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Abstract

Introduction: Cabozantinib is a receptor tyrosine kinases inhibitor that targets MET (c-MET), 

VEGF receptor 2 (VEGFR2), RET, AXL, KIT, FLT-3, and TIE-2 and previously showed 

promising single agent activity in recurrent ovarian cancer.

Methods: This was an open label, 1:1 randomized study of cabozantinib 60 mg orally (PO) daily 

versus weekly paclitaxel 80 mg/m2 given 3 out of 4 weeks (NCT01716715); 111 patients were 

enrolled. Eligibility included persistent or recurrent epithelial ovarian, fallopian tube, or primary 

peritoneal carcinoma and at least one but no more than 3 prior chemotherapy regimens.

Results: Median PFS was similar for both treatment groups and was 5.3 months for cabozantinib 

and 5.5 months for weekly paclitaxel (HR 1.11 (90% CI 0.77-1.61, p=0.64)). Secondary analyses 

of overall survival (OS) and event free survival (EFS) showed that cabozantinib did not perform as 

well as weekly paclitaxel. Median OS for cabozantinib was 19.4 months and was not reached for 

weekly paclitaxel (HR 2.27 (90% CI 1.17-4.41, p=0.04). EFS was also worse in the cabozantinib 

arm, 3.5 months, compared to weekly paclitaxel at 5.0 months (HR 1.81 (90% CI 1.24-2.63, 

p=0.01). Overall response rate (ORR) was less for cabozantinib compared to weekly paclitaxel 

(7% versus 24.1%). Gastrointestinal toxicities, specifically nausea, diarrhea, and abdominal pain 

were worse in the cabozantinib arm.

Conclusions: Median PFS was similar for cabozantinib and weekly paclitaxel. However, OS, 

EFS, and ORR were worse for cabozantinib compared to weekly paclitaxel. Cabozantinib given at 

this dose and schedule cannot be recommended as a treatment for recurrent ovarian cancer.
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INTRODUCTION

Epithelial ovarian cancer is the most lethal of the gynecologic malignancies, with an 

estimated 22,240 new cases and 14,070 deaths in the United States in 2018 (1). Despite a 

combination of cytoreductive surgery and platinum and taxane-based chemotherapy which 

leads to a complete clinical remission in the majority of patients, most women with 

advanced ovarian cancer will relapse and eventually die of disease due to the persistence and 

eventual growth of chemotherapy resistant cancer cells (2, 3). Thus, new treatments for 

recurrent ovarian cancer are needed.
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The study and use of anti-vascular agents has permeated both upfront as well as recurrent 

strategies and has led to improved outcomes for women with ovarian cancer. Bevacizumab, a 

monoclonal antibody to vascular endothelial growth factor (VEGF), is approved both in the 

United States and Europe for use when combined with chemotherapy for both recurrent 

platinum sensitive (platinum free interval (PFI) of >6 months) and platinum resistant (PFI < 

6 months) ovarian cancer (4–6). Other anti-vascular agents have been tested in ovarian 

cancer for the management of recurrence; additionally, the absence of significant 

overlapping toxicities has enabled anti-vascular agents to be combined with chemotherapy, 

tyrosine kinase inhibitors and other small molecule inhibitors such as poly (ADP ribose) 

polymerase inhibitors, as well as immuno-oncology agents.

Cabozantinib inhibits multiple receptor tyrosine kinases implicated in cancer growth, 

metastasis, and angiogenesis (7), and the primary targets are MET (c-MET) and VEGF 

receptor 2 (VEGFR2) with additional targets including RET, AXL, KIT, FLT-3, and TIE-2 

(7). Both c-MET and VEGFR2 regulate tumor growth and angiogenesis, and preclinical 

studies of c-MET inhibition have demonstrated anti-ovarian cancer activity (8, 9). 

Preliminary testing of cabozantinib identified anti-ovarian cancer activity in addition to other 

cancers such as renal cell cancer and medullary thyroid cancer (10–16).

