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REVIEW
Expert opinion on the management of anemia in prostate 
cancer patients receiving PARP inhibitors

Metastatic castration-resistant prostate cancer (mCRPC) is incurable, with tumors often 
relapsing after initial treatment and patients requiring subsequent lines of therapy. As the use 
of androgen receptor pathway inhibitors (ARPIs), with or without docetaxel, prior to the 
development of castration-resistant disease is increasing, the number of subsequent therapy 
options for mCRPC is limited. 

Poly (ADP-ribose) polymerase (PARP) inhibitors are one treatment option approved in 
Canada for patients with mCRPC and mutations in BRCA1/BRCA2 or other homologous 
recombination repair (HRR) genes. PARP inhibitors are generally well-tolerated but are 
associated with high rates of anemia. This can be difficult to manage in mCRPC, as common 
disease and patient characteristics, as well as prior therapy, also contribute to an increased 
risk of anemia. Appropriate management of anemia is important for maintaining quality of 
life; however, there is a paucity of data and guidelines to inform clinicians on how to best 
prevent and manage anemia associated with PARP inhibitor use in mCRPC. 

This narrative review and expert opinion provides key strategies for managing anemia related 
to PARP inhibitor use in mCRPC through prevention, monitoring, and supportive care.

INTRODUCTION
Prostate cancer is the most com-
monly diagnosed cancer among 
males in Canada, with an age-
standardized incidence rate of 120 
per 100 000 males per year.1 It is 
estimated that 11% of all cancer-
associated deaths in Canadian men 
in 2024 were attributed to prostate 
cancer.1 While the majority of cases 
present in the localized stage, which 
has an excellent five-year survival 
rate of  >99%, advanced prostate 
cancer is incurable, with poor five-
year net survival rates of 41%.2

In North America, the current 
first-line therapy for metastatic 
castration-sensitive prostate can-
cer (mCSPC) is androgen depriva-
tion therapy (ADT) in combination 
with androgen receptor pathway 
inhibitors (ARPIs), with or without 
docetaxel.3 Real-world data suggest 
that a growing number of patients 
will have received intensified treat-
ment with ADT and at least an 
ARPI prior to developing castration-
resistant disease.4,5 Prior exposure to 
an ARPI and/or docetaxel may limit 
the number of subsequent therapies 
available for patients with metastatic 
castration-resistant prostate cancer 
(mCRPC). 

In the absence of biomarker infor-
mation and prior to the advent of 
lutetium-177 therapy in prostate-
specific membrane antigen (PSMA) 
positron emission tomography (PET) 
scan-positive disease and poly (ADP-
ribose) polymerase (PARP) inhibi-
tors in patients with homologous 
recombination repair (HRR) deficits, 
life-prolonging therapy for patients 
with mCRPC who progress on prior 
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ARPIs was limited to chemotherapy (docetaxel, caba-
zitaxel), an alternate ARPI, or radioligand therapy with 
radium-223;6-8 however, treatment resistance and dis-
ease progression were inevitable, shortening life expec-
tancy even if there was an initial response. 

PARP inhibitors have demonstrated efficacy in 
mCRPC patients with mutations in genes involved in 
HRR pathways. This constitutes up to 30% of patients 
with advanced prostate cancer.9,10  PARP inhibitors work 
by promoting synthetic lethality in HRR-deficient can-
cers. That is, they interfere with PARP-led initiation of 
single-strand DNA break repair, causing double-strand 
DNA breaks, which accumulate in the context of HRR 
deficiency, ultimately triggering genomic instability and 
cell death.11 The use of PARP inhibitors in the mCRPC 
setting, either as monotherapy or in combination with 
ARPIs, has been supported by multiple phase 3 clinical 
trials, which led to the Health Canada approval of mul-
tiple PARP inhibitor-based regimens for the treatment 
of HRR-mutated mCRPC.12-14

Although PARP inhibitors are generally well-tolerat-
ed, high rates of anemia have been reported in clinical 
trials across multiple disease sites, and was a major 
cause for dose modifications and interruptions in these 
trials.15-20 Anemia occurs frequently in mCRPC patients, 
but the exact incidence is unclear.21 Appropriate man-
agement of anemia is important since anemia is an 
independent factor associated with poor prognosis and 
decreased quality of life in patients with metastatic pros-
tate cancer.22 There is, however, a paucity of data and 
guidelines to inform clinicians on how best to prevent 
and manage anemia associated with PARP inhibitor 
use in mCRPC. 

This paper provides a narrative review and expert 
opinion on managing anemia related to PARP inhibitor 
use in mCRPC. 

