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ABSTRACT

　　Background：Anemia is common in patients with chronic kidney disease（CKD）and 
negatively impacts outcomes. The efficacy and safety of daprodustat has been demon-
strated in global and Japanese clinical trials, and daprodustat has been clinically used for 
the treatment of CKD anemia in Japan since 2020.
　　Objective：This interim analysis of an ongoing multicenter, prospective postmarket-
ing surveillance study evaluated the safety of daprodustat in routine clinical practice in 
Japan.
　　Methods：Patients in Japan who initiated daprodustat between September 2020 and 
July 2022 were registered by electronic data capture. The observation period was 52 
weeks from the start of daprodustat treatment, or until discontinuation, to assess overall 
safety. Patients were followed for an additional 52 weeks after the observation period（or 
daprodustat withdrawal）to assess cancer‒related events.
　　Results：Of 877 patients in the safety analysis set, mean（SD）age was 75.3（12.3）
years and 91.8％ received prior treatment for CKD anemia. Adverse drug reactions
（ADRs）were reported in 5.9％ of patients（4.1％ not undergoing dialysis；7.4％ undergo-

Factors Associated with Cancer‒prevention 
Behaviors among Community‒Dwelling Adults in 

South Korea

Gie Ok Noh1）　　Jaehee Jeon2）

Life Science Publishing Co., Ltd. Provided on June 17, 2024



Therapeutic Research   vol. 45   no. 5   2024314

INTRODUCTION

　　An estimated 1 in 8 adults in Japan have 
CKD, with highest prevalence among older 
adults1）. According to the Japanese Society for 
Dialysis Therapy Renal Data Registry（JRDR）, at 
the end of 2021, the number of patients in Japan 
on chronic dialysis was 349,700, or 2786 per mil-
lion population2）. The propor tion of patients 
undergoing hemodialysis compared to peritoneal 
dialysis and renal transplant is higher in Japan 
than other regions of the world, including North 
America and Europe, with hemodialysis account-
ing for over 90％ of renal replacement therapy in 
Japan1）. Peritoneal dialysis（including in combi-
nation with hemodialysis）accounts for only 3％ 
of dialysis modalities in Japan1）.
　　Anemia   is   a   common   complication   in 
patients with chronic kidney disease（CKD）, 
which worsens as kidney function declines3,4）. 
The cause of anemia in patients with CKD is 
multifactorial, including erythropoiesis suppres-
sion, decreased red blood cell sur vival, iron 
metabolism disorders, residual blood in the dial-
ysis circuit, bleeding, and malnutrition, with 
decreased renal production of erythropoietin
（EPO）, which promotes red blood cell forma-

tion, being a key contributor5）. Anemia nega-
tively impacts patients with CKD, and is associ-
ated with increased cardiovascular（CV）risk, 
increased morbidi ty and mor ta l i ty, and a 

decrease in patient health‒related quality of 
life4,6‒9）. Injectable erythropoiesis‒stimulating 
agents（ESAs）are commonly used to treat ane-
mia in patients with CKD5）；however, they have 
been associated with CV risk and an increased 
risk of thromboembolism, especially when used 
to attain higher than recommended hemoglobin 
levels7,10‒14）.
　　Hypoxia‒inducible factor prolyl hydroxylase 
inhibitors（HIF‒PHIs）are a class of oral drugs 
that stimulate erythropoiesis by activating the 
body’s response to oxygen deprivation15‒17）. Five 
HIF‒PHIs（daprodustat, roxadustat, vadadustat, 
enarodustat, and molidustat）are currently 
approved and used in clinical practice for the 
treatment of CKD anemia in Japan. Based on 
their mechanism of action, preclinical studies, 
and adverse events（AEs）reported in clinical 
trials, the Japanese Society of Nephrology’s 
guidelines for the use of HIF‒PHI inhibitors 
include a list of diseases and symptoms to screen 
for and monitor in patients being treated with 
this class of drugs18）. These include thromboem-
bolism, hyper tension, cancer, retinal hemor-
rhage, autosomal dominant polycystic kidney 
disease（ADPKD）, hear t failure/pulmonar y 
hypertension, vascular calcification, hyperkale-
mia, hepatic function, and CV complications 
associated with impaired glucose and lipid 
metabolism.
　　The safety and efficacy of daprodustat for 

ing peritoneal dialysis；8.3％ undergoing hemodialysis）and severe ADRs occurred in 15 
patients（1.7％）treated with daprodustat for up to 52 weeks. Adverse drug reactions 
related to thromboembolism, hypertension, CV（cardiovascular）events, cancer, progres-
sion of ADPKD（autosomal dominant polycystic kidney disease）, and retinal hemorrhage 
were each reported in less than 1％ of patients overall and in the subgroups based on 
dialysis status.
　　Conclusions：In this interim analysis, no new safety signals were identified for dapro-
dustat in the real‒world setting in Japan. Additional observation and follow‒up of cancer‒
related events is ongoing.
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the treatment of CKD anemia has been demon-
strated in three Japanese phase 3 studies, includ-
ing in patients undergoing hemodialysis（HD）, 
peritoneal dialysis（PD）, and those not on dialy-
sis（ND）19‒22）. Improvement in hemoglobin levels 
were comparable in patients treated with dapro-
dustat and patients treated with injectable ESAs, 
and the adverse event profile was also compara-
ble between treatments.
　　The safety profile of daprodustat was fur-
ther evaluated in a pooled analysis of the Japa-
nese phase 3 program23）. A similar incidence of 
thromboembolic events, retinal AEs, CV events, 
and cancer‒re la ted AEs were repor ted in 
patients treated with daprodustat compared with 
injectable ESAs. No new safety signals were 
identified.
　　Daprodustat was approved in Japan for the 
treatment of anemia in patients with CKD in June 
of 2020. At the time of approval, it was requested 
that postmarketing surveillance be conducted to 
assess the safety of daprodustat in the real‒
world setting. The objective of this interim analy-
sis is to report on the postmarketing surveillance 
data for patients treated with daprodustat in the 
real‒world clinical setting in Japan through June 
28, 2023.