The primary objective of this study was to compare the efficacy of cabozantinib against 

weekly paclitaxel for recurrent ovarian cancer by comparing the PFS of these 2 regimens in 

a 1:1 randomized, open label study. Secondary objectives included toxicity assessment of 

both agents and comparisons of overall proportion responding by RECIST 1.1, OS, and 

EFS. Additional exploratory translational objectives included correlating c-MET 

overexpression by immunohistochemical staining (IHC) and MET amplification by 

fluorescent in situ hybridization (FISH) analysis with prognosis and responsiveness to either 

weekly paclitaxel or cabozantinib.

PATIENTS AND METHODS

Study design and eligibility:

Patients were enrolled from member institutions of the NRG Oncology Group, and all 

patients were required to sign an informed consent that was approved by the National 

Cancer Institute and each Institution’s Institutional Review Board. Eligibility included the 

following: persistent or recurrent epithelial ovarian, fallopian tube, or primary peritoneal 

carcinoma, performance status (PS) ≤2, and at least one but no more than 3 prior 

chemotherapy regimens, measurable via RECIST 1.1 or non-measurable disease. Patients 

with non-measurable disease had to have had at least one of the following: ascites and/or 

pleural effusion attributed to tumor or solid and/or cystic abnormalities on radiographic 

imaging that did not meet RECIST 1.1 criteria). Patients could not have received more than 

1 non-platinum, non-taxane regimen for recurrent disease treatment, and prior treatment 

with weekly paclitaxel for recurrent or persistent disease was not allowed. Patients could 

have either platinum resistant or platinum sensitive recurrence.

This open-labeled trial randomized eligible patients 1:1 to either cabozantinib 60 mg PO 

daily continuously or paclitaxel 80 mg/m2 weekly on days 1, 8 and 15 via a 1-hour IV 
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infusion. The randomization was stratified by the following 3 characteristics: Platinum-free 

interval (PFI) (those with a PFI ≤ 182 day versus those with a PFI of >182 days), measurable 

disease status (measurable versus non-measurable disease), and prior use of bevacizumab 

therapy (no use versus prior use of drug). Dose reductions were allowed to 40 mg and then 

20 mg for cabozantinib, and paclitaxel dose reductions to either 60 mg/m2 or 40 mg/m2 

based on predefined toxicities. Assigned treatment was continued until disease progression 

or adverse effects prohibited further treatment. One cycle was 28 days. Patients were 

assessed radiographically by RECIST 1.1 using CT or MRI every 8 weeks from cycle 1, day 

1 (regardless of delays and/or changes in treatment schedule) for the first 8 months; then 

every 12 weeks thereafter until disease progression was confirmed. Toxicities were 

measured by CTCAE version 4.0.

Statistics:

The primary endpoint of this study was to assess the activity of cabozantinib relative to 

weekly paclitaxel with a Cochran-Mantel-Haenszel (CMH) statistic (Z) using PFS evaluated 

at 3.68 months (approximately pre-cycle 5/week 16) and 7.36 months (approximately pre-

cycle 9/week 32) (17); if Z < −1.28, then the cabozantinib regimen would be declared 

worthy of further investigation; more details are described in the Supplementary 

information. Where appropriate, statistical analyses were stratified by the same factors used 

in the randomization. If the true PFS endpoint hazard ratio of the experimental to reference 

regimen was 0.57, the probability of detecting this difference was 85% (with 102 patients 

accrued; based on simulations with exponentially distributed survival times) when testing at 

the level of significance of 10%.

RESULTS

The study accrual opened on November 6, 2012 and was closed on May 5, 2014; 111 

patients were enrolled at an average accrual rate of 74.4 patients per year. Data for the final 

analysis were retrieved on March 16, 2015 and April 1, 2015. Fifty-seven patients were 

randomized to the cabozantinib arm, and 2 were never treated; 54 patients were randomized 

to weekly paclitaxel, and 4 patients in this group were never treated. All enrolled patients are 

included in the PFS and OS analyses. The toxicity analyses only included patients who 

received at least one dose of treatment. The median follow-up time for patients receiving 

cabozantinib was 13.9 months and 14.5 months for weekly paclitaxel, which was not 

significantly different.

