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ABSTRACT

Introduction: To evaluate the safety profile of new drugs, it is important to quantify the rates of adverse
events (AE). There has been little to no research on the safety of vascular endothelial growth factor
(VEGF) inhibitors in population-based settings. The purpose of this study was to further the
understanding of the incidence of AEs in a population-based representative cancer population receiving
VEGF inhibitors where there currently is a deep lack of knowledge. Methods: We conducted a
retrospective cohort study using data from an administrative claims database between January 1, 2004
and December 31, 2010. Patients were included into the study if they had at least two malignant primary
cancer diagnoses codes (International Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM]: 140-209 [not including 196-199.0]) from the same cancer site and a prescription for a VEGF
inhibitor. We estimated the incidence rate (IR) and 95% confidence interval (CI) for each adverse event
under study. Results: 2326 patients met the inclusion and exclusion criteria. The mean age for the cohort
was 57.3 where 79% of the patients were 50 years of age or older. The most common adverse event was
nausea and vomiting (IR=651.7/1000 person-years; 95% CI =589.7-718.4). Other common adverse
events were hypertension (IR =452.9/1000 person-years; 95% Cl=394.9-517.1) and hemorrhage
(IR=375.2/1000 person-years; 95% CI=332.2-422.3). The least common adverse events were rare
dermatologic diseases such as Stevens-Johnson syndrome and toxic epidermal necrolysis where no
cases were observed. Conclusions: The rates detailed in this analysis are helpful in understanding the
benefit risk of VEGF inhibitors as they are prescribed in the real world. Although no formal comparisons
were conducted, the VEGF inhibitors evaluated in this study appeared to have overlapping toxicity
profiles; however, the manner in which these AEs are listed in the prescribing information was not
always consistent.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

diagnosed cases and 250,000 deaths in the United States in 2010
[6].

The vascular endothelial growth factor (VEGF) is an established
target for anticancer therapy. Since the approval of bevacizumab in
2004, four other inhibitors (i.e. sunitinib, sorafenib, pazopanib and
vandetanib) of the VEGF pathway have been approved by the Food
and Drug Administration in the United States [1-5]. VEGF
inhibitors, either as monotherapy or in combination with other
treatments, are approved to treat a variety of tumor types
including: colorectal, non-small cell lung, breast, glioblastoma,
renal cell carcinoma, hepatocellular carcinoma, gastrointestinal
stromal tumor, pancreatic neuroendocrine tumors, and medullary
thyroid cancers. These cancers accounted for over 650,000 newly
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There remains an ongoing need for effective and safe regimens
to treat cancer. Novel tyrosine kinase inhibitors are being
developed to address some of the shortcomings of current
standard of care therapy. To evaluate the safety profile of new
drugs, it is important to quantify the rates of adverse events (AE),
especially for hepatic, gastrointestinal, cardiovascular, cardiac,
hemorrhagic, and dermatologic events in cancer patients. VEGF
inhibitors were believed to result in less toxicity than standard
chemotherapy by nature of being more selective in their targets;
nonetheless, these compounds have unique safety profiles of their
own. Indeed, four of the currently approved products in the U.S.
include boxed warnings that highlight serious safety concerns
across various system organ classes.

While the safety profile of VEGF inhibitors has been studied
extensively as a part of clinical research there has been little to no
research on the overall benefit risk profile of these medicines in
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population-based settings. The purpose of this study is to
contribute to the understanding of the benefit risk profile of VEGF
inhibitors by quantifying the incidence of adverse events in a
population-based representative cancer population of insured
individuals receiving these drugs as part of the chemotherapeutic
regimens.