METHODS
Relevant literature was identified through a targeted 
search of PubMed (up to December 2024), focusing 
on published clinical trials of PARP inhibitors in mCRPC. 
Backward and forward citation tracking of these 
studies was used to identify additional publications. 
Further relevant articles were obtained by consulting 
previously published review articles on PARP inhibi-
tors, advanced prostate cancer, and anemia in cancer 
patients. Literature on the management of anemia in 
oncology and, specifically, in prostate cancer patients 
was also reviewed to provide clinical context.

This paper provides expert opinion on the manage-
ment of anemia for patients with mCRPC receiving 

PARP inhibitors. The expert panel was composed of 
Canadian specialists in the treatment of prostate cancer 
(including four medical oncologists and one hemato-
oncologist), who came together through professional 
networking and a mutual interest in addressing this 
clinical challenge. Recommendations were based on 
evidence from clinical trials, study protocols, interna-
tional guidelines, and clinical experience/expert opinion. 
Consensus on recommendations and perspectives was 
achieved through iterative meetings and communica-
tions, with all panel members reviewing the evidence, 
providing feedback, and agreeing upon the final guid-
ance. The final manuscript was reviewed and endorsed 
by the Genitourinary Medical Oncologists of Canada 
(GUMOC).

CLINICAL BENEFIT OF PARP INHIBITORS 
IN MCRPC AND HEALTH CANADA 
INDICATIONS
PARP inhibitors have been investigated in clinical trials 
for mCRPC, both as monotherapy and in combination 
with ARPIs (Table 1). Currently, olaparib is the only 
PARP inhibitor approved as monotherapy in Canada for 
patients with BRCA1/2- or ATM-mutated mCRPC who 
have progressed following prior treatment with an ARPI.13 
This is based on results from the phase 3, randomized 
PROfound trial, which reported a significant reduction in 
the risk of progression for this patient population when 
treated with olaparib monotherapy compared with physi-
cian’s choice of enzalutamide or abiraterone.17

At the time of publication, both olaparib and niraparib 
have been approved by Health Canada in combina-
tion with abiraterone and prednisone for patients with 
BRCA-mutated mCRPC in whom chemotherapy is not 
indicated.13,14 These approvals were based on the phase 
3 PROpel (olaparib) and MAGNITUDE (niraparib) tri-
als, which reported a significant progression-free survival 
(PFS) benefit for PARP inhibitor combination therapy 
compared with the control arms of abiraterone and 
prednisone plus placebo for patients with BRCA1/2-
mutated mCRPC (Table 1).23,24 The TALAPRO-2 study 
also demonstrated improved PFS for talazoparib plus 
enzalutamide vs. placebo plus enzalutamide in HRR-
mutated mCRPC, leading to a Health Canada indication 
for talazoparib and enzalutamide in this setting.12,25 All 
patients defined as having a HRR mutation in these trials 
benefited from treatment with PARP inhibitors; how-
ever, exploratory analyses have shown that the greatest 
benefit is seen in patients with BRCA1/2 mutations.15,26 

It is imperative to perform genetic testing on 
advanced prostate cancer patients, as it may guide treat-
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ment sequencing strategies. For example, sequencing 
PARP inhibitors prior to chemotherapy is an evidenced-
based strategy based on data from the TRITON-3 trial. 
Although not yet approved by Health Canada, rucapa-
rib demonstrated significantly longer PFS vs. physician’s 
choice of control in the phase 3 TRITON-3 study, which 
enrolled patients with BRCA1-, BRCA2-, or ATM-mutated 
mCRPC.27 Notably, a significant PFS improvement was 
observed when comparing rucaparib to the subgroup 
of patients in the control arm who received docetaxel. 

With this evidence and the fact that only 50% of patients 
receiving first-line therapy for metastatic prostate can-
cer are able to receive subsequent-line therapy,28,29 all 
patients with metastatic prostate cancer should have 
germline and/or somatic testing for BRCA1/2 and other 
HRR gene mutations, so that PARP inhibitor treatment 
can be considered prior to chemotherapy. 