PATIENTS AND METHODS

 1 　Study design and patient population

　　Patients in Japan who initiated treatment 
with daprodustat between September 2020 and 
July 2022 were registered in this prospective, 
observational, postmarketing surveillance study. 
Patients were registered using an electronic data 
capture（EDC）system within 14 days of the start 
of daprodustat treatment. The obser vation 
period was 52 weeks from the start of daprodus-
tat treatment, or until discontinuation of dapro-
dustat if discontinued prior to 52 weeks, to 
assess overall safety. Patients were followed for 

an additional 52 weeks after the obser vation 
period（or after daprodustat withdrawal）to assess 
cancer‒related events. A target enrollment of 
1500 patients（including ≧100 patients receiving 
peritoneal dialysis）from approximately 200 sites 
was selected to achieve a target population of 
1300 patients（assuming dropouts）, which would 
allow for the detection of unexpected adverse 
events（AEs）that occur at a frequency of ≧
0.25％ with a probability of 95％. The estimated 
study completion date is August 2025. This study 
repor ts the results of an interim analysis of 
observational data（up to 52 weeks）and follow‒
up data for cancer‒related events（additional 52 
weeks）collected before June 28th, 2023.
　　This study protocol was reviewed by the 
Pharmaceuticals and Medical Devices Agency
（PMDA）and approved by the Ethics Review 

Board of Kitamachi Clinic（central ethics commit-
tee）and was conducted in accordance with the 
M i n i s t r y o f H e a l t h , L a b o u r a n d We l f a r e
（MHLW）Ordinance No.　171 dated December 
20, 2004（Good Postmarketing Surveillance Prac-
tice）concerning the standards for the implemen-
tation of postmarketing surveillance and studies 
of drugs. All patients provided written informed 
consent to participate in this study, and no data 
was collected that could be used to identify indi-
viduals.
 2 　Data collection and analyses

　　An EDC system was used for patient enroll-
ment and data collection. The following data 
were collected：patient baseline characteristics 
and medical history, prior and concurrent medi-
cations, CKD stage and dialysis status, daprodus-
tat dosing information, and laboratory values, 
including hemoglobin. Adverse events that 
occurred after daprodustat initiation were col-
lected regardless of whether they were sus-
pected of being related to daprodustat. Terminol-
ogy from the Medical Dictionary for Regulatory 
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Activities/Japanese Edition（MedDRA/J；version 
26.0）was used to summarize and report AE and 
adverse drug reactions（ADR）according to sys-
tem organ class and preferred terms. Adverse 
events that were deemed to have a causal rela-
tionship with daprodustat by the research team 
or the investigator as well as those that were not 
classified as having no causal relationship to 
daprodustat were considered as ADRs. Throm-
boembolism, hypertension, CV events（exclud-
ing thromboembolism）, cancer, progression of 
disease in patients with ADPKD, and retinal 
hemorrhage were defined as ADRs of special 
interest. For ADRs of special interest, rate per 
100 patient years was calculated along with the 
exact 95％ Poisson confidence inter val using 
chi‒square distribution.
　　The safety analysis population included all 
patients, regardless of dialysis status during the 
observation period. Patient follow‒up occurred 
until discontinuation/termination of the drug or 
completion of the observation period（week 52）. 
Follow‒up for cancer‒related events continued 
for an additional 52 weeks up to a maximum of 2 
years. This interim analysis reports available 
data as of June 28th, 2023.
　　The ND, PD, and HD subgroups include 
patients who were in each designated category 
at study entry. If a patient switched therapy（eg, 
ND to PD or HD；PD to HD；or HD to ND due to 
renal transplant）during the observation or fol-
low‒up period, any ADRs reported after switch-
ing were no longer counted within the subgroup 
they were assigned to at baseline, but were still 
counted in the total safety analysis population.

RESULTS

 1 　Patient disposition

　　Overall, 1674 patients were registered. 898 
completed the 52‒week observation period and 
their case files were locked. Eleven patients were 

excluded（5 due to registration after the registra-
tion window, 2 had no patient visits after starting 
daprodustat, 2 because they received treatment 
or follow‒up outside the contract period, and 2 
for whom no AEs were reported and the princi-
pal investigator died）, and 887 patients were 
included in the safety analyses set（Fig.　1）. Of 
these, 543 patients（61.2％）were not undergoing 
dialysis（ND）, 54 patients（6.1％）were undergo-
ing peritoneal dialysis（PD）, and 290 patients
（32.7％）were undergoing hemodialysis（HD）. 

159 patients completed an additional 52‒week 
follow‒up for cancer‒related events.
 2 　Patient baseline characteristics

　　The mean（SD）age was 75.3（12.3）years 
and 82％（n＝727）of patients were ≧65 years 
old（Table 1）. Slightly over half（54.7％, n＝485）
of the patients were male. Forty‒five patients 
changed dialysis status during the observation 
period（PD to HD or HD to PD）. Before initiating 
daprodustat, 91.8％ of patients had received 
prior treatment for CKD anemia, including 
46.8％（415/887）who received injectable ESAs
（36.1％ in the ND group, 74.1％ in the PD group, 

and 61.7％ in the HD group）. The majority of 
patients previously treated with an injectable 
ESA received darbepoetin alfa（n＝222）followed 
by epoetin beta pegol（n＝149）and epoetin（n＝
44）（Table 2）. 120 patients（13.5％）were treated 
with iron（iron supplement or iron‒containing 
phosphate binder）prior to the study（12.5％ ND, 
9.3％ PD and 16.2％ HD）, and 252 pat ients
（28.4％）were treated with concomitant iron（iron 

supplement or iron‒containing phosphate 
binder）at baseline（23.6％ ND, 35.2％ PD, and 
36.2％ HD）.
 3 　Daprodustat exposure

