
Many children with kidney 
disease have rare “genomic 

imbalances” as the cause of their kid-
ney dysfunction, often as part of neu-

rodevelopmental syndromes. A new 
study finds that many unsuspected 
genetic diagnoses can be made using 

chromosomal microarrays to identify 
copy number variants (CNVs)—a 

“precision medicine” approach 
with major ramifications for 
treatment selection, family 
counseling, and long-term pa-
tient management.

The prospective study by a 
team of pediatric nephrologists 
and other specialists from seven 

centers found diagnostic copy 
number disorders in more than 7 

percent of a large cohort of children 
with chronic kidney disease (CKD). 

“Detection of pathogenic imbalances 
has practical implications for personal-
ized diagnosis and health monitoring in 
this population,” according to the report 
in the May issue of The Journal of Clinical 
Investigation (Verbitsky M, et al:  J Clin 
Invest 2015; 125:2171–2178). The sen-
ior author was Ali G. Gharavi, MD, of 
Columbia University).

Chromosomal microarrays in 
pediatric nephrology

The researchers analyzed the genetic 
findings of patients enrolled in the 
Chronic Kidney Disease in Children 
(CKiD) study—an ongoing, long-
term follow-up study of risk factors 
and outcomes in children with kidney 
disease. Using patient DNA derived 
from stored samples, the investigators 
assessed CNVs using high-density mi-
croarrays. 

“Chromosomal DNA microarray 
is a relatively new technology, which 
essentially looks at the entire genome 
of an individual and tries to identify 
gain or loss of DNA material that may 
cause a genetic disease,” Gharavi said.  
Microarrays represent a major advance 
over the microscopic technique of kar-
yotyping—classicially used to diagnose 
major chromosomal abnormalities 
such as Down syndrome.

“With karyotyping, we could only 

Patients on dialysis have a higher 
risk of dying from cardiac arrest 
compared with individuals in 

the general population, but the fac-
tors involved are unknown. Coronary 
artery disease is often at play in the 
general population, but investigators 

found no significant difference in the 
prevalence of coronary artery disease, 
decreased left ventricular ejection 
fraction, valvular heart disease, or left 
ventricular hypertrophy between dial-
ysis patients who died of cardiac death 
vs. those who died of other causes.

New research published in the Jour-
nal of the American Society of Nephrolo-
gy now shows that the increased risk of 
cardiac arrest experienced by patients 
with kidney failure may, in part, be 
inherited. Uncovering the genes that 
are involved may point to the mecha-
nisms underlying this risk and suggest 
new prevention and treatment strate-
gies.

“It is important to stratify sudden 
death risk in end stage renal disease 
patients. The study offers a new and 
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look at deletions or duplications larger 
than 1 to 2 million base pairs. Whereas 
with [chromosomal microarrays], we 
are able to detect much smaller gain 
or loss of DNA material—as small as 
100,000 base pairs,” Gharavi said.  “As 
a result of this, we are able to make di-
agnoses that we weren’t able to make by 
karyotyping.”

That’s important, because small 
variations in copy number make up a 
large part of genomic variation. Even 
in healthy individuals, up to 10 per-
cent of the genome may be subject to 
this type of variation. Previous stud-
ies using microarray techniques have 
identified CNV disorders associated 
with a broad range of congenital and 
neurodevelopmental defects. Genomic 
imbalances can affect neurologic, car-
diac, and skeletal development (an ef-
fect called “pleiotropy”), suggesting 
that common developmental pathways 
are involved.

The new study applied chromosom-
al microarrays to understanding the 
role of CNVs in a well-characterized 
group of children with clinically diag-
nosed kidney disease. A previous report 
found “pathogenic genomic imbalanc-
es” in about 10.5 percent of children 
and young adults with kidney malfor-
mations (Sanna-Cherchi S, et al: Am J 
Hum Genet 2012; 91:987–997).

 These imbalances were clinically 
unsuspected and “overlapped signifi-
cantly with CNV disorders implicated 
in neurodevelopmental disorders.”  In 
the previous study, most known CNV 
disorders in patients with renal hypo-
dysplasia (RHD) had previously been 
linked to developmental delay or neu-
ropsychiatric diagnoses.

Matthew Sampson, MD, a pediatric 
nephrologist and genetic epidemiolo-
gist at the University of Michigan, was 
one of the investigators in the previous 
study.  “Understanding the underly-
ing mechanism always helps in terms 
of explaining to parents why their 
child is ill,” he said. “From a clinical 
perspective it often can help in terms 
of providing more precise prognoses 
or suggesting to us the optimal thera-
peutic regimen or further diagnostic 
tests.  And, particularly important in 
children, it can help in terms of family 
counseling.”

While “personalized medicine” 
doesn’t always mean genetic testing, 
Sampson pointed out, “Genomic in-
quiry reveals more molecularly based, 
fundamental information about the 
pathogenesis of a child’s condition.”  
In regard to the new work by Verbit-
sky et al., he added, “This study is tak-
ing an approach that has really only 
recently been actualized on a clinical 
basis, or a research basis—to uncover 
some potentially causative genetic 
changes that could be responsible for a 
small but substantial percentage of the 
cases we see.”

Higher rate of CNV 
abnormalities in children with 
CKD

The analysis included 419 unrelated 
children from CKiD. The patients were 
being followed up for a wide range of 
clinical diagnoses, including RHD, ob-
structive uropathy, reflux nephropathy, 
and focal segmental glomerulosclerosis 
(FSGS), among others.

Even though CNVs account for a 
large part of overall variation in the 
genome, the population frequency of 
genomic disorders is very low. To be 
able to tell apart those low frequency 
genomic disorders from likely benign 
common variants, the researchers as-
sembled a multiethnic database of 
21,575 children and adults undergoing 
microarray genotyping for research—
either healthy controls or individuals 
without kidney-related conditions. 
“By comparing the DNA of children 
who had chronic kidney disease to 
the results from these other individu-
als, we were able to detect rare events 
that could be disease-causing,” Gharavi 
said.

Overall, chromosomal microarrays 
found diagnostic copy number disor-
ders in 31 of the children—represent-
ing 7.4 percent of the study cohort. 
The CKiD cases also had a high preva-
lence of large, gene-disrupting autoso-
mal CNVs:  37.7 percent, compared to 
23.4 percent of the reference cohort.  
“These data suggest that potentially up 
to 14.3 percent of the pediatric CKD 
cases might be attributable to a CNV 
of 100 kb or larger,” the researchers 
wrote.

In an analysis focusing on a list of 
131 known genomic disorders, 4.5 per-
cent of the CKiD population had a de-
letion or duplication that was “clearly 
diagnostic.” These patients had a dele-
tion or duplication with a known asso-
ciation with a specific syndrome. The 
rate of known genomic disorders rose 
to 10.5 percent in children clinically 
diagnosed with RHD.

Further annotation identified an-
other 12 patients with a “likely path-
ogenic imbalance,” representing 2.9 
percent of the CKiD group. These 
children had very large, very rare 
chromosomal abnormalities that were 
predicted to be pathogenic. “These 
lesions fulfilled very strict criteria for 
pathogenicity and would be considered 
reportable in a clinical setting,” the re-
searchers wrote.

Many of the detected CNVs in-
volved genes thought to be involved 
in kidney development and thus may 
be “novel candidate genes” for human 
kidney disease. Although previously 
unknown, these abnormalities are con-
sidered likely to be disease-causing 
because of their large size and low fre-
quency in the population and because 
they involve genes important for nor-
mal development.

On adjusted analysis, the odds of 
known genomic disorders were more 
than 10 times higher in the CKiD 

cohort overall, and 30 times higher 
in those with RHD, as compared 
to controls. Even after exclusion of 
known disorders (19 cases), a number 
of “large, rare gene-disrupting CNVs” 
were found in the CKiD cohort—in-
cluding 35 cases with CNVs larger 
than 500 kb.

Close to one-fourth of patients 
with known or likely pathogenic copy 
number disorders also had rare, gene-
disrupting second-site CNVs. That 
was consistent with reported series of 
patients with developmental delay.

Most baseline clinical and demo-
graphic characteristics were similar for 
children with and without pathogenic 
CNVs. There were “nominal” differ-
ences in estimated glomerular filtra-
tion rate and proteinuria, consistent 
with an impact of the genetic changes 
on kidney function.  These differences 
will need to be validated in longitudi-
nal studies or independent cohorts.

Major effects on diagnosis and 
clinical management

“If you can diagnose a patient with a 
known genomic disorder, that might 
help the treatment of their kidney dis-
ease,” Sampson said. “But it also may 
allow us to provide additional medical 
care—whether it’s screening for neu-
rodevelopmental problems, diabetes, 
or other congenital anomalies. It really 
provides the opportunity at an early 
stage, presymptomatically, to provide a 
genetic diagnosis—which may help to 
reduce the risk of long-term complica-
tions or optimize the care of a patient 
across their lifespan.”  

