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Abstract 

Objective To analyze the incidence and risk of hypertension associated with poly(adenosine diphosphate-ribose) 
polymerase (PARP) inhibitors in cancer patients and provide reference for clinicians.

Methods We used R software to conduct a meta-analysis of phase II/III randomized controlled trials (RCT) on PARP 
inhibitors for cancer treatment published in PubMed, Embase, Clinical Trials, Cochrane Library and Web of Science 
from inception to July 29th, 2022.

Results We included 32 RCTs with 10,654 participants for this meta-analysis. For total PARP inhibitors, the incidence 
and risk ratio of all-grade hypertension were 12% and 1.22 (95% CI: 0.91–1.65, P = 0.19,  I2 = 81%), and the incidence 
and risk ratio of grade 3–4 hypertension were 4% and 1.24 (95% CI: 0.74–2.08, P = 0.42,  I2 = 68%). Compared with the 
control group, the niraparib group, olaparib 800 mg/day group, and olaparib plus cediranib group increased the risk 
of any grade and grade 3–4 hypertension, while the veliparib group and rucaparib group did not increase the risk 
of any grade and grade 3–4 hypertension, and olaparib 200 mg-600 mg/day group (exclude olaparib plus cediranib 
regime) reduced the risk of any grade and grade 3–4 hypertension.

Conclusion Olaparib 200-600 mg/day (excluding olaparib plus cediranib regimen) may be the most suitable PARP 
inhibitor for cancer patients with high risk of hypertension, followed by veliparib and rucaparib. Niraparib, olapa-
rib 800 mg/day and olaparib combined with cediranib may increase the risk of developing hypertension in cancer 
patients, clinicians should strengthen the monitoring of blood pressure in cancer patients and give medication in 
severe cases.

Keywords PARP inhibitors, Hypertension, Niraparib, Olaparib, Meta-analysis

Introduction
Cancer is a serious threat to human health, causing more 
than 8 million deaths each year [1]. Targeted therapy 
with high efficiency and low toxicity is the main strategy 
for the treatment of advanced cancer, which can specifi-
cally kill cancer cells with minimal harm to normal cells. 
For targeted therapy of cancer, it is of great significance 
to identify new drug targets and develop new targeted 
drugs [2]. DNA damage response (DDR) is a complex 
signal pathway network involving DNA damage repair, 
cell cycle checkpoint and apoptosis, which has become 

*Correspondence:
Jun Li
ljadoctor@swmu.edu.cn
Yaling Li
lylapothecary@swmu.edu.cn
1 Department of Pharmacy, The Affiliated Hospital of Southwest Medical 
University, Luzhou, China
2 School of Pharmacy, Southwest Medical University, Luzhou, China
3 Department of Oncology, The Affiliated Hospital of Southwest Medical 
University, Luzhou, China
4 Department of Traditional Chinese Medicine, The Affiliated Hospital 
of Southwest Medical University, Luzhou, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-023-10571-5&domain=pdf


Page 2 of 17Chen et al. BMC Cancer          (2023) 23:107 

an important target in the development of new targeted 
therapeutic drugs [3]. In the past few years, DNA damage 
response and its related signal pathways have attracted 
considerable attention, and a large number of DDR inhib-
itors have emerged, such as PARP inhibitors, ataxia telan-
giectasia-mutated (ATM) inhibitors, ataxia telangiectasia 
and Rad3-related (ATR) kinase inhibitors and checkpoint 
kinase 1/2 (CHK1/2) inhibitors, etc. [4].