Patient demographics are listed in Table 1; the arms were balanced for key prognostic factors 

and prior treatments. Most patients had a performance status of 0 and had serous histology. 

Most patients had received either 1 or 2 prior regimens for treatment and had not received 

prior bevacizumab (>75% had no prior bevacizumab in both groups). Approximately 50% of 

patients had platinum resistant recurrent ovarian cancer, and the remaining patients had 

platinum sensitive cancer.

The CMH test statistic was calculated to be 1.88 (Z=1.88; p=0.97), so cabozantinib was 

deemed not worthy of further investigation as a single agent. Cabozantinib and weekly 

paclitaxel appeared to have a similar median PFS. Figure 1A shows PFS by treatment; 
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median PFS analyzed was 5.3 months for cabozantinib and was 5.5 months for weekly 

paclitaxel (HR 1.11 (0.77-1.61, p=0.64)).

Secondary analyses of OS and EFS showed that cabozantinib did not perform as well as 

weekly paclitaxel. Figure 1B shows OS; median OS for cabozantinib was 19.4 months and 

was not reached for weekly paclitaxel at this final study analysis. EFS which measures 

death, progression or subsequent therapy was also worse in the cabozantinib arm: 3.5 

months compared to 5.0 months in weekly paclitaxel (see Figure 1C). These analyses 

indicated a poorer performance via a two-sided alternative hypothesis for the CMH test (2-

sided p=0.06), a stratified OS analysis (HR 2.27; 90% CI 1.17-4.41), and the hazard ratio for 

EFS (HR 1.81; 90% CI 1.24-2.63).

Table 2 shows reasons for discontinuation of therapy, best overall response by RECIST 1.1, 

and patient outcomes. Fewer patients discontinued cabozantinib for disease progression 

compared to those receiving paclitaxel (49% versus 70%), but more patients discontinued 

cabozantinib for toxicity compared to weekly paclitaxel (30% versus 6%). A log-rank test 

suggests that patients on the cabozantinib arm came off therapy sooner for disease 

progression or toxicity and had fewer numbers of cycles of therapy compared to those 

receiving weekly paclitaxel. The proportion of patients having either a complete response 

(CR) or partial response (PR) was less on the cabozantinib arm which was 7% compared to 

24.1% (Table 2) for the weekly paclitaxel arm. This translated into an odds ratio for 

responding on cabozantinib to paclitaxel of 0.23 (90% Exact CI 0.06 ~ 0.72); another 

analysis, the asymptotic relative probability, also showed that the chances of responding to 

cabozantinib was about one-quarter to two-thirds the ORR of weekly paclitaxel (0.29 (90% 

CI 0.12 ~ 0.71)).

Other analyses included the impact of the level of platinum sensitivity on several endpoints; 

however, because of the small numbers of patients in these subgroups and the small number 

of survival events, definitive statements cannot be made. Additionally, for these same 

reasons, the impact of treatments and level of platinum resistance on OS could also not be 

determined. However, when PFS was compared for patients with platinum resistant versus 

platinum sensitive recurrence, regardless of treatment, there was a suggestion that PFS was 

worse in the platinum resistant patients compared to the platinum sensitive patients (log-rank 

p=0.06; HR 1.4 (90% CI 0.97-2.05). When examining the effect of platinum resistance 

within each treatment group (subset analyses), for the cabozantinib-treated patients, the 

platinum resistant group had about 2 times higher risk of progression compared to the 

platinum sensitive patients (HR 1.79 (90% CI 1.082-2.95); this was not observed in the 

weekly paclitaxel arm where the effects on PFS were similar regardless of platinum 

sensitivity (HR 1.04 (90% CI 0.59-1.83). For the overall proportion showing response to 

treatment, there were no suggested differences with regards to platinum sensitivity with 

either cabozantinib or weekly paclitaxel.