　　The mean（SD）initial daily dose of dapro-
dustat was 3.0（1.2）mg in the ND group, 3.6（0.9）
mg in the PD group, and 3.9（0.8）mg in the HD 
group. The mean daily dose was 3.7（2.3）mg, 6.1
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（3.7）mg, and 7.2（5.4）mg over the observational 
period in the ND, PD, and HD groups, respec-
tively. Six patients in the ND group and 6 patients 
in the HD group received an initial dose of 
daprodustat that exceeded the maximum indi-
cated initial dose（＞4 mg）；however, no ADRs 
were reported in these patients. In addition, one 
patient received a daily dose of daprodustat 
greater than the maximum recommended daily 
dose of 24 mg, but no ADRs were reported in 
this patient.
　　Daprodustat dose over time by dialysis sub-
group in patients with and without prior inject-
able ESA treatment is shown in Supplemental 
Fig.　1.
 4 　Adverse drug reactions

　　Adverse drug reactions occurred in 5.9％
（n＝52/887）of the total population and 4.1％
（n＝22/543）, 7.4％（n＝4/54）, and 8.3％（n＝

24/290）of the ND, PD, and HD groups, respec-
tively（Table 3）. The most common ADRs were 
hypertension（0.8％, n＝7）, nausea（0.6％, n＝
5）, and hemoglobin increase or decrease（0.3％, 
n＝3   each）.   Severe   ADRs   occurred   in   15 
patients（1.7％, n＝15/887）and included acute 

abdomen, diver ticular per foration, deep vein 
thrombosis, condition aggravated, death, heart 
failure, heart failure chronic, colon cancer, lung 
adenocarcinoma, metastases to bone, metastases 
to liver, nephrogenic anemia, cerebral infarction, 
interstitial lung disease, deafness neurosensory, 
retinal hemorrhage, and occlusion of hemodialy-
sis arteriovenous access（AVA）（n＝1 in each）. 
Of the reported deaths（n＝4）, 2 patients were in 
the ND group and 2 patients were in the HD 
group at the initiation of daprodustat.
 5 　ADRs of special interest

　　Adverse drug reactions related to thrombo-
embolism were repor ted in 3 patients and 
included 1 event each of occlusion of hemodialy-
sis AVA（HD group）, stroke（HD group）, and 
deep vein thrombosis（ND group）（Table 4）. 
The stroke event was considered a reoccurrence 
in a patient with a history of cerebral infarction. 
All 3 events were considered severe, but in each 
case the patient recovered or was improving. 
The cumulative incidence of ADRs related to 
thromboembolism was 0 cases（0.0％）at 12 
weeks, 1 case（0.1％）at 24 weeks, and 3 cases
（0.4％）at 52 weeks. The incidence of ADRs 

Fig.　1　Patient Disposition
AE：adverse event, HD：hemodialysis, ND：no dialysis, PI：principal investigator, PD：peritoneal dialysis
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Characteristic, n（％）
Safety

population
（n＝887）

Dialysis status at baseline

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Gender
　Male 485（54.7） 265（48.8） 33（61.1） 187（64.5）
　Female 402（45.3） 278（51.2） 21（38.9） 103（35.5）

Age
　＜15 years   0   0  0   0
　≧15 to ＜65 years 160（18.0）  57（10.5） 22（40.7）  81（27.9）
　≧65 years 727（82.0） 486（89.5） 32（59.3） 209（72.1）

Cause of anemia
　DKD 320（36.1） 187（34.4） 14（25.9） 119（41.0）
　Chronic glomerular
　Nephritis（CGN） 151（17.0）  61（11.2） 14（25.9）  76（26.2）
　Nephrosclerosis 303（34.2） 226（41.6） 17（31.5）  60（20.7）
　ADPKD  24（2.7）   8（1.5）  2（3.7）  14（4.8）
　Other 136（15.3）  96（17.7）  8（14.8）  32（11.0）

CKD anemia duration
　≦2 years 147（16.6） 105（19.3） 10（18.5）  32（11.0）
　＞2 years to ≦5 years 198（22.3） 115（21.2） 12（22.2）  71（24.5）
　＞5 years to ≦10 years 148（16.7）  80（14.7） 10（18.5）  58（20.0）
　＞10 years 206（23.2）  93（17.1） 14（25.9）  99（34.1）
　Unknown 188（21.2） 150（27.6）  8（14.8）  30（10.3）

Body weight
　＜55 kg 394（44.4） 242（44.6） 18（33.3） 134（46.2）
　≧55 kg 412（46.4） 226（41.6） 35（64.8） 151（52.1）
　Unknown  81（9.1）  75（13.8）  1（1.9）   5（1.7）

BMI
　＜18.5 kg/m2 118（13.3）  67（12.3）  4（7.4）  47（16.2）
　≧18.5 to ＜25 kg/m2 471（53.1） 271（49.9） 30（55.6） 170（58.6）
　≧25 kg/m2 182（20.5） 109（20.1） 18（33.3）  55（19.0）
　Unknown 116（13.1）  96（17.7）  2（3.7）  18（6.2）

Medical historya

　Thromboembolism  46（5.2）  21（3.9）  4（7.4）  21（7.2）
　Hypertension   9（1.0）   6（1.1）  2（3.7）   1（0.3）
　Cardiovascular events  33（3.7）  16（2.9）  4（7.4）  13（4.5）
　Cancer  54（6.1）  33（6.1） 0  21（7.2）
　Retinal hemorrhage   7（0.8）   1（0.2） 0   6（2.1）
　Hepatic dysfunction   8（0.9）   4（0.7）  2（3.7）   2（0.7）
　Heart failure   5（0.6）   2（0.4）  1（1.9）   2（0.7）
　Other 141（15.9）  74（13.6） 12（22.2）  55（19.0）