2. Patients and methods

We conducted a retrospective cohort study using data from the
OPTUMInsight™ database between January 1, 2004 and December
31, 2010. OPTUMInsight™ is a large population-based health
insurance claims database covering more than 35 million
Americans in one large health plan across the United States
(US), with slight over-representation of the Mid-West and under-
representation of the West. All paid claims mostly from commer-
cial health plans but also include Medicaid, Medicare and self-
insurance payers are included in this database. Patient identifiers
are removed from the records to ensure patient confidentiality.
Data on conditions are coded in the ICD-9-CM diagnosis codes,
procedures are in both ICD-9-CM and CPT/HCPCS, and drugs are in
NDC codes. The database is 100% compliant with guidelines of the
Health Insurance Portability and Accountability Act. The database
includes only members with both medical and pharmacy benefits.

Patients were included into the study if they had at least two
malignant primary cancer diagnoses codes (International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM]: 140-209 [not including 196-199.0]) from the same cancer
site and a prescription for a VEGF inhibitor during January 1, 2004
to December 31, 2010. This approach has been validated in
previous studies assessing the accuracy of the ICD-9-CM codes for
the diagnoses of cancer. [7-10] The use of at least two diagnosis
claims to identify cancer patients resulted in an improved positive
predictive value of the definition when compared to the use of a
single ICD-9 code. [10] In addition, a separate study evaluating the
accuracy of claims data found no statistically significant difference
between the medical claims and the medical record with an overall
agreement between claims and medical record of 95% with 76%
sensitivity [11].

Patients had to be 18 years of age or older at the time of a VEGF
prescription and enrolled in the health plan for at least 6
continuous months leading up to the first VEGF prescription
claim. Patients were excluded if within six months of their first
VEGF prescription claim they had another primary cancer or a
diagnosis of age-related macular degeneration (ICD-9-CM: 362.16,
362.42, 362.43, or 362.5x). Patients with age-related macular
degeneration were excluded because bevacizumab was being
investigated as a therapy for this indication and may have been
prescribed off-label. To identify bevacizumab as a single agent
therapy, patients were also excluded if they had a prescription for
an anticancer therapy within 15 days of a bevacizumab prescrip-
tion.

The cancer cohort was further segmented into selected groups:
liver (ICD-9-CM 155.0), kidney (ICD-9-CM 189.0) and colorectal
cancers (ICD-9-CM 153.0-153.4 or 153.6-154.1). The first date on
the first prescription of each VEGF inhibitor was used as the index
date. Pharmacy and medical claims were identified using National
Drug Classification (NDC) codes and procedure codes (Healthcare
Common Procedure Coding System [HCPCS] code) for injection of
medications, where appropriate.

Study cohorts were followed for selected AEs starting from the
index date until the end of study. For each AE, patients who fulfilled
the inclusion and exclusion criteria were followed from the index
date until one of the following occurs (whichever come first): (1)
the event of interest, (2) discontinuation from the health plan, or
(3) end of the follow-up period.

New use of a VEGF inhibitor was defined as the date of the first
prescription claim for each VEGF inhibitor prescription in the
database. To calculate medication exposure, the first date on the
first prescription of a VEGF inhibitor was used as the index date. For
medications identified by procedure codes, duration of exposure
was assigned based on the labeling information for the specific
medication. For medications identified by the NDC on pharmacy
claims, the number of days supplied was obtained from the
database. The individual person-time exposure was calculated by
taking the number of days between the index date and the last date
of the last prescription, discontinuation from the health plan, start
of new anticancer therapy or the end of the follow-up period,
whichever comes first. Each continuous VEGF inhibitor medication
exposure for each person was included in the analysis. The
independent variable for the secondary objective was a diagnosis
of liver, kidney or colorectal cancer with a prescription for a VEGF
inhibitor.

The primary outcomes and a detailed description of the ICD-9-
CM codes to define these outcomes are listed in Table 1. The
literature was searched for validated algorithms to define the
primary outcomes for this study [12-26]. For the outcomes that
did not have validated algorithms, ICD-9-CM codes were chosen by
matching the preferred Medical Dictionary for Regulatory Activi-
ties (MedDRA) terms to the appropriate ICD-9-CM code based on
its description.