PARP inhibitors are currently the most widely studied 
DDR inhibitors, which can cause simultaneous impair-
ment of two different DDR pathways (homologous 
recombination and base excision repair) by inhibiting the 
PARP protein, leading to apoptotic death of cancer cells 
through a mechanism known as "synthetic lethality" [5]. 
The PARP inhibitors developed so far include veliparib, 
rucaparib, olaparib, talazoparib, niraparib, pamiparib, 
iniparib, fuzuloparib etc. Surprisingly, It has been found 
that PARP inhibitors alone or in combination (e.g. plati-
num drugs) show promising clinical efficacy in various 
cancer patients, especially those with impaired homolo-
gous recombination [6, 7]. From 2014 to August 25, 2022, 
olaparib, rucaparib, talazoparib and niraparib have been 
clinically approved by FDA and/or the European Medi-
cines Agency (EMA) for the treatment of various cancers 
(e.g. ovarian cancer, breast cancer, lung cancer) [8–11]. 
Niraparib has even been approved for the first-line main-
tenance treatment of platinum-responsive advanced 
ovarian cancer, and olaparib has been approved for the 
first-line maintenance treatment of advanced ovarian 
cancer with BRCA mutation and metastatic pancreatic 
cancer with gBRCA mutation [12–14]. In addition, fuzu-
loparib and pamiparib have recently been approved for 
ovarian, fallopian tube or primary peritoneal cancer in 
china [15, 16].

PARP inhibitors, like other targeted therapeutic, are 
associated with many adverse reactions, among which 
nausea, vomiting, fatigue, anemia, thrombocytopenia, 
neutropenia and hypertension are frequently reported. 
Interestingly, the reported incidence of PARP-related 
hypertension in clinical trials varies widely, ranging from 
approximately 1% to 76%, and the reported severity also 
varies greatly, ranging from grade 1 to grade 4, even seri-
ous hypertension. The reasons for the above differences 
are unclear, and it is also unclear whether there are dif-
ferences among different PARP inhibitors, different can-
cer types and different treatment regimes. Hypertension 
is the leading cause of attributable deaths and burden of 
disease globally, which is also one of the important pre-
ventable risk factors for cardiovascular disease [17]. For 
clinicians, it is necessary to have a deep understanding of 
PARP inhibitor-related hypertension in cancer patients, 
so as to minimize the risk and harm of PARP inhibitor-
related hypertension and ensure the maximum benefit of 

cancer patients. Given this background, we conducted a 
comprehensive meta-analysis of published Phase II and 
III RCTs of PARP inhibitors in the treatment of cancer 
to determine the incidence and risk of PARP inhibitors 
and to analyze the differences in the risk of hypertension 
among different PARP inhibitors, different cancer types 
and different treatment regimens. We hope to provide 
reference for clinicians to reasonably use PARP inhibitors 
and manage hypertension related to PARP inhibitors.

Methods
This study followed the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) 
guidelines.

Literature search
We searched PubMed, Embase, Cochrane Library, Web of 
Science, and ClinicalTrials.gov databases to identify rel-
evant II/III randomised controlled trials published from 
inception to July 29, 2022, without language restrictions. 
We searched for the following keywords: veliparib, ruca-
parib, olaparib, talazoparib, niraparib, pamiparib, iniparib, 
fuzuloparib, PARP inhibitor, and used the RCTs filter or 
searched for randomly or randomized or randomization or 
random in the full text to identify possible RCTs. In addi-
tion, we have reviewed the references of the retrieved lit-
erature to identify any possible relevant studies.

Selection criteria
We searched for phase II or III RCTs of PARP inhibitors 
in the treatment of cancer patients. Inclusion criteria 
were based on the PICO-framework. Population (P): can-
cer patient. Intervention (I): Treatments containing PARP 
inhibitors. Comparison (C): Placebo or treatments with-
out PARP inhibitors. Outcomes (O): any grade hyperten-
sion and grade 3–4 hypertension assessed according to 
the National Cancer Institute’s Common Terminology 
Standard for Adverse Events (CTCAE) (version 3 or 4).

The exclusion criteria were as follows: (a) non-rand-
omized controlled trials; (b) review and guideline; (c) trails 
with unavailable study data; (d) investigation; (e) con-
ference articles; (f ) both arms contain PARP inhibitors; 
(f ) Phase I study. When there is a dispute between two 
reviewers, the decision is made by the third reviewer (YL).

