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CONFERENCE EXCLUSIVE

Safety Assessment of a
Renal Bio-Replacement Therapy System:

By ZORINA PITKIN

cute Renal Failure (ARF)

is a severe inflammatory

disease state often accom-

panied by multiple organ

failure (MOF). ARF is pre-
cipitated by many factors such as blood
loss, surgery, sepsis, toxins, trauma, and
is most often linked to the loss of kid-
ney tubule function.! Proximal tubule
cells are specifically injured in acute
renal failure.»3 Current therapies for
ARF involve conventional kidney sup-
port with hemodialysis or hemofiltra-
tion. These therapies offer replacement
of normal renal functions such as waste
removal, fluid, and electrolyte balance,
but they cannot provide vital endocri-
nological and metabolic functions of a
healthy kidney.* Despite advances in
synthetic materials and extracorporeal
circuits for hemodialysis and hemofil-
tration, ARF is associated with a high
mortality rate ranging between 55-70
percent.>—8

Nephros’ Renal Bio-Replacement
Therapy (RBRT) was designed to recon-
stitute these important biological func-
tions and in so doing, treat ARF and
facilitate natural recovery of a patient’s
own kidney function.?

This article describes the safety pro-
gram for the RBRT system that was
established at Nephros Therapeutics,
Inc., and reports a case study pertain-
ing to clinical use of the system, por-
traying how a methodical assessment
of safety data collected from multiple

A Case Study
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Figure 1. A schematic of safety testing using a time scale. Major procedural steps are shown

as vertical bars; safety testing, which includes donor testing sterility, endotoxin, viral, and
mycoplasma tests, are shown as horizontal bars in yellow. The schematic shows that all critical
steps are associated with sterility and/or other safety tests.

data points allowed for the successful
completion of an investigation.

Renal Bio-Replacement Therapy

The Renal Bio-Replacement Therapy
(RBRT) is an extracorporeal treatment
that employs renal tubule cells, and was
designed to mimic the structure and
function of the natural kidney. It is
intended to replace the missing meta-
bolic, endocrine, and immunological
functions of the kidney, and allow time
for the patient’s own kidney to resume

its normal functions.’?

RBRT is a combination of a biologi-
cal component (human kidney proximal
tubule cells) and a device (a hollow fiber
cartridge incorporating a biocompatible
membrane). The RBRT is regulated as
a biological product by FDAs Center
for Biological Evaluation and Research
(CBER). The cells are isolated from
human kidneys that were obtained from
eligible transplants and are expanded
in a culture medium. The RBRT con-
tains ~4,000 hollow fibers lined with
proximal tubule cells that form artificial
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renal proximal tubules. This cartridge
is intended for use as an extracorporeal
system for up to 72 hours of continuous
treatment. It is integrated in a conven-
tional continuous veno-venous hemo-
filtration (CVVH) circuit. The patient’s
blood first enters a conventional hemo-
filter (dialysis cartridge), which acts like
a normal glomerulus of the kidney,
separating the blood into filtrate and
cellular components. The filtrate is
passed through the lumen of the fibers
upon which these cells have been grown,
while the blood cellular component is
perfused around the outside of the hol-
low fibers and communicates with the
tubular cells through the membrane.?
Each of the aforementioned steps is
carefully controlled in order to avoid
potential compromise of the system.

Clinical Development

A Phase I/II clinical trial to evaluate
the RBRT in ten patients with ARF was
completed in 2002. The predicted hos-
pital mortality rate in studied patients
averaged 86 percent. The primary pur-
pose of the trial was to evaluate safe-
ty, tolerability, and 30-day mortality
data. The study demonstrated that the

RBRT was well tolerated and suggest-
ed improvement in patient mortality
as compared to historical control.10:11
Based on the results of this preliminary
clinical study, Nephros Therapeutics
initiated a randomized, controlled, mul-
ticenter Phase II clinical trial under an
Investigational New Drug application
(IND). This trial will further assess safe-
ty and efficacy of the RBRT for Intensive
Care Unit (ICU) patients with ARF, as it
may affect short-term mortality.