In the CKiD sample, of eight chil-
dren clinically diagnosed with cystino-
sis, three were homozygous for a known 
deletion of the cystinosin lysosomal 
cystine transporter gene (CTNS). For 
this group, CNV testing pinpointed 
the cause of cystinosis and provided 
information on the exact mutation for 
family counseling.

In the remaining 28 patients with a 
diagnostic copy number disorder, the 
final genomic diagnosis was clinically 
unsuspected. In these cases, the CNV 
findings “either resulted in reclassifi-
cation of the disease or provided ad-
ditional information that would have 
warranted genetic counseling, targeted 
workup, or surveillance.”

Identical genetic abnormalities 
were found across different clinical 
categories. Diagnoses of 1q211.1 re-
current microduplication were made 
in children with a clinical diagnosis 
of FSGS, hemolytic uremic syndrome, 
and chronic glomerulonephritis, while 
XXX syndrome was diagnosed in pa-
tients classified as having recessive 
polycystic kidney disease, reflux ne-
phropathy, and RHD.

“Our ability to clinically differen-
tiate some causes of kidney disease is 
probably more limited than we’d like to 
think,” Gharavi said. “Different kidney 
disorders can present in the same way 
or in many different ways that overlap 

with our classical classification.”
He cited the example of a patient 

with clinically diagnosed glomerular 
disorder to discuss the deeper insights 
offered by genetic diagnosis. “We 
think of glomerular diseases as some-
thing that affects just the kidney, and 
they’re usually due to an inflammatory 
or an immune-mediated disease. These 
types of classifications are important, 
because if we think somebody has an 
immune-mediated disease, they may 
be treated for it by immunosuppressive 
medication.

“Whereas if they have a develop-
mental disorder, then we know those 
medications are not going to help and 
will only result in side effects. So by 
making a precise diagnosis, we can 
at least try to come up with the right 
therapy and the right course of action.”

Making the correct genetic diag-
nosis is also essential for understand-
ing the long-term clinical course and 
management. “For example, we found 
patients who have deletions of a gene 
called HNF-1 beta, which is diagnos-
tic of a disorder called renal cysts and 
diabetes syndrome,” Gharavi said.  “As 
the name [implies], the kidneys devel-
op cysts, and there are problems with 
kidney function. In addition, these in-
dividuals are prone to developing dia-
betes later on in life.”

Children with renal cysts and dia-
betes syndrome may also have other 
metabolic disorders, such as low mag-
nesium or high uric acid levels, with a 
risk of developing gout. “The issue is 
that many of these complications won’t 
happen all at once,” Gharavi said. “The 
kidney cysts are evident earlier on in 
life, sometimes at birth, [while] the 
diabetes often occurs around the age 
of 25. Because these individuals are at 
risk for diabetes, they should receive 
targeted health monitoring to make 
sure that their serum glucose levels are 
monitored regularly.”

Patients need ongoing lifestyle ad-
vice to reduce their risk of diabetes, 
and should avoid medications that can 
potentially increase blood glucose, in-
cluding immunosuppressive therapy 
with steroids. Other issues may arise 
later in life—for example, female pa-
tients should be advised that they are at 
risk of uterine abnormalities and prob-
lems with conception.

Precision medicine in 
pediatric CKD

By providing this type of information, 
CNV testing in children with kidney 
disease may be a prime example of the 
NIH’s Precision Medicine Initiative. As 
President Obama stated when announc-
ing the initiative, precision medicine 
carries the promise of “delivering the 
right treatments, at the right time, every 
time to the right person.” 

In the case of pediatric CKD, chro-
mosomal microarrays allow nephrolo-
gists to define the exact genetic diagnosis, 
make a profile for specific complica-
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tions—in some cases, unrelated to the 
patient’s kidney dysfunction—and plan 
clinical care accordingly.

Many of the children in the CKiD 
cohort had pathogenic genomic imbal-
ances associated with neuropsychiatric 
disorders, such as autism, schizophre-
nia, intellectual disability, and seizure 
disorders, Gharavi noted. “That’s 
important to be aware of, because 
we know that children with CKD in 
general have impaired neurocognitive 
function and behavioral issues.”  Chil-
dren may have problems at school and 
at home, or may not meet developmen-
tal landmarks.

“And many times that’s been attrib-
uted to the sequelae of kidney dysfunc-
tion and being chronically ill, being on 
medications, [and] being in the hos-
pital,” he added. “We attribute this to 
kidney disease.”

Instead, this group of children has a 
“fundamental neurodevelopmental dis-
order,” requiring a different approach. 
In addition to treatment for kidney 
disease, the clinical plan needs to con-
sider treatment for neurocognitive is-

sues, educational interventions, and 
appropriate behavioral therapy.

Behavioral issues can also affect 
compliance and adherence to treat-
ment for renal dysfunction. “You can 
choose also your therapy for kidney dis-
ease better knowing that maybe some 
medications will affect neurocognitive 
function,” Gharavi said. “You can get 
a much better appreciation of the spec-
trum of problems that may be going 
on with that individual and tailor the 
therapy directly to their problem.”

Of course, much work remains to 
realize the full impact of precision or 
personalized medicine for children 
with CKD. But Gharavi emphasized 
that DNA microarray studies are clini-
cally available now and are recom-
mended as the first-line diagnostic test 
for children with intellectual disabil-
ity, neurocognitive disorders, or major 
congenital abnormalities.

As these tests come into use for di-
agnosis of children with kidney abnor-
malities, Gharavi said the main chal-
lenges will be related to test indications 
and interpretation. While many chil-
dren will have a clear-cut genetic diag-
nosis, the situation will be less clear for 
the significant number of patients with 
other abnormal findings, including 

“likely” pathogenic variants. “It’s really 
difficult to interpret what’s causal, and 
what’s not, and so you need a lot more 
studies,” he said. Building a national 
research cohort of a million or more 
volunteers is a key component of the 
Precision Medicine Initiative.

Sampson emphasized the impor-
tance of saving patient specimens, 
linked to clinical data, for future re-
search and analysis. “For all us clini-
cians who are sending patients with 
kidney anomalies or CKD for chromo-
somal microarays, I think there needs 
to be a way to store that information 
or store that DNA at the same time,” 
he said.  “[Verbitsky et al] showed that 
there’s an excess burden of large genom-
ic imbalances in cases versus controls, 
and we don’t know what those mean.”

Building patient databases will docu-
ment the growing experience with chil-
dren who do, or do not have contributing 
genomic imbalances.  With a growing 
body of saved data, Sampson said, “We 
can go back to the medical record and 
then say over time, ‘OK, this is actually 
a harmless [finding], because we actually 
see it in quite a few controls.’  Or, ‘Now, 
we’ve seen 10 patients with this same 
disorder and we’re starting to make infer-
ences on their long-term care.”

For now, Gharavi said RHD is the 
main indication for chromosomal mi-
croarrays in pediatric nephrology. “We 
think that children who have congeni-
tal kidney malformations are really the 
ones at highest risk for having chromo-
somal disorders. So there is pretty good 
evidence now that [DNA microarrays] 
should be applied to this subset of in-
dividuals.”

“And then for the rest of the chil-
dren with CKD, I think we need to 
expand the study and see what is the 
impact,” he added.  The question to be 
answered is, “Does it make a difference 
to make [a genetic] diagnosis in the 
care of these patients?”

Sampson agreed with the recom-
mendation to test children with kidney 
malformations. “With the caveat that 
[testing] has to be done in conjunction 
with the appropriate specialist who can 
interpret the results. Any patient who 
[is] sent for microarray, there should 
be a plan in place to also send that pa-
tient to a genetic counselor or geneti-
cist for evaluation.  Being able to prop-
erly counsel patients in terms of their 
genomic disorder, in terms of their risk 
for developing future problems or the 
problems they already have is nuanced 
and really needs help from experts.” 

Microarrays 
Continued from page 3

very interesting idea for addressing this 
problem: assessing, as already done for 
patients with heart disease, if some 
hemodialysis patients possess inher-
ited genetic factors that increase their 
risk of sudden death,” said Simonetta 
Genovesi, MD, who was not involved 
in the study and is a clinician and 
scientist at San Gerardo Hospital, in 
Monza, Italy. Genovesi has published 
many research articles related to heart 
health in patients with kidney disease.

For the study, Kevin Chan, MD, 
MSc, of Massachusetts General Hos-
pital and Fresenius Medical Care 
North America, led a team that ana-
lyzed information on a population of 
647,457 patients on chronic dialysis. 
They identified 5117 pairs of patients 
who came from the same family, and 
they matched each of these patients on 
26 characteristics to a control patient 
from the same population.

The researchers found that in 4.3% 
of family pairs, both members died of 
a cardiac arrest compared with 2.6% 
in the control pairs. Genetically re-
lated family members who did not 
cohabitate had an 88% increased risk 
of dual cardiac arrest compared with 
their matched unrelated controls, 
while genetically related family mem-
bers who lived together in the same 
environment had 66% increased risk. 
Spouses, who were genetically unrelat-
ed but lived together in the same en-

vironment, did not have an increased 
risk.