Treatment emergent toxicities are listed in Table 3, and all toxicities are listed in the 

supplementary section (Supplementary Table 5). Of note, there were no deaths related to 

toxicities in either arm. The two regimens were comparable by toxicity except for 

gastrointestinal (GI) toxicities; cabozantinib had a higher rate of grade 3 or higher GI 
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toxicities compared to weekly paclitaxel. No single GI toxicity accounted for this difference, 

but nausea, abdominal pain and diarrhea were more common on the cabozantinib arm. GI 

perforations (GIP) have been reported previously with cabozantinib; in this trial, one patient 

in the cabozantinib arm had a grade 4 GIP and no incidences of GIP occurred in the weekly 

paclitaxel arm. Other notable toxicities that were more frequent on the cabozantinib arm 

were hypothyroidism and palmar-plantar erythrodysesthesia (PPE) (supplementary Table 5). 

The hypothyroidism associated with cabozantinib was all ≤ grade 2, but of the 18 patients on 

cabozantinib with PPE, 8 were grade 1, 8 were grade 2 and 2 patients had grade 3 PPE. 

Hypertension (HTN) and vascular events were more frequently reported in the cabozantinib 

arm. Twenty-five patients reported HTN in the cabozantinib arm (7 patients each having 

grade 1,10 with grade 2 and 8 with grade 3), and 5 patients had HTN with weekly paclitaxel 

(1 grade 1, 3 grade 2 and 1 grade 3 HTN). Grade 2 and 3 thromboembolic events were 

reported in 7 versus 3 patients, cabozantinib versus weekly paclitaxel; one patient on weekly 

paclitaxel had a grade 4 thromboembolic event. Approximately 50.9% of patients receiving 

cabozantinib required dose reduction while receiving treatment, while 26% of patients on 

the paclitaxel arm had dose reductions.

Additionally, c-Met expression and c-Met copy number were compared to clinical outcome, 

specifically OS, PFS and RR; neither c-Met expression nor copy number were predictive of 

any clinical outcomes (data not shown).

DISCUSSION

In this open-label, randomized phase II study of cabozantinib versus weekly paclitaxel for 

treatment of recurrent ovarian cancer, the primary objective was to compare the PFS 

between the 2 arms using a CMH statistic, and cabozantinib was deemed clinically 

uninteresting and not worthy of further investigation. Treatment with cabozantinib had a 

similar median PFS compared to weekly paclitaxel. However, secondary endpoints including 

OS, median EFS, and overall RR were all numerically worse for the cabozantinib arm 

compared to weekly paclitaxel. Additionally, more patients were removed from study for 

toxicities on the cabozantinib arm; the GI toxicities of nausea, diarrhea and abdominal pain 

were higher with cabozantinib arm compared to weekly paclitaxel.

Cabozantinib was previously studied in a 70-patient ovarian cancer cohort as part of a larger 

randomized discontinuation study, and positive results in the ovarian cancer arm from this 

study served as preliminary data supporting the development of this study (10, 16). In the 

ovarian cancer cohort, all patients enrolled were started on cabozantinib 100 mg PO daily 

and those exhibiting stable disease at 12 weeks were randomized to either continued 

cabozantinib or placebo (10, 16). In the ovarian cancer patient cohort, 50% of patients had 

platinum refractory or resistant cancer; median PFS was 5.5 months for all ovarian cancer 

patients, and ORR at week 12 was 21%, which was similar for platinum resistant/refractory 

and for platinum sensitive patients. The most common grade 3 or 4 toxicities were diarrhea, 

PPE, asthenia, HTN, and neutropenia; dose reductions were required in 37% of patients. As 

a consequence of higher toxicities associated with higher doses of cabozantinib, such as 100 

mg in Vergote et al as well as other non-ovarian cancer studies of cabozantinib (10), both 

Exelixis and the study sponsor, the NCI, agreed to start at a lower dose of 60 mg which is 
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also the approved dose for renal cell cancer. Though toxicities associated with cabozantinib 

appeared less in our current study compared to Vergote et al (10), the overall RR of 7% in 

this study was less in this study compared to the ORR of 21% in Vergote et al (10). Though 

eligibility requirements such as PS and number of prior lines of treatment appeared similar 

for both studies, a possible explanation for the overall RR differences could be the dosing 

differences.

