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The incidence of chronic myeloid leukemia (CML) in the United States has been reported to be 1.75/100,000. Older age and
male patients are more likely to be diagnosed with CML (Chen Y et al. Trends in chronic myeloid leukemia incidence and
survival in the United States from 1975 to 2009. Leuk Lymphoma. 2013 Jul;54(7):1411-7). Since their introduction in 2000, the
mainstay of treatment for CML has been tyrosine kinase inhibitors (TKls). These medications are generally well-tolerated.
Of the TKis in use today, Ponatinib is known to have adverse vascular events but is not recommended for use in the first
line. Nilotinib has also been shown to have adverse arterial events, which tend to occur late in the treatment course (Rea D.
Management of adverse events associated with tyrosine kinase inhibitors in chronic myeloid leukemia. Ann Hematol. 2015
Apr;94 Suppl 2:5149-58.). In this study, we evaluated the thrombosis and bleeding complications of CML in the era of TKis.
The Sergeant First Class (SFC) Heath Robinson Honoring our Promise to Address Comprehensive Toxics (PACT) Act is a law
that expanded Veterans' health care and benefits to those with exposure to carcinogens such as Agent Orange (AO). The
PACT Act has a list of presumptive conditions due to exposure to AO. Myeloid malignancies have not been added to the
presumptive list due to insufficient evidence from the Veterans and Agent Orange: Update 11 (2018). We also investigated
the association of CML and AO exposure.

We performed a case control study from January 1, 2006 - January 26, 2023, by utilizing the Veterans Affairs Informatics
and Computing Infrastructure (VINCI) database to characterize the association of AO exposure with development of CML.
ICD-9 and -10 codes identified Veterans with CML, arterial thrombosis (AT), venous thrombosis (VT), and bleeding. Age-,
sex-, and race-matched controls (1:1) were selected from VINCI, who are Veterans without CML from lllinois, the state most
representative of the U.S. population. Exposure to Agent Orange was self-reported and verified through Veterans’ duration
and location of service. We stratified the Veterans according to birth year (born before or after 1960) as those born before
1960 are most likely to have AO exposure. Qualitative data were compared by chi-square tests.

When comparing all Veterans with CML and Veterans without CML, AO exposure is associated with the development of CML,
OR1.71,95% CI 1.63-1.80, p<0.0001 (Figure 1). When adjusting for birth year and comparing all Veterans with CML unmatched
controls from lllinois, there remains a statistically significant association, OR 1.21, 95% CI 1.14-1.28, p<0.0001. Further com-
parison to a group of matched controls is also statistically significant, OR 1.14, 95% CI 1.06-1.24, p=0.0007. Veterans born
before 1960 and Males were significantly associated with development of CML, OR 6.25 95% Cl 5.89-6.63 and OR 4.79 95% Cl
4.29-5.36, both p<0.0001. Table 1 details the demographics and clinical characteristics among Veterans with or without CML,
with or without AO exposure, and matched and unmatched controls.

When comparing all Veterans with CML and matched controls, we observed an association of CML with bleeding (OR 3.95,
95% Cl 3.70-4.22), AT (OR 2.58, 95% Cl 2.43-2.74), and VT (OR 2.19, 95% CI 1.98-2.41), all p<0.0001. We then investigated
whether AO exposure increases the risk of AT, VT, and among Veterans with CML. When adjusting for birth year, we observed
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anincreased risk of AT (OR 1.35,95% CI1.21-1.51, p<0.0001) and bleeding (OR 1.13, 95% CI 1.02-1.26, p=0.02) among Veterans
with CML with AO exposure but not VT (OR 1.17, 95% CI 0.99-1.37, p=0.05).

Our analysis demonstrates a positive association between previous exposure to AO and subsequent development of CML in
Veterans. These findings suggest that CML is the second myeloid malignancy to be associated with AO exposure apart from
myeloproliferative neoplasms (J Clin Oncology 2023 41:16_suppl, 7011). We also demonstrate a strong association in patients
with CML and outcomes including AT, VT, and bleeding. This is the first large cohort study to demonstrate these associations.
These outcomes may be affected by tyrosine kinase inhibitors for the treatment of CML. Further investigation will include
overall survival data, specific prognostic factors related to CML, cardiovascular risk factors, and information on the timing of
AT, VT, and bleeding in relation to disease diagnosis and treatment onset.
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Figure 1. Flow Diagram of All Veterans with or without CML and Exposure to Agent Orange

All Veterans from January 1, 2006 - July 21, 2023
N=12,719,631

‘MI Controls (Non-CML cases) Unmatched Controls from lllinois (Non-CML cases)

‘Chroni: Myeloid Leukemia [CML}‘ ‘Matched Controls from Illinois (Non-CML cases)

N = 12,708,440 (99.91%) N = 11,191 (0.09%) N=11,191 N = 583,862
(+) Agent Orange | | (-) Agent Orange (+) Agent Orange | | (-) Agent Orange (+) Agent Orange | | (-) Agent Orange (+) Agent Orange | | (-) Agent Orange
N = 1,480,193 N =11,228,247 N=2,061 N=9,130 N=1,889 N=9,302 N =58,976 N = 524,886
(11.65%) (88.35%) (18.42%) (81.58%) (16.88%) (83.12%) (10.10%) (89.90%)

All CML & All Controls
OR 1.71, 95% Cl 1.63-1.80, p<0.0001

All CML & Matched Controls from lllinois
OR 1.14, 95% Cl 1.06-1.24, p=0.0007

All CML & Unmatched Controls from lllinois
OR 1.21, 95% CI 1.14-1.28, p<0.0001

All CML IL Matched Controls IL Unmatched Controls

Without AO With AO Without AO With AO Without AO With AO
Born before 7935 (86.9) 1996 (96.8) 8046 (86.5) 1874 (99.2) 268704 (51.2) | 56954 (96.6)
1960
Male 8820 (96.6) 2047 (99.3) 8985 (96.6) 1882 (99.6) 452482 (86.2) | 58424 (99.1)
American 54 (0.6) 17 (0.8) 55 (0.6) 16 (0.8) 3455 (0.7) 266 (0.5)
Indian
Asian 52 (0.6) 9 (0.4) 59 (0.6) 2 (0.1) 4995 (1) 142 (0.2)
African 1076 (11.8) 220 (10.7) 1139 (12.2) 157 (8.3) 99604 (19) 7852 (13.3)
American
Pacific 73 (0.8) 18 (0.9) 83 (0.9) 8 (0.4) 7761 (1.5) 298 (0.5)
Islander
Unknown 892 (9.8) 116 (5.6) 910 (9.8) 98 (5.2) 75568 (14.4) 4774 (8.1)
White 6983 (76.5) 1681 (81.6) 7056 (75.9) 1608 (85.1) 333503 (63.5) | 45644 (77.4)
AT 3270 (35.8) | 1027 (49.8) | 1771 (19) 408 (21.6) 57668 (11) 12661 (21.5)
VT 1021 (11.2) 294 (14.3) 529 (5.7) 113 (6) 19653 (3.7) 3201 (5.4)
Bleeding 3502 (38.4) | 919 (44.6) 1359 (14.6) | 228 (12.1) 54672 (10.4) | 7675 (13)

IL=Illinois, AO=Agent Orange, AT=arