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Abstract

Background: Poly (ADP-ribose) polymerase inhibitors (PARPi) have revolutionized the treatment of ovarian cancer; however, real-
world data on kidney function among patients treated with PARPi are lacking.

Methods: We identified adults treated with olaparib or niraparib between 2015 and 2021 at a major cancer center in Boston, MA, USA.
We determined the incidence of any acute kidney injury (AKI), defined as at least a 1.5-fold rise in serum creatinine from baseline in
the first 12 months following PARPI initiation. We calculated the percentage of patients with any AKI and sustained AKI and adjudi-
cated the etiologies by manual chart review. We compared trajectories in estimated glomerular filtration rate (eGFR) among PARPi-
treated and carboplatin and paclitaxel-treated patients with ovarian cancer, matched by baseline eGFR.

Results: Of 269 patients, 60 (22.3%) developed AKI, including 43 of 194 (22.1%) olaparib-treated patients and 17 of 75 (22.7%) niraparib-
treated patients. Only 9 of 269 (3.3%) had AKI attributable to the PARPi. Of the 60 patients with AKI, 21 (35%) had sustained AKI, of
whom 6 had AKI attributable to the PARPi (2.2% of the whole cohort). eGFR declined within 30 days post-PARPi initiation by 9.61 (SD =
11.017) mL/min per 1.73 m? but recovered by 8.39 (SD = 14.05) mL/min per 1.73 m? within 90 days after therapy cessation. There was
no difference in eGFR at 12 months post-therapy initiation in patients receiving PARPi or controls receiving carboplatin and paclitaxel
(P=.29).

Conclusions: AKI is common following PARPi initiation as is a transient decline in eGFR; however, sustained AKI directly attributable

to the PARPi and long-term eGFR decline are uncommon.

Ovarian cancer historically had a uniformly poor prognosis due
to the relatively advanced stage by the time it is detected. Poly
(ADP-ribose) polymerase inhibitors (PARPi) are a major break-
through in the maintenance treatment of ovarian cancer, leading
to improved progression-free survival in both new and relapsed
settings (1-3). These drugs target PARP-1 and PARP-2, enzymes
responsible for repairing breaks in single strands of DNA (4). As a
result, inhibition of these enzymes allows for single-strand
breaks to progress to double-strand breaks, destabilizing DNA.
Three PARPi—olaparib, rucaparib, and niraparib—have been
approved for the treatment of advanced ovarian cancer, and ola-
parib and talazoparib have also been approved for HER2-
negative, BRCA-mutated breast cancer.

Animal models suggest that PARP-1 is upregulated in the set-
ting of acute kidney injury (AKI) and tubular injury and may help
mediate resistance to ischemic reperfusion injury (5). Thus, pre-
clinical data suggest that PARPi may in fact protect against or
attenuate AKI, though this has not been tested in human studies.
In vitro studies also suggest that PARPI may inhibit creatinine

secretion without changing glomerular filtration rate (GFR) (6).
One small study (n=20) showed that nearly one-third of patients
with ovarian cancer treated with niraparib had a decline in esti-
mated GFR (eGFR) within weeks of starting treatment (7). Most
patients had stabilization of eGFR, although 3 patients had per-
sistent AKI for unclear reasons. To date, no studies have exam-
ined eGFR decline in a large cohort of patients receiving PARPI or
with a longer duration of follow-up. We therefore aimed to exam-
ine kidney function trajectories of patients with ovarian cancer
treated with PARPI.

Methods

We identified all female patients aged 18years and older who
were treated with maintenance niraparib or olaparib for ovarian
cancer between January 2015 and January 2021 at Brigham and
Women's Hospital and Dana-Farber Cancer Institute using the
Oncology Data Retrieval System. Baseline kidney function and
eGFR were determined using the most proximal serum creatinine
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(SCr) value before initiating therapy. Baseline kidney function
was defined by creatinine-based eGFR calculated using the
Chronic Kidney Disease Epidemiology Collaboration 2021 race-
free equation (8). Patients were followed-up for up to 12 months
after therapy initiation and 12 months post therapy cessation.