Most other secondary endpoints including OS and EFS were also worse in the cabozantinib 

arm in our study compared to weekly paclitaxel; certain GI toxicities were worse in the 

cabozantinib such as nausea, diarrhea and abdominal pain. Exact reasons why OS was worse 

with cabozantinib compared to weekly paclitaxel are not known. The cabozantinib regimen 

may have impacted the ability of patients in this arm to tolerate further treatments off study 

coupled with lowered overall RR, thus rendering patients more symptomatic from their 

cancer.

Other anti-vascular therapies have been tested as single agents in the recurrent setting such 

as bevacizumab, cediranib, ENMD2076, pazopanib, and sunitinib (18–23). Single agent RR 

of these agents vary from ~8% for sunitinib and ENMD2076, up to 20% for bevacizumab, 

and up to 17-18% with cediranib and pazopanib (18–23). However, single agent anti-

vascular agents-especially the tyrosine kinase inhibitors (TKIs)—for ovarian cancer 

treatment do not appear to have convincingly viable futures given their limited single agent 

activity and their toxicity profile as evidenced by our study and others. In certain 

circumstances, combination strategies have been quite successful especially for combined 

weekly paclitaxel and bevacizumab yielding impressive overall RR and PFS results (6). Yet, 

other TKI and weekly paclitaxel strategies have led to mixed results such as the combination 

of pazopanib and weekly paclitaxel (24, 25).

As a single agent, cabozantinib is currently FDA approved for both medullary thyroid cancer 

(approved dose is 140 mg using the capsule formation) as well as metastatic renal cell 

cancer (approved dose is 60 mg using the tablet formation). In medullary thyroid cancer, 

better outcomes with cabozantinib may be related to underlying RET anomalies although 

anti-tumor activity was seen both in patients with and without RET mutations. However, in 

the case of renal cell cancer, in the METEOR study, which studied cabozantinib versus 

everolimus in metastatic renal cell cancer (12), cabozantinib was shown to have superior 

PFS, OS and RR independent of tumor MET expression. In our study, c-Met expression and 

copy number were not predictive of clinical outcomes.

There does not appear to be a justification for pursuing cabozantinib for the treatment of 

recurrent ovarian cancer as a single agent because the 60 mg dose tested in our study was 

shown to be inferior to weekly paclitaxel. Weekly paclitaxel had an ORR of 24.1% in our 

study, which is comparable to other single agent studies of weekly paclitaxel at this dose 

(26–28). Pursuing testing using a higher dose of cabozantinib of 100 mg dose as was done in 

Vergote et al (10) would likely incur higher toxicity without PFS benefit, which were similar 

in both studies despite dosage. Additionally, Konstantinopoulos et al tested cabozantinib in 

patients with clear cell ovarian cancer and showed disappointing results with no responses in 

13 patients (29). Currently, cabozantinib is undergoing further investigation in ovarian 
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cancer combined with atezolizumab, a PD-L1 inhibitor (NCT03170960), as well as for other 

cancer types including triple negative breast cancer, renal cell cancer, and endometrial 

cancer with some trials combining cabozantinib with immune-oncology agents 

(NCT03316586, NCT03149822, NCT03367741).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH HIGHLIGHTS

• Cabozantinib is a targeted kinase inhibitor with anti-ovarian cancer activity

• Cabozantinib compared to weekly paclitaxel had similar PFS but had worse 

OS and ORR

• Cabozantinib had worse gastrointestinal toxicities compared to paclitaxel
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Figure 1: PFS, OS, and EFS results
A: Progression Free Survival by Treatment:

B: Analysis of Overall Survival in All Enrolled Patients

C: Event free survival
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Table 1:

