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I
n this issue of Kidney Interna-
tional Reports, Freedman and

colleagues1 describe the design and
rationale of the APOL1 Long-term
Kidney Transplantation Outcomes
Network (APOLLO). The discovery
of genetic variants in APOL1,
encoding apolipoprotein L1, re-
ported in 2010, has had a revolu-
tionary effect on our understanding
of kidney disease (particularly
glomerular diseases) occurring
among peoples with recent sub-
Saharan ancestry.2,3 As we
approach the 10-year anniversary
in 2020 of this seminal discovery in
glomerular pathophysiology, there
is considerable optimism that
rapidly appearing new knowledge
about these genetic variants and
their effects on intracellular path-
ways will enable targeted therapy,
and this in turn will provide a
rationale for widespread genetic
testing in the context of kidney
disease, in patients and perhaps
those at increased risk for kidney
disease.
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To date, there has not been a
compelling rationale for APOL1
genetic testing individuals at risk
for kidney disease or in those with
kidney disease, as it is not clear
that the genetic information would
make a difference in clinical out-
comes. For example, we have no
evidence that screening for albu-
minuria or decreased renal func-
tion and early institution of
effective therapy will improve
clinical outcomes in APOL1 kidney
diseases, although future studies
may show that this is the case.
Current therapies for progressive
kidney disease appear to be less
effective at slowing progressive
loss of kidney function in APOL1
high-risk subjects compared with
APOL1 low-risk subjects. This has
been shown for glucocorticoids in
focal segmental glomerulosclerosis4

and for anti-hypertensive therapy
and a lower blood pressure target
in arterionephrosclerosis in the
African American Study of Kidney
Disease and Hypertension (AASK)
trial.5 Nevertheless, these studies
lacked an untreated control group,
and it is likely that these therapies
have some benefit in APOL1 high-
risk individuals. Interestingly, in a
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meta-analysis of 4 hypertension
trials, subjects with 1 or 2 APOL1
risk alleles and mild to moderate
hypertension had a greater fall in
systolic blood pressure with can-
desartan (12 vs. 8 mg Hg) and a
greater decline in albuminuria (8
vs. 4 mg/d), compared with those
with zero APOL1 risk alleles,
whereas there were no differences
by genotype for thiazides or beta
blockers.6 Candesartan is a high-
potency angiotensin receptor
blocker with a long duration of
action. It is more effective at blood
pressure lowering than losartan
and comparable to telmisartan and
valsartan.S1 Whether the effect
observed in APOL1 risk allele
carriers is a class effect that ex-
tends to other high-potency
angiotensin receptor blockers re-
mains unknown, Finally, in
APOL1-associated HIV-associated
kidney disease, effective antiviral
therapy resulting in viral sup-
pression slows but does not halt
progressive loss of renal function.7

It appears that current therapies
do not effectively or sufficiently
target the multiple cellular path-
ways implicated in APOL1 ne-
phropathies, but the institution of a
high-potency angiotensin receptor
blocker (particularly candesartan)
may be preferred. This limited
armamentarium may be expanded
soon. Therapies that target the
mRNA products or protein prod-
ucts of the variant alleles are being
developed and are in preclinical
and early-stage clinical studies.
Thus, APOL1 antisense RNA re-
duces proteinuria in interferon-
stimulated APOL1 transgenic
mice,8 and other therapies are being
investigated to modulate various
cellular pathways by which APOL1
variants alter kidney cell (particu-
larly podocyte) function.