Patients without a baseline SCr in the 6 months preceding
PARPi initiation, or without at least 1 follow-up SCr within
30days of starting therapy, were excluded. Additionally, patients
were excluded if they had a history of end-stage kidney disease, if
they were initiated on a PARPi before 2015, or if they were missing
a start and/or an end date for PARPI treatment.

Patient demographics, laboratory studies, medications, and
comorbidities were collected using the Research Patient Data
Registry, the data warehouse of the Mass General Brigham
health-care network. The start and stop date of the PARPi was
confirmed using manual electronic medical record review, and
patients without clearly documented therapy start dates were
excluded. Comorbidities were defined using diagnosis and medi-
cation codes. Previous chemotherapy (eg, carboplatin or cisplatin,
bevacizumab) was defined by receiving at least 1 dose in the year
before PARPI initiation.

We determined the frequency of any AKI in the first 12 months
following PARPI initiation, which was defined as at least a 1.5-
fold rise in SCr from baseline. AKI severity was defined using
modified Kidney Disease Improving Global Outcomes (KDIGO)
criteria, where stage I was a 1.5-fold to 1.9-fold increase in SCr
from baseline; stage II was a 2-fold to 2.9-fold rise from baseline;
and stage I1I was at least a 3-fold increase in SCr from baseline or
initiation of kidney replacement therapy (9). We calculated the
percentage of patients who had sustained AKI, defined as a per-
sistent elevation of SCr of at least 1.5-fold from baseline for 2 or
more consecutive days within 12 months after therapy initiation.
Severity of any AKI was also graded based on the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0 (10).

The underlying etiologies of any AKI and sustained AKI were
adjudicated based on manual chart review by 2 nephrologists,
and a third nephrologist resolved disagreements. The cause of
sustained AKI was divided into 4 categories: potentially PARPi-
related AKI, hemodynamic AKI or acute tubular necrosis (ATN),
urinary tract obstruction, and other (11). PARPi-related AKI was
defined as AKI attributed to PARPi based on subspecialist evalua-
tion or unexplained sustained AKI correlating with PARPI initia-
tion. These patients did not have evidence for an alternative
cause for AKI, such as hemodynamic AKI or ATN or obstruction.
Hemodynamic AKI or ATN included AKI that occurred in the con-
text of dehydration (poor oral intake, diarrhea, vomiting), tumor
lysis syndrome, septic or ischemic ATN, or nephrotoxin exposure.
Obstructive AKI included all causes of confirmed bilateral ure-
teral or urinary outlet obstruction. Other causes of AKI included
etiologies related to other drugs (eg, bevacizumab-induced
thrombotic microangiopathy).

We compared eGFR trajectories among PARPi-treated patients
and controls with ovarian cancer who received carboplatin and
paclitaxel chemotherapy without PARPi. Patients treated with
carboplatin and paclitaxel served as comparators because these
standard-of-care drugs allow us to interrogate the natural history
of eGFR decline expected in patients with ovarian cancer. For this
analysis, control patients were excluded if they received PARPI,
were missing a baseline SCr in the 6 months before chemother-
apy initiation, or if they were missing at least 1 follow-up SCr in
the 30days following treatment initiation. Controls and PARPi-
treated patients were matched 1:1 by baseline eGFR to within

5mL/min per 1.73m? but were not matched on other baseline
characteristics.

Statistical analysis
Baseline characteristics were summarized using y® or Fisher
exact test for categorical data and Student t test or Wilcoxon
rank sum test for normally distributed and skewed data, respec-
tively. A logistic regression model was used to examine risk fac-
tors for AKI among patients receiving PARPL. Variables were
selected based on biological plausibility and statistical signifi-
cance to generate the final multivariable model. Finally, in both
PARPi-treated patients and controls receiving carboplatin and
paclitaxel therapy, we plotted the monthly mean eGFR calculated
using the average of all eGFRs measured within the preceding
month for the first 12 months of therapy. We then plotted the
mean monthly eGFR in the 12months following cessation of
therapies. We calculated the proportion of patients with a sus-
tained decline in eGFR, which was defined as at least a 30%
decline sustained for 90 consecutive days or more. Patients were
censored at their death date or loss to follow-up, defined as their
last available SCr value.