“These findings advance the sci-
ence because they suggest that genetic 
factors—or differences in DNA se-
quence—contribute to the high risk 
of sudden death among patients on 
dialysis,” said Chan. “It paves the way 
for more detailed genetic studies in 
the dialysis population to find specific 
genes that could explain the high risk 
of cardiac arrest and potentially new 
treatments for these patients.” Multi-
ple genetic variants have been identi-
fied that are linked with an increased 
risk of cardiac arrest in the general 
population. It will be important to 
see if these changes are also involved 
in cardiac arrest in the dialysis popula-
tion, or whether novel variants specific 
to patients with end stage renal disease 
may explain the excess cardiovascular 
mortality.

Other significant factors associ-
ated with an increased risk of cardiac 
arrest in this study included age (7% 
increased risk per 5 years), African 
American race (37% increased risk 
compared with Caucasian race), serum 
potassium level (19% increased risk 
per mEq/L), erythropoietin dose (3% 
increased risk per 1000 units), and 
documented coronary artery disease 
(44% increased risk). Higher albumin 
levels were associated with a decreased 
risk of cardiac arrest. 

The investigators noted that pa-
tients on dialysis have a similar risk for 
cardiac arrest as patients who fulfill the 
criteria for prophylactic implantation 
of a cardioverter defibrillator (ICD), 

but studies suggest that ICDs would 
not provide as great a survival ben-
efit to patients on dialysis compared 
with the general population. Genetic 
analyses may help distinguish which 
patients may sufficiently benefit from 
ICDs.

“The study is particularly well 
done, despite limitations related to the 
retrospective nature and the inability 
to do an analysis of genetic variants 
that may be associated with sudden 
death,” Genovesi said. She noted that 
it is likely that a large proportion of 
the risk of sudden death in hemodialy-
sis patients is linked to problems relat-
ed to the dialysis session itself (such as 
hyper- and hypokalemia and acidosis) 
as well as comorbid conditions such as 
diabetes. 

“I would not like to see this new 
attention on genetics reduce the effort 
made to identify the modifiable risk 
factors operating in end stage renal 
disease patients who die of sudden car-
diac arrest,” she said. “I also find it a 
bit risky to suggest ICD implantation 
for primary prevention on the basis of 
genetic markers in a population for 
which there still are several doubts on 
the actual usefulness of such an inter-
vention, as the underlying pathogenic 
mechanism of fatal arrhythmias in this 
population has not been clarified yet.” 

Charles Herzog, MD, an investiga-
tor at the Hennepin County Medical 
Center and the University of Minne-
sota, in Minneapolis, and was also not 
involved with the study, noted that the 
approach might make the most sense 
only in the prevalent hemodialysis 

population, which has a much lower 
risk of sudden cardiac death compared 
with newly incident patients. “In this 
group, I think a strong case can al-
ready be made for attempting primary 
prevention of sudden cardiac death, 
which is the rationale for the WED-
HED, or Wearable External Defibril-
lator in Hemodialysis patients, trial,” 
he said.

The findings come at a time when 
the annual mortality rate for US pa-
tients on dialysis is approximately 18 
per 100 patient-years. Cardiac arrest 
has been reported as the largest cause, 
at 5 events per 100 patient-years.

Chan noted that his study’s find-
ings are associative and only provide 
a promising hypothesis. Detailed ge-
netic studies are needed to come to a 
definitive conclusion about the role of 
genetics and cardiac events among di-
alysis patients. 

________________________

Study co-authors include Christopher 
Newton-Cheh, MD, MPH, James Gu-
sella, MD, MPH, and Franklin Mad-
dux, MD.

Disclosures: KC and FWM receive 
salary support from Fresenius Medical 
Care North America.

The article, entitled “Heritabil-
ity of Risk for Sudden Cardiac Ar-
rest in ESRD,” is available at http://
jasn.asnjournals .org/content/ear-
ly/2015/04/16/ASN.2014090881.ab-
stract. 
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INDICATION

AURYXIA is a phosphate binder indicated for the 
control of serum phosphorus levels in patients with 
chronic kidney disease on dialysis.

IMPORTANT SAFETY INFORMATION

Contraindication: AURYXIA is contraindicated in 
patients with iron overload syndromes.

Iron Overload: Iron absorption from AURYXIA may 
lead to excessive elevations in iron stores. Assess 
iron parameters, serum ferritin and TSAT, prior to 
and while on AURYXIA. Patients receiving IV iron may 
require a reduction in dose or discontinuation of IV 
iron therapy. 

Overdose: AURYXIA contains iron. Iron absorption 
from AURYXIA may lead to excessive elevations 
in iron stores, especially when concomitant IV iron
is used. 

Accidental Overdose of Iron: Accidental overdose 
of iron containing products is a leading cause of fatal 
poisoning in children under 6 years of age. Keep this 
product out of the reach of children.

Patients with Gastrointestinal Bleeding or 
In� ammation: Safety has not been established.

Pregnancy Category B and Nursing Mothers: 
Overdosing of iron in pregnant women may carry 

S:7”

T:15.5”

B:15.5”

Findings

Pregestational exposure to maternal 
diabetes—during the first 20 weeks of 
pregnancy—is associated with congeni-
tal anomalies of the kidney and urinary 
tract (CAKUT) in offspring, reports a 

Diabetes in Early 
Pregnancy Linked to 
Increased CAKUT Risk

study in the American Journal of Kidney 
Diseases.

The population-based study includ-
ed 945 patients with CAKUT born in 
Manitoba, Canada, between 1996 and 
2010. They were matched for gestational 
age, sex, and birth year to 4725 control 
children. The study focused on the as-
sociation between CAKUT and timing 
of diabetes exposure:  pregestational, in-

cluding the first 20 weeks’ gestation; and 
gestational, beyond 20 weeks. The analy-
sis was adjusted for a wide range of con-
founders, including size for gestational 
age as a surrogate for maternal glycemic 
control.

Pregestational exposure to maternal 
diabetes was significantly more com-
mon among infants with CAKUT: 4.1 
percent, compared to 2.3 percent in the 

control group. There was no significant 
difference in gestational diabetes:  4.2 
versus 3.3 percent, respectively.

In a multivariable model, the odds ra-
tio for CAKUT in infants with pregesta-
tional diabetes exposure was 1.67. The es-
timated incidence of CAKUT in mothers 
with pregestational diabetes was 8.3 per 
1000 live births, compared to 5 per 1000 
in the general population. The presence 
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•  Proven control of serum phosphorus within 
KDOQI guidelines (4.88 mg/dL at Week 56)7,8

•  Demonstrated safety and tolerability pro� le 
over 52 weeks

•   Each AURYXIA tablet contains 210 mg ferric iron, 
equivalent to 1 g ferric citrate
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1. Fosrenol [package insert]. Wayne, PA: Shire US, Inc.; 2014. 2. Phoslyra [package insert]. Waltham, MA: Fresenius Medical Care North America; 
2011. 3. PhosLo Gelcaps [package insert]. Waltham, MA: Fresenius Medical Care North America; 2012. 4. Renagel [package insert]. Cambridge, 
MA: Genzyme Corporation; 2014. 5. Renvela [package insert]. Cambridge, MA: Genzyme Corporation; 2014. 6. Velphoro [package insert]. 
Waltham, MA: Fresenius Medical Care North America; 2014. 7. National Kidney Foundation. K/DOQI clinical practice guidelines for bone 
metabolism and disease in chronic kidney disease. Am J Kidney Dis. 2003;42(4 Suppl 3):S1-S201. 8. Data on File 1, Keryx Biopharmaceuticals, Inc. 

AURYXIA™ (ferric citrate) IS THE FIRST AND ONLY 
ABSORBABLE-IRON–BASED PHOSPHATE BINDER 
CLINICALLY PROVEN TO MANAGE HYPERPHOSPHATEMIA1-6

For the control of serum phosphorus levels in patients 
with chronic kidney disease on dialysis

a risk for spontaneous abortion, gestational diabetes, 
and fetal malformation. Rat studies have shown 
the transfer of iron into milk. There is possible infant 
exposure when AURYXIA is taken by a nursing woman.

Pediatric: The safety and ef� cacy of AURYXIA have 
not been established in pediatric patients.

Adverse Events: The most common adverse events 
with AURYXIA were diarrhea (21%), nausea (11%), 
constipation (8%), vomiting (7%), and cough (6%). 
Gastrointestinal adverse reactions were the most 
common reason for discontinuing AURYXIA (14%).

Drug Interactions: Doxycycline should be taken at 
least 1 hour before AURYXIA. Consider separation 
of the timing of the administration of AURYXIA with 
drugs where a reduction in their bioavailability would 
have a clinically signi� cant effect on safety or ef� cacy.

Please see Brief Summary on following page.

You may report side effects to Keryx at 
1-844-44KERYX (844-445-3799). 

©2015 Keryx Biopharmaceuticals, Inc.
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The unpredictable nature of pain and 
the difficulty of establishing long-term 
life goals are major burdens for pa-
tients affected by autosomal dominant 
polycystic kidney disease (ADPKD), 

Living with Polycystic 
Kidney Disease: 
Patients’ Perspective

of CAKUT was associated with both 
large and small size for gestational age: 
odds ratio 1.34 and 1.59, respectively.