Table 1. Key clinical trials of PARP inhibitor therapy in mCRPC

Population Arms Efficacy results (PARPi arm vs. control arm) Safety results related to anemia

ORR  
 (RECIST v1.1)

rPFS, median months 
(HR [95% CI]), p 

OS, median 
months  
(HR [95% CI]), p 

Rate (PARPi vs. 
control)

Dose changes Supportive care

PARP inhibitor monotherapy in mCRPC progressing on ARPI and taxane therapy 

PROfounda,17,65,66

Phase 3
Cohort A: 
BRCA1, 
BRCA2, ATM 
(n=245)

Cohort 
B: HRRm 
(n=142)

Olaparib 
300 mg BID 
vs. physi-
cian’s choice 
of ENZA or 
ABI

Cohort A: 
33% vs. 2%

Cohort B: Not 
reported

Cohort Ab,c: 7.4 
vs. 3.6 (0.34 
[0.25–0.47]), 
p<0.001

Cohort B: Not 
reported

Cohort A: 20.1 
vs. 14.4 (0.63 
[0.42–0.95])

Cohort B: 14.1 
vs. 11.5 (0.96 
[0.63–1.49])

Any grade: 
50% vs. 15%

Grade ≥3: 
23% vs. 5%

Disc: 7% Not reported

GALAHAD18

Phase 2
HRRm 
(N=289)

BRCA cohort: 
(n=142)

Non-BRCA 
cohort: (n=81) 

Niraparib 
300 mg QD 

BRCA co-
hortb: 34.2%

Non-
BRCA cohort: 
10.6%

BRCA cohort: 8.08 

Non-BRCA cohort: 
3.71  

BRCA cohort: 
13.01 

Non-BRCA 
cohort: 9.63

Any grade: 
54%

Grade ≥3: 
33%

Disc: 2.4% 

Reduction: 
16.6%

EPO: 5%

Blood 
transfusion: 
46%d 

TALAPRO-116

Phase 2
HRRm 
(N=127)

Talazoparib 
1 mg QD 

Overallb,c: 
29.8%

BRCA2: 46%

BRCA1: 50%

PALB2: 25%

ATM: 12%

Overall: 5.6

BRCA1/2: 11.2

ATM: 3.5

Overall: 16.4 Any grade: 
49%

Grade ≥3: 
31%

Disc: 0%

Interruption: 
19%

Reduction: 
22%

RBCs: 29.9% 

TRITON230 
Phase 2

HRRm 
(N=277)

BRCA (n=172)

ATM (n=59)

PALB2 (n=11)

Rucaparib 
600 mg BID

BRCAb,c: 46%

PALB2: 100%

ATM/CDK12/
CHEK2: 0%

BRCA: 10.7

ATM: 5.3

PALB2: 13.6

BRCA: 17.2

ATM: 14.6

PALB2: 17.7

Any grade: 
48%

Grade ≥3: 
29%

Disc: 3% Not reported 

aPatients were stratified by whether they had received previous taxane. bDenotes primary endpoint. cDenotes blinded independent central review. dIn-
cludes transfusions with platelets or packed RBCs. eTwo-sided boundary for significance 0.0377. ABI: abiraterone; ARPI: androgen receptor pathway 
inhibitor; BID: twice-daily; CI: confidence interval; Disc: discontinuation; ENZA: enzalutamide; EPO: erythropoietin; ESA: erythropoietin stimulating 
agent; HR: hazard ratio; HRRm: mutation in homologous recombination repair gene(s); OS: overall survival; PARPi: poly [ADP-ribose] polymerase 
inhibitor; QD: once-daily; RBCs: red blood cells; rPFS: radiographic progression-free survival. 
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Table 1 (cont’d). Key clinical trials of PARP inhibitor therapy in mCRPC

Population Arms Efficacy results (PARPi arm vs. control arm) Safety results related to anemia

ORR  
(RECIST v1.1)

rPFS, median months 
(HR [95% CI]), p 

OS, median 
months  
(HR [95% CI]), p 

Rate (PARPi vs. 
control)

Dose changes Supportive care

PARP inhibitor therapy combined with ARPI in first-line mCRPC

PROpel15,23,39

Phase 3
Unselected 
for HRRm 
(N=796)

Olaparib 
300 mg BID 
+ ABI vs. 
placebo + 
ABI

58.4% vs. 
48.1%

Overallb: 24.8 
vs. 16.6 (0.66 
[0.54–0.81]), 
p<0.001

HRRm: NR vs. 13.9 
(HR 0.5 [0.34–
0.73])

Non-HRRm: 24.1 
vs. 19.0 (0.76 
[0.60–0.97])

Overall: 42.1 
vs. 34.7 
(HR 0.81 
[0.67–1.00], p 
= 0.054e

Any grade: 
46% vs. 16%

Grade ≥3: 
15% vs. 3%

Disc: 3.8% 
vs. 0.8%

Interruption: 
15.6% vs. 
1.8%
  
Reduction: 
10.6% vs. 
0.5%

Blood 
transfusion: 
15.6% vs. 
3.8%

EPO/ESA: 
0.5% vs. 
0.3%

MAGNITUDE19,24

Phase 3
HRRm 
(N=423)

BRCA1/2 
(n=225)