AEs were tabulated, and number of cases and percentage in
each study cohort were reported. In addition, for events occurring
more than once during the study period, number of occurrences
was also assessed to capture the burden of these AEs in the study
population. Only the first occurrence of the events was included in
the incidence rate (IR) calculation. Events of interest that occurred
prior to the index date were excluded from the incidence rate
calculation. Statistical analyses were performed using SAS
software package (SAS, version 9.1; SAS Institute).

Incidence rates of AEs during the follow-up period for cancer
patients receiving VEGF inhibitors by each VEGF inhibitor were
calculated. Incidence rates were defined as the number of patients
who develop the AEs during the follow-up divided by the total
person-time of observation in the study interval, and are presented
as events per 1000 person-years and 95% confidence interval (CI).
[27] The individual person-time experience was calculated by
taking the number of days between the index date and the date of
the event, discontinue from the health plan, or the end of the
follow-up period, whichever came first. Confidence intervals were
based on asymptotic theory assuming the outcome follows a
Poisson distribution.

3. Results

We identified 12,815 patients that had at least two malignant
primary cancer diagnoses from the same site and a VEGF inhibitor
prescription. Of these, 2326 met the inclusion and exclusion
criteria. The mean age for the cohort was 57.3 where 79% of the
patients were 50 years of age or older. The majority of patients
were female, 52.7%, but male gender predominated the three
cancer subtypes (i.e. liver, kidney, and colorectal) that were
evaluated, at 81.6%, 73.8% and 59.1%, respectively. Other baseline
characteristics are presented in Table 2.

Patients receiving sunitinib had the longest mean days of
follow-up at 176. The mean days of follow-up for bevacizumab,
sorafenib and pazopanib were 149.6, 117.3 and 85.8, respectively.

The incidence rates and 95% confidence interval (CI) for each of
the selected outcomes are presented in Table 3. Incidence rates for
outcomes (e.g. erythema multiforme, hemoglobin increase,
nephrotic syndrome, QT prolongation, renal failure, Stevens-
Johnson syndrome and toxic epidermal necrolysis) with fewer than
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List of ICD-9 CM codes to identify study outcomes.

Adverse event

ICD-9-CM code (s)

Acute coronary syndrome
Cardiac dysrhythmias
Cerebrovascular events
Dermatologic toxicity
Diarrhea

Dizziness

Dysphonia

Encephalopathy

Erythema multiforme
Gastrointestinal perforation

Heart failure
Hemoglobin, increased
Hemorrhage

Hepatotoxicity
Hypertension
Hypothyroidism
Nausea/vomiting
Nephrotic syndrome
Pancreatitis

Proteinuria

QT prolongation

Renal failure
Stomatitis/mucositis
Stevens-Johnson syndrome
Thrombosis related event

Toxic epidermal necrolysis
Wound healing impairment

410.x, 411.x

427.x

430.0, 431, 432.0, 432.1, 433.x, 434.%, 435.x, 436, 437.0, 437.1, 437.3, 437.4, 437.5, 437.6, 437.8, 437.9, 438.x

373.0%, 528.5, 681.x, 682.%, 693.0, 693.8, 693.9, 782.1

564.5, 787.91

780.4

784.49

348.3x

695.1, 695.10, 695.11, 695.12, 695.19

527.4, 530.4, 530.84, 531.1x, 531.2x, 531.5x, 531.6x, 532.1x, 532.2x, 532.5x, 532.6x, 533.1%, 533.2%, 533.5%, 533.6X,
534.1x, 534.2x, 534.5x%, 534.6x, 537.4, 565.1, 569.81, 569.83, 576.4, 596.1, 593.82, 619.0, 619.1

398.91, 402.01, 402.11, 402.91, 404.01, 404.11, 404.91, 404.03, 404.13, 404.93, 428.x