Previous studies of the association 
between maternal diabetes and CAKUT 
have not examined potential differences 
by the timing of exposure. The new study 
finds a significant increase in CAKUT 
among infants with pregestational, but 
not gestational, exposure to diabetes.

The link with large size for gestational 
age suggests that poor glycemic control 
may increase risk. The authors discuss the 
need for optimal glycemic control during 
early pregnancy, with consideration of 
screening for renal anomalies [Dart AB, 
et al:  Maternal diabetes mellitus and 
congenital anomalies of the kidney and 
urinary tract (CAKUT) in the child. Am 
J Kidney Dis 2015; 65:684–691].  all are Findings

Diabetes and Metabolism

according to a qualitative analysis in 
Nephrology Dialysis Transplantation.

The researchers performed a the-
matic analysis of qualitative or mixed-
methods studies of ADPKD, focusing 
on patient perspectives and experi-
ences of living with their disease. The 
analysis included 21 studies totaling 

Continued on page 8
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BRIEF SUMMARY

AURYXIA™ (ferric citrate) tablets contain 210 mg of ferric iron equivalent to 1 g ferric citrate for oral use.

INDICATIONS AND USAGE
AURYXIA is a phosphate binder indicated for the control of serum phosphorus levels in patients with chronic kidney disease on dialysis.

CONTRAINDICATIONS
AURYXIA is contraindicated in patients with iron overload syndromes (eg, hemochromatosis).

WARNINGS AND PRECAUTIONS
Iron Overload: Iron absorption from AURYXIA may lead to excessive elevations in iron stores. Increases in serum ferritin and transferrin saturation 
(TSAT) levels were observed in clinical trials. In a 56-week safety and efficacy trial in which concomitant use of AURYXIA and IV iron was permitted,  
55 (19%) patients treated with AURYXIA had a ferritin level >1500 ng/mL as compared with 13 (9%) patients treated with active control.
Assess iron parameters (eg, serum ferritin and TSAT) prior to initiating AURYXIA and monitor iron parameters while on therapy. Patients receiving IV 
iron may require a reduction in dose or discontinuation of IV iron therapy.
Accidental Overdose of Iron: Accidental overdose of iron-containing products is a leading cause of fatal poisoning in children under 6 years of age. 
Keep this product out of the reach of children. In case of accidental overdose, call a doctor or poison control center immediately.
Patients with Gastrointestinal Bleeding or Inflammation: Patients with inflammatory bowel disease or active, symptomatic gastrointestinal 
bleeding were excluded from clinical trials. Safety has not been established in these populations.

ADVERSE REACTIONS
Adverse reactions to a drug are most readily ascertained by comparison with placebo, but there is little placebo-controlled experience with AURYXIA, 
so this section describes adverse events with AURYXIA, some of which may be disease-related, rather than treatment-related. A total of 289 patients 
were treated with AURYXIA and 149 patients were treated with active control (sevelamer carbonate and/or calcium acetate) during the 52-week, 
randomized, open-label, active control phase of a trial in patients on dialysis.
A total of 322 patients were treated with AURYXIA for up to 28 days in three short-term trials. Across these trials, 557 unique patients were treated 
with AURYXIA; dosage regimens in these trials ranged from 210 mg to 2,520 mg of ferric iron per day, equivalent to 1 to 12 tablets of AURYXIA. In 
these trials, adverse events reported for AURYXIA were similar to those reported for the active control group. Adverse events reported in more than  
5% of patients treated with AURYXIA in these trials included diarrhea (21%), nausea (11%), constipation (8%), vomiting (7%), and cough (6%). 
During the 52-week active control period, 60 patients (21%) on AURYXIA discontinued study drug because of an adverse event, as compared to 
21 patients (14%) in the active control arm. Patients who were previously intolerant to any of the active control treatments (calcium acetate and 
sevelamer carbonate) were not eligible to enroll in the study. Gastrointestinal adverse events were the most common reason for discontinuing 
AURYXIA (14%).
AURYXIA is associated with discolored feces (dark stools) related to the iron content, but this staining is not clinically relevant and does not affect 
laboratory tests for occult bleeding, which detect heme rather than non-heme iron in the stool.

DRUG INTERACTIONS
Doxycycline is an oral drug that has to be taken at least 1 hour before AURYXIA. Oral drugs that can be administered concomitantly with AURYXIA 
are: amlodipine, aspirin, atorvastatin, calcitriol, clopidogrel, digoxin, doxercalciferol, enalapril, fluvastatin, levofloxacin, metoprolol, pravastatin, 
propranolol, sitagliptin, and warfarin. There are no empirical data on avoiding drug interactions between AURYXIA and most concomitant oral drugs. 
For oral medications where a reduction in the bioavailability of that medication would have a clinically significant effect on its safety or efficacy, 
consider separation of the timing of the administration of the two drugs. The duration of separation depends upon the absorption characteristics 
of the medication concomitantly administered, such as the time to reach peak systemic levels and whether the drug is an immediate release or an 
extended release product. Consider monitoring clinical responses or blood levels of concomitant medications that have a narrow therapeutic range.

USE IN SPECIFIC POPULATIONS
Pregnancy: Pregnancy Category B: There are no adequate and well-controlled studies in pregnant women. It is not known whether AURYXIA can 
cause fetal harm when administered to a pregnant woman. Animal reproduction studies have not been conducted.
The effect of AURYXIA on the absorption of vitamins and other nutrients has not been studied in pregnant women. Requirements for vitamins and 
other nutrients are increased in pregnancy. An overdose of iron in pregnant women may carry a risk for spontaneous abortion, gestational diabetes, 
and fetal malformation.
Labor and Delivery: The effects of AURYXIA on labor and delivery are unknown.
Nursing Mothers: Data from rat studies have shown the transfer of iron into milk by divalent metal transporter-1 (DMT-1) and ferroportin-1 (FPN-1). 
Hence, there is a possibility of infant exposure when AURYXIA is administered to a nursing woman.
Pediatric Use: The safety and efficacy of AURYXIA have not been established in pediatric patients.
Geriatric Use: Clinical studies of AURYXIA included 106 subjects aged 65 years and older (33 subjects aged 75 years and older). Overall, the  
clinical study experience has not identified any obvious differences in responses between the elderly and younger patients in the tolerability or  
efficacy of AURYXIA.

OVERDOSAGE
No data are available regarding overdose of AURYXIA in patients. In patients with chronic kidney disease on dialysis, the maximum dose studied was 
2,520 mg ferric iron (12 tablets of AURYXIA) per day. Iron absorption from AURYXIA may lead to excessive elevations in iron stores, especially when 
concomitant IV iron is used.
In clinical trials, one case of elevated iron in the liver as confirmed by biopsy was reported in a patient administered IV iron and AURYXIA.

PATIENT COUNSELING INFORMATION
Dosing Recommendations: Inform patients to take AURYXIA as directed with meals and adhere to their prescribed diets. Instruct patients on 
concomitant medications that should be dosed apart from AURYXIA.
Adverse Reactions: Advise patients that AURYXIA may cause discolored (dark) stools, but this staining of the stool is considered normal with oral 
medications containing iron.
AURYXIA may cause diarrhea, nausea, constipation, and vomiting. Advise patients to report severe or persistent gastrointestinal symptoms to  
their physician.
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247 patients.
The analysis identified five major 

themes, including “unvalidated pain” 
that was not taken seriously by physi-
cians and for which pain management 
options were inadequate. The theme 
of “persisting uncertainties and ambi-

guities” included difficulty accepting 
the diagnosis, feeling unable to con-
trol and monitor their health, unpre-
dictable daily disruptions due to pain, 
and an uncertain future with inability 
to plan ahead.

Patients reported “genetic guilt 
and resentment,” blaming their par-
ents and themselves for their disease, 
and guilt about transmitting the risk 
to their children. The theme of “pre-
cariousness in pursuing parenthood” 
included prognostic uncertainty in 

patients who refused genetic testing, 
‘owning the decision’ to have children 
or not, or a need or wish for direc-
tive counseling. Under the theme of 
“defining parental responsibility for 
genetic testing and disclosure,” pa-
tients talked about trying to preserve 
normality for their child, respecting 
the child’s autonomy in deciding to be 
tested, and confidence in future tech-
nologies to cure the disease.

The analysis lends insights into the 
complex factors affecting the lives of 

patients with ADPKD. The authors 
discuss the implications for improv-
ing patient-centered care outcomes, 
including increased engagement in 
pain management, self-care strategies, 
counseling to address “genetic guilt,” 
and disease-specific decision support 
tools for family planning [Tong A, 
et al: A painful inheritance—patient 
perspectives on living with polycys-
tic kidney disease: thematic synthesis 
of qualitative research. Nephrol Dial 
Transpl 2015; 30:790–800]. 