All analyses were performed using R 4.1.1 and SAS 9.4. The
Mass General Brigham Institutional Review Board approved this
study and waived the need for informed consent.

Results
Baseline characteristics

Of 389 patients treated with PARP], 269 were included in the anal-
ysis after the exclusions shown in Figure 1. Of these, 194 (72.1%)
were treated with olaparib and 75 (27.9%) with niraparib. The
median age was similar in the olaparib (67 years, interquartile
range [IQR] = 59-72 years) and niraparib-treated patients
(65years, IQR = 58-72 years) (Table 1). A numerically greater pro-
portion of niraparib patients had diabetes mellitus (16% vs 11.3%)
and hypertension (68% vs 60.8%) and received prior treatment
with carboplatin or cisplatin (82.7% vs 71.6%) in the year preced-
ing PARPI initiation.

Characteristics and risk factors for AKI

The median time to closest available SCr before PARPI initiation
(eg, baseline SCr) was Odays (IQR = 0-6days). Of 269 patients
treated with PARPi, 60 (22.3%) developed AKI, including 43 of 194
(22.2%) olaparib-treated patients and 17 of 75 (22.7%) niraparib-
treated patients (Figure 1). The underlying etiologies of any AKI
are shown in Supplementary Figure 1 (available online). Most
patients had hemodynamic-mediated AKI, whereas only 7
(16.2%) of the olaparib-treated patients and 2 (11.8%) of the
niraparib-treated patients had AKI attributable to the PARPi (and
therefore 3.3% of the whole cohort had PARPi-related AKI). Of the
43 patients with AKI on olaparib, 40 were stage I, 1 was stage II,
and 2 were stage III (Supplementary Figure 2, A, available online).
Of the 17 niraparib patients with AKI, 15 were stage I, 2 were
stage II, and 0 were stage III (Supplementary Figure 2, B, available
online). Based on CTCAE criteria, 70 patients had AKI (vs 60 based
on KDIGO staging); of these 70 patients, 51 (72.8%) had grade 1,
16 (22.9%) had grade 2, and 3 (4.3%) had grade 3 AKI (Figure 2, A).
The breakdown of AKI by CTCAE criteria among olaparib and nir-
aparib patients is shown in Figure 2, B. No patients receiving
either PARPi were treated with kidney replacement therapy in the
12 months following drug initiation.

Neither age, race, hypertension nor prior treatment with
platin, paclitaxel, or bevacizumab was associated with AKI in
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Figure 1. Flowchart of inclusion for poly (ADP-ribose) polymerase (PARP) inhibitors (PARPi)-treated patients. Acute kidney injury (AKI) was defined as at
least a 1.5-fold rise in serum creatinine (SCr) from baseline in the 12 months following PARPi initiation. ESKD = end-stage kidney disease.

univariable-adjusted  or  multivariable-adjusted  analyses
(Figure 3). Hypertension (odds ratio [OR] = 2.26, 95% confidence
interval [CI] = 1.09 to 4.67), baseline albumin less than 4 g/dL vs
at least 4g/dL (OR = 2.85, 95% CI = 1.41 to 5.74), and baseline
hemoglobin less than 12 g/dL vs at least 12 g/dL (OR = 2.72, 95%
CI = 1.44 to 5.45) were each independently associated with AKI in
multivariable models.

Sustained vs transient AKI

Of the 60 patients with AKI, 21 (35%) had sustained AKI, of whom
17 (81%) had stage I, 3 (14.3%) had stage I, and 1 (4.7% had stage
Il AKI (Figure 4, A). Fifteen of the 21 patients were on olaparib,
and 6 were on niraparib (Supplementary Figure 3, A and B, avail-
able online). In reviewing the underlying etiologies for sustained
AKI, 7 (33.3%) had hemodynamic-mediated AKI, 6 had AKI from
obstruction (28.6%), 6 had AKI that was attributable to the PARP1
(28.6%; 2.2% of the whole cohort), and 1 patient (4.8%) had AKI
secondary to bevacizumab-associated thrombotic

microangiopathy  (clinically  diagnosed) (Figure 4, B;
Supplementary Table 1, available online). None of the patients
underwent kidney biopsy. Urinalysis findings before and after
sustained AKI are depicted in Supplementary Table 1 (available
online).