Table 1　Baseline patient characteristics
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Characteristic, n（％）
Safety

population
（n＝887）

Dialysis status at baseline

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Comorbiditiesb

　Thromboembolism 159（17.9）  93（17.1）  6（11.1）  60（20.7）
　Hypertension 744（83.9） 456（84.0） 50（92.6） 238（82.1）
　Cardiovascular events 218（24.6） 142（26.2） 17（31.5）  59（20.3）
　Cancer  30（3.4）  17（3.1）  2（3.7）  11（3.8）
　Retinal hemorrhage  21（2.4）  12（2.2）  2（3.7）   7（2.4）
　Hepatic dysfunction  47（5.3）  32（5.9）  2（3.7）  13（4.5）
　Heart failure 139（15.7） 100（18.4） 14（25.9）  25（8.6）
　Other 882（99.4） 541（99.6） 54（100） 287（99.0）

History of renal transplant  27（3.0）  13（2.4）  2（3.7）  12（4.1）

History of nephrectomy  25（2.8）  10（1.8）  0  15（5.2）

Number of kidneys
　0   5（0.6）   0  0   5（1.7）
　1  15（1.7）   6（1.1）  0   9（3.1）
　2 867（97.7） 537（98.9） 54（100） 276（95.2）

Any prior treatment
　Yes 814（91.8） 486（89.5） 54（100） 274（94.5）
　No  73（8.2）  57（10.5）  0（0）  16（5.5）

Prior treatments
　Iron supplements  89（10.0）  60（11.0）  3（5.6）  26（9.0）
　Phosphate binders
　containing iron

 34（3.8）   8（1.5）  2（3.7）  24（8.3）

　Any ironc 120（13.5）  68（12.5）  5（9.3）  47（16.2）
　HIF‒PHI  49（5.5）  13（2.4）  4（7.4）  32（11.0）
　Injectable ESA 415（46.8） 196（36.1） 40（74.1） 179（61.7）
　ESA＋any ironc 480（54.1） 239（44.0） 42（77.8） 199（68.6）
　HIF‒PHI＋any ironc 160（18.0）  81（14.9）  7（13.0）  72（24.8）

Concomitant ironc 252（28.4） 128（23.6） 19（35.2） 105（36.2）

Baseline hemoglobin
　＜9 g/dL 142（16.0）  84（15.5） 10（18.5）  48（16.6）
　≧9 to ＜10 g/dL 255（28.7） 171（31.5）  8（14.8）  76（26.2）
　≧10 to ＜11 g/dL 275（31.0） 183（33.7） 11（20.4）  81（27.9）
　≧11 to ＜12 g/dL 127（14.3）  58（10.7） 18（33.3）  51（17.6）
　≧12 to ＜13 g/dL  63（7.1）  30（5.5）  5（9.3）  28（9.7）
　≧13 g/dL  17（1.9）   9（1.7）  2（3.7）   6（2.1）
　Unknown   8（0.9）   8（1.5）  0   0

Table 1　Baseline patient characteristics（Continued）
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related to thromboembolism per 100 patient 
years was 0.4/100 patient years（95％ CI：0.1‒
1.3）and the rate of ADRs was 0.3％（95％ CI：
0.1‒1.0）.
　　Adverse drug reactions related to hyperten-
sion were reported in 8 patients（7 patients with 
hypertension and 1 patient with increased blood 
pressure）. Five of these occurred in in the ND 
group and 2 in the HD group. None of the hyper-
tension‒related adverse events were considered 
severe and all patients improved or recovered. 
All 8 patients reported hypertension at baseline. 
The cumulative incidence of ADRs related to 

hypertension was 6 cases（0.7％）at 12 weeks, 7 
cases（0.8％）at 24 weeks, and 8 cases at 52 
weeks（1.0％）. The incidence of ADRs related to 
hypertension per 100 patient years was 1.2/100 
patient years（95％ CI：0.5‒2.3）, and the rate of 
ADRs was 0.9％（95％ CI：0.4‒1.8）.
　　Other CV events, excluding thromboembo-
lism, included one case each of new onset heart 
failure and exacerbation of chronic heart failure, 
both of which were severe. The new onset heart 
failure event resulted in death and the patient did 
not have a history heart failure when they initi-
ated daprodustat treatment. The patient with 

Characteristic, n（％）
Safety

population
（n＝887）

Dialysis status at baseline

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Baseline SBP
　＜130 mmHg 308（34.7） 230（42.4） 18（33.3）  60（20.7）
　≧130 mmHg 564（63.6） 299（55.1） 36（66.7） 229（79.0）
　Unknown  15（1.7）  14（2.6）  0   1（0.3）

Baseline DBP
　＜80 mmHg 592（66.7） 400（73.7） 26（48.1） 166（57.2）
　≧80 mmHg 280（31.6） 129（23.8） 28（51.9） 123（42.4）
　Unknown  15（1.7）  14（2.6）  0   1（0.3）

Baseline eGRF,
mL/min/1.73 m2

　＜15 313（35.3） 137（25.2） N/A N/A
　≧15 to ＜30 221（24.9） 218（40.1） N/A N/A
　≧30 to ＜60 150（16.9） 150（27.6） N/A N/A
　≧60   8（0.9）   8（1.5） N/A N/A
　Unknown 195（22.0）  30（5.5） N/A N/A

ADPKD：autosomal dominant polycystic kidney disease, BMI：body mass 
index, CGN：chronic glomerulonephritis, CKD：chronic kidney disease, 
DBP：diastolic blood pressure, DKD：diabetic kidney disease, eGRF：esti-
mated glomerular filtration rate, ESA：erythropoiesis‒stimulating agent, 
HD：hemodialysis, HIF‒PHI：hypoxia‒inducible factor prolyl hydroxylase 
inhibitor, N/A：not applicable, ND：no dialysis, PD：peritoneal dialysis, SBP：
systolic blood pressure
a Resolved prior to initiation of daprodustat
b Ongoing when initiating daprodustat
c Iron supplements or phosphate binders containing iron