Niraparib 
200 mg BID 
+ ABI vs. 
placebo + 
ABI

BRCA1/2: 
52% vs. 
31%

HRRm: 
60% vs. 
28%

BRCA1/2b,c: 19.5 
vs. 10.9 (0.55 
[0.39–0.78]), 
p=0.0007

HRRm: 16.7 
vs. 13.7 (0.76 
[0.60–0.97])

BRCA1/2: 29.3 
vs. 28.6 (0.88 
[0.58–1.34]), 
p=0.5505

HRRm: 29.3 
vs. 32.2 (1.01 
[0.75–1.36])

Any grade 
50.0% vs. 
22.7%

Grade ≥3 
30.2% vs. 
8.5%

Disc: 2.4% 

Reduction: 
13.2%

Blood 
transfusion: 
27.4% vs. 
5.2%

TALA-
PRO-225,26,35,36,67

Phase 3

Cohort 1 – 
Unselected for 
HRRm
(N=805)

Cohort 
2 – HRRm 
(n=399)

0.5 mg QD 
talazoparib 
+ ENZA
vs. placebo 
+ ENZA

Cohort 1: 
62% vs. 
44%

Cohort 2:
69% vs. 
38%

Cohort 1b,c: 33.1 
vs. 19.5 (0.67 
[0.55–0.81]), 
p<0.0001

Cohort 2: 30.7 
vs. 12.3; (0.47 
[0.36–0.61]), 
p<0.0001

BRCA1/2: NR vs. 
11.0 (0.26
[0.16–0.42])

Non-BRCA: 24.7 
vs. 16.6 (0.65 
[0.47–0.91])

Cohort 1: 45.8 
vs. 37.0 (0.80 
[0.66– 0.96]), 
p=0.016

Cohort 2: 45.1 
vs. 31.1 (0.62 
[0.48–0.81]), 
p=0.0005

BRCA1/2: NR 
vs. 28.5 (0.50 
[0.32–0.78])

Non-BRCA: 
42.4 vs. 
32.6 (0.73 
[0.52–1.02])

Cohort 1: Any 
grade: 68% 
vs. 20%

Grade ≥3: 
49% vs. 4%

Cohort 2: Any 
grade:
67% vs. 19%

Grade ≥3: 
43% vs. 5%

Cohort 1: 
Disc: 8%

Interruption: 
44.2%

Reduction: 
43.2% 

Cohort 2: 
Disc: 5%

Interruption: 
43%

Reduction: 
45% 

Cohort 1 
ESAs: 8.3%

Packed RBCs: 
39.2% 

Cohort 2: 
ESAs: 7.6%

Packed RBCs: 
35.9%

TRITON327 BRCA1/2 or 
ATM (N=405)

Rucapa-
rib 600 
mg BID vs. 
physician’s 
choice of 
docetaxel, 
ENZA or 
ABI

BRCA1/2: 
45% vs. 
17%

Overall: 
35% vs. 
16%

ATM:
0% vs. 
14%

BRCA1/2b,c: 11.2 
vs. 6.4 (0.50 
[0.36–0.69]), 
p<0.001

Overallb,c: 10.2 vs. 
6.4 (0.61 [0.47-
0.80]); p< 0.001

ATM: 8.1 vs. 6.8 
(0.95 [0.59-1.52])

BRCA1/2: 24.3 
vs. 20.8 (0.81 
[0.58–1.12]), 
p=0.21

Overall: 23.6 
vs. 20.9 (0.94 
[0.72–1.23])

ATM: 21.1 vs. 
21.7 (1.20 
[0.74–1.95])

Any grade: 
47% vs. 18%

Grade ≥3: 
24% vs. 1%

Not reported Not reported

aPatients were stratified by whether they had received previous taxane. bDenotes primary endpoint. cDenotes blinded independent central review. dIn-
cludes transfusions with platelets or packed RBCs. eTwo-sided boundary for significance 0.0377. ABI: abiraterone; ARPI: androgen receptor pathway 
inhibitor; BID: twice-daily; CI: confidence interval; Disc: discontinuation; ENZA: enzalutamide; EPO: erythropoietin; ESA: erythropoietin stimulating 
agent; HR: hazard ratio; HRRm: mutation in homologous recombination repair gene(s); NR: not reached; OS: overall survival; PARPi: poly [ADP-ribose] 
polymerase inhibitor; QD: once-daily; RBCs: red blood cells; rPFS: radiographic progression-free survival. 
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TOXICITIES OF PARP INHIBITORS: 
ANEMIA INCIDENCE AND 
PRESENTATION
Fatigue, nausea, and anemia were the most common 
adverse events reported in all clinical trials of PARP 
inhibitors in mCRPC.16-18,23-25,27,30 Anemia was also the 
most common grade ≥3 adverse event (AE) and the 
most common AE leading to treatment discontinuation. 
Anemia appears to be a class effect of PARP inhibi-
tors, typically presenting as macrocytic or normocytic 
erythroblastic anemia in the absence of folate or B12 
deficiency.31 Although the mechanism by which PARP 
inhibitors cause anemia in humans is unclear, in vitro 

and in vivo (mouse model) studies suggest inhibition 
of PARP1 and PARP2 disrupts cell differentiation in the 
bone marrow and erythropoiesis.32-34