Data extraction
We extracted data from articles, supplementary docu-
ments and ClinicalTrials.gov. Two reviewers (XC and 
XX) independently extracted the following information: 
author/year, national clinical trial (NCT) number, nation, 
study phase, interventions, sample size, median age, 
median treatment duration, median follow up duration 
and cancer type.
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Quality assessment
According to the Cochrane Collaboration guidelines, we 
assessed the risk of bias for included RCTs from seven 
domains: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of 
outcome assessment, incomplete outcome data, selective 
reporting, and other types. The evaluation results are low, 
high and unclear, indicating low risk of bias, high risk of 
bias and unclear risk of bias, respectively.

Statistical analysis
All statistical analyses in our meta-analysis were per-
formed by R software(version 4.0.2). To calculate the 
incidence of any grade hypertension and grade 3–4 
hypertension, we determined the number of patients 
with any grade hypertension and grade 3–4 hypertension 
in patients receiving PARP inhibitors alone or in com-
bination in each study and the total number of patients 
receiving PARP inhibitors alone or in combination. Free-
man-Tukey double arcsine transformation was used to 
stabilize the variance when calculating the proportion of 
patients and 95% confidence intervals (CIs). Analyzing 
the risk of any grade hypertension and the risk of grade 
3–4 hypertension associated with PARP inhibitors in 
cancer patients is our second objective. Risk ratio (RR) 
and 95% CI were used to determine the risk of hyperten-
sion with PARP inhibitors group compared to control 
group. Both random-effects(Mantel–Haenszel method) 
and fixed-effects models(Mantel–Haenszel method) were 
used to draw forest plots. We used Cochran ’s Q test to 
assess heterogeneity among studies and the inconsistency 
index  (I2 test) to assess the degree of heterogeneity. If 
there was no statistical heterogeneity among the studies 
 (I2 < 50%), the fixed effects model was used for analysis; 
otherwise, the random effect model was used for analy-
sis. Study exclusions and subgroup analyses were used to 
identify the main sources of heterogeneity. Publication 
bias was evaluated by visual inspection of funnel plots 
and Begg’s tests. P < 0.05 was statistically significant.

Results
Selection of Eligible Studies
According to the search strategy, a total of 2234 articles 
were identified. First, we removed 679 duplicate articles 
with EndNote software. Then, we excluded 1453 articles 
after screening the title and abstract, and excluded 70 
articles after reading the full text. Ultimately, 32 articles 
[18–49] were eligible for analysis. Figure 1 shows a flow 
chart depicting the articles selection process.

Characteristics of Eligible Studies
This meta-analysis included 10,654 patients with ovarian, 
lung, breast and other cancers from 16 phase II [18–26, 

31, 35, 41, 43, 47–49] studies and 16 phase III studies 
[27–30, 32–34, 36–40, 42, 44–46]. 6631 participants from 
the PARP inhibitor group received five PARP inhibitors 
niraparib (N = 4), olaparib (N = 14), veliparib (N = 10), 
rucaparib (N = 3),and iniparib (N = 1), alone or in com-
bination with other anticancer drugs, and 4023 partici-
pants from the control group received placebo, paclitaxel, 
carboplatin, gemcitabine, and other anticancer drugs. 
The median duration of treatment with PARP inhibitors 
reported in the included studies ranged from 44 days to 
14.7 months. The characteristics of the included studies 
are shown in Tables 1 and 2.

Evaluation of the quality of RCTs
We assessed the quality of the 32 included double-blind 
randomized controlled trials [18–49] according to the 
Cochrane Collaboration guidelines. 11 [18, 20–22, 24, 
36, 40–43, 49] of the 32 included studies were open-label 
studies and were not blinded. Of the remaining 21 stud-
ies, 2 studies [33, 37] mentioned that outcome assessors 
were not blinded, and one study [37] mentioned that 
drug allocation concealment was not performed. Most 
RCTs were conducted strictly according to the Cochrane 
Collaboration guidelines, and the overall quality was 
high. See Supplementary Table 1 for details.