238.4, 289.0

246.3, 287.9, 362.81, 363.6x, 364.41, 372.72, 374.81, 376.32, 377.42, 379.23, 380.31, 415.1, 423.0, 430, 431, 432.%, 441.1,
441.3, 441.5, 441.6, 442.x, 447.2, 455.2, 455.5, 455.8, 456.0, 456.20, 459.0, 530.21, 530.7, 530.82, 531.0%, 531.2x, 531.4x,
531.6x, 532.0x, 532.2x, 532.4x, 532.6x, 533.0x, 533.2x, 533.4x, 533.6x, 534.0x, 534.2%, 534.4x, 534.6x, 535.01, 535.11,
535.21, 535.31, 535.41, 535.51, 535.61, 535.71, 537.82, 537.83, 537.84, 562.02, 562.03, 562.12, 562.13, 568.81, 569.3,
569.85, 569.86, 578.0, 578.1, 578.9, 593.81, 595.0, 596.7, 599.7x, 602.1, 607.82, 608.82, 608.83, 611.89, 620.1, 620.7,
621.4, 623.6, 623.8, 624.5, 626.2, 626.6, 626.8, 627.0, 627.1, 629.0, 641.9, 664.5, 665.7, 719.1, 729.92, 782.7, 784.7, 784.8,
786.3, 958.2, 997.02, 998.11, 998.12

570, 571.5, 572.2, 572.4, 573.3, 782.4

401.x-405.x, 437.2

244.x

787.0x

581.x

577.0, 577.1

791.0

426.82

572.4, 580.x, 582.4, 584.x, 586, 791.2, 791.3

478.11, 528.0, 528.00, 528.01, 528.09, 538, 616.81

695.13, 695.14

415.11, 415.19, 451.11, 451.19, 451.2, 451.9, 453.1, 453.2, 453.40, 453.41, 453.42, 453.8, 453.9, 411.81, 414.2, 433,
444 x, 449

695.15

998.3x

five events among all cancer patients were not presented.
Incidence rates for outcomes were also not reported if the sample
size of patients exposed to the medication of interest was less than
25. Therefore, data on pazopanib treated patients (n = 24) and liver
and colorectal cancer patients receiving sunitinib (n=14 and 16
respectively) were not reported.

4. Discussion

To our knowledge this is the first study to describe adverse
events in patients with cancer receiving VEGF inhibitors utilizing
administrative claims data. Our results show that many of the
selected adverse events that were evaluated occur with a similar

incidence across the different VEGF inhibitors. Indeed, AEs like
nausea, diarrhea, gastrointestinal perforation, hypertension, sto-
matitis and wound healing impairment all appear on the United
States Prescribing Information (USPI) for the medicines studied in
this analysis and all demonstrated a similar incidence rate. [2,3,5].

Interestingly a number of events that were observed to have
fairly similar incidence rates did not appear across the labels
consistently. Specifically, cerebrovascular events with an IR
ranging from 120.4 to 127.7 per 1000 person years across the
three drugs evaluated is listed in the Warnings and Precautions
(WP) section of the bevacizumab USPI [3] but listed as uncommon
or observed in the post-marketing setting for sorafenib and
sunitinib respectively. The incidence rate for hepatotoxicity was

Table 2
Baseline characteristics of study population.
All treatments Bevacizumab Sorafenib Sunitinib Pazopanib

Age (mean) 57.3 57.0 58.0 58.7 57.4
Males (%) 47.3 371 77.8 70.8 66.7
Cancer (n)
All cancers 2326%° 17142 414 305° 242
Liver 256 29 221 14 1
Kidney 325 37 130 242 20
Colorectal 171 136 25 16 1
Comorbidity (%)
Hypertension 39.1 36.0 48.1 47.9 54.2
Non-alcohol fatty liver disease 17.5 11.6 44.7 16.1 20.8
Cardiovascular disease 11.0 103 14.7 11.1 12,5
Cardiac dysrhythmias 9.6 9.1 9.4 10.8 12.5
Cerebrovascular events 8.2 8.8 6.3 7.5 16.7
Hepatitis B and/or C 6.9 1.0 34.8 1.0 0.0
Cirrhosis 6.7 0.5 35.7 0.7 0.0

