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Abstract
Background: First-line therapies based on immune-checkpoint inhibitors (ICIs) significantly improved survival of 
metastatic renal cell carcinoma (mRCC) patients. Cabozantinib was shown to target kinases involved in immune-escape 
and to prolong survival in patients pre-treated with tyrosine-kinase-inhibitors (TKIs). The impact of ICIs combinations 
in first line on subsequent therapies is still unclear.
Methods: This is an open label, multicenter, single arm, phase II study designed to assess activity, safety and efficacy 
of cabozantinib in mRCC patients progressed after an adjuvant or first line anti-Programmed Death (PD)-1/PD-Ligand 
(PD-L) 1-based therapy. Primary endpoint was progression free survival (PFS), secondary endpoints were overall survival 
(OS), objective response rate (ORR) and safety.
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Introduction

For decades, the inhibition of the vascular endothelial 
growth factor (VEGF) pathway and of the mammalian tar-
get of rapamycin has been the milestone for treating meta-
static renal cell carcinoma (mRCC).1 First-line treatment 
with VEGF-Receptor (VEGFR) tyrosine-kinase-inhibitors 
(TKIs) represented the standard of care for treatment-naïve 
patients, irrespective of prognostic risk group.2

Recently, anti-Programmed Death (PD)-1/PD-Ligand 
(PD-L) 1 immune-checkpoint inhibitors combined with 
TKIs (IO-TKI) (i.e. pembrolizumab plus axitinib, ave-
lumab plus axitinib, pembrolizumab plus lenvatinib, 
nivolumab plus cabozantinib) and anti-PD-1 plus anti-
Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) combina-
tions (IO-IO) (i.e. nivolumab plus ipilimumab) significantly 
improved survival of untreated mRCC patients.3-7 The tri-
als evaluating these new therapeutic strategies showed 
such terrific positive results that many of the combinations 
have been approved in USA and Europe and included also 
in treatment guidelines.4-10

Although these new approaches are changing the front-
line standard of care for mRCC, some patients eventually 
develop relapse of disease due to primary or acquired 
resistance with unknown biological mechanisms.1,11,12 The 
impact of ICIs combinations in first-line treatments on 
subsequent therapies is still unclear. To date few trials pro-
spectively tested second-line treatments based on anti-
VEGF-TKIs for patients with ICI-refractory disease.13-18

Cabozantinib is an oral TKI targeting multiple kinases 
involved in angiogenesis, cellular growth, resistance to 
TKIs and ICIs and pathways determining RCC tumor 
growth and progression (i.e. VEGFRs, MET, AXL, RET, 
ROS1, TYRO3, MER, KIT, TRKB, FLT3, TIE-2).19 The 
METEOR trial showed a significant increase in overall 
survival (OS) and objective response rate (ORR) in the 
cabozantinib arm compared to everolimus in mRCC 
patients progressed after at least one VEGFR-targeted 
therapy, thus leading to the approval of cabozantinib in this 
disease setting.20 More recently, the primary analysis of 
the CANTATA trial provided evidence of cabozantinib 

efficacy in second- and third-line setting in mRCC patients 
who received at least one previous treatment, also includ-
ing an IO-IO combination.13 Cabozantinib also improved 
patients’ outcome in the first-line setting. In particular, in 
the CABOSUN phase II trial, cabozantinib improved pro-
gression free survival (PFS) compared to sunitinib in 
untreated mRCC cases.21 Similarly, the combination of 
cabozantinib and nivolumab was shown to be superior to 
sunitinib monotherapy in terms of PFS, OS and ORR in 
mRCC naïve to therapies.3

Interestingly, some recent data suggested that continuing 
cabozantinib beyond radiological progression in heavily 
pre-treated patients could prolong post-progression survival 
compared to changing the subsequent therapy22 and that the 
drug significantly reduced bone reabsorption, leading to an 
important therapeutic effect on bone metastases.23

Different studies demonstrated that cabozantinib may 
be more effective after anti PD-L1 treatment suggesting its 
ability to overcome resistance to PD-L1.24 This mecha-
nism has not yet been fully identified, however, it has been 
demonstrated that AXL, which is inhibited by cabozan-
tinib, could be a factor of resistance to PD-1 blockade pro-
moting tumor immune evasion.25,26

Considering the activity of cabozantinib in overcoming 
drug resistance and its well demonstrated efficacy and 
clinical benefit in different disease settings, it may repre-
sent an ideal TKI to be used in second line setting for 
mRCC pretreated with ICIs.