Table 1　Baseline patient characteristics（Continued）
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Table 2　Prior treatment with injectable ESAs

Characteristic, n（％）
Safety

Population
（n＝887）

Dialysis status at baseline

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Patients with prior ESA 415 196 40 179

Prior ESA
　Epoetin  44（10.6）   0  0（0）  44（24.6）
　Epoetin beta pegol 149（35.9） 104（53.1） 26（65.0）  19（10.6）
　Darbepoetin alfa 222（53.5）  92（46.9） 14（35.0） 116（64.8）

ESA dose（IU/week）
　＜4500 169（40.7） 120（61.2） 12（30.0）  37（20.7）
　≧4500 to ＜6000  48（11.6）  19（9.7）  5（12.5）  24（13.4）
　≧6000 198（47.7）  57（29.1） 23（57.5） 118（65.9）

ERI（IU/week/kg/g/dL）
　＜5.7  99（23.9）  60（30.6）  7（17.5）  32（17.9）
　≧5.7 to ＜9.7  88（21.2）  47（24.0） 10（25.0）  31（17.3）
　≧9.7 to ＜15.5  71（17.1）  30（15.3）  9（22.5）  32（17.9）
　≧15.5 131（31.6）  34（17.3） 13（32.5）  84（46.9）
　Unknown  26（6.3）  25（12.8）  1（2.5）   0

Insufficient
effectiveness of prior
ESA treatment

177（42.7）  89（45.4） 12（30.0）  76（42.5）

Baseline HgB in
patients without prior
ESA treatment（g/dL）
　＜9 g/dL  78（18.8）  55（28.1）  2（5.0）  21（11.7）
　≧9 to ＜10 g/dL 151（36.4） 122（62.2）  1（2.5）  28（15.6）
　≧10 to ＜11 g/dL 156（37.6） 125（63.8）  3（7.5）  28（15.6）
　≧11 to ＜12 g/dL  49（11.8）  23（11.7）  5（12.5）  21（11.7）
　≧12 to ＜13 g/dL  25（6.0）  11（5.6）  2（5.0）  12（6.7）
　≧13 g/dL   6（1.4）   4（2.0）  1（2.5）   1（0.6）
　Unknown   7（1.7）   7（3.6）  0   0

Baseline HgB in
patients with prior ESA
treatment（g/dL）
　＜9 g/dL  64（15.4）  29（14.8）  8（20.0）  27（15.1）
　≧9 to ＜10 g/dL 104（25.1）  49（25.0）  7（17.5）  48（26.8）
　≧10 to ＜11 g/dL 119（28.7）  58（29.6）  8（20.0）  53（29.6）
　≧11 to ＜12 g/dL  78（18.8）  35（17.9） 13（32.5）  30（16.8）
　≧12 to ＜13 g/dL  38（9.2）  19（9.7）  3（7.5）  16（8.9）
　≧13 g/dL  11（2.7）   5（2.6）  1（2.5）   5（2.8）
　Unknown   1（0.2）   1（0.5）  0   0

ERI：ESA resistance index, ESA：erythropoietin‒stimulating agent, HD：
hemodialysis, Hgb：hemoglobin, ND：no dialysis, PD：peritoneal dialysis

Life Science Publishing Co., Ltd. Provided on June 17, 2024



Therapeutic Research   vol. 45   no. 5   2024322

ADR, n（％）

Safety
population
（n＝887）

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Any Severe Any Severe Any Severe Any Severe

Any ADR 52（5.9） 15（1.7） 22（4.1） 6（1.1） 4（7.4） 0 24（8.3） 8（2.8）

GI disorders  8（0.9）  2（0.2）  1（0.2） 0 1（1.9） 0  6（2.1） 2（0.7）
　Nausea  5（0.6）  0  1（0.2） 0 1（1.9） 0  3（1.0） 0
　Diarrhea  2（0.2）  0  0 0 0 0  2（0.7） 0
　Abdominal pain  1（0.1）  0  0 0 0 0  1（0.3） 0
　Acute abdomen  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Diverticular perforation  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）

Investigations  8（0.9）  0  3（0.6） 0 1（1.9） 0  4（1.4） 0
　Hgb decreased  3（0.3）  0  1（0.2） 0 0 0  2（0.7） 0
　Hgb increased  3（0.3）  0  0 0 1（1.9） 0  2（0.7） 0
　Blood iron decreased  1（0.1）  0  1（0.2） 0 0 0  0 0
　BP increased  1（0.1）  0  1（0.2） 0 0 0  0 0
　Platelets decreased  1（0.1）  0  0 0 0 0  1（0.3） 0
　Transferrin saturation
　　decreased

 1（0.1）  0  1（0.2） 0 0 0  0 0

Vascular disorders  8（0.9）  1（0.1）  5（0.9） 1（0.2） 0 0  2（0.7） 0
　Hypertension  7（0.8）  0  4（0.7） 0（0.0） 0 0  2（0.7） 0
　DVT  1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0

General disorders and
administration site
conditions

 6（0.7）  2（0.2）  2（0.4） 1（0.2） 1（1.9） 0  3（1.0） 1（0.3）

　Condition aggravated  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Death  1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0
　Feeling abnormal  1（0.1）  0  0 0 1（1.9） 0  0 0
　Malaise  1（0.1）  0  0 0 0 0  1（0.3） 0
　Pain  1（0.1）  0  0 0 0 0  1（0.3） 0
　Thirst  1（0.1）  0  1（0.2） 0 0 0  0 0

Skin and
subcutaneous tissue
disorders

 5（0.6）  0  4（0.7） 0 1（1.9） 0  0 0

　Drug eruption  2（0.2）  0  1（0.2） 0 1（1.9） 0  0 0
　Pruritus  2（0.2）  0  2（0.4） 0 0 0  0 0
　Rash  1（0.1）  0  1（0.2） 0 0 0  0 0