2 The total number of patients for each treatment exceeds the sum of the liver, kidney and colorectal cancer populations because each treatment was used for other cancers.
> The sum of patients for each treatment exceeds the overall sample size because one patient may have received more than one VEGF inhibitor.
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Table 3
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Incidence rate per 1000 person years and 95% confidence interval of selected adverse events.

Adverse event

All cancer?®

Liver®?

Kidney?

Colorectal®?

Acute coronary syndrome

Cardiac dysrhythmias

Cerebrovascular events

Dermatologic toxicity

Diarrhea

Dizziness

Dysphonia

Encephalopathy

Gastrointestinal perforation

Heart failure

Hemorrhage

Hepatotoxicity

Hypertension

Hypothyroidism

Nausea/vomiting

Pancreatitis

Proteinuria

Stomatitis/mucositis

Thrombosis related event

Wound healing impairment

BV - 18.2 (9.1-32.5)
Sor - 44.1 (17.6-90.8)
Sun - 61.9 (29.6-113.8)

BV - 97.0 (72.9-126.6)
Sor - 226.0 (153.5-320.8)
Sun - 104.4 (58.4-172.3)

BV - 120.4 (93.1-153.2)
Sor - 127.7 (76.9-199.5)
Sun - 126.1 (75.9-196.9)

BV - 196.6 (161.0-237.8)
Sor - 295.1 (210.8-401.9)
Sun - 181.0 (117.1-267.2)

BV - 145.7 (115.6-181.4)
Sor - 274.6 (195.2-375.4)
Sun - 164.2 (105.1-244.3)

BV - 85.5 (63.2-113.0)
Sor - 71.3 (35.5-127.6)
Sun - 51.3 (22.1-101.0)

BV - 31.7 (19.1-49.6)
Sor - 12.3 (1.4-44.6)
Sun - 24.9 (6.7-63.8)

BV - 26.5 (15.1-43.1)
Sor - 119.1 (71.7-186.0)
Sun - 0.0 (0.0-22.3)

BV - 26.4 (15.1-42.9)
Sor - 18.4 (3.7-53.8)
Sun - 24.7 (6.7-63.4)

BV - 52.9 (36.0-75.1)
Sor - 90.7 (49.5-152.2)
Sun - 118.0 (69.9-186.5)

BV - 370.3 (218.3-428.4)
Sor - 520.6 (397.3-670.2)
Sun - 283.4 (198.5-392.4)

BV - 36.6 (22.9-55.4)
Sor - 254.3 (164.5-375.4)
Sun - 62.7 (30.0-115.3)

BV - 424.8 (358.5-499.9)
Sor - 622.7 (450.6-838.8)
Sun - 510.0 (360.8-700.0)

BV - 43.0 (27.5-63.9)
Sor - 154.0 (95.3-235.5)
Sun - 192.1 (126.5-279.4)

BV - 914.7 (816.6-1021.3)
Sor - 320.9 (231.2-433.8)
Sun - 296.4 (213.6-400.7)

BV - 8.3 (2.7-19.3)
Sor - 44.1 (17.7-90.8)
Sun - 12.3 (1.4-44.5)

BV - 93.6 (70.5-121.8)
Sor - 70.8 (35.3-126.7)
Sun - 18.6 (3.7-54.2)

BV - 31.6 (19.0-49.3)
Sor - 24.8 (6.7-63.4)
Sun - 36.8 (13.4-80.1)

BV - 117.5 (90.7-149.8)
Sor - 155.8 (97.6-235.9)
Sun - 111.0 (64.6-177.7)

BV - 14.8 (6.8-28.2)
Sor - 12.3 (1.4-44.3)
Sun - 18.3 (3.7-53.6)

BV - 0.0 (0.0-305.7)
Sor - 38.2 (7.7-111.7)

BV - 95.9 (1.3-533.6)
Sor - 287.7 (175.6-444.3)

BV - 89.6 (1.2-498.4)
Sor - 68.7 (22.2-160.4)

BV - 93.3 (1.2-518.9)
Sor - 346.5 (219.6-519.9)

BV - 410.7 (82.5-1200.1)
Sor - 341.8 (216.6-512.9)

BV - 133.9 (1.8-745.0)
Sor - 65.7 (21.2-153.4)

BV - 92.5 (1.2-514.6)
Sor - 0.0 (0.0-46.1)

BV - 0.0 (0.0-305.7)
Sor - 221.6 (129.0-354.9)

BV - 0.0 (0.0-305.7)
Sor - 12.5 (0.2-69.8)

BV - 88.9 (1.2-494.6)
Sor - 94.0 (37.7-193.7)

BV - 178.2 (20.0-643.5)
Sor - 599.8 (412.8-842.3)

BV - 86.7 (1.1-482.4)
Sor - 1445.9 (935.4-2134.5)

BV - 867.0 (174.2-2533.2)
Sor - 680.8 (421.3-1040.8)

BV - 98.3 (1.3-546.7)
Sor - 99.3 (39.8-204.6)

BV - 708.2 (228.2-1652.7)
Sor - 463.7 (310.5-665.9)

BV - 0.0 (0.0-305.7)
Sor - 93.0 (37.2-191.6)

BV - 0.0 (0.0-308.1)
Sor - 92.5 (37.0-190.5)

BV - 87.3 (1.1-485.8)
Sor - 25.1 (2.8-90.7)

BV - 177.6 (19.9-641.1)
Sor - 201.1 (109.9-337.5)

BV - 0.0 (0.0-323.9)
Sor - 12.5 (0.2-69.8)

BV - 0.0 (0.0-249.6)
Sor - 46.8 (9.4-136.7)
Sun - 73.6 (35.2-135.4))

BV - 146.7 (16.5-529.7)
Sor - 168.5 (76.9-319.9)
Sun - 118.4 (64.7-198.7)

BV - 228.1 (45.8-666.4)
Sor - 182.6 (91.0-326.8)
Sun - 117.1 (65.5-193.2)

BV - 0.0 (0.0-281.4)
Sor - 176.3 (84.4-324.2)
Sun - 171.7 (104.8-265.2)

BV - 68.2 (0.9-379.6)
Sor - 196.4 (101.3-343.0)
Sun - 152.2 (91.6-237.7)

BV - 211.1 (42.4-616.9)
Sor - 98.6 (36.0-214.6)
Sun - 45.6 (16.6-99.2)

BV - 71.7 (0.9-399.1)
Sor - 15.0 (0.2-83.6)
Sun - 29.7 (8.0-76.0)

BV - 70.3 (0.9-390.9)
Sor - 30.0 (3.4-108.7)
Sun - (0.0 (0.0-26.5)

BV - 0.0 (0.0-249.6)
Sor - 30.1 (3.4-108.7)
Sun - 22.1 (4.4-64.4)

BV - 137.9 (15.5-498.0)
Sor - 94.7 (34.6-206.2)
Sun - 141.9 (84.1-224.3)

BV - 409.1 (131.8-954.7)
Sor - 419.0 (252.2-654.4)
Sun - 283.9 (191.5-405.3)

BV - 72.3 (0.9-402.5)
Sor - 0.0 (0.0-54.9)
Sun - 66.6 (30.4-126.4)

BV - 889.8 (286.8-2076.5)
Sor - 541.4 (309.3-879.3)
Sun - 592.4 (410.2-827.9)

BV - 0.0 (0.0-277.7)
Sor - 183.8 (88.0-338.1)
Sun - 191.4 (121.3-287.3)