In order to prospectively assess activity, safety and effi-
cacy of cabozantinib in mRCC patients progressed during 
or after an adjuvant or after a first line anti-PD-1/PD-L1-
based therapy, we designed the multicenter, single arm, 
phase 2 BREAKPOINT trial (NCT03463681).

Here, we report the primary analysis of activity and 
safety outcomes. Results of the translational research will 
be presented elsewhere.

Patients and methods

Eligible patients were adults with mRCC with a predomi-
nant clear-cell component and any prognostic risk score by 

Results: 31 patients were included in the analysis. After a median (m) follow-up of 11.9 months, mPFS was 8.3 months 
(90%CI 3.9-17.4) and mOS was 13.8 months (95%CI 7.7-29.0). ORR was 37.9% with an additional 13 patients achieving 
disease stability. Grade 3-4 adverse events occurred in 47% of patients, including more frequently creatine phosphokinase 
(CPK) serum level elevation, neutropenia, hyponatremia, diarrhea, hand-food syndrome, oral mucositis and hypertension.
Conclusions: The BREAKPOINT trial met its primary endpoint showing that cabozantinib as second line therapy after 
ICIs was active in mRCC. Safety profile was manageable.
Trial registration number: NCT03463681 - A Study of CaBozantinib in Patients With Advanced or Unresectable 
Renal cEll cArcinoma (BREAKPOINT) - https://clinicaltrials.gov/ct2/show/NCT03463681

Keywords
Renal cell carcinoma, TKI, immune-checkpoint inhibitor, treatment sequencing, anti-VEGF, combination 
immunotherapy

Date received: 15 July 2022; revised: 3 October 2022; accepted: 23 October 2022

https://clinicaltrials.gov/ct2/show/NCT03463681


Procopio et al.	 131

International Metastatic Renal-Cell Carcinoma Database 
Consortium's (IMDC) criteria.27 Patients should have pro-
gressed after only one previous anticancer treatment 
received either as adjuvant or as first-line treatment for 
metastatic disease. In case of adjuvant immunotherapy, the 
recurrence should have occurred during or up to six months 
after therapy completion. Permitted treatments included a 
PD-1/PD-L1 inhibitor monotherapy (IO) or any combina-
tion with an angiogenesis inhibitor other than cabozantinib 
(IO-TKI combo) or anti-CTLA-4 (IO-IO combo). Patients 
with non-symptomatic brain metastases were eligible. 
Other key inclusion criteria were a Karnofsky performance 
status ⩾ 70%, life expectancy greater than three months 
and an adequate bone marrow, liver and renal function. 
The presence of measurable disease (as per Response 
Evaluation Criteria in Solid Tumors - RECIST 1.1 crite-
ria)28 and documented radiological progression were man-
datory. Patients with clinically significant cardiovascular 
disease, uncontrolled hypertension, history of human 
immunodeficiency virus (HIV) infection, active hepatitis 
B or C, symptomatic brain metastasis, and female patients 
pregnant or breast-feeding were excluded. Mandatory for 
inclusion was the availability of a formalin-fixed, paraffin-
embedded (FFPE) tumor specimen or 20 serial, freshly 
cut, unstained slides from the primary tumor or any meta-
static site.

Enrolled patients received cabozantinib 60 mg daily 
until progressive disease (PD) or unacceptable toxicity. 
Dose reductions and/or treatment interruptions within a 
cycle were permitted as recommended in the Summary of 
Product Characteristics.19 Common Terminology Criteria 
for Adverse Events version 4.0 was used to define and 
record all adverse events (AEs) and serious adverse events 
(SAEs).

The BREAKPOINT trial was conducted in accordance 
with the International Council for Harmonization Good 
Clinical Practice Guidelines and the principles of the 2013 
Declaration of Helsinki. Independent ethics committees at 
each center approved the protocol (NCT03463681); all 
patients provided written informed consent.