Cardiac disorders  4（0.5）  2（0.2）  2（0.4） 1（0.2） 0 0  2（0.7） 1（0.3）
　Palpitations  2（0.2）  0  1（0.2） 0 0 0  1（0.3） 0
　Heart failure  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Heart failure chronic  1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0

Table 3　ADRs after initiation of daprodustat treatmenta
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ADR, n（％）

Safety
population
（n＝887）

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Any Severe Any Severe Any Severe Any Severe

Neoplasmsb  4（0.5）  3（0.3）  2（0.4） 2（0.4） 0 0  2（0.7） 1（0.3）
　Colon cancer  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Lung
　　adenocarcinoma

 1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0

　Marrow hyperplasia  1（0.1）  0  0 0 0 0  1（0.3） 0
　Metastases to bone  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Metastases to liver  1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0

Blood and lymph
system disorders

 3（0.3）  1（0.1）  0 0 0 0  3（1.0） 1（0.3）

　Anemia  2（0.2）  0  0 0 0 0  2（0.7） 0
　Nephrogenic anemia  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）

Nervous system
disorders

 3（0.3）  1（0.1）  1（0.2） 0 0 0  2（0.7） 1（0.3）

　Cerebral infarction  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Dizziness  1（0.1）  0  1（0.2） 0 0 0  0 0
　Balance disorder  1（0.1）  0  0 0 0 0  1（0.3） 0

Respiratory, thoracic
and mediastinal
disorders

 2（0.2）  1（0.1）  0 0 0 0  1（0.3） 0

　Dyspnea exertional  1（0.1）  0  0 0 0 0  1（0.3） 0
　Interstitial lung
　disease

 1（0.1）  1（0.1）  0 0 0 0  0 0

　Wheezing  1（0.1）  0  0 0 0 0  1（0.3） 0

Ear and labyrinth
disorders

 1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0

　Deafness
　　neurosensory

 1（0.1）  1（0.1）  1（0.2） 1（0.2） 0 0  0 0

　Tinnitus  1（0.1）  0  1（0.2） 0 0 0  0 0

Eye disorders  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）
　Retinal hemorrhage  1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）

Hepatobiliary
disorders

 1（0.3）  0  1（0.2） 0 0 0  0 0

　Hepatic function
　　abnormal

 1（0.3）  0  1（0.2） 0 0 0  0 0

Injury, poisoning, and
procedural
complications

 1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）

　Occlusion of
　　hemodialysis AVA

 1（0.1）  1（0.1）  0 0 0 0  1（0.3） 1（0.3）

Table 3　ADRs after initiation of daprodustat treatmenta（Continued）
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chronic heart failure had a history of chronic 
heart failure at baseline and recovered. The ADR 
of new onset heart failure occurred in a patient in 
the HD group and exacerbation of heart failure 
in a patient in the ND group（Supplemental 
Table 1）. The cumulative incidence of ADRs 
related to CV events（excluding thromboembo-

lism）was 2 cases（0.2％）at any of the 12‒, 24‒, 
and 52‒week time points. The incidence of ADRs 
related to CV events（excluding thromboembo-
lism）was 0.3/100 patient years（95％ CI：0.0‒
1.0）, and the incidence of ADRs was 0.2％（95％ 
CI：0.0‒0.8）.
　　Adverse drug reactions related to cancer 

Table 3　ADRs after initiation of daprodustat treatmenta（Continued）

ADR, n（％）

Safety
population
（n＝887）

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Any Severe Any Severe Any Severe Any Severe

Metabolism and
nutritional disorders

 1（0.1） 0 0 0 0 0  1（0.3） 0

　Fluid retention  1（0.1） 0 0 0 0 0  1（0.3） 0

Musculoskeletal and
connective tissue
disorders

 1（0.1） 0 0 0 0 0  1（0.3） 0

　Pain in extremity  1（0.1） 0 0 0 0 0  1（0.3） 0

ADR：adverse drug reaction, AVA：arteriovenous access, BP：blood pressure, DVT：deep vein thrombosis, 
GI：gastrointestinal, HD：hemodialysis, HgB：hemoglobin, ND：no dialysis, PD：peritoneal dialysis
a  The safety analysis population includes ADRs reported for all patients included in the study until the end of 
the observation period（or follow‒up period for cancer‒related events）. The ND, PD, and HD groups 
included ADRs reported for patients within each subgroup until they switched therapy or until the end of 
the observation period（or follow‒up period for cancer‒related events）if they did not switch therapy

b  Benign, malignant, and unspecified（including cysts and polyps）

Table 4　ADRs of special interest

ADR, n（％）

Safety
population
（n＝887）

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Any Severe Any Severe Any Severe Any Severe

Thromboembolism 3（0.3） 3（0.3） 1（0.2） 1（0.2） 0（0.0） 0（0.0） 2（0.7） 2（0.7）
Hypertension 8（0.9） 0（0.0） 5（0.9） 0（0.0） 0（0.0） 0（0.0） 2（0.7） 0（0.0）
CV eventsa 2（0.2） 2（0.2） 1（0.2） 1（0.2） 0（0.0） 0（0.0） 1（0.3） 1（0.3）
Cancer 3（0.3） 3（0.3） 2（0.4） 2（0.4） 0（0.0） 0（0.0） 1（0.3） 1（0.3）
Progression in patients
　with ADPKD

0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0）

Retinal hemorrhage 1（0.1） 1（0.1） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 1（0.3） 1（0.3）
GI erosion 1（0.1） 1（0.1） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 1（0.3） 1（0.3）