eGFR decline among PARPi-treated patients and
controls

After implementing exclusion criteria, there were 213 control
patients treated with carboplatin and paclitaxel matched 1:1
with 213 PARPi-treated patients (Supplementary Figure 4, avail-
able online). Baseline characteristics of PARPi-treated patients vs
controls were largely similar, except that controls treated with
carboplatin and paclitaxel were more likely to have diabetes mel-
litus and had higher baseline platelet and white blood cell counts
(Table 1). PARPi recipients experienced an initial 9.61 (SD =
11.017) mL/min per 1.73 m? decline in their eGFR by 30days after
initiation of therapy compared with controls (—1.86 [SD = 11.869]
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Table 1. Baseline characteristics of poly (ADP-ribose) polymerase inhibitor (PARPi)-treated patients and controls

PARPi type Matched controls

Variable®® Olaparib (n = 194) Niraparib (n =75) (n=213)%
Age at initiation, y (IQR) 67 (59-72) 65 (58-72) 65 (57-73)
Race, no. (%)

White 171 (88.1) 70 (93.3) 175 (82.2)

Non-White 23 (11.9) 5 (6.7) 38 (17.8)
Comorbidities, no. (%)

Hypertension 118 (60.8) 51 (68.0) 134 (62.9)

Diabetes mellitus 22 (11.3) 12 (16.0) 54 (25.4)

Cirrhosis 3(1.6) 1(1.3) 1(0.5)
Laboratory data

Baseline eGFR,° mL/min per 1.73m? (IQR) 82 (69-97) 86 (74-96) 85 (71-97)

eGFR categories, no. (%)

<60 22 (11.3) 6 (8.0) 23 (10.8)
>60 172 (88.7) 69 (92.0) 190 (89.2)

Albumin, g/dL (IQR) 2 (3.9-4.4) 1 (3.9-4.4) 4 1 (3.8-4.4)

Magnesium, mg/dL (IQR) 8(1.6-1.9) 8(1.6-1.9) 8(1.7-2.0)

Hemoglobin, g/dL (IQR) 11 6(10.5-12.7) 12 4 (10.8-12.4) 11 3 (10.2-12.6)

Platelets, x10°/L (IQR) 216 (171-261) 206 (171-283) 255 (105-328)

White blood cell count, x10%/1 (IQR) 0 (4.0-6.4) 2 (4.1-6.6) 6.4 (4 8-8.3)
Prior platin-based chemotherapy,® no. (%) 139 (71.6) 62 (82.7)
Concurrent bevacizumab, no. (%) 17 (8.8) 8(10.7) 30 (14.1)

& All patients were female and had ovarian cancer. Controls received carboplatin and paclitaxel. A total of 213 control patients were matched to 213 of the 269

PARPi-treated patients by baseline eGFR (+5mL/min).

Missing data: 6 (2.2%) were missing albumin, 31 (11.5%) were missing magnesium, 4 (1.5%) were missing white blood cell count, 4 (1.5%) were missing

hemoglobin, and 4 (1.5%) were missing platelets.

¢ Baseline estimated glomerular filtration rate (eGFR) was calculated based on Chronic Kidney Disease-Epidemiology Collaboration equation without race.
¢ Prior chemotherapy defined as chemotherapy received in the 1year preceding PARP initiation. In the treatment group, 137 olaparib recipients (70.6%) had
carboplatin vs 61 niraparib recipients (81.3%). Among olaparib recipients, 5 patients (2.6%) had previously received cisplatin vs 3 patients (4%) among niraparib

recipients.

mL/min per 1.73m? (Figure 5, A). eGFR subsequently stabilized
for the remainder of the 12-month follow-up period. There was
no statistically significant difference between mean eGFR at
12months after therapy initiation between PARPI recipients and
controls (P=.29). Within the first 12 months after therapy initia-
tion, there were 11 patients who had a sustained decline of at
least 30% in eGFR, of whom 2 (18.2%) received niraparib, 4 (36.4%)
received olaparib, and 5 (45.5%) received carboplatin and pacli-
taxel (Supplementary Figure 5, available online). Following ther-
apy cessation, survivors experienced a modest eGFR recovery
(8.39 [SD = 4.05] mL/min per 1.73m?) within 90days compared
with controls (—1.197 [SD = 11.71] mL/min per 1.73 m?) (Figure 5,
B). eGFR remained stable for the remainder of the posttherapy
cessation follow-up period.