Incidence of hypertension associated with PARP inhibitors
We performed a meta-analysis of 29 studies [18–41, 43, 
44, 46–48] reporting any grade hypertension and 19 stud-
ies [20–22, 24, 27–30, 32, 36, 38, 39, 42–47, 49] report-
ing grade3-4 hypertension. The incidence of any grade 
hypertension was 12% (95%CI: 8%-17%) and the inci-
dence of grade 3–4 hypertension was 4% (95%CI: 2%-7%). 
See Figs. 2 and 3 for details. The incidence of hyperten-
sion varies widely among different PARP inhibitors, with 
olaparib (any grade:14%, grade3-4: 5%) and niraparib (any 
grade:17%, grade3-4: 5%) exhibiting a higher incidence 
of hypertension than veliparib (any grade:8%, grade3-4: 
1%) and rucaparib (any grade:6%, grade3-4: 2%). Only 
one study [22] reported hypertension associated with 
iniparib, so we did not conduct meta-analysis of iniparib 
alone. See Figs. 4 and 5 for details.

Risk of Hypertension Associated with PARP Inhibitors
We performed a meta-analysis of 29 studies [18–41, 
43, 44, 46–48] reporting hypertension of any grade and 
19 studies [20–22, 24, 27–30, 32, 36, 38, 39, 42–47, 49] 
reporting grade 3–4 hypertension, respectively. There 
was considerable heterogeneity among studies, so we 
used a random-effects model for analysis. There was no 
statistically significant difference in the risk of hyper-
tension between the PARP inhibitor group and the 



Page 4 of 17Chen et al. BMC Cancer          (2023) 23:107 

control group(any grade: RR = 1.22, 95% CI: 0.91–1.65, 
P = 0.19,  I2 = 81%; grade3-4: RR = 1.24, 95% CI: 0.74–
2.08, P = 0.42,  I2 = 68%). See Table  3 and Supplemen-
tary Fig. 1 for details.

Subgroup analysis of hypertension risk
We conducted subgroup analysis to explore the dif-
ference of hypertension risk among different PARP 

inhibitors, different cancer types and different treat-
ment regimes.

Subgroup analysis of PARP inhibitors
Our subgroup analysis showed that the risk of hyper-
tension varied widely among different PARP inhibitors. 
The risk of hypertension was significantly higher in the 
niraparib group compared with the control group (any 

Fig. 1 The PRISMA flowchart shows the selection process of the systematic review
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grade: RR = 3.47, 95% CI: 2.36–5.09, P < 0.01,  I2 = 21%; 
grade3-4: RR = 4.20, 95% CI: 2.04–8.68, P < 0.01, 
 I2 = 0%). However, veliparib (any grade: RR = 1.01, 95% 
CI: 0.80–1.28, P = 0.94,  I2 = 3%; grade 3–4: RR = 0.77, 
95% CI: 0.32–1.83, P = 0.55,  I2 = 0%) and rucaparib (any 
grade: RR = 0.90, 95% CI: 0.56–1.45, P = 0.67,  I2 = 16%; 
grade 3–4: RR = 0.77, 95% CI: 0.34–1.74, P = 0.53, 
 I2 = 15%) showed a comparable risk of hypertension 
as the control group. See Table  3 and Supplementary 
Fig. 2 for details.

There was great heterogeneity between olaparib group 
and the control group (any grade:  I2 = 86%; grade 3–4: 
 I2 = 79%), but the heterogeneity was significantly reduced 
when 2 studies [36, 43] of olaparib plus cediranib were 
excluded (any grade:  I2 = 38%; grade3-4:  I2 = 0%). The risk 
of hypertension with olaparib plus cediranib regime was 
significantly higher than that in the control group (any 
grade: RR = 8.78, 95% CI: 5.39–14.29, P < 0.01,  I2 = 0%; 
grade 3–4: RR = 6.50, 95% CI: 3.50–12.05, P < 0.01, 

