs exceed reimbursement.
Indeed, a comparison of net revenue per case of the
case-control group showed significantly higher revenue
for the IVIG group compared to controls ($52,704 vs
$34,712, P=.0338, Table 2).

Discussion

As reflected in at least 1 other study,'® our hospital had
been successfully utilizing IVIG in the treatment of viral
acute respiratory distress syndrome (ARDS) prior to
COVID-19. Therefore, we moved quickly to perform a ran-



domized, open-label pilot study of IVIG (Octagam 10%) in
COVID-19, and noted significant clinical benefit that might
translate into hospital cost savings.'® Over the course of the
pandemic, evidence has accumulated that IVIG may play
an important role in COVID-19 therapeutics, as summa-
rized in a recent review.”” However, despite promising but
inconsistent results, the relatively high acquisition costs of
IVIG raised questions as to its pharmacoeconomic value,
particularly with such a high volume of COVID-19 patients
with hypoxia, in light of limited clinical data.

COVID-19 therapeutics data can be categorized
into either high-quality trials showing marginal benefit
for some agents or low-quality trials showing greater
benefit for other agents, with IVIG studies falling into
the latter category.'’® This phenomenon may speak to
the pathophysiological heterogeneity of the COVID-19
patient population. High-quality trials enrolling broad
patient types lack the granularity to capture and single
out relevant patient subsets who would derive max-
imal therapeutic benefit, with those subsets diluted
by other patient types for which no benefit is seen.
Meanwhile, the more granular low-quality trials are crit-
icized as underpowered and lacking in translatability
to practice.

Positive results from our pilot trial allowed the use of
IVIG (Privigen) off-label in hospitalized COVID-19 patients
restricted to specific criteria. Patients had to be mod-
erately to severely ill, requiring >3 L of oxygen via nasal
cannula; show high risk of clinical deterioration based
on respiratory rate and decline in respiratory status; and
have underlying comorbidities (such as hypertension,
obesity, or diabetes mellitus). However, older patients
(>age 70 years) and those with underlying comorbidities
marked by organ failure (such as heart failure, renal fail-
ure, dementia, or receipt of organ transplant) and active
malignancy were excluded, as their clinical outcome in
CQOVID-19 may be considered less modifiable by thera-
peutics, while simultaneously carrying potentially a higher
risk of adverse events from IVIG (volume overload, renal
failure). These exclusions are reflected in the overall low
Charlson comorbidity index (mean of 1) of the patients in
the case-control study arm. As anticipated, we found a
net cost reduction: $20,449 (48%) per case among the
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Figure. Costs of intravenous immunoglobulin (IVIG) and con-
trol COVID-19 cases with respect to average reimbursement by
Medicaid (solid line, bottom), Medicare (dashed line, middle),
and commercial insurance (dotted line, top). Data are obtained
from reference 15.

10 VIG-treated patients compared to the 20 matched
controls.

We then went back to the patients from the random-
ized prospective trial and compared costs for the 13 of
16 IVIG patients and 14 of 17 of the control patients for
whom data were available. Among untreated controls, we
found a net cost reduction of $34,439 (55%) per case.
The higher costs seen in the randomized patient cohort
compared to the latter case-control group may be due
to a combination of the fact that the treated patients had
slightly higher comorbidity indices than the case-control
group (median Charlson comorbidity index of 2 in both
groups) and the fact that they were treated earlier in the
pandemic (May/June 2020), as opposed to the case-
control group patients, who were treated in November/
December 2020.

It was notable that the cost savings across both
groups were derived largely from the reduction in the
approximately 20% to 25% of control patients who went
on to critical illness, including mechanical ventilation,
extracorporeal membrane oxygenation (ECMQO), and pro-
longed ICU stays. Indeed, 8 of 34 of the control patients—
but none of the 23 IVIG-treated patients—generated
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hospital costs in excess of $80,000, a difference that
was statistically significant even for such a small sample
size. Therefore, reducing these very costly outlier events
translated into net savings across the board.

In addition to lowering costs, reducing progression to
critical illness is extremely important during heavy waves
of COVID-19, when the sheer volume of patients results
in severe strain due to the relative scarcity of ICU beds,
mechanical ventilators, and ECMO. Therefore, reducing
the need for these resources would have a vital role that
cannot be measured economically.