Quality Control Safety Testing

In-Process Controls

The human renal tubule cells
(HRTCs) are obtained from explanted
human kidneys available from qualified
donors. Donors are screened for infec-
tious diseases in accordance with draft
FDA Guidances on Donor Eligibility for
Human Tissues and Cells, and Screening
and Testing of Donors of Human Tissue
Intended for Transplantation.1%13 The
kidneys are aseptically processed in a
classified cGMP environment, while the
renal cells are isolated and expanded in
a culture medium in such a way as to
maintain their sterility, viability, and
several of the metabolic functions of the

Renal Bio-Replacement Cartridge Safety Assessment
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Figure 2. Procedural steps for RBRTC processing are shown in blocks with corresponding
quality control testing. Each small yellow block [] represents cell loss assessment measured
at the time the RBRTC is prepared for shipment, and every eight hours during patient treatment.
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kidney. The primary cell isolate from
the donor kidney is tested to ensure
that it is free from contamination by
bacteria, fungi, and mycoplasma. In-
process quality control (QC) testing
includes sterility and endotoxin testing
at each critical step of cell processing.
The HRTCs are also tested for specific
viral agents such as human immuno-
deficiency virus (HIV) HIV-1, HIV-2,
hepatitis B virus (HBV), and hepatitis
C virus (HCV) by a PCR method. In-
process and final release quality controls
measure the key production safety spec-
ifications of the cells at multiple points
in the manufacturing process, as shown
in Figure 1. The HRTCs are incorpo-
rated into a commercial hemofiltration
cartridge, where the cells are grown to
confluence along the inner surface of
the hollow fibers.14 Prior to the seed-
ing of the RBRT cartridge (RBRTC),
the confluence of the cells is assessed
as well as the number and viability
of the cells seeded into the cartridge.
Safety of the product is determined
(initial release), as measured by the
endotoxin content, and by the absence
of bacterial, fungal, and mycoplasma
contaminants.!> The RBRTC is main-
tained in a culture medium with weekly
QC evaluations. Samples are taken to
monitor cell functionality and sterility
(maintenance release). The HRTCs that
are incorporated into the RBRTC can be
maintained under controlled conditions
for up to five months.

RBRTC Safety Assessment Prior to,
during, and after RBRT

Once a patient is identified as being
eligible for the RBRT (i.e., meeting all
inclusion criteria of the clinical proto-
col) at one of the participating clinical
sites, the RBRTC is prepared for ship-
ment with a series of media flushes in
a Class 10,000 cleanroom environment.
The RBRTC is released for preparation
for clinical use only when all in-process,
initial, and maintenance release testing
parameters have met the established cri-
teria. Once the RBRTC is prepared for
shipment, there is limited time within
which the therapy must be initiated.
The RBRTC is subjected to further QC
evaluations such as Gram Stain, steril-
ity, endotoxin, and cell loss (Fig. 2).



However, the final results of the steril-
ity testing are not available for 14 days,
which is far beyond the completion
of the patient therapy. For the sake of
product safety, and as dictated by appro-
priate federal regulations, it is impera-
tive that a cell product delivered to the
patients must be sterile, free of known
adventitious agents, viable, and func-
tional.1617  Accordingly, the RBRTC is
conditionally released to the clinic based
on the following:

+ Review of the complete set of
in-process, initial release, and
maintenance release safety test
results. On average, there are 20
sterility and functionality data
points available for evaluation by
the time the RBRTC is released
for clinical use

« Visual observation of the culture
medium for color and turbidity

+ Results of the Gram Stain
procedure

+ Environmental and personnel
monitoring
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Figure 3. During patient treatment, an unusual observation (1) was made at the fifth measure-

ment of the cell loss in the ultrafiltrate.

ment of a patient with ARF who met
all inclusion criteria. The RBRTC met
all quality control criteria prior to clini-
cal use. However, during the RBRT,
specifically during the cell loss assess-
ment procedure at hour 40 after initia-
tion of the treatment, clinical personnel

+ Assessment of the cell loss duringnoticed that the cells were sloughing off

pre-shipment preparation

Once the RBRTC arrives at the clini-
cal site, it is transferred to the patient’s
bedside, where it is incorporated into the
RBRT-CVVH circuit. Cell loss is further
evaluated during administration of the
RBRT to the patient as a measure of the
HRTCs’ performance in the cartridge
during therapy. This assessment is con-
ducted every eight hours until the treat-
ment is discontinued. Cell loss exceeding
pre-determined criteria indicates that the
RBRTC performance may be adversely
affected. Normally, there is no detectable
number of cells released from the car-
tridge into the waste at eight-hour inter-
vals. Upon completion of each treatment,
the RBRTC is subjected to integrity test-
ing to make sure the membranes within
the cartridge remain intact.