Genetic diseases of kidney
all are Findings
Diabetes and Metabolism

Polycystic Kidney 
Disease
Continued from page 7
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Many Kids with Type 1 Diabetes Have Ketoacidosis at Diagnosis

No Difference in Response to Nitrofurantoin with Reduced Kidney Function

Minority Patients Have Lower Rates of Fistula Access

High CPR Rates, Poor Survival in Dialysis Patients

In recent years, close to half of young 
patients with type 1 diabetes in Colo-
rado have had diabetic ketoacidosis 
(DKA) when their diabetes was diag-
nosed, according to a research letter in 
The Journal of the American Medical As-
sociation.

The researchers analyzed 3439 pa-
tients diagnosed with type 1 diabetes 
before age 18 between 1998 and 2012. 
All were followed up at a Denver center 

that serves more than 80 percent of dia-
betic youth in Colorado. Rates, trends, 
and risk factors for DKA at diagnosis 
were assessed.

Overall, 38.9 percent of patients had 
DKA at the time of diabetes diagnosis. 
Incidence of DKA at diagnosis increased 
from 29.9 percent in 1998, to 35.0 per-
cent in 2007, to 46.2 percent in 2012. 
The percentage of patients on public in-
surance increased from 17.1 percent in 

2007 to 37.5 percent in 2012.
Incidence of DKA at diagnosis was 

higher for younger and African Ameri-
can patients, and lower for those with 
private insurance or with a first-degree 
relative affected by type 1 diabetes. In 
recent years, incidence increased to a 
larger extent among children with pri-
vate insurance.

The study suggests rising rates of 
DKA at diagnosis of type 1 diabetes, 

consistent with diagnosis and treatment. 
The authors note the incidence is simi-
lar to that reported in countries with 
poor health care access, and much high-
er than in Canada or the United King-
dom. The recent trends may be related 
to a rising prevalence of child poverty 
[Rewers A, et al:  Incidence of diabetic 
ketoacidosis at diagnosis of type 1 dia-
betes in Colorado youth, 1998–2012. 
JAMA 2015; 313:1570–1572]. 

all are Findings
Diabetes and Metabolism

Mild to moderate reductions in kid-
ney function don’t alter the treatment 
failure rate of nitrofurantoin in older 
women with urinary tract infections, 
concludes a report in the Canadian 
Medical Association Journal.

Using Ontario health databases, the 
researchers identified a cohort of 9223 
older women with reduced kidney func-
tion receiving one of four oral antibiot-
ics commonly used for reduced urinary 
tract infections:  nitrofurantoin, cipro-
floxacin, norfloxacin, or trimethoprim/
sulfamethoxazole (TMP-SMX). The 

women’s median age was 79 years and 
median estimated glomerular filtration 
rate (eGFR) 38 mL/min/1.73 m2.

Fourteen-day treatment failure rates 
were examined in terms of need for a 
second antibiotic or hospital encounter 
for urinary tract infection. The same 
outcomes were assessed in a cohort of 
182,634 women with relatively high 
eGFR:  median 69 mL/min/1.73 m2.

Women receiving the four antibiot-
ics had similar baseline characteristics. 
Among those with low eGFR, failure 
rates were significantly higher with ni-

trofurantoin compared to ciprofloxacin 
and norfloxacin (but not TMP-SMX).

However, analysis of the cohort with 
relatively high eGFR revealed a similar 
pattern of higher treatment failure rates 
with nitrofurantoin. Compared to ni-
trofurantoin, adjusted odds ratios for a 
second prescription with ciprofloxacin 
were 0.43 for women with lower kid-
ney function and 0.50 for those with 
higher kidney function.

Previous reports have suggested sub-
therapeutic concentrations of nitro-
furantoin in patients with reduced kid-

ney function, leading to the suggestion 
that this antibiotic be avoided when 
the eGFR is less than 40 mL/min/1.73 
m2. The new analysis finds no increase 
in the nitrofurantoin failure rate in 
older women with mild to moderate 
reductions in kidney function. Regard-
less of eGFR, treatment failure is more 
likely with nitrofurantoin than with 
other antibiotic choices [Singh N, et 
al:  Kidney function and the use of ni-
trofurantoin to treat urinary tract in-
fections in older women. CMAJ  2015. 
DOI:10.1503/cmaj.150067]. 

all are Findings
Diabetes and Metabolism

African American and Hispanic patients 
are less likely to have an arteriovenous 
fistula (AVF) in place when starting he-
modialysis, compared to white patients 
with similar characteristics, reports a 
study in JAMA Surgery.

The analysis included US Renal 
Data System data on 396,075 patients 
initiating hemodialysis from 2006 
through 2010. Multivariable analysis 
and propensity-score matching were 
used to compare hemodialysis access 
rates—including AVF, arteriovenous 
graft, and intravascular hemodialysis 
catheter—for patients of different ra-
cial/ethnic groups but otherwise similar 
characteristics.

An AVF was in place at the start of 

hemodialysis for 18.3 percent of white 
patients, compared to 15.5 percent of 
African American and 14.6 percent of 
Hispanic patients. This was so even 
though the minority patients were 
younger and had lower rates of comor-
bid conditions:  coronary artery disease, 
chronic obstructive pulmonary disease, 
and cancer.

Odds ratios for AVF access were 
0.90 for uninsured and 0.85 for in-
sured African American patients, and 
0.72 for uninsured and 0.81 for insured 
Hispanic patients. The difference was 
significant even among the subgroup of 
patients who had been under a neph-
rologist’s care for more than one year:  
odds ratio 0.81 for African American 

and 0.86 for Hispanic patients.
The results show persistent racial/

ethnic disparities in the presence 
of an AVF for initial hemodialysis 
access in the United States. The 
lower rates of AVF access among 
African American and Hispanic 
patients are independent of insur-
ance status, nephrology care, and 
other factors driving fistula place-
ment. “The sociocultural underpin-
nings of these disparities deserve in-
vestigation and redress to maximize the 
benefits of initiating hemodialysis via 
fistula in patients with end-stage renal 
disease irrespective of race/ethnicity,” 
the investigators conclude [Zarkowsky 
DS, et al:  Racial/ethnic disparities as-

sociated with initial hemodialysis ac-
cess. JAMA Surg 2015; doi:10.1001/
jamasurg.2015.0287]. 

all are Findings
Diabetes and Metabolism

Hemodialysis patients have a high rate 
of in-hospital cardiopulmonary resus-
citation (CPR), with low rates of long-
term survival after CPR, according to 
a study in JAMA Internal Medicine.

Rates and outcomes of in-hospital 
CPR were assessed in 663,734 Medi-
care beneficiaries who started main-
tenance dialysis from 2000 through 
2010, identified from the US Renal 
Data System registry. All hospital ad-
missions and in-hospital CPR events 

occurring more than 90 days after di-
alysis initiation were assessed, along 
with survival to hospital discharge af-
ter the first CPR event.

In this national cohort, the annual 
incidence of CPR was 1.4 events per 
1000 hospital days. Survival to dis-
charge after CPR was 21.9 percent; 
median survival after discharge was 
5.0 months. About 15 percent of pa-
tients who died in the hospital under-
went CPR during that admission.

The incidence of in-hospital CPR 
events per 1000 in-hospital days in-
creased from 1.0 in 2000 to 1.6 in 
2011, while the percentage of patients 
surviving to discharge increased from 
15.2 percent to 28.0 percent. The 
percentage of in-hospital deaths with 
CPR during the terminal hospitali-
zation increased from 9.5 percent to 
19.8 percent. There was no change in 
postdischarge survival after CPR.

These national data suggest a rising 

incidence of in-hospital CPR among he-
modialysis patients, despite poor surviv-
al after CPR. The researchers conclude, 
“These findings support the relevance of 
advance care planning and setting real-
istic expectations regarding resuscita-
tion treatment in this population [Wong 
SPY, et al:  Trends in in-hospital cardio-
pulmonary resuscitation and survival in 
adults receiving maintenance dialysis. 
JAMA Intern Med 2015; doi: 10.1001/
jamainternmed.2015.0406]. 

all are Findings
Diabetes and Metabolism
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Worldwide, diabetic kidney disease 
(DKD) is the leading cause of end stage 
kidney disease (ESKD), and its global 

incidence and prevalence are both increasing. More 
than 10 years ago, the Irbesartan Diabetic Ne-
phropathy Trial, the Reduction of Endpoints in 
NIDDM with the Angiotensin II Antagonist Lo-
sartan, and similar trials demonstrated that block-
ade of the renin-angiotensin-aldosterone system 
delays DKD progression. Yet patients continue to 
experience progression to ESKD and to die of it. 

The 5-year survival of a dialysis patient with 
DKD is less than 25 percent—worse than most 
cancers—yet the number of active clinical trials 
testing therapeutic agents to slow the progression of 
DKD to dialysis is less than one-tenth of the num-
ber of active trials for breast cancer, prostate cancer, 
or colon cancer (1).  Unfortunately, the results of 
recent large clinical trials testing novel therapies for 
DKD have been negative or have been complicated 
by cardiorenal safety concerns. New treatments are 
desperately needed to spare this high-risk patient 
population. In order for DKD trials to enter the 
mainstream of drug development, key hurdles to 
facilitating trial feasibility, patient identification, 
and recruitment must first be overcome. 