There does not appear to be a substantial differ-
ence in anemia frequency between different PARP 
inhibitors used in prostate cancer trials, or between 
monotherapy and combination therapy (Table 1). Rates 
of any grade and grade ≥3 anemia were 48-54% and 
23-33%, respectively, in the trials investigating PARP 
inhibitor monotherapy.16-18,30 Similar rates of anemia 
were reported in trials investigating PARP inhibitors 
in combination with ARPIs, with any grade anemia 
generally ranging from 46-50% and grade ≥3 anemia 
ranging from 15-30%.23,24,27 The highest rate of anemia 
reported in PARP inhibitor trials for mCRPC was in 
TALAPRO-2, where any grade and grade ≥3 anemia 
were reported in 68% and 49% of patients receiving 
talazoparib plus enzalutamide, respectively.35 The higher 
rates of anemia in the TALAPRO-2 trial may be in part 
due to 49% of patients having grade 1 or 2 anemia at 
baseline.36 Importantly, despite dose modification and 
discontinuation rates being higher in TALAPRO-2 (44% 
and 8%, respectively) compared with PROpel (16% and 
4%) and MAGNITUDE (13% and 2%), the benefit in 
radiographic (r)PFS was still maintained for the HRR-
mutated patients (Table 1). 

MANAGEMENT OF ANEMIA: KEY 
STRATEGIES

Prevention
As baseline anemia is a risk factor for developing grade 
≥3 anemia during PARP inhibitor therapy,37,38 and wors-
ening anemia can occur fairly rapidly after initiation of 
a PARP inhibitor, it is important to assess for and treat 
anemia prior to initiation of PARP inhibitors (Figure 1). 
In the PROpel study, the median time to onset of ane-
mia with olaparib plus abiraterone and prednisone was 
1.9 months, and in the TALAPRO-2 trial, the median 
time to first onset of grade ≥3 anemia with talazoparib 
and enzalutamide was 3.3 months.36,39 Resolution of 
anemia to a hemoglobin (Hb) level of 90-100 g/L is 
an appropriate threshold for initiating PARP inhibitor 
therapy, as these were the thresholds used in PARP 
inhibitor trials in mCRPC.15,19,26 Baseline bloodwork 
should include complete blood count (CBC) with red 
blood cell (RBC) indices, blood smear morphology, 
serum B12, serum ferritin, transferrin saturation (TSAT), 
and creatinine to assess for anemia and common treat-
able etiologies. Patients should also be investigated and 
treated for any causes of bleeding as appropriate.

Figure 1. Baseline assessment of anemia and common etiologies. *RBC transfusion is generally considered in a patient with Hb <70 
g/L and may be considered with Hb 70–90 g/L if the patient is symptomatic or with high-risk comorbidities (e.g., cardiac symptoms). 
ESAs are used for the treatment of anemia caused by CKD and may be considered in a patient with mCRPC with CKD who is dependent 
on blood transfusion. Careful consideration of potential risks and benefits should be discussed with a multidisciplinary team. CBC: 
complete blood count; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; ESA: erythropoietin-stimulating agent; Hb: 
hemoglobin; IV: intravenous; mCRPC: metastatic castration-resistant prostate cancer; PARPi: poly [ADP-ribose] polymerase inhibitor; RBC: 
red blood cell; TSAT: transferrin saturation.
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Iron deficiency is present in 40-60% of patients 
with cancer, with 20-30% of these cases having related 
anemia.40,41 The majority of iron-deficient patients with 
cancer have functional iron deficiency, whereby iron 
availability is inadequate despite sufficient iron stores 
(TSAT <20%, serum ferritin >100 µg/L).42 This is typi-
cally caused by hepcidin-driven iron sequestration as a 
result of inflammation. Absolute iron deficiency, indicat-
ing low iron stores, can also occur in cancer patients, 
often due to malnutrition or blood loss.42 