 I2 = 0%), while the risk of hypertension with olapa-
rib (exclude olaparib plus cediranib regime) alone or in 
combination with other anticancer drugs was lower than 
that in the control group (any grade: RR = 0.82, 95% CI: 
0.72–0.92, P < 0.01,  I2 = 38%; grade 3–4: RR = 0.61, 95% 
CI: 0.48–0.77, P < 0.01,  I2 = 0%). Heterogeneity between 
olaparib group and control groups improved after fur-
ther exclusion of 2 studies [18, 19] with olaparib 800 mg/
day (any grade: 22%; grade 3–4: 0%). The results of our 
meta-analysis showed that olaparib 800  mg/day (with-
out olaparib plus cediranib regime) may be associated 
with a higher risk of hypertension (any grade: RR = 2.71, 
95% CI: 1.10–6.69, P = 0.03,  I2 = 23%). However, olapa-
rib 200  mg-600  mg/day(exclude olaparib plus cediranib 
regime) was associated with a lower risk of hyperten-
sion compared with the control group (any grade: 
RR = 0.79, 95% CI: 0.69–0.89, P < 0.01,  I2 = 22%; grade 
3–4: RR = 0.61, 95% CI: 0.48–0.77, P < 0.01,  I2 = 0%). See 
Table 3 and Supplementary Fig. 3 for details.

Table 2 Summary of included RCTs

PARP poly(adenosine diphosphate-ribose) polymerase, A: PARP inhibitors versus placebo, B: PARP inhibitors versus other anticancer drugs, C: PARP inhibitors + other 
anticancer drugs versus other anticancer drugs

PARP Inhibitors Number 
of Phase II 
Studies

Number of 
Phase III 
Studies

Sample Size 
(PARP group/
control group)

Interventions Median treatment 
duration (PARP group)

Cancer

Treatment 
regime (PARP 
group versus 
control group)

Number 
of 
studies

Niraparib 0 4 1153/571 A 4 44 days, 369 days Ovarian cancer, 
Lung Cancer

Olaparib 8 6 2418/1726 A 5 8 weeks ~ 24.6 months Ovarian cancer, 
lung cancer, 
pancreatic cancer, 
prostate cancer, 
breast cancer, and 
gastric cancer

B 3

C 6

Veliparib 7 3 1953/1275 C 10 8 weeks ~ 36 weeks Ovarian cancer, 
breast cancer, 
prostate cancer, 
lung cancer, 
colorectal cancer, 
pancreatic cancer, 
pancreas adeno-
carcinoma

Rucaparib 0 3 1029/412 A 2 7.3 months ~ 14.7 months Ovarian cancer, 
peritoneal cancerB 1

Iniparib 1 0 78/39 C 1 15 weeks Lung cancer

Totle 16 16 6631/4023 A,B,C 32 44 days ~ 14.7 months Ovarian cancer, 
lung cancer, 
pancreatic cancer, 
prostate cancer, 
breast cancer, 
peritoneal cancer, 
colorectal cancer, 
gastric cancer, 
pancreas adeno-
carcinoma
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Subgroup analysis of cancer type
Based on the cancer type, we performed a subgroup 
analysis of five cancers including ovarian cancer, lung 
cancer, breast cancer, prostate cancer, and pancreatic 
cancer. All five subgroups showed no statistically signifi-
cant difference in the risk of hypertension between the 
PARP inhibitor group and the control group. See Table 3 
and Supplementary Fig. 4 for details. Other cancers were 
not analyzed separately because too few studies were 
included.

Subgroup analysis of treatment regime
Based on treatment regime, we divided the study into 
three subgroups: PARP inhibitors versus placebo, PARP 
inhibitors versus other anticancer drugs, PARP inhibi-
tors + other anticancer drugs versus other anticancer 
drugs, and All three subgroups showed no statistically 
significant difference in the risk of hypertension between 
the PARP inhibitors group and the control group. See 
Table 3 and Supplementary Fig. 5 for details.

Publication Bias
For studies reporting hypertension of any grade and grades 
3–4, neither the corresponding funnel plot nor Begg’s test 
values indicated significant publication bias. See Supple-
mentary Fig. 6 and Supplementary Table 2 for details.