Endpoints

Historically, global regulatory and payer stake-
holders have mandated demonstration of efficacy 
against “hard” clinical endpoints, such as delaying 
time to dialysis or death. This approach requires 
that enrolled study participants be late in the 
course of disease and have already experienced loss 
of renal function. Trial sample sizes must also be in 
the thousands, and have a long follow-up period  to 
account for the fact that such endpoints have event 
rates that are relatively low.

Highly predictive dynamic biomarkers of efficacy 
and safety are lacking. With regard to efficacy, pro-
teinuria (specifically albuminuria) is typically used 
in phase 2 clinical trials as an early marker for hard 
outcomes such as doubling of serum creatinine, 
ESKD, or both. Albuminuria does have some prog-
nostic significance in assessing risk (e.g., for ESKD) 
but has significant liabilities. Key limitations include 
its substantial intrapatient variability, its nonlinear-
ity in predicting risk, and the fact that substantial 
cohorts of patients exist who have advanced DKD 
but are normoalbuminuric. Highly predictive safety 
biomarkers are also sorely needed to provide early 
clues to the salutary or harmful effects of novel ther-
apeutic agents. The nephrology community needs to 
continue developing the evidence to identify precise 
safety and efficacy biomarkers that are acceptable to 
the regulatory agency, payers, nephrologists, and ul-
timately our patients. 

Feasibility

Most nephrologists consider patients with DKD to 
be a “dime a dozen” and are surprised that enroll-
ment in trials is a challenge. But for patients to be 
suitable for an endpoint trial, a very select subset 
of patients with DKD with rapid progression must 
be identified. If a sufficient number of patients do 
not experience progression over the duration of the 

trial, the trial will fail. Typically, some loss of renal 
function reflected by an above-normal serum cre-
atinine level, coupled with proteinuria, is used to 
select these patients. Identifying an “enriched” pa-
tient population at highest risk of progression us-
ing a criterion such as urine albumin-to-creatinine 
ratio (UACR) above 300 significantly narrows the 
eligible patient pool and thus has an impact on the 
feasibility of a clinical trial. According to the Kid-
ney Early Evaluation Program (KEEP), fewer than 
2 percent of diabetes patients with estimated GFR 
60 to 90 mL/min/1.73 m2 have macroalbuminuria 
(UACR >300), and fewer than 10 percent of those 
with estimated GFR 30 to 60 mL/min/1.73 m2 have 
macroalbuminuria (2). As noted earlier, substantial 
intrapatient variability is a limiting factor here, too, 
because study participants on some occasions will 
qualify by this standard but at other times will not. 

Slow patient enrollment makes a trial with a large 
sample size impractical because of prolonged time 
and cost. The overall recruitment rates for a DKD 
trial are approximately 0.25 patients per site per 
month (p/s/m) which is one-fourth the number of 
patients enrolled per month for a diabetes trial (at 1 
p/s/m) (clinicaltrials.gov). Although the size of clini-
cal trials may be similar for studies of cardiovascular 
conditions and diabetes, the rate at which patients 
enroll into DKD trials significantly delays the time-
lines and increases cost. This reality often stifles drug 
development in DKD by pharmaceutical compa-
nies. In addition, factors such as high screen failure 
rates (resulting from lack of prescreening or narrow 
inclusion/exclusion criteria) and high dropout rates 
have a significant impact on trial feasibility. Aside 
from the need for pragmatic study designs to avoid 
patient burden and minimize dropout, investigators 
need to fully educate patients about trial require-

ments and study commitments. 
The last two issues would be favorably affected 

by a long-term substantial investment in an in-
ternational clinical trial “infrastructure,” built 
initially on a country-by-country basis where sig-
nificant numbers of clinical trials are and would be 
performed. In each country this could take many 
forms, three of which include the following: 1) es-
tablishment of a free-standing, independent DKD 
national clinical trial network (where developers 
could simply pay fees into the network and benefit 
from pre-established infrastructure at member “go-
to” DKD sites within the network); 2) establish-
ment of a national DKD public database, where 
clinical outcomes data from all studies could be 
shared, particularly the standard-of-care compara-
tor arm data; and 3) establishment of a virtual reg-
istry of DKD patients. All DKD (not only those 
seeing research physicians) would be encouraged 
to go online to register their information, find out 
about their disease, and obtain information about 
ongoing trials. This registry could also have an opt 
in/opt out choice for being contacted about future 
trials. Although we are aware that some regional 
centers are creating such infrastructures, a global 
outreach is needed to facilitate execution of the 
number of ongoing and upcoming trials in DKD 
(Figure 1).

Lack of patient awareness 

According to 2011 KEEP data, only 23 percent of 
participants with CKD were aware that they had 
kidney disease (3) . Given the lack of awareness and 
thus the lack of knowledge about the high mor-
bidity and mortality caused by DKD, motivating 
patients to participate in trials can be challeng-
ing. In other diseases wherein patients’ awareness 

By Jula Inrig, Peter Linde, and Matthew Breyer

Figure 1. Development in diabetic kidney disease 

Clinical Trials in Diabetic Kidney Disease: 
Opportunities and Obstacles
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and engagement is high (such as polycystic kidney 
disease), recruitment into trials can occur quickly. 
Education needs to come ultimately from nurses, 
physicians, primary care providers, and nephrolo-
gists, but as has been observed in the oncology and 
cardiology fields, national disease societies, such as 
the American Heart Association and the American 
Cancer Society, can play a pivotal role in educating 
the public about important issues connected with a 
particular disease. New approaches to engage and 
educate patients and families affected with DKD, 
such as trial networks and social media, need to be 
promoted within the nephrology community in or-
der to enhance enrollment into research trials.

Call to action

Whereas there are many practical aspects and chal-
lenges to getting therapies to market for patients 
with DKD, we believe that there needs to be a call 
to action within the nephrology community to 
support the rapid advancement of novel therapies 

through the approval process and into the hands 
of doctors who treat patients with DKD. Present-
ly, there is a vicious cycle of slow-performing tri-
als, combined with unengaged or poorly informed 
patients, combined with the large sample sizes 
demanded because of a lack of precise endpoints, 
which negatively feeds back upon itself, which in 
turn makes DKD trials unattractive, unfeasible, or 
both for innovative therapeutic developers in the 
diabetic nephropathy space. 

We, the nephrology community, need to break 
this cycle! Practical aspects with regard to improv-
ing clinical trial infrastructure, trial endpoints, 
patient identification, education of patients, and 
encouraging patient participation in DKD trials as 
outlined here are some of the first steps we can take 
toward answering this call so that new and desper-
ately needed therapies for diabetic nephropathy can 
be expeditiously delivered to our patients. 

Jula Inrig, MD, MHS, FASN, is medical director and 
therapeutic strategy lead in nephrology at Therapeutic 

Strategy and Medical Delivery, Quintiles, Yorba Lin-
da, CA. Peter Linde, MD, FASN, is project director 
of renal development, Global Pharmaceutical R&D, 
AbbVie. Matthew Breyer, MD, FASN, is chief scien-
tific officer at Lead Generation Biology, Biotechnology 
Discovery Research, Lilly Research Laboratories. 
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Policy Update

ASN and AAKP: Forging Relationships on Capitol Hill

For the third consecutive year, the ASN Public Policy Board and Board of 
Advisors partnered with patient advocates from the American Associa-

tion of Kidney Patients (AAKP) in Washington, DC, in April for Kidney Health 
Advocacy Day 2015. ASN and AAKP met with nearly 70 congressional offic-
es to raise awareness about kidney disease and urge support for legislative 
measures that would improve care for patients with kidney disease.

Participants met with members of Congress from their home states, as 
well as members on the House Energy and Commerce Committee, which has 
jurisdiction over the 21st Century Cures initiative. The goal of 21st Century 
Cures is to spur medical research and innovation. Participants advocated in 
support of three provisions in the bill related to patient-focused drug develop-
ment, expansion of telehealth, and research funding for young investigators.

Participants also advocated in support for the Chronic Kidney Disease Im-
provement in Research and Treatment Act of 2015 (H.R.1130/S.598). The 
bill includes provisions that call for three federal reports to address key needs 

for patients with kidney disease. The reports would assess the adequacy of federal investments in kidney research compared to the 
cost of kidney care, outline legislative and regulatory steps to reduce kidney health disparities, and identify disincentives in the Medi-
care payment systems that create barriers to kidney transplantation and posttransplant care for beneficiaries with kidney failure.

Three Kidney Health Advocacy Day 2015 participants offered reflections on their experience.Policy

My first time as a Kidney Health Advocacy Day participant was 
simply terrific. The day began with ASN staff members prepping 
all of us on the legislation we would be discussing, and prepar-
ing us for potential “traps” that we might find ourselves in when 
speaking with legislative staffers. 