There is minimal data on the long-term outcomes of 
iron supplementation on tumor growth;43 however, it has 
been shown to improve patient quality of life and can 
be considered on a case-by-case basis in the context of 
optimizing patients for further treatment.44 For absolute 
iron-deficiency anemia, a total dose of 1000-1500 mg 
intravenous (IV) iron may be sufficient to replenish stores. 
Oral iron supplementation can be trialed; however, is 
often poorly tolerated and regarded as less effective than 
IV iron. The IV iron preparations used will depend on 
local availability and clinical preference (Table 2). Ferric 
carboxymaltose, ferric derisomaltose, and low-molecu-
lar-weight iron dextran require fewer visits to achieve 
maximum dose, thus, are ideal options in this setting.45 

The most notable risk of IV iron is infusion reaction, 
although major reactions with currently available prod-
ucts are rare.46 As IV iron may promote inflammation 
and bacterial growth, it should not be given during an 
active infection.47 Periodic monitoring of TSAT and fer-
ritin levels should be performed in a patient receiving 
iron supplementation to monitor response and pre-
vent iron overload and associated complications. There 
is some evidence supporting the benefit of IV iron 
monotherapy in functional iron-deficiency anemia,48-51 
and it may be trialed in select patients; however, there 
is insufficient evidence to recommend this approach 
on a routine basis, and possible detrimental effects of 
iron supplementation in patients with a high or normal 
ferritin level should be considered. Consultation with a 
hematologist is recommended to guide anemia man-
agement in this complex setting.

Approximately 15% of patients with solid tumors 
have B12 deficiency (serum B12 <200 pg/mL), with 
this incidence increasing with age.52 Vitamin B12 stores 
can be replenished with 1000 mg B12 given as an intra-
muscular or subcutaneous injection weekly at initial 
diagnosis, and monthly thereafter.53 

In about 10% of prostate cancer patients, chronic 
kidney disease (CKD) is present and can cause ane-
mia through a reduction in erythropoietin synthesis, as 
well as an increase in hepcidin levels.54,55 Patients with 

CKD may benefit from a referral to onconephrology 
to optimize renal function (Figure 1). RBC transfusions 
or erythropoietin-stimulating agents (ESAs) to manage 
anemia related to CKD should be selected based on 
an individualized risk/benefit analysis.49,56

Prior systemic therapies, including ADT, ARPIs, and 
docetaxel, as well as prior radiation therapy for the 
treatment of localized prostate cancer, can also cause 
transient anemia.57-60 Pelvic radiation, in particular, leads 
to a larger bone-dose volume and has been associ-

Table 2. Comparison of IV iron products for the treatment of iron deficiency 
anemia
IV iron product Dosage Notes

Ferric gluconate -	 125 mg x 8 once-weekly doses (total 
dose=1000 mg)68

	- Associated with increased 
severe infusion reactions46

	- IV infusion administered over 
60 minutes

	- Multiple doses needed

Iron sucrose -	 Various dosing schedules and 
administration times up to total dose 
of 1000 mga,69,70

-	 Single dose should not exceed 
200–500 mg iron

	- Multiple doses needed

Ferric carboxymaltose -	 Total target dose varies by weight 
and baseline hemoglobin levelsa,71

-	 Single dose should not exceed 1000 
mg or 15 mg/kg body weight 

-	 Maximum cumulative dose/week 
should not exceed 1000 mg (if 
>1000 mg is needed, doses should 
be given ≥7 days apart)

	- Associated with transient 
hypophosphatemia, 
monitoring of phosphorous 
levels needed

	- One or two doses neededc

Low molecular weight 
iron dextran

-	 Total target dose varies by weight 
and baseline hemoglobin levelsa,72

-	 Single dose range: 100–2000 mgb

	- Test dose required before first 
infusion (25 mg/0.5 mL over 
5 minutes) with monitoring 
for reactions over 1 hour

	- Doses up to100 mg may be 
infused undiluted, maximum 
rate 50 mg/min

	- Single dose possible (infusion 
over several hours)c

Ferric derisomaltose -	 Total target dose varies by weight 
and baseline hemoglobin levelsa,73

-	 Single dose should not exceed 1500 
mg or 20 mg/kg body weight 

-	 Maximum cumulative dose/week 
should not exceed 1500 mg (if 
>1500 mg is needed, doses should 
be given ≥7 days apart)

	- One or two doses needed

Ferumoxytol -	 Total target dose varies by weight 
and baseline hemoglobin levelsa,74

-	 1 or 2, 510 mg doses can be given 
(2–8 days apart)

	- Impacts MRI interpretation
	- One or two doses needed

aSee product monograph and relevant studies for specific dosing details. bDoses >100 mg are not 
indicated in the product monograph, but are common practice.49 cPreferred when rapid recovery of 
iron stores is needed. IV: intravenous; MRI: magnetic resonance imaging.
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ated with greater risk of hematologic toxicity in other 
solid tumors.61 Acute anemia caused by prior therapy 
is expected to resolve by four weeks following the last 
treatment dose. RBC transfusion can be considered for 
patients with therapy-induced anemia who have Hb 
levels below the threshold for starting PARP inhibitor 
therapy (90 g/L) and who are symptomatic or have 
high-risk comorbidities (e.g., cardiac disease). 