Primary and secondary endpoints

Primary endpoint: PFS was defined as the time from start 
of treatment to disease progression or death, whichever 
occurred first.

Secondary endpoints: ORR was defined as the propor-
tion of patients achieving a complete response (CR) or par-
tial response (PR) to cabozantinib according to RECIST 
1.1 criteria. OS was defined as time from start of treatment 
to death by any cause. To assess disease response, tumor 
assessments were performed by computed tomography 
(CT) or magnetic resonance imaging (MRI) at screening 
and every 12 weeks from the date of randomization there-
after. Bone-scan was performed if clinically indicated. 

Response and progression were evaluated by the investiga-
tors using the RECIST 1.1 criteria. To monitor AEs/SAEs, 
clinical evaluation and laboratory tests for hematology and 
chemistry were collected every four weeks throughout the 
treatment period. Study drug exposure was defined as the 
time from first cabozantinib intake to discontinuation.

Exploratory endpoints

Exploratory endpoints included the evaluation of PD-L1 
expression by immunohistochemistry in tumor samples 
obtained from previous nephrectomy or archival/fresh 
biopsy, the monitoring of the immunological signature of 
tumor cells and the state of circulating immune cells to 
assess the modulating activity of cabozantinib on local and 
systemic tumor immunity. Finally, the trial aimed to 
explore bone formation markers (bone-specific alkaline 
phosphatase, procollagen type I N-terminal propeptide, 
osteoprotegerin) and bone reabsorption markers (carboxy-
terminal collagen crosslinks, tartrate-resistant acid phos-
phatase 5b, receptor activator of nuclear factor kappa-Β 
ligand) in patients with or without bone involvement. 
Indeed, additional blood samples were collected at base-
line, at day 1 of cycles 2 and 4 and at the end of treatment 
or disease progression to identify temporal patterns of 
changes on the bone turnovers biomarkers and to isolate 
peripheral blood mononuclear cell (PBMCs) for immune 
cell profiling.

Statistical analysis

By the methodology of Brookmeyer and Crowley, it was 
assumed that during an accrual period of 18 months and a 
minimum follow-up of 10 months, 49 patients would be 
necessary to detect an increment of the median PFS from 
3.8 months (H0: median PFS < 3.8 months) to 7.4 months 
(H1: median PFS > 7.4 months) with a power of 90% and 
one-sided alpha of 5%. The large sample critical value 
detecting the increment of the PFS median survival time 
was assumed to be 5.5 months. The sample size calculation 
was performed using the SWOG sheet (https://stattools.
crab.org/Calculators/oneNonParametricSurvival.htm).

Survival functions were estimated using the Kaplan-
Meier method. Confidence intervals for the 50th percentile 
were based on the loglog-transformed confidence interval 
for the survival function. Length of follow-up was esti-
mated using the reverse Kaplan-Meier method. ORR was 
estimated using exact methods (i.e. Clopper-Pearson con-
fidence intervals). Descriptive statistics of patient demo-
graphics and clinical characteristics were reported as 
absolute and percentage frequencies for categorical varia-
bles and median with range for continuous variables.

To assess safety, all the AEs and SAEs reported through-
out the treatment period were analyzed by type, grade and 
correlation to study-drug. All SAEs were also reported to 

https://stattools.crab.org/Calculators/oneNonParametricSurvival.htm
https://stattools.crab.org/Calculators/oneNonParametricSurvival.htm
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the National Drug Agency, study sponsor and funder. 
Patients receiving at least one dose of study drug were 
included in the analysis of activity and safety. Each patient 
was counted once at the highest grade for each AE.

In order to investigate the heterogeneity of the study 
population in terms of drug activity and prognosis, IMDC 
prognostic risk group (good vs poor risk and intermediate 
vs poor risk) calculated at cabozantinib start and duration 
of first-line/adjuvant treatment were assessed as predic-
tors. Univariable Cox and logistic regression models were 
used to detect and estimate their statistical association with 
response variables. Hazard Ratio (HR) and Odds Ratio 
(OR) were used as summary statistics, respectively. 
Fisher's exact test was used to formally compare 
proportions.