These pearls of wisdom stuck with me throughout the day, 
reminding me to stay on message. We had a terrific team for the 
day—nicknamed ‘Huskie-Terrapins’ which garnered some in-
terest on Twitter. Our group included Nancy Day Adams, MD 
(Chair of the ASN Training Program Directors Executive Com-
mittee, veteran advocate, and nephrology faculty at University of 

Connecticut) and Richard Knight (Vice President of AAKP and 
a Maryland native). 

We took turns presenting key points during the day, based 
upon our complementary expertise. Our presentations were 
quite seamless, thanks to our preparation over breakfast that 
morning. We met with five different congressional offices: Sen. 
Richard Blumenthal (D-CT), Rep. Elijah Cummings (D-MD), 
Rep. Donna Edwards (D-MD), Rep. John Larson (D-CT), and 
Sen. Barbara Mikulski (D-MD). A special treat was when Rep. 
Edwards emerged from her office to share with us her personal 
connection to kidney disease. It was a fun day of advocacy.

Kidney Health Advocacy Day 2015 was by far the best congres-
sional advocacy day I have attended. The day started as ASN 
staffers prepared everyone during breakfast for what we were lob-
bying for that day. I appreciated this so I would better understand 
what I was to speak about. 

Additionally, I think my team was very well balanced this year. 
My team consisted of two doctors, one a younger, newer doctor 
(Kevin F. Erickson, MD, an ASN Public Policy Board intern) 
and the other an older experienced doctor (Raymond M. Hakim, 
MD, PhD, a member of the AAKP Board of Directors and ASN 
Public Policy Board). I was the third team member and the pa-
tient advocate, with 27 years of experience as a patient. 

In every meeting we had, I felt as if the three of us played off 
of each other discussing the information we wanted to present. 
My group met with four different congressional offices, three of 
which were from my home state of Oklahoma: Sen. Dianne Fein-
stein (D-CA), Sen. Jim Inhofe (R-OK), Sen. James Lankford (R-
OK), Rep. Steve Russell (R-OK). 

Thanks to how well my team worked together, I felt we suc-
cessfully illustrated all we intended. Everyone we spoke with in-
dicated they would support the legislation we presented that day. 
When we were done for the day, I felt like it had been a big rush! 
This experience was one of the best I have ever had on Capitol 
Hill.

By Grant Olan

Deidra C. Crews, MD, FASN, MPH
Chair, ASN Chronic Kidney Disease Advisory Group
Member, ASN Diversity and Inclusion Work Group

Brian Hess
Member, AAKP Board of Directors

ASN President Jonathan Himmelfarb, MD, FASN (second from 
left), and ASN Dialysis Advisory Group chair, Rajnish Mehrotra, 
MD, FASN (third from left), discuss the CKD Improvement in 
Research and Treatment Act of 2015 in the office of their 
congressional representative Jim McDermott, MD (D-WA), 
together with ASN Executive Director Tod Ibrahim. 
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This year was my first time participating in Kidney Health Advo-
cacy Day. We started with a morning briefing during which we 
discussed the importance of both the 21st Century Cures initia-
tive and the CKD Improvement in Research and Treatment Act. 
Then we broke into teams for congressional office meetings to 
raise awareness about the legislation and how it would benefit 
patients with kidney disease. 

I was joined by ASN Public Policy Board member Uptal D. 
Patel, MD, an adult and pediatric nephrologist, and AAKP ad-
vocate Edward Scott, a patient with Polycystic Kidney Disease. 

We met with a total of six congressional offices: Sen. Richard 
Burr (R-NC), Rep. G.K. Butterfield (D-NC), Sen. Kirsten Gil-
librand (D-NY), Rep. Steve Israel (D-NY), Sen. Chuck Schumer 
(D-NY), and Rep. Lee Zeldin (R-NY). 

I was surprised by the genuine interest in kidney disease by 
each of the offices. All of them recognized the value of investing 
in kidney research for reducing the significant societal burden of 
kidney disease. After the excitement of the day died down, I was 
left with a feeling that our efforts were not in vain and that there 
is real hope for big change.

Daniel W. Ross, MD, MPH
Intern, ASN Public Policy Board
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Excess vasopressin may be complicating your patient’s treatment

Elevated vasopressin levels can cause abnormal water retention,  
leading to hyponatremia (serum sodium <135 mEq/L).1,2 

Hyponatremia may increase mortality risk and length of hospital stay  
and adversely affect outcomes for patients with various medical conditions.1,3

What’s really behind your patient’s hyponatremia?

©2014 Otsuka America Pharmaceutical, Inc. November 2014 07US14EUP0478

References: 1. Verbalis JG, Goldsmith SR, Greenberg A, et al. Diagnosis, evaluation, and treatment of hyponatremia: expert 
panel recommendations. Am J Med. 2013;126(10 suppl 1):S1-S42. 2. Douglas I. Hyponatremia: why it matters, how it presents, 
how we can manage it. Cleve Clin J Med. 2006;73(suppl 3):S4-S12. 3. Shorr AF, Tabak YP, Johannes RS, Gupta V, Saltzberg 
MT, Costanzo MR. Burden of sodium abnormalities in patients hospitalized for heart failure. Congest Heart Fail. 2011;17(1):1-7.

NaPull back the curtain  
on hyponatremia



The Kidney Health Initiative (KHI) 
continues to make advances to-

ward addressing the needs of the kid-
ney community and fulfilling its mission 
through member-driven, multidiscipli-
nary projects.  This public-private part-
nership between the American Society 
of Nephrology (ASN), the US Food and 
Drug Administration (FDA), and over 70 
member organizations and companies 
is coordinating 10 different projects fo-
cused on enhancing patient safety and 
fostering innovation in kidney disease.

One project focuses on the impor-
tance of incorporating patient pref-
erences into product development 
programs and into regulatory decision-
making. The KHI workgroup, “Workshop 
to Elucidate Role of Patient Preferences 
in Support of CDRH Regulatory Actions 
in Kidney Disease,” has been charged 
with addressing this issue by seeking 
input from patients and their families 
on new treatment options to reduce the 
burden of kidney disease, which affects 
more than 20 million Americans.

The workgroup recently developed 
and launched a short animated video 
to engage patients and encourage 
them to attend one of three webinars 
held in April 2015. The video has since 

been viewed over 1200 times, resulting 
in more than 160 patients expressing 
interest in attending one of the work-
group’s webinars (245 total registrants).

The webinars served to educate pa-
tients on device product lifecycle, the 
role of the FDA/Center for Devices and 
Radiological Health (CDRH) in device 
development, and how the agency is 
seeking patients’ ideas to help guide 
new treatments and products that meet 
their needs through the CDRH Patient 
Preferences Initiative. The webinars 
also sought to collaboratively increase 
patient interest and knowledge of this 
area, before their invitation to par-
ticipate in the workgroup’s upcoming 
workshop. 

The workgroup’s animated video and 
webinar slides can be viewed in the Pa-
tient Info section of the KHI website: 
www.kidneyhealthinitiative.org  

In phase II of this project, the KHI 
workshop will build on the lessons 
learned at the FDA Public Workshop 
held September 18-19, 2013, on pa-
tient preferences, and will provide a fo-
rum for interactive discussions between 
FDA regulators and other stakeholders 
to find practical solutions to address 
patient preference issues relevant to 

kidney health. Patients will be able to 
share their ideas directly with the FDA, 
scientists, doctors, nurses. and techni-
cians. The workshop will be held Au-
gust 12-13, 2015, at the Hilton Balti-
more, BWI Airport. More information 
about the program, how to register, and 
the application process for travel sup-
port for patients, family members, and 
care partners is available at the Patient 
Info section of the KHI website:  www.
kidneyhealthinitiative.org. 

Following the workshop, the work-
group will generate a white paper that 
will concisely define the major barri-
ers and solutions to developing patient 
preference tools for medical devices 
within therapeutic areas relevant to in-
dividuals with kidney disease. 

KHI hopes that this workgroup will be 
an important step forward in its efforts 
to develop a more patient-centric ap-
proach to drug and device development 
and looks forward to continued success 
of this project, “Workshop to Elucidate 
Role of Patient Preferences in Support 
of CDRH Regulatory Actions in Kidney 
Disease.” For additional information or 
to discuss KHI and its projects, please 
contact the KHI staff at KHI@asn-on-
line.org. 

Kidney Health Initiative Seeks Patient Input 
into Medical Device Development 

Something
to Say? ASN Kidney News accepts  

correspondence in response to published 
articles. Please submit all correspondence  
to kidneynews@asn-online.org
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The Kidney Self-Assessment Program (KSAP) is a new CME and Part 2 MOC product 
designed to help you review the essentials of nephrology. The program is composed of 
challenging, clinically-oriented questions that will refresh your understanding of the core 
elements of nephrology.

Based on the American Board of Internal Medicine (ABIM) nephrology examination 
blueprint, KSAP provides excellent preparation for fellows preparing for initial certifi cation 
or practicing nephrologists preparing for recertifi cation. 

Refresh your nephrology knowledge and earn 25 Maintenance of Certifi cation (MOC) 
points and 15 AMA PRA Category 1 Credits™.