Discussion
PARP inhibitors have shown good clinical efficacy in clin-
ical trials, especially in BRCA-mutant ovarian cancer and 
breast cancer, but accompanied by some adverse events. 
At present, the systematic analysis of PARP inhibitor 
related adverse events mainly involves gastrointestinal 
adverse events [50], hematological adverse events [51], 
pneumonitis [52], myelodysplastic syndrome and acute 
myeloid leukaemia [53], peripheral neuropathy [54], etc. 
However, there is no comprehensive and systematic anal-
ysis of PARP inhibitor-related hypertension, although 
many clinical trials have reported different grades and 
proportions of PARP inhibitor-related hypertension. 
This is the first meta-analysis to systematically assess the 

Fig. 2 Forest plot of incidence of any grade hypertension related to PARP inhibitor
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incidence and risk of PARP inhibitor-related hyperten-
sion in cancer patients. We conducted a meta-analysis of 
32 phase II or III RCTs involving 10,654 participants, and 
further analyzed the incidence of hypertension with dif-
ferent PARP inhibitors, as well as the risk of hypertension 
with different PARP inhibitors, different cancer types, 
and different treatment regimes. The results of our analy-
sis involved olaparib, veliparib, niraparib, rucaparib and 
iniparib 5 PARP inhibitors.

Gastrointestinal and hematological adverse events 
are the most common adverse events of PARP inhibi-
tors. The incidence of any grade hypertension associ-
ated with PARP inhibitors was 12%, which was lower 
than any grade gastrointestinal (nausea: 68.8%, vomiting: 
47.8%, diarrhea: 25.3%, constipation: 25.3%) and hema-
tological (anemia:47.8%, neutropenia: 39.6%, thrombo-
cytopenia:23.0%) adverse events associated with PARP 
inhibitors [50, 51]. The incidence of grade 3–4 hyperten-
sion related to PARP inhibitors is 4%, which is higher than 
grade 3–4 gastrointestinal toxicity (nausea: 3.4%, vomit-
ing: 2.0%, diarrhea: 1.7% and constipation: 1.4%) related 
to PARP inhibitors and lower than grade 3–4 hematolog-
ical toxicity (anemia: 22.1%, neutropenia: 19.3%, throm-
bocytopenia: 15.4%) related to PARP inhibitors [50, 51]. 
There is a great difference in the incidence of hyperten-
sion among PARP inhibitors. Olaparib (any grade: 17%, 
grades 3–4: 7%) and niraparib (any grade: 16%, grades 
3–4: 5%) all show high incidence of hypertension, and 

their incidence of grade 3–4 hypertension is similar to 
that of sorafenib [55] (5.7%, a tyrosine kinase inhibitors). 
However, the incidence of hypertension in veliparib (any 
grade: 8%, grade3-4: 1%) and rucaparib (any grade: 6%, 
grade3-4: 2%) is not high. PARP inhibitor-related hyper-
tension may be due to an off target disruption of dopa-
mine and nor epinephrine metabolism [56].

The results of our meta-analysis showed no statisti-
cally significant difference in the risk of hypertension 
between the PARP inhibitor group and the control group, 
but this result is not completely reliable because of large 
heterogeneity among studies (any grade:  I2 = 80%, grade 
3–4:  I2 = 68%). Our subgroup analyses of cancer types 
and treatment regimes were consistent with the results 
of total PARP inhibitors, but there was also substan-
tial heterogeneity across studies. Finally, we found that 
the varieties of PARP inhibitors maybe the main source 
of heterogeneity, and the risk of hypertension varied 
widely among different PARP inhibitors. Niraparib exhib-
ited a significantly higher risk of hypertension than the 
control group. Niraparib-related hypertension may be 
attributable to off-target disruption of dopamine and 
norepinephrine metabolism and inhibition of DYRK1A 
(dual-specificity tyrosine phosphorylated and regulated 
kinase 1A) [57]. However, the risk of hypertension with 
veliparib and rucaparib was similar to the control group, 
and olaparib may even reduced the risk of hypertension 
in some cases.