When the planned length of accrual period was reached 
the database was locked before the primary analysis was 
performed. Primary analysis included all patients in the 
efficacy and safety population. All statistical analyses 
were done using the SAS software version 9.4 (SAS 
Institute Inc., Cary, NC, USA). Survival curves were 
drawn using the Stata software version 15 (StataCorp, 
College Station, TX, USA).

At the beginning of 2021, due to the slowdown of the 
accrual rate secondary also to the outbreak of SARS-
CoV-2 pandemic, the trial was amended to include also a 
retrospective cohort of patients treated with cabozantinib 
at the cancer centers part of the Italian Network for 
Research In Urologic-Oncology: Meet-Uro. Data collec-
tion was performed in the first four months of 2021 and 
included consecutive patients treated in the same time span 
as the prospective group until the pre-planned target popu-
lation was reached. The analysis of the retrospective cohort 
of patients will be presented elsewhere.

Results

Between July 2018 and March 2021, 31 patients were 
enrolled at six Italian sites and 30 were included in the 
analysis. One patient was excluded due to study drop out. 
Baseline patients’ demographic and disease’s characteris-
tics are summarized in Table 1. Median age was 62 years 
(range, 29-79), 23 patients (77%) were male and 16 (53%) 
had an intermediate IMDC risk score at study entry. Lung 
was the most prevalent site of metastases (70%, 21 
patients). Nineteen subjects (63%) received the combina-
tion of ipilimumab and nivolumab as first-line therapy. 
Median duration of response to previous therapy with ICIs 
was 5.64 months (range 0.7-64.9); 24 patients (80%) dis-
continued first-line treatment due to disease progression, 
the remaining six due to AEs.

Primary and Secondary Endpoints

At data cut-off, 25 September 2021, after a median follow-
up of 11.9 months (IQR 10.5-21.2), 47% of patients were 

alive (14), of whom 78% (11 subjects) were still on treat-
ment. Estimated median duration of cabozantinib expo-
sure was 7.3 months (range 1-21). Deaths from any causes 
were observed in 53% (16 patients) and 60% (18 patients) 
had progressed. mPFS was 8.3 months (95%CI 3.9-17.4 
one-sided p-value = 0.024) (Figure 1A) and mOS was 
13.8 months (95%CI 7.7-29.0) (Figure 1B). The confirmed 
ORR to treatment was 37.9% (95%CI: 20.7-57.7%), cor-
responding to 11 PR achieved with additional 13 patients 
(43%) with stable disease as best response (Figure 2).

In the subgroups analyses of survival, good- and inter-
mediate-risk patients had a significantly longer PFS 

Table 1.  Patients’ demographic and disease characteristics at 
study entry.

No. 30 (%)

Median Age (years) 62 (range, 29-79)
Sex  
  Male 23 (77)
  Female 7 (23)
Histology  
  Clear Cell 26 (87)
  Papillary 1-2/Others 4 (13)
Karnofsky Performance status  
  100% 17 (57)
  80-90% 7 (23)
  ⩽70% 2 (7)
  Unknown 4 (13)
IMDC score  
  Good 5 (17)
  Intermediate 16 (53)
  Poor 9 (30)
Previous therapy  
  Pembrolizumab-Lenvatinib 7 (23)
  Avelumab-Axitinib 1 (3)
  Ipilimumab-Nivolumab 19 (63)
  Atezolizumab (adjuvant) 3 (10)
Best response to previous therapy  
  CR 2 (7)
  PR 6 (20)
  SD 13 (43)
  PD 9 (30)
Site of metastasis  
  Lung 21 (70)
  Liver 4 (13)
  Lymph nodes 13 (43)
  Bone 4 (13)
  Brain 3 (10)
  Adrenal 10 (33)
  Pancreas 2 (7)
  Kidney (contralateral) 3 (10)
 � Others (peritoneum, spleen, pleura, 

soft tissues)
7 (23)

CR, complete response; IMDC, International Metastatic Renal-Cell 
Carcinoma Database Consortium's criteria; PD, progressive disease; 
PR, partial response; SD, stable disease.
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(intermediate vs poor: HR 0.19 [95%CI: 0.06-0.57]; good 
vs poor: HR 0.23 [95%CI: 0.06-0.95]; p-value for trend = 
0.018) and significantly longer OS (intermediate vs poor: 
HR 0.17 [95%CI: 0.05-0.58]; good vs poor: HR 0.05 
[95%CI: 0.005-0.47]; p-value for trend = 0.002). Similarly, 
PFS and OS were significantly longer in patients achieving 
a longer treatment duration with first-line/adjuvant treat-
ment (Table 2).