ADPKD：autosomal dominant polycystic kidney disease, ADR：adverse drug reaction, CV：cardio-
vascular, GI：gastrointestinal, HD：hemodialysis, ND：no dialysis, PD：peritoneal dialysis
a Except thromboembolism
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were reported in 3 patients in this interim analy-
sis. All cases were considered severe. One 
patient in the HD group without prior history 
developed colon cancer, which metastasized to 
the bone and the patient died. Metastasis to the 
liver was reported in a patient undergoing ND 
that had a history of colon and gastric cancer 
and that patient also died. The third patient, also 
in the ND group, had lung adenocarcinoma, with 
no prior history, and the patient went into remis-
sion. The cumulative incidence rate of cancer 
was 1 case（0.1％）at 12 weeks, 2 cases（0.2％）
at 24 weeks, and 3 cases（0.4％）at 52 and 103 
weeks. The incidence of ADRs per 100 patient 
years for cancer was 0.4/100 patient years（95％ 
CI：0.1‒1.0）, and the rate of ADRs was 0.3％
（95％ CI：0.1‒1.0）. In the 159 patients where a 

52‒week follow‒up was conducted at the data 
lock point of this analysis, no new cancer‒related 

adverse events were observed.
　　Other ADRs of special interest included one 
event of retinal hemorrhage that was considered 
severe, but improved, and one ADR related to GI 
erosion（not a prespecified safety consideration）
of severe diverticular perforation that improved, 
both in the HD group. No ADRs related to 
ADPKD were reported.
　　No ADRs related to central hypothyroidism 
were reported during the 52‒week observation 
period.
　　No correlation was seen between the rate of 
hemoglobin rise（g/dL per week）4 weeks after 
daprodustat administration and ADRs（Table 5）. 
Overall, the rate of ADRs ranged from 9.1％（5/
55）in patients with a hemoglobin rise of ≧0.2 to 
＜0.3 g/dL/week to 5.3％ in both patients with a 
hemoglobin rise of ≧0.4 to ＜0.5 g/dL/week（1/
19）and ≧0.1 to ＜0.2 g/dL/week（5/95）. No 

Table 5　Hemoglobin increase and ADRs

＜0.1
g/dL/week

≧0.1～＜0.2
g/dL/week

≧0.2～＜0.3
g/dL/week

≧0.3～＜0.4
g/dL/week

≧0.4～＜0.5
g/dL/week

≧0.5～＜1
g/dL/week

≧1
g/dL/week Total

Safety popu-
lation（n）

279 95 55 37 19 32 3 520

Al l ADRs , n
（％）

19（6.8） 5（5.3） 5（9.1） 3（8.1） 1（5.3） 2（6.3） 0（0.0） 35（6.7）

Severe ADRs, 
n（％）

 8（2.9） 1（1.1） 1（1.8） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 10（1.9）

ND group（n） 118 56 38 21 12 17 2 264
Al l ADRs , n
（％）

 7（5.9） 4（7.1） 3（7.9） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 14（5.3）

Severe ADRs, 
n（％）

 3（2.5） 1（1.8） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0）  4（1.5）

PD group（n）  17  4  1  3  3  5 1  34
Al l ADRs , n
（％）

 0（0.0） 0（0.0） 0（0.0） 0（0.0） 1（33.3） 0（0.0） 0（0.0）  1（2.9）

Severe ADRs, 
n（％）

 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0） 0（0.0）  0（0.0）

HD group（n） 144 35 16 12  4 10 0 221
Al l ADRs , n
（％）

11（7.6） 1（2.9） 2（12.5） 2（16.7） 0（0.0） 2（20.0） 0（0.0） 18（8.1）

Severe ADRs, 
n（％）

 4（2.8） 0（0.0） 1（6.3） 0（0.0） 0（0.0） 0（0.0） 0（0.0）  5（2.3）

ADR：adverse drug reaction, HD：hemodialysis, ND：no dialysis, PD：peritoneal dialysis
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patients with a hemoglobin rise ≧1 g/dL/week
（n＝3）reported an ADR and no severe ADRs 

were reported in patients with a hemoglobin rise 
≧0.3 g/dL/week（n＝91）. Changes in hemoglo-
bin levels over time during the obser vation 
period are shown in Fig.　2.
　　There were no consistent trends between 
daprodustat dose and ADRs. However, the effect 
of average daily daprodustat dose and maximum 
daily dose on ADRs could not be effectively eval-
uated because the pat ient characterist ics 
between dose groups were not consistent and 
there were not sufficient patients in each group, 
especially high‒dose groups, to draw meaningful 
conclusions（Supplemental Table 2）.

DISCUSSION

　　In this interim analysis of a postmarketing 
surveillance study to assess the safety of dapro-
dustat in routine clinical practice in Japan, the 
incidence rate of ADRs was 5.9％ overall. A 
higher proportion of patients on dialysis（PD 
7.4％, HD 8.3％）reported an ADR compared to 
the ND group（4.1％）. All ADRs of special inter-
est（thromboembolism, hypertension, CV events, 
cancer, progression of ADPKD, and retinal hem-
or rhage）were repor ted in less than 1％ of 
patients overall and in the subgroups based on 
dialysis status. No correlation was seen between 
the rate of hemoglobin rise（g/dL per week）and 
ADRs, and no new safety signals were identified.
　　The safety of daprodustat has been previ-
ously assessed both in Japanese and global clini-
cal trials19‒21,24,25）. In a pooled analysis of 3 Japa-
nese clinical trials that included patients under-
going HD, PD, or ND, with a median drug expo-
sure of 365 days23）, drug‒related adverse events 
were reported in 7％ of patients, and the inci-
dence of ADRs of special interest was similar in 
patients treated with daprodustat compared with 
injectable ESAs. For cancer‒related events, the 