If the cause of anemia is unclear and it has not 
resolved within four weeks, referral to a hematolo-
gist is recommended. Unresolved cytopenias involving 
multiple cell lines may be an indicator of bone marrow 
infiltration, which causes anemia in approximately 30% 
of prostate cancer patients.21 It is important to confirm 
bone marrow infiltration with a bone marrow biopsy, 
as this type of anemia may improve if patients respond 
to PARP inhibitors or other systemic therapy.

Other factors that may contribute to anemia risk 
that can optimized should be addressed as soon as a 

patient is deemed eligible for PARP inhibitor therapy. 
Adjustment or discontinuation of concomitant med-
ications that contribute to blood loss, such as anti-
coagulants, non-steroidal anti-inflammatory drugs, and 
over-the-counter supplements, should be considered 
when safe and possible. To prevent dose-related tox-
icity effects, a patient’s current medications should be 
reviewed for potential drug interactions that could 
increase the concentration of PARP inhibitors in the 
blood. Caution should be taken when co-administering 
medications that inhibit the primary metabolic pathways 
for each PARP inhibitor.12-14 As olaparib and talazoparib 
are eliminated by renal clearance, dose adjustments 
must also be made for patients with renal impairment, 
as described in their product monographs.12,13 

Monitoring
With the high frequency and early onset of anemia 
in PARP inhibitor trials, close monitoring of Hb levels 
in patients with mCRPC treated with PARP inhibitors 
is important, particularly in the first three months of 
treatment, when anemia is most likely to occur. For 
patients on olaparib or talazoparib, the product mono-
graphs recommend that CBCs be monitored monthly 
for the first 12 months of treatment, then periodically 
thereafter (Figure 1).12,13 

The product monograph for niraparib recommends 
a similar monitoring schedule, with the exception of 
weekly monitoring of blood counts in the first month 
of treatment.14 Monthly bloodwork should include the 
same tests performed to assess baseline anemia and 
its etiology. As PARP inhibitors are associated with an 
increased risk of myelodysplastic syndrome, a referral to 
a hematologist could be considered for cases of bicy-
topenia, or suspicion of dysplasia on the blood smear.

Dose interruptions and re-initiation
Dose modifications may be needed in the event of 
PARP inhibitor-induced anemia (Figure 2). Interruption 
of PARP inhibitor therapy is required if grade ≥3 anemia 
occurs (Hb <79 g/L) and may be considered for symp-
tomatic grade 2 anemia (Hb 99–80 g/L). Once grade ≥3 
anemia has resolved to grade 1/2 (or Hb ≥90 g/L) or 
symptoms leading to dose reductions have improved, 
PARP inhibitors can be re-initiated at a reduced dose, 
as described in the product monographs for each agent 
(Figure 2).12-14 Re-escalation of dose is not recommend-
ed for patients with grade ≥3 anemia. 

Although product monographs do not include guid-
ance on how frequently CBCs should be assessed dur-
ing a dose interruption due to anemia, protocols from 

Figure 2. Management of anemia for patients with mCRPC receiving PARPi therapy. aAdditional weekly monitoring was recommended in 
clinical trial protocol if grade ≥2 anemia occurs (until resolution to grade 1). Weekly monitoring up to 4 weeks was also recommended 
after re-initiating PARPi therapy following a dose delay. bCan consider one level dose reduction if grade 2 anemia is recurrent or symp-
tomatic. BID: twice-daily; EPO: erythropoietin; ESA: erythropoietin stimulating agent; Hb: hemoglobin; IV: intravenous; mCRPC: metastatic 
castration-resistant prostate cancer; PARPi: poly [ADP-ribose] polymerase inhibitor; QD: once-daily; RBC: red blood cell.
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the clinical trials investigating niraparib suggest weekly 
monitoring until anemia is resolved and for 28 days 
after a reduced dose is initiated.18,24 

Treatment discontinuation is recommended if 
anemia has not adequately resolved in four weeks 
despite supportive care, or in the event of multiple 
reoccurrences of grade ≥3 anemia where no further 
dose reduction is indicated.13,14 An amendment in the 
TALAPRO-2 study protocol was made to allow a dose 
interruption of up to eight weeks for anemia to resolve; 
however, the median duration of dose interruption 
for anemia was not reported in trial publications.25,36 
Referral to a hematologist should be considered in 
cases where Hb levels have not recovered to ≥90 g/L 
after four weeks of dose interruption. 