APOL1 genetic variants have
the potential to impact renal
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Figure 1. The 260 US transplant centers that are participating in the APOLLO study anticipate
studying 2614 deceased-donor pairs (consisting of recipients and deceased donors) and
additional numbers of unpaired deceased donors, as well as living donor and recipient pairs.
Subjects will be studied at a median of 3 years after kidney transplantation, to evaluate renal
outcomes among living donors and all recipients. Images are taken from woodcuts in De
human corporis fabrica libri septum (1567, Basel, Switzerland) by Andries van Wesel (also
known as Andreas Vesalius), the Flemish (Belgian) physician whose work on dissection of
human cadavers and systematic and realistic textbooks revolutionized the field of anatomy.
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transplantation in 2 ways. First,
recipients of APOL1 high-risk
kidneys (defined as carriage of 2
APOL1 risk alleles) may have
worse outcomes, with shorter
allograft survival duration. Sec-
ond, living donors with APOL1
high-risk status may have a higher
risk for kidney disease arising
following kidney donation. Doshi
and colleagues9 examined post-
donation renal function among
136 African American live kidney
donors, including 19 (14%) with
high-risk APOL1 genotypes and
119 (86%) with low-risk APOL1
genotypes. At baseline before
kidney donation, estimated
glomerular filtration rate (eGFR)
among APOL1 low-risk in-
dividuals was 108 � 20 versus 98
� 17 ml/min per 1.73 among
APOL1 high-risk individuals (P ¼
0.04). After a median of 15 years
following kidney donation, eGFR
was 67 � 15 and 57 � 18 ml/min
per 1.73, respectively (P ¼ 0.02).
Decline in eGFR was faster in
APOL1 high-risk individuals. Two
donors, both with APOL1 high-
risk genotypes, developed end-
stage kidney disease. When
subjects were divided into low-
risk and high-risk groups,
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matched for demographic and
clinical characteristics, eGFR
decline rates were similar between
the 2 APOL1 status groups, sug-
gesting that on average, the pro-
cess of donation may equally stress
kidneys of both APOL1 high-risk
and low-risk individuals. The
worse outcomes in APOL1 high-
risk subjects may due to pre-
donation pathophysiology, which
is only partly identified by slightly
lower eGFR at the time of donation,
as eGFR does not provide informa-
tion about the degree of renal
compensation; this is particularly
true early in the process of renal
compensation for reduced renal
mass, when eGFR may be normal.

The APOLLO study is an ambi-
tious undertaking with a relatively
short timeline. It will involve 260
transplant centers, 58 organ pro-
curement organizations, and 68
histocompatibility laboratories
across the United States (Figure 1).
Nearly all transplant centers in the
United States will participate, with
the exception of some centers that
provide kidney transplants to
fewer than 10 patients per year.
The study will include both adults
and children (7 to 17 years of age),
with the intention to evaluate the
outcomes of 2614 deceased-donor
recipient pairs, as well as some
living kidney donor-recipient
pairs and some unpaired
deceased-donor kidneys. Kidney
donors will provide consent and
must have African American
ancestry, as reported by the sub-
ject or by family members. In the
case of deceased donors, lack of
family consent will be an exclu-
sion. The study is powered for the
primary outcome of death-
censored allograft survival. The
first patient was enrolled in May
2019, and subject follow-up is now
projected to end in 2022.

The APOLLO study will provide
more information about several
crucial issues that relate to APOL1
variants and kidney trans-
plantation. Are African American
individuals who have 2APOL1 risk
alleles and who wish to be living
kidney donors at increased risk for
kidney disease and kidney failure
following transplantation? If so,
what is the magnitude of these
risks? How do APOL1 risk alleles
affect donor outcomes? The study
will be the first to address these
important issues in a prospective
fashion and will do so with an
ambitious attempt to achieve suit-
able sample size to reach
convincing conclusions. The pri-
mary hypothesis of this observa-
tional study is that donor kidneys
obtained from individuals with
high APOL1 risk variant status
(defined as carriage of 2 risk vari-
ants), either living or deceased, will
be associated with shorter death-
censored allograft survival. Other
objectives will include evaluating
recipient kidney function and pro-
teinuria, evaluating donor kidney
function, and evaluating other fac-
tors that might modify the postu-
lated risks to recipients of APOL1
high-risk kidneys.

Apollo was the Greek god of
medicine and archery, and of
poetry and music. The Apollo
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spacecraft took humankind to the
moon, leaving the Earth behind for
the first time. Both are fitting
symbols of our aspirations to ulti-
mately achieve targeted therapy
for APOL1 disorders. Such therapy
approaches may in the long-term
more effectively treat APOL1
renal diseases and reduce the need
for long-term dialysis and kidney
transplantation in individuals
genetically susceptible to kidney
disease. The leaders of this effort
and of the funding agency are to
be congratulated for initiating this
complex study, designed to
answer important clinical ques-
tions relating to the safety of kid-
ney transplants.
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