BV - 162.2 (18.2-585.7)
Sor - 123.1 (49.3-253.6)
Sun - 287.2 (200.0-399.4)

BV - 0.0 (0.0-249.6)
Sor - 0.0 (0.0-54.9)
Sun - 7.2 (0.1-40.3)

BV - 69.6 (0.9-387.3)
Sor - 47.3 (9.5-138.2)
Sun - 22.1 (-4.4-64.5)

BV - 0.0 (0.0-250.6)
Sor - 0.0 (0.0-55.6)
Sun - 29.1 (7.8-74.4)

BV - 87.1 (1.1-487.1)
Sor - 127.5 (81.1-262.7)
Sun - 101.5 (54.0-173.6)

BV - 0.0 (0.0-249.6)
Sor - 15.0 (0.2-83.6)
Sun - 21.8 (4.4-63.6)

BV - 23.5 (0.3-131.0)
Sor - 82.8 (1.1-460.7)

BV - 138.9 (44.8-324.2)
Sor - 189.6 (21.3-684.6)

BV - 74.8 (15.0-218.4)
Sor - 156.9 (17.6-566.6)

BV - 202.9 (87.4-399.9)
Sor - 379.0 (120.0-970.4)

BV - 358.7 (190.8-613.4)
Sor - 158.1 (17.8-570.9)

BV - 75.2 (15.1-219.7)
Sor - 158.1 (17.8-570.9)

BV - 23.7 (0.3-131.7)
Sor - 0.0 (0.0-273.6)

BV - 0.0 (0.0-86.3)
Sor - 74.8 (1.0-416.1)

BV - 24.0 (0.3-133.3)
Sor - 152.4 (17.1-550.1)

BV - 151.6 (55.4-330.0)
Sor - 156.2 (17.5-564.0)

BV - 289.7 (138.7-532.8)
Sor - 406.2 (109.3-1040.0)

BV - 23.8 (0.3-132.5)
Sor - 286.6 (57.6-837.3)

BV - 607.1 (322.9-1038.2)
Sor - 422.0 (84.8-1232.9)

BV - 26.3 (0.3-146.4)
Sor - 77.6 (1.0-431.8)

BV - 908.3 (575.6-1362.9)
Sor - 81.8 (1.1-455.2)

BV - 48.7 (5.5-175.8)
Sor - 0.0 (0.0-273.6)

BV - 49.7 (5.6-179.3)
Sor - 78.6 (1.0-437.4)

BV - 47.7 (5.4-172.2)
Sor - 0.0 (0.0-273.6)

BV - 80.5 (16.2-235.3)
Sor — 88.2 (1.2-491.0)

BV - 0.0 (0.0-88.7)
Sor - 0.0 (0.0-273.6)

¢ Incidence rates among pazopanib treated patients not included due to sample size, n < 25.
P Incidence rates among sunitinib treated patients not included due to sample size, n < 25.
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very similar between sunitinib and bevacizumab in kidney cancer
patients but sunitinib has a black box warning for hepatotoxicity
and it is not listed on the bevacizumab USPL In contrast,
bevacizumab has a black box warning for bleeding and this AE
is listed in the WP section of sorafenib and sunitinib but bleeding in
this analysis appeared to be highest among sorafenib treated
patients.

Sunitinib treated patients consistently exhibited the lowest
incidence of proteinuria in this analysis consistent with its label
and bevacizumab patients experienced the highest incidence of
proteinuria consistent with its label, but sorafenib treated patients
also experienced proteinuria, to a lesser extent than bevacizumab
treated patients, however proteinuria is not listed on its label. In a
similar dynamic to proteinuria, sorafenib treated patients experi-
enced the highest incidence of dermatologic toxicity which is
consistent with its label but bevacizumab treated patients also
experienced dermatologic toxicity but this risk is absent from the
label. For hypothyroidism, sunitinib treated patients consistently
exhibited the highest incidence in this analysis which is consistent
with its label but the incidence in sorafenib treated patients was
similar to sunitinib but the risk is only listed as uncommon where
on the sunitinib label it appears in the WP section. Bevacizumab
does not have hypothyroidism listed on its label consistent with
the results of this analysis where these patients experienced the
lowest incidence rate of this AE. Acute coronary syndrome,
including myocardial infarction and unstable angina, is listed in
the WP section of each drug but was highest among sunitinib
treated patients.