Case Summary
As described above, the RBRTC was
shipped to the clinical site for treat-

in detectable quantities (Fig. 3). The pH
of the ultrafiltrate was also determined
to be lower than anticipated. As a result,
the therapy was discontinued. Although
the cell number did not exceed the pre-
determined specification, this observa-
tion was unusual enough to initiate an
investigation. The investigation con-
cerned two areas: 1) the RBRTC, and 2)
what was happening to the patient. The
cell loss observation coupled with acidic
ultrafiltrate and a strong odor suggested
that the cells were affected by a con-
tamination, either through the patient’s
blood or through another source.

Investigation (RBRTC)

At the time of this investigation,
the 14-day final product sterility data,
obtained from the cartridge prior to ship-
ment and necessary to fully confirm the
sterility of the RBRTC, was not available.
Nevertheless, a methodical assessment of
all available data was performed to rule
out the possibility of contamination.

www.bioprocessingjournal.com « January/February 2005

The historical data on safety test
results were once again reviewed — this
was a re-evaluation of what was done
prior to preparation for clinical ship-
ment. The examination involved analy-
ses of a) all steps of the RBRTC process-
ing and historical data, b) preparation
for and during shipment, c) receipt of
the cartridge at the clinical site, d) clini-
cal operations, and e) post-treatment
assessment of the cartridge.

a) Historical data. The review dem-
onstrated that all in-process safety test
results were within specifications (i.e., no
growth for 14 days) and that the sterility
data for maintenance release were avail-
able from weekly sample collections dur-
ing a time period of approximately five
months. Sterility test results on a total of
18 data points were evaluated and con-
firmed to be acceptable. All environmen-
tal monitoring data were also acceptable.

b) Final preparations for shipment
to the clinical site. The RBRTC process-
ing before shipment to the clinical site
was scrutinized and revealed that there
was no visual observation of turbid-
ity or change in the color of the cul-
ture medium. The Gram Stain results
demonstrated no visible organisms. A
three-day sterility test result post final
manipulations was negative for bacterial
and/or fungal growth.
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¢) Clinical operations. Records of
the RBRTC receipt at the clinical site
showed that the cartridge was intact
upon receipt, and shipping temperature
was within established specifications.
There was no excessive cell loss for the
first 32 hours of treatment obtained
from four data points.

d) Post treatment assessment of the
RBRTC. The cartridge passed the integ-
rity test.

Investigation (Patient)

The course of the clinical treatment
with the RBRT was analyzed to deter-
mine a) whether the patient experienced
an adverse event, and b) whether there
was an increased number of manipu-
lations at the bedside that could have
potentially led to the compromise of the
RBRTC-CVVH system.

a) Adverse event. During the time
of the investigation, the Principal Inves-
tigator (PI) determined that the patient,
who was doing well for approximately
40 hours into the treatment, became
septic. The patient’s blood culture was
tested and revealed Staphylococcus epi-
dermidis, an inhabitant of the skin.

b) Bedside operations. There was
no increase in the number of manipu-
lations, such as change of a hemofil-
ter and/or tubing sets, at the bedside.
However, the PI noticed that the patient
had a tear in the vascular catheter for the
CVVH circuit and remained in the fetal
position for more than 24 hours; there-
fore the patient’s blood was exposed to
open skin. This was a non-anticipated
problem in the extracorporeal circuit.

This investigation showed that it was

the compromised catheter that intro-
duced bacterial contamination into
the patient’s blood stream, and hence
adversely affected the HRTCs, conse-
quently causing the beginning of the cell
loss. A methodical assessment of safety
data from multiple data points prior to
and post RBRT allowed us to conclude
that the RBRT used in patient treatment
was not the source of contamination.
The patient had a tear in the vascular
catheter, which led to blood contamina-
tion by Gram-positive cocci. The cath-
eter was used for conventional CVVH
circuit and was determined to be the
source of contamination. As all check-
points of the Quality System showed no
deviations from the established specifi-
cations, we were able to conclude that
there were no sources of contamination
other than the one identified by the PI.
The patient recovered without sequelae.

Conclusions

The quality control safety program
developed for the RBRT provides a high
degree of assurance that a cellular ther-
apy program can be carried out in a
multisite mode, through strict adher-
ence to cGMPs as set forth in existing
regulations.
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