Fig. 3 Forest plot of incidence of grade 3-4 hypertension related to PARP inhibitor
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Olaparib is currently the most widely investigated 
PARP inhibitor and has demonstrated promising efficacy 
in various cancers such as ovarian cancer and breast can-
cer [58, 59]. Our analysis of olaparib is very interesting. 
On the one hand, the risk of hypertension with olaparib 
was associated with combination therapy. The risk of 

hypertension was significantly higher in the olaparib plus 
cediranib regimen than in the control group, whereas 
olaparib alone or in combination with other anticancer 
drugs showed the opposite results. The results of the 
olaparib plus cediranib regimen was consistent with the 
meta-analysis of Guo et  al. [60], which may be mainly 

Fig. 4 Forest plot of incidence of any grade hypertension related to different PARP inhibitors
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attributed to the inhibition of vascular endothelial growth 
factor receptor by cediranib [61], or some mechanism of 
the combination of the two drugs. On the other hand, the 
risk of hypertension with olaparib is dose-related. Olapa-
rib (without olaparib plus cediranib regimen) 800  mg/
day having a significantly higher risk of hypertension 
than the control group, while olaparib200mg-600  mg/
day(exclude olaparib plus cediranib regimen) had a lower 
risk of hypertension than the control group. One study 
[62] found that PARP inhibitors may have an inhibitory 
effect on angiotensin II (Ang II) in rats, so we speculate 

that olaparib may reduces the risk of hypertension by 
inhibiting renin angiotensin system (RAS), an important 
factor in the occurrence and maintenance of essential 
hypertension [63]. The mechanism of olaparib 800  mg/
day increasing the risk of hypertension is unclear, and 
further research is needed.

Our previous results show that olaparib has a high 
incidence of hypertension, which seems to contradict 
the result that olaparib reduces the risk of hypertension. 
So, we excluded the study involving olaparib 800  mg/
day and olaparib plus cediranib regimen and calculated 

Fig. 5 Forest plot of incidence of grade 3-4 hypertension related to different PARP inhibitors
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the incidence of hypertension in the olaparib and con-
trol groups, respectively. The results showed that the 
incidence of hypertension in oalparib group (any grade: 
11%, grade 3–4: 3%) was lower than that in the control 
group(any grade: 15%, grade 3–4: 5%), which was con-
sistent with the result that olaparib reduced the risk of 
hypertension (Supplementary Fig. 3E and Supplementary 
Fig. 3F).

For patients receiving niraparib, olaparib 800  mg/day 
and the combination of olaparib and cediranib, some 
measures should be taken to prevent the development 
of hypertension, such as limiting salt intake (< 5  g/day), 
regular aerobic exercise supplemented by dynamic 
resistance exercise and flexible exercise, etc. [64, 65]. 
At the same time, clinicians should monitor and con-
trol patients’ blood pressure and give medication in 
severe cases. According to relevant guidelines [66, 67], 
angiotensin-converting enzyme inhibitors (ACEI) or 
angiotensin receptor blockers (ARB), beta receptor 
blockers, diuretics and calcium channel blockers (CCB) 
are currently the mainstream drugs for the treatment of 
hypertension. Clinicians can select appropriate drugs 
to treat cancer patients with PARP inhibitor-associated 
hypertension.

This meta-analysis has five limitations. First of all, there 
is a lack of relevant single-arm studies when assessing the 
incidence of hypertension associated with PARP inhibi-
tors. Second, more than one-third of RCTs are open-
label studies that are not blinded. Thirdly, the duration 
of treatment, duration of follow-up, and median age var-
ied widely among the included studies. Fourthly, we only 
retrieved one eligible study involving iniparib, and not 
any eligible studies involving pamiparib, fuzuloparib and 
talazoparib, because the relevant clinical studies were 
mainly concentrated in phase I. Finally, Because there are 
too few relevant studies, we did not compare the risk of 
hypertension between different doses of olaparib in cancer 
patients.

Conclusion
The incidence and risk of hypertension varied widely 
among different PARP inhibitors. Olaparib 200-600 mg/
day (excluding olaparib plus cediranib regimen) may 
be the most suitable PARP inhibitor for cancer patients 
with high risk of hypertension, followed by veliparib and 
rucaparib. Niraparib, olaparib 800 mg/day, and the com-
bination of olaparib and cediranib all have a high risk 
of hypertension. Therefore, cancer patients who use the 
above drugs should strengthen blood pressure moni-
toring and take some simple preventive measures, and 
receive appropriate medication in severe cases.
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