The major limitations of this study include the small
sample size and the potential lack of generalizability of
these results to all hospital centers and treating providers.
Our group has considerable experience in IVIG utilization
in COVID-19 and, as a result, has identified a “sweet
spot,” where benefits were seen clinically and economi-
cally. However, it remains to be determined whether IVIG
will benefit patients with greater illness severity, such as
those in the ICU, on mechanical ventilation, or ECMO.
Furthermore, while a significant morbidity and mortality
burden of COVID-19 rests in extremely elderly patients
and those with end-organ comorbidities such as renal
failure and heart failure, it is uncertain whether their
CQOVID-19 adverse outcomes can be improved with IVIG
or other therapies. We believe such patients may limit the
pharmacoeconomic value of IVIG due to their generally
poorer prognosis, regardless of intervention. On the other
hand, COVID-19 patients who are not that severely ill, with
minimal to no hypoxia, generally will do well regardless of
therapy. Therefore, IVIG intervention may be an unneces-
sary treatment expense. Evidence for this was suggested
in our pilot trial® and supported in a recent meta-analysis
of IVIG therapy in COVID-19."®

Several other therapeutic options with high acquisition
costs have seen an increase in use during the COVID-19
pandemic despite relatively lukewarm data. Remdesivir,
the first drug found to have a beneficial effect on hos-
pitalized patients with COVID-19, is priced at $3120
for a complete 5-day treatment course in the United
States. This was in line with initial pricing models from
the Institute for Clinical and Economic Review (ICER) in
May 2020, assuming a mortality benefit with remdesivir
use. After the SOLIDARITY trial was published, which
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showed no mortality benefit associated with remdesivir,
ICER updated their pricing models in June 2020 and
released a statement that the price of remdesivir was too
high to align with demonstrated benefits.2?' More recent
data demonstrate that remdesivir may be beneficial, but
only if administered to patients with fewer than 6 days of
symptoms.?? However, only a minority of patients present
to the hospital early enough in their illness for remdesivir
to be beneficial.?

Tocilizumab, an interleukin-6 inhibitor, saw an increase
in use during the pandemic. An 800-mg treatment
course for COVID-19 costs $3584. The efficacy of this
treatment option came into question after the COVACTA
trial failed to show a difference in clinical status or mor-
tality in COVID-19 patients who received tocilizumab vs
placebo.?®** A more recent study pointed to a survival
benefit of tocilizumab in COVID-19, driven by a very large
sample size (>4000), yielding statistically significant, but
perhaps clinically less significant, effects on survival.?®
This latter study points to the extremely large sample
sizes required to capture statistically significant benefits
of expensive interventions in COVID-19, which our data
demonstrate may benefit only a fraction of patients
(20%-25% of patients in the case of IVIG). A more gran-
ular clinical assessment of these other interventions is
needed to be able to capture the patient subtypes where
tocilizumab, remdesivir, and other therapies will be cost
effective in the treatment of COVID-19 or other virally
mediated cases of ARDS.

Conclusion

While IVIG has a high acquisition cost, the drug’s use in
hypoxic COVID-19 patients resulted in reduced costs per
COVID-19 case of approximately 50% and use of less
critical care resources. The difference was consistent
between 2 cohorts (randomized trial vs off-label use in
prespecified COVID-19 patient types), IVIG products used
(Octagam 10% and Privigen), and time period in the pan-
demic (waves 1 and 2 in May/June 2020 vs wave 3 in
November/December 2020), thereby adjusting for poten-
tial differences in circulating viral strains. Furthermore,
patients from both groups predated SARS-CoV-2 vac-
cine availability and major circulating viral variants (eg,
delta, omicron), thereby eliminating confounding on out-



comes posed by these factors. Control patients’ higher
costs of care were driven largely by the approximately
25% of patients who required costly hospital critical care
resources, a group mitigated by IVIG. When allocated to
the appropriate patient type (patients with moderate-to-
severe but not critical illness, <age 70 without preexisting
comorbidities of end-organ failure or active cancer), IVIG
can reduce hospital costs for COVID-19 care. Identification
of specific patient populations where IVIG has the most
anticipated benefits in viral illness is needed.
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