Discussion

PARPI have transformed the landscape of therapy for ovarian
cancer and are now approved as maintenance therapy following
platinum-based chemotherapy in both the upfront and recurrent
disease settings in patients with and without BRCA mutations.
However, data on AKI in the real-world setting are lacking. In this
cohort study of more than 250 PARPi-treated patients, we found
that AKI was common in the 6months following initiation.
However, the majority of AKI was mild (92% stage I AKI), and AKI
was rarely sustained 2 days and more. Furthermore, few patients
(only 2.2% of overall cohort) had an episode of sustained AKI
directly attributable to the PARPi. Although a subset had a steep
decline in eGFR in the first 30 days following PARPI initiation that
was more pronounced than in controls receiving carboplatin and
paclitaxel for ovarian cancer, reassuringly, PARPi-treated
patients had stabilization or improvement of their eGFR over an
extended follow-up, suggesting that these patients can likely con-
tinue PARPi therapy safely.

Few studies have explored kidney-related side effects in
patients treated with PARPi. Phase III trials suggest that a grade 1
or 2 increase in SCr occurred in 11% of olaparib-treated patients
(12) and 15% of rucaparib-treated patients (13) and was not
reported in a large niraparib trial (14). PARP, particularly olaparib,
have been shown to inhibit multidrug and toxin extruder 1 and 2
and organic cation transporters 1 and 2 (15). There may be class
differences between drugs, because niraparib does not interact
with proximal tubular transporters responsible for PARPI secretion
(15). Interestingly, we found a similar initial eGFR decline within
30 days and near-equivalent rates of any AKI and sustained AKI in
the olaparib-treated and niraparib-treated patients. One study of
20 patients with advanced ovarian cancer treated with niraparib,
with a baseline eGFR of 52-102 mL/min per 1.73 m? before starting
therapy, observed that eGFR declined to 35-90 mL/min per 1.73m?
after receiving carboplatin and then further declined by an addi-
tional 28% after starting niraparib treatment before stabilizing
after several weeks (7). Patients did not have any proteinuria, hem-
aturia, or leukocytes on urinalysis, suggesting that there was no
considerable intrinsic kidney damage. In our cohort, patients had
a transient decline in eGFR within 30 to 60 days followed by stabili-
zation of eGFR, which could similarly indicate that PARPi therapy
leads to transient inhibition of tubular creatinine secretion that
occurs without intrinsic AKI (“pseudo- AKI"). Additionally, after
manually reviewing the underlying etiologies for sustained AKI,
only a small proportion of patients (eg, <1 in 3 of those with sus-
tained AKI and approximately 2% of the entire cohort) had AKI
directly attributable to the PARPi.

Animal studies suggest that PARPI may play a role in media-
ting resistance to AKI. In experimental studies of ischemic reper-
fusion injury, rats treated with PARPi had improved SCr and
increased eGFR (16,17). Histologic evaluation of rat kidneys dem-
onstrated preserved tubular architecture in the PARPi-treated
rats (16). Given these findings from preclinical studies, the
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Figure 2. A) Incidence of any acute kidney injury (AKI) based on
Common Terminology Criteria for Adverse Events (CTCAE) vs Kidney
Disease Improving Global Outcomes (KDIGO) criteria. B) Incidence of any
AKI based on CTCAE among olaparib-treated and niraparib-treated
patients. Based on CTCAE criteria (version 5.0), 70 patients had any AKI,
of whom 51 (72.8%) had grade 1, 16 (22.9%) had grade 2, and 4 (4.3%) had
grade 3. Based on KDIGO criteria, 60 patients had AKI, of whom 55
(91.7%) had stage I, 3 (5.0%) had stage II, and 2 (3.3%) had stage III AKI.