Safety

The primary reason for study treatment discontinuation 
was radiographic PD (eight patients, 27%), seven patients 
(23%) discontinued for clinical PD or death, while two 

patients (7%) for reasons other than AEs or PD. One 
patient (3%) discontinued Cabozantinib for AEs. All the 
patients who discontinued therapy for radiological disease 
progression received subsequent systemic therapy.

AEs of any grade were observed in 93% of patients 
(28/30) (Figure 3). At least one G1-2 AE was observed in 
83% (25) patients, including in most of cases diarrhea, 
nausea, oral mucositis, dysgeusia, hand-foot syndrome, 
fatigue and hypothyroidism. G3-4 AEs occurred in 47% 
(14) patients, the 50% of which was classified as drug-
related. More frequently drug-related G3-4 AEs included 
CPK serum levels elevation, neutropenia, hyponatriemia, 
diarrhea, hand-foot syndrome, mucositis and hyperten-
sion. Hyponatriemia G4 led to definitive discontinuation 

Figure 1.  Kaplan-Meier curves of (A) progression free survival and (B) overall survival. Median follow-up 11.9 months.

Figure 2.  Waterfall plot of Best Response to Cabozantinib
The confirmed ORR was 37.9% (95%CI: 20.7-57.7%). 11 patients achieved a partial response to cabozantinib as best response, 13 disease stability, 
while 2 patients progressed. Of the four patients not evaluable, three patients died due to clinical disease progression before radiological staging.
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of drug in one patient. To manage all grade AEs, transitory 
withholding of Cabo was observed in 71% of patients (20 
subjects of 28 presenting at least one AE) and for 14/28 
patients (50%) dose reductions were needed.

Discussion

For decades, the inhibition of angiogenesis was the main tar-
get of mRCC treatment since more than half of the cases of 
RCC exert the inactivation of the Von Hippel-Lindau (VHL) 
suppressor gene. More recent data highlighted a strong cross-
talk and reciprocal influence between angiogenesis and 
microenvironmental immunity, redefining the therapeutic 
options in favor of combination strategies.29 Despite 
increased efficacy of novel first-line therapies,3-7 some 

patients still develop acquired resistance needing an effective 
subsequent therapy at disease relapse. To date, available data 
are insufficient to provide an answer to this unmet clinical 
need: do TKIs provide a survival benefit to patients affected 
by mRCC who progressed to a first-line based on ICIs?

The BREAKPOINT trial was designed prospectively to 
evaluate activity and safety of cabozantinib in second-line 
setting after ICIs. The study, planned to detect an incre-
ment of the median PFS from 3.8 to 7.4 months, met its 
primary endpoint: mPFS of 8.3 months (p 0.024). Our 
results are comparable to previous data from retrospective 
studies which reported mPFS ranging from 6.2 to 13.2 
months with different TKIs (mainly axitinib, pazopanib, 
sunitinib and cabozantinib) used in second or further lines 
after immunotherapy.13-16,30-35

Table 2.  PFS, OS and ORR according to IMDC prognostic risk group and duration of first line/adjuvant treatment.

PFS OS ORR  

  HR (95% CI) p-value for 
trend

HR (95% CI) p-value for 
trend

OR (95% CI) p-value 
for trend

IMDC score Good 0.23 (0.06-0.95) 0.018 0.05 (0.005-0.47) 0.002 12.00 (0.77-186.36) 0.063
  Intermediate 0.19 (0.06-0.57) 0.17 (0.05-0.58) 7.00 (0.69-70.74)  
  Poor 1  
Duration (months) 
of first line/adjuvant 
treatment

- 0.84 ( 0.75-0.95) 0.007 0.88 (0.78-1.00) 0.049 1.00 (0.94-1.07) 0.95

IMDC, International Metastatic Renal-Cell Carcinoma Database Consortium's criteria; OS, overall survival; ORR, overall response rate; PFS, progres-
sion free survival.