Supportive care during treatment
In all PARP inhibitor trials in mCRPC, anemia caused by 
PARP inhibitor therapy was managed with RBC transfu-
sions, erythropoietin, or ESAs at the discretion of the 
investigator and local guidelines. International guidelines 
for the management of anemia in cancer recommend 
blood transfusions before ESAs to treat therapy-related 
anemia.42,62 There is limited data on the optimal Hb 
threshold for RBC transfusions in the outpatient setting, 
thus, expert judgment and extrapolation of data from 
studies in hospitalized patients must be used.63 

In general, RBC transfusions may be considered in 
a patient with Hb <70 g/L, although it may also be 
appropriate in patients with Hb 70-90 g/L if impaired 
oxygen delivery is suspected (e.g., tachycardia, hypoten-
sion, cardiac ischemia, syncope, pre-syncope).64 This is 
consistent with the rates of RBC transfusion reported 
in the PARP inhibitor studies in mCRPC, where the 
majority of patients with grade ≥3 anemia received 
RBC transfusion (Table 1). Although blood transfusions 
allow for rapid improvement of anemia and associated 
symptoms, they have been linked to increased risk of 
thrombosis, cancer recurrence, and decreased survival, 
as well as pathogen transmission, transfusion reactions, 
iron or volume overload, and alloimmunization.49 

Referral to a hematologist is recommended for 
patients requiring multiple RBC transfusions. The  
National Comprehensive Cancer Network (NCCN) 
and European Society for Medical Oncology (ESMO) 
guidelines for cancer-associated anemia recommend 
erythropoietin or ESAs in patients with non-myeloid 
malignancies undergoing antineoplastic therapy whose 
anemia cannot be appropriately managed with transfu-
sions.42,62 Given the risk of venous thromboembolism 
(VTE) and potentially poorer outcomes for patients 

receiving ESAs, this therapy should be reserved for 
patients requiring frequent transfusions, with the goal 
of maintaining the lowest Hb level sufficient to avoid 
transfusion and improve quality of life (target Hb <120 
g/L).42 

In clinical trials in mCRPC, 1-8% of patients receiv-
ing PARP inhibitors received erythropoietin or ESAs, 
reflecting a judicious use of these agents in patients with 
grade ≥3 anemia (Table 1). Patients should be informed 
of the benefits and risks of these agents, as well as 
the signs and symptoms of VTE. Contraindications to 
treatment include uncontrolled hypertension, inability 
to receive anti-thrombotic agents, history of pure red 
cell aplasia from past ESA therapy, and hypersensitiv-
ity to product components.64 Serum ferritin should be 
monitored with Hb levels, as these agents require avail-
able iron. In many cases, IV iron has been shown to 
improve the efficacy of ESAs and can be given concur-
rently unless there is a risk of iron overload.49 

CONCLUSIONS
Anemia represents a significant burden for patients with 
prostate cancer, causing fatigue, decreased ability to 
perform activities of daily living, decreased quality of 
life, and poor clinical outcomes. Given that patients 
with mCRPC frequently have anemia prior to initiation 
of PARP inhibitors, and that this increases the risk of 
developing grade ≥3 anemia while on PARP inhibitor 
therapy, a thorough assessment of anemia and deter-
mination of its cause are important before initiating 
PARP inhibitor therapy. Early recognition and effective 
management of anemia during PARP inhibitor therapy, 
particularly at the beginning of treatment, is imperative 
to keeping patients on adequate doses for longer. 

Dose interruptions, dose reductions, and other sup-
portive care measures, including RBC transfusion and 
ESAs, are important tools for managing anemia that 
occurs as a result of PARP inhibitor therapy. Since mul-
tiple factors can contribute to anemia and minimal data 
is available comparing how different anemia manage-
ment strategies impact clinical outcomes for patients 
with mCRPC, decisions on how to manage anemia are 
best made by an experienced, multidisciplinary team, 
including hematologists, medical oncologists, urologists, 
and onco-nephrologists. 

As PARP inhibitors have now become an important 
therapy for patients with HRR-mutated mCRPC and 
are continually being explored in earlier-line settings, 
it will be important to devise strategies to effectively 
manage toxicities of treatment, particularly anemia, in 
order to keep patients on treatment longer. 
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