Figure 4. A) Incidence of acute kidney injury (AKI) by stage among
patients with sustained and transient AKI. B) Etiology of sustained AKI
among olaparib-treated and niraparib-treated patients. Sustained AKI
was defined as a persistent elevation of serum creatinine of at least 1.5-
fold from baseline for 2 or more consecutive days within the first year
after therapy initiation. PARPi = poly (ADP-ribose) polymerase inhibitor.

Variable Univariable odds ratio Multivariable odds ratio Multivariable forest plot
(95% CI) for AKI (95% CI) for AKI
Age (per 10 years) 1.01 (0.77 to 1.33)
Non-White race 0.39 (0.11 to 1.33)
Hypertension 2.58 (1.32 to 5.05) 2.26 (1.09 to 4.67) U B
Diabetes mellitus 0.72 (0.28 to 1.83)
BRCA positive 0.48 (0.25 t0 0.93) 0.59 (0.29 to 1.20) e
Prior platin 0.66 (0.35 to 1.24)
Prior taxol 1.55 (0.57 to 4.22)
Prior bevacizumab 1.33 (0.64 to 2.78)
Albumin <4 g/d| 3.28 (1.78 to 6.05) 2.85 (1.41to0 5.74) A
Hemoglobin <12 mg/dI 2.89 (1.47 to 5.66) 2.72 (1.44 to 5.45) A
White blood cell <4 x 109/L 0.98 (0.51 to 1.91)
Platelets <150 x 109/L 1.32 (0.63 to 2.76)
0 0.5 1 2 4

Figure 3. Risk factors for acute kidney injury (AKI) in poly (ADP-ribose) polymerase (PARP) inhibitors (PARPi)-treated patients. Of 269 patients treated
with olaparib or niraparib, 60 (22.3%) developed AKI. CI = confidence interval.

Though this is the largest real-world study, to our knowledge,
to characterize AKI rates and eGFR trajectories in patients treated
with PARP], there are limitations. First, we do not have cystatin C
or measured GFR in any patients, and we therefore cannot

potential etiologies for AKI in patients receiving PARPi are
unclear. It is possible that the duration of exposure to these drugs
matters whereby transient exposure is protective, yet prolonged
exposure may lead to AKI.
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Figure 5. A) Estimated glomerular filtration rate (eGFR) trajectories among poly (ADP-ribose) polymerase (PARP) inhibitors (PARPi)-treated and matched
chemotherapy-treated controls for 12 months following therapy initiation. B) eGFR trajectories among PARPi-treated and matched chemotherapy-
treated controls for 12 months following therapy cessation. A total of 213 controls receiving carboplatin and paclitaxel therapy for ovarian cancer were
matched by baseline eGFR to 213 PARPi-treated patients and not based on other baseline characteristics. For Panel A, we followed the mean eGFR trend
from therapy initiation until 12 months. Patients were dropped at their end of therapy or loss of follow-up. For panel B, we followed the mean eGFR
from therapy cessation until 12 months. Patients were dropped at loss of follow-up or death. Error bars = confidence intervals.

differentiate true AKI from “pseudo-AKI.” Second, we do not have
data from kidney biopsies in the patients with sustained AKI
attributable to the PARPL. Third, our multivariable model may be
susceptible to unmeasured confounding. Fourth, we cannot gen-
eralize our findings to other PARP], including rucaparib and tala-
zoparib, which were excluded from our analysis. Fifth, we
matched control patients who received carboplatin and pacli-
taxel therapy with PARPi-treated patients by baseline eGFR
because this is the strongest determinant of eGFR decline; how-
ever, we did not match other characteristics due to relatively
small numbers of patients and the fact that patient characteris-
tics were largely similar between groups (Table 1).

In summary, PARPi may cause a transient decline in eGFR and
AKI in 1 in 5 patients; however, sustained, clinically significant

AKI is rare, with only 2.2% of the whole cohort having sustained
AKI directly attributable to the PARPi. These findings should reas-
sure oncologists and nephrologists who frequently comanage
patients receiving PARPi therapy and must weigh the pros and
cons of continuing therapy. Discovery of biomarkers differentiat-
ing “pseudo-AKI” from true AKI, as well as more regular measure-
ment of cystatin C levels, may help inform the management of
patients treated with PARPI.

Data availability

The data underlying this article are available in the article and in
its online supplementary material.
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