incidence rate was 1.53 per patient years in 
patients treated with ESAs and 1.28 per 100 
patient years in patients treated with daprodus-
tat, which is higher than what was observed in 
the current study（0.4/100 patient years）. How-
ever, follow‒up for cancer‒related events is still 
ongoing. In addition, differences in daprodustat 
use in the real world compared to clinical trial 
setting, such as differences in patient selection 
or more conservative dosing, could be a factor. 
Moreover, cancers may be more likely to remain 
undetected in the real‒world setting compared 
with prospective interventional studies in which 
screening may be more frequent.
　　In the global ASCEND program, there was 
no notable increase in adverse events in patients 
treated with daprodustat compared with inject-
able ESAs24,25）. The frequency of adverse events 
of special interest for daprodustat were similar to 
injectable ESAs in both the dialysis（HD and PD）
and ND groups, except for increased cancer and 
gastric erosion in the daprodustat group in 
patients undergoing ND. In a post‒hoc analysis 
of the ASCEND‒D an ASCEND‒ND tr ia ls , 
daprodustat   was   not   associated   with   an 
increased risk of cancer compared to ESA for 
both ND and HD patients26）. A first MACE event
（defined as a composite of death from any cause, 

nonfatal myocardial infarction, or nonfatal 
stroke）occurred at a similar frequency in the 
daprodustat and injectable ESA groups in 
patients undergoing dialysis（25.2％ vs 26.7％）
and in patients not undergoing dialysis（19.5％ vs 
19.2％）during a median follow‒up of 2.5 years 
and 1.9 years, respectively. In a post hoc analysis 
of the ASCEND trial, hospitalization for heart 
failure（first or recurrent）was increased in ND 
patients（rate ratio 1.46［1.11‒1.92］, p＝0.007）
treated with daprodustat, but not HD patients
（rate ratio 1.01［0.74‒1.39］, p＝0.93）27）. In the 
current study, only 2 events of heart failure or 
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exacerbation of heart failure were reported（1 
exacerbation of heart failure in the ND group 
and 1 first heart failure event in the HD group）.
　　While  direct  comparison  between  the 
current study and the Japanese phase 3 and 
ASCEND studies is not possible due to dif fer-
ences in patient population, study methods, and 
the terms/definitions used to classify adverse 
events, the current interim findings show no new 
safety signals for daprodustat in the real‒world 
clinical setting in Japan compared with what has 
been observed during the daprodustat clinical 
development program.
　　Limitations of this study include that this 
interim analysis only included 887 patients；how-
ever, additional analysis is ongoing. In addition, 
the observational period for ADRs in this study 
was up to 52 weeks for most patients, with only 
159 patients having completed the 52‒week fol-
low‒up for cancer‒related events. Therefore, 
future studies are required to assess potential 
long‒term ADRs, including cancer‒related 
events and CV events. Addit ional ly, some 
patients were treated with daprodustat at doses 
lower than the recommended star ting dose, 
which may have impacted the incident rate of 
ADRs, and the study did not include a control 
group, so conclusions about safety in relation to 
other treatments could not be made.

CONCLUSIONS

　　In this interim analysis of an observational 
daprodustat safety study conducted in Japan, no 
new safety signals were identified in real‒world 
clinical settings. The ongoing 52‒week observa-
tion and cancer follow‒up will provide additional 
safety data for daprodustat in the real‒world set-
ting in Japan.
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Supplemental Fig.　1　Daprodustat dosing
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Supplemental Fig.　1　Daprodustat dosing（Continued）
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Supplemental Fig.　1　Daprodustat dosing（Continued）
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Supplemental Table 1　Heart failure‒related ADRs

Dialysis status at baseline Preexisting HF No prior HF

ND n＝100 n＝443
　　ADR of HF or exacerbation of HF, n（％） 1（1） 0

PD n＝14 n＝40
　　ADR of HF or exacerbation of HF, n（％） 0 0

HD n＝25 n＝265
　　ADR of HF or exacerbation of HF, n（％） 0 1（0.4）

ADR：adverse drug reaction, HD：hemodialysis, HF：heart failure, ND：no 
dialysis, PD：peritoneal dialysis

Supplemental Table 2　ADRs based on daprodustat dose

Safety
population
（n＝887）

ND
（n＝543）

PD
（n＝54）

HD
（n＝290）

Patients,
n

ADR,
n（％）

Patients,
n

ADR,
n（％）

Patients,
n

ADR,
n（％）

Patients,
n

ADR,
n（％）

Total initial dose, mg

　＜2 20  1（5.0） 15 0 2 0 3 0
　2 295 10（3.4） 266  7（2.6） 8 0 21  3（14.3）
　＞2 to ＜4 2 0 0 0 0 0 2 0
　4 558 41（7.3） 256 15（5.9） 44 4（9.1） 258 21（8.1）
　＞4 12 0 6 0 0 0 6 0

Average daily dose, mg/day

　＜2 42  2（4.8） 29 0 4 0 9  1（11.1）
　≧2 to ＜4 372 15（4.0） 300  8（2.7） 10 1（10.0） 60  5（8.3）
　≧4 to ＜6 355 27（7.6） 190 11（5.8） 28 3（10.7） 141 13（9.2）
　≧6 to ＜8 66  6（9.1） 14  3（21.4） 8 0 42  3（7.1）
　≧8 to ＜12 35 0 7 0 2 0 26 0
　≧12 to ＜18 15  2（13.3） 2 0 2 0 11  2（18.2）
　≧18 to≦24 2 0 1 0 0 0 1 0
　＞24 0 0 0 0 0 0 0 0

Maximum daily dose, mg

　＜2 10 0 9 0 2 0 0 0
　≧2 to ＜4 231  7（3.0） 216  5（2.3） 4 0 10  1（10.0）
　≧4 to ＜6 359 24（6.7） 231 10（4.3） 21 4（19.0） 110 10（9.1）
　≧6 to ＜8 130  8（6.2） 53  3（5.7） 9 0 68  4（5.9）
　≧8 to ＜12 97  8（8.2） 25  2（8.0） 13 0 56  6（10.7）
　≧12 to ＜18 41  2（4.9） 7  2（28.6） 4 0 31 0
　≧18 to ≦24 18  3（16.7） 2 0 1 0 14  3（21.4）
　＞24 1 0 0 0 0 0 1 0

ADR：adverse drug reaction, HD：hemodialysis, ND：no dialysis, PD：peritoneal dialysis
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