There are strengths and limitations to this analysis. The
OPTUMInsight™ database covers more than 35 million Americans
across the US, which generates a relatively large patient pool and
has good generalizability for the US cancer population. Claims data
are collected for the purpose of payment, and therefore lack the
clinical detail of medical charts or prospectively collected data. In
this case the stage of the disease and medical history are not
available in the database. Patients with advanced stage cancer may
be misclassified with claims data. In addition, claims data are
subject to possible coding errors and under coding due to variation
in physician ICD-9-CM coding practices on health insurance
claims.

There are limitations when analyzing data across diverse
patient populations. Indeed, AEs may be more prevalent in specific
diseases, such as bleeding or hepatic toxicity in HCC or skin
reactions in CRC. To address these limitations, analyses for each
treatment were stratified by indication in order to understand the
extent of a potential biased result. Further, sunitinib and sorafenib
are typically administered as single agents while bevacizumab
may be prescribed as a single-agent or part of combination
therapy. To avoid challenges with interpretation that may arise
from combination therapy with bevacizumab, patients were
excluded if they had a prescription for an anticancer therapy
within 15 days of a bevacizumab prescription.

As previously mentioned, the major limitation of administra-
tive databases is the lack of detailed clinical and laboratory
information. This lack of detail could lead to misclassification of the
dependent and/or independent variables in this analysis. Studies
have been conducted to assess the accuracy of the ICD-9-CM codes
for the diagnoses of different cancers [7-10]. The sensitivity of ICD-
9-CM codes to identify cancer patients ranged from as low as 76%
to as high as 99% and therefore serves as an appropriate source to
identify this population. In a separate study evaluating the
accuracy of claims data and the utilization of targeted cancer
therapies found no statistically significant difference between the
medical claims and the medical record. The overall agreement
between claims data and the medical record was 95% with 76%
sensitivity. [11] Therefore the VEGF inhibitor populations can be

assumed to be fairly accurate at classifying this population.
Validated algorithms of ICD-9-CM codes for the selected adverse
events, the dependent variables, in this analysis were used when
available and appropriate which should limit misclassification.
However, the sensitivity of these algorithms was variable and for
some of the selected adverse events there was no validated
algorithm. This limitation could lead to misclassification of the
outcome.

The sample size of each VEGF inhibitor treated population may
have been reduced because of the requirement that only the first of
each VEGF inhibitor is captured in the analysis. This could exclude
patients who have been rechallenged later on in the course of their
disease with the same VEGF inhibitor. However, since there are
several VEGF inhibitor options available for treatment and VEGF
inhibitors are approved primarily to treat advanced or metastatic
patients, it is reasonable to assume that a patient would receive a
different treatment from their previous therapy. Therefore, the
number of patients receiving the same VEGF inhibitor more than
once is assumed to be limited.

The rates detailed in this analysis are helpful in understanding
the benefit risk of VEGF inhibitors as they are prescribed in the real
world. Similar to the clinical programs of these drugs, hyperten-
sion, nausea/vomiting, and hemorrhage were the most common
events observed in this analysis. The least common events were
rare dermatologic diseases such as Stevens-Johnson syndrome and
toxic epidermal necrolysis where no cases were observed.
Although, no formal comparisons were conducted the VEGF
inhibitors evaluated in this study appeared to have overlapping
toxicity profiles, however, the manner in which these AEs are listed
in the labels is not consistent.
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