Introducing KSAP

Education | The ASN Advantage
www.asn-online.org/ksap

Learn more and get started at www.asn-online.org/ksap 



Industry Spotlight

The two largest dialysis firms in the US reported 
higher revenues recently. Fresenius had a first 

quarter revenue of $3.96 billion, which was an in-
crease of 11 percent, but its dialysis product revenue 
of $778 million remained unchanged compared with 
the first quarter of 2014, the company reported. Zack’s 
online investment research experts had predicted to-
tal revenue of $3.92 billion, or about $40 million less 
for the enterprise. Fresenius reported that “organic 
growth” through good performances from all of its re-
gions worldwide was positive during the quarter, out-
pacing analysts’ expectations.

Fresenius saw North America “net dialysis care rev-
enue” increase by 4 percent to $2.14 billion. Dialysis 
product revenue increased by 4 percent to $200 mil-
lion compared with the first quarter of 2014. Fresenius 
North America overall revenues rose 16% year over year 
to $2.77 billion. 

The company reaffirmed its guidance for 2015: it 
expects revenues to grow at 5 percent to 7 percent. 
Zacks reported that a strong performance in North 
America and particularly in the Asia Pacific, “coupled 
with an encouraging pharma business in North Amer-
ica is expected to help the company, going forward.” 
However, declining margins remain a potential prob-
lem, Zacks said.

With business in more than 50 countries around 
the world, Fresenius has approximately 60,000 em-

ployees in North America, according to 
its US web site. Fresenius “will lie in wait 
for an overheated healthcare deal market 
to cool down” before making additional 
larger acquisitions, CEO Ulf Schneider 
said.

DaVita Kidney Care, based in Denver, 
announced on May 4, 2015, net revenue 
of $3.3 billion for the first quarter of 
2015, an increase of 10 percent compared 
with $3 billion the same three months in 
2014. 

While revenues were higher, net in-
come was not. DaVita HealthCare Part-
ners’ first-quarter income performance 
was a net loss of $111 million compared 
with a year ago, when the kidney care and 
medical group operator posted net in-
come of $183.3 million.

As of March 31, 2015, the company 
had provided dialysis services to approxi-
mately 181,000 patients at 2290 outpatient dialy-
sis centers, of which 2197 centers are located in the 
United States; 93 centers are located in 10 countries 
outside of the United States. During the first quar-
ter of 2015, DaVita opened a total of 18 new dialysis 
centers, acquired one dialysis center, and closed two 
dialysis centers in the United States. The company also 

opened two new dialysis centers outside of the United 
States.

DaVita’s first quarter results included a tentative 
$495 million settlement for a civil suit brought by pri-
vate attorneys in 2009, Modern Healthcare reported. 
The suit alleged DaVita wasted medication and billed 
Medicare for it. DaVita has invested heavily in com-
pliance programs to avoid any potential problems. 

Welcome to the expanding market for factory-produced 
low-potassium lettuce aimed at people with chronic kid-
ney disease (CKD). 

The new lettuce produced by Fujitsu has been selling 
for about $4.90 (500 yen) for a 90 gram bag, just over 3 
ounces in some locations in Japan. The lettuce has only 
about 20 percent of the potassium found in typical let-
tuce, manufacturers say, which makes it a good substitute 
for people craving salad and who have to closely watch 
potassium intake. Because the lettuce leaves are grown in 
the repurposed clean rooms of electronics manufacturers, 
no pesticides are necessary. So far, the products are avail-
able in Asia.

In 2013, Japanese electronics manufacturer Fujitsu 
converted an old semiconductor plant into the 2000 m2 
Akisai Plant Factory in Japan. For the vegetable facility, 
Fujitsu has combined its own and Microsoft’s products.

“Fujitsu brought together its Eco-Management Dash-
board, the IoT/M2M platform, Microsoft cloud services, 
and Windows tablets in a way that could enable manag-
ers, engineers, and scientists to improve product quality, 
streamline systems, and enhance functionality while re-
ducing costs,” Microsoft reported recently.

SG Greenhouse has constructed a facility that can 
produce 3500 bunches of low-potassium lettuce per day. 
The facility is on the Saibu Gas facility grounds in Ki-

takyushu, Japan. 
Horiba, another Japanese company that convention-

ally trades in automotive test systems, semiconductors, 
and other devices, is also contributing to the production 
of low-potassium and low-sodium lettuce. Yoshio Mi-
yashita, CEO of Oizumi Yasaikobo Co., Ltd., has opened 
a lettuce factory in Oizumi-machi, Oura-gun, Gunma 
Prefecture, to produce and sell lettuce free of insect dam-
age and agricultural chemicals in a completely enclosed 
factory environment. Oizumi uses the LAQUAtwin 
compact water quality analyzer from Horiba to manage 
water quality and nutrient solutions for the new, factory-
produced lettuce.  

NephroGenex, a drug development firm based in Ra-
leigh, NC, plans to raise $34.5 million in a second-
ary public offering, according to the Triangle Business 
Journal. The goal is to increase the number of clinical 
trial sites to test the company’s drug Pyridorin, a treat-
ment for diabetic nephropathy, commonly stemming 
from acute kidney injury (AKI) and diabetes. 

In its first quarter results, Nephrogenex announced 
that it aims to expand its Phase 3 clinical trial of Pyri-
dorin to 150 sites worldwide and to file for an In-
vestigational New Drug (IND) Application through 
the US Food and Drug Administration (FDA). Last 
February, the company raised $33 million in an initial 
public offering.

In late December 2014, NephroGenex, announced 
it had “successfully completed a thorough QT/QTc 

(TQT) cardiac safety study on Pyridorin.” This study 
assessed a drug’s risk of QT prolongation and its proar-
rhythmic potential, and is a standard component of 
all clinical development programs for new molecular 
entities. Pyridorin showed no effect on the QT/QTc 
interval at the expected therapeutic dose of 300 mg 
and at a quadrupled dose of 1200 mg. 

“These are important study results that support the 
use of Pyridorin in patients with diabetic nephropathy, 
many of whom suffer from cardiovascular disease,” said 
Chief Executive Officer Pierre Legault. “They are also 
important given the concerns over cardiac safety seen 
with other therapies in development for this disease.”

In March 2015, the company presented a poster 
session on preclinical findings in an ischemia-reperfu-
sion model in mice that were administered doses of 

Pyridorin before surgically induced AKI. Pyridorin 
treatment significantly reduced the level of kidney in-
jury, enhanced renal function recovery, and reduced 
post-injury fibrosis, the company reported. Treatment 
with a higher dose of Pyridorin was shown to be even 
more beneficial in the animals.

“We’re in discussion with the US FDA regarding 
design of a clinical program in acute kidney injury and 
anticipate initiating an AKI Phase 1 study during sec-
ond half of 2015,” Legault said.

In 2014, NephroGenex spent $11.3 million in re-
search and development and $5.3 million on general 
administrative costs. Cash, cash equivalents, and short-
term investments were approximately $28.7 million as 
of Dec. 31, 2014, compared with approximately $2.1 
million as of Dec. 31, 2013.  

Higher Revenues in First Quarter 2015

Nephrogenex Raising Research Funds

Greens for CKD
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        Failing AVF or AVG due to central venous stenosis

Catheter-dependent patients

AVF CatheterHeRO GraftAVG

Treatment Algorithm

Reducing Catheter Dependency

• Fewer Infections: 69% reduced 
 infection rate compared with    
 catheters1

• Superior Dialysis Adequacy: 1.7 Kt/V, 
 a 16% to 32% improvement compared  
 with catheters1

• High Patency Rates: Up to 87% 
 cumulative patency at 2 years1, 2

• Cost Savings: A 23% average savings 
 per year compared with catheters3

HeRO (Hemodialysis Reliable OutFlow) 
Graft is the ONLY fully subcutaneous 
AV access solution clinically proven 
to maintain long-term access for 
hemodialysis patients with central 
venous stenosis.

1655 Roberts Boulevard, NW  •  Kennesaw, Georgia 30144  •  Phone (888) 427-9654  •  (770) 419-3355

All trademarks are owned by CryoLife, Inc. or its subsidiaries. HeRO Graft is a Hemosphere, Inc. product distributed 

by CryoLife, Inc. and Hemosphere, Inc.  © 2012 CryoLife, Inc. All rights reserved.

HeRO Graft Candidates

• Catheter-dependent or 
 approaching catheter-
 dependency

• Failing AVF or AVG due to 
 central venous stenosis

References: 
1) Katzman et al., J Vasc Surg 2009. 2) Gage et al., EJVES 2012.  3) Dageforde et al., JSR 2012.

Indications for Use: The HeRO Graft is indicated for end stage renal disease patients on hemodialysis 
who have exhausted all other access options. See Instructions for Use for full indication, 
contraindication and caution statements.  Rx only.

HeRO Graft is classified by the FDA as a vascular graft prosthesis.

Learn more at www.herograft.com 
Order at: 888.427.9654

HeRO Graft bypasses 
central venous stenosis

1. Download the App
2. Scan the code with  
   your mobile device   
   to watch video