Patient characteristics and demographics

Characteristic Cabozantinib Weekly Paclitaxel Total number

n % n %

Age (years) 30-39 1 1.8 1 1.9 2

40-49 5 8.8 4 7.4 9

50-59 21 36.8 19 35.2 40

60-69 20 35.1 24 44.4 44

70-79 9 15.8 6 11.1 15

≥ 1 1.8 0 0 1

Race Asian 1 1.8 3 5.6 4

Black 4 7 2 3.7 6

American Indian 0 0 1 94.4 1

Pacific Islander 1 1.8 0 1.9 1

White 50 87.7 48 88.9 98

Unknown 1 1.8 0 0 1

Performance Status 0 40 70.2 40 74.1 80

1 17 29.8 14 25.9 31

Cell Type/Grade Endometrioid Grade 2 or 3 1 1.8 2 3.8 3

Serous 46 80.7 46 85.2 92

Clear cell 4 7.0 1 1.9 5

Mixed Epithelial 3 5.3 1 1.9 4

Adenocarcinoma NOS 2 3.5 2 3.7 4

Mucinous 1 1.8 1 1.9 2

Transitional cell 0 0 1 1.9 1

Number of Prior regimens 1 22 38.6 23 42.6 45

2 26 45.6 22 40.7 48

3 9 15.8 9 16.7 18

Prior Radiation No 55 96.5 52 96.3 107

Yes 2 3.5 2 3.7 4

Prior Immunotherapy No 57 100 53 98.1 110

Yes 0 0 1 1.9 1

Prior Surgery No 1 1.8 0 0 1

Yes 56 98.2 54 100.0 110

Prior Bevacizumab No 46 80.7 41 75.9 87

Yes 11 19.3 13 24.1 24

Measurable Disease No 9 15.8 8 14.8 17

Yes 48 84.2 46 85.2 94

Platinum sensitivity Platinum resistant <6 mo PFI 28 49.1 27 50.0 55

Platinum sensitive 6-12 mo PFI 17 29.8 12 22.2 29
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Characteristic Cabozantinib Weekly Paclitaxel Total number

n % n %

Platinum sensitive >12 mo PFI 12 21.1 15 27.8 27

PFI = platinum free interval
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Table 2:

Reasons for study treatment discontinuation, overall response to treatment, and patient outcomes

Characteristic Category Cabozantinib (n=57) Weekly Paclitaxel (n=54) Total

n % n %

Reason off therapy On study/unspecified 2 3.5 2 3.7 4

Disease progression 28 49.1 38 70.4 66

Refusal 5 8.8 7 13.0 12

Adverse Events 17 29.8 3 5.6 20

Other disease 1 1.8 0 0 1

Other reason 4 7.0 4 7.4 8

Response Complete Response 0 0 2 3.7 2

Partial Response 4 7.0 11 20.4 15

Stable Disease 27 47.4 21 38.9 48

Increasing disease 8 14.0 8 14.8 16

Indeterminate 9 15.8 4 7.4 13

Non-measureable 9 15.8 8 14.8 17

Cycles of Treatment 0 2 3.5 4 7.4 6

1 10 17.5 1 1.9 11

2 13 22.8 10 18.5 23

3 8 14.0 3 5.6 11

4 8 14.0 12 22.2 20

5 2 3.5 2 3.7 4

6 3 5.3 9 16.7 12

7 1 1.8 0 0 1

8 3 5.3 4 7.4 7

9+ 7 12.3 9 16.7 16

Alive/Cause of Death Alive 36 63.2 41 75.9 77

Dead – disease related 20 35.1 13 24.1 33

Dead- Neither drug- nor disease related 1 1.8 0 0 1
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Table 3:

Treatment emergent Adverse events for cabozantinib and weekly paclitaxel

Site No of events for Cabozantinib Arm No. of events for Weekly Paciltaxel

Gr 2 Gr 3 Gr 4 Gr 5 Gr 2 Gr 3 Gr 4 Gr 5

Thrombocytopenia 2 0 0 0 0 0 0 0

Neutropenia 10 2 0 0 14 4 0 0

Anemia 5 3 1 0 12 0 0 0

Gastrointestinal 20 14 1 0 10 2 0 0

Endocrine 10 0 0 0 0 0 0 0

Metabolism/nutrition 10 8 2 0 7 3 0 0

Musculoskeletal/Connective Tissue 8 1 0 0 4 0 0 0

Nervous system 7 3 0 0 3 0 0 0

Renal/urinary 4 1 0 0 0 0 0 0

Respiratory/Thoracic/Mediastinal 12 3 0 0 8 1 0 0

Skin/subcutaneous 12 2 0 0 20 0 0 0

Vascular Disorders 10 12 0 0 6 4 1 0
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