Figure 3.  Drug-related adverse events observed during study drug administration.
AEs of any grade were observed in 93% of patients (28/30). G3-4 AEs occurred in 47% (14) patients, the 50% of which was classified as drug-related. 
(Biochemestry test alterations: serum bilirubin, calcium and sodium serum levels, CPK serum levels alterations; Gastrointestinal disorders: diarrhea, 
oral mucositis, nausea)
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A retrospective trial reported a median time to treat-
ment failure of 6.5 months with cabozantinib in patients 
who received a median of two previous line of therapy, 
including immunotherapy.36 Similarly, Iacovelli et al. 
observed that cabozantinib in third line after nivolumab 
achieved a mPFS of 11.5 months.37 In a prespecified sub-
group analysis of the CANTATA trial presented at the 2021 
ASCO Annual Meeting, cabozantinib plus placebo 
obtained a mPFS of 9.2 months in patients pre-treated with 
ICIs.13

Likewise, the mOS we also observed (13.8 months) 
was as expected from previous data.22-29

Within the overall population, we obtained an ORR of 
37.9% with an additional 43% of disease stability, simi-
larly to previous published data.13,30,31,33,34 In our series, 
three patients were not evaluable for response due to clini-
cal PD occurrence before radiological examination and 
one for missing data.

Other authors reported longer survival outcomes and 
higher response rates within cohorts of patients receiving 
TKIs after IO-IO compared to TKIs after IO-TKI.33-35 In 
our series, a large majority of patients (63%) were treated 
in first line with IO-IO and only 26% received IO-TKI. 
Therefore, we could not use the type of previous treatment 
as predictor of primary and secondary endpoints. However, 
since the METEOR trial showed the efficacy of cabozan-
tinib in mRCC patients progressed after at least one 
VEGFR-targeted therapy20 it could be of interest to further 
evaluate drug efficacy and activity after IO-TKI.

As expected, IMDC prognostic risk group was statisti-
cally associated with survival outcomes, but not ORR, 
thus confirming its role as clinical prognostic factor with-
out any predictive value over response to treatment in this 
setting. Also the duration of previous ICIs-based treatment 
was statistically associated both to PFS and OS.

AEs observed were similar to previously established 
toxicity profile of the drug and were all manageable. 
Compared to the METEOR trial that reported G3 or 
higher-grade AEs in 71% of patients in the cabozantinib 
arm, of which a 39% were classified as drug related,20 we 
observed a lower rate of severe toxicity: G3-4 AEs in 47% 
of subjects, with drug-causality reported in 50% of cases. 
Therefore, the previous treatment with ICIs did not seem 
to modify the safety profile of cabozantinib that was con-
firmed to be manageable.

The ongoing prospective phase II Cabopoint trial, eval-
uating the efficacy and safety of cabozantinib as a second-
line treatment in patients with advanced renal cell 
carcinoma progressed after a checkpoint inhibitor, will 
hopefully provide additional data for second line clinical 
decision-making post first line ICI treatment.17

Different from previous studies, the BREAKPOINT 
trial evaluated the role of cabozantinib after only one line 
of immunotherapy and included a prospective cohort of 
patients, thus showing prospectively the efficacy of 

cabozantinib in second line for mRCC. This is a strength 
of the present study. The small sample size and the slow 
accrual are limits of the present trial, both due to the una-
vailability of IO-TKI or IO-IO combinations in Italy at the 
time of BREAKPOINT study start and, then, to the out-
break of the SARS-CoV-2 pandemic in 2020, that strongly 
limited patients access to medical treatments. As a further 
consequence, the study was amended to include a retro-
spective cohort of patients, thus, the prospective cohort 
analysis was performed on 30 patients over the 49 pre-
planned. This represents another limitation to the 
analysis.

However, to the best of our knowledge, the 
BREAKPOINT study is the first trial showing prospective 
activity and safety of cabozantinib after an adjuvant or first-
line ICIs based immunotherapy in patients with mRCC. The 
study met its primary endpoint achieving a mPFS of 8.3 
months. AEs were manageable with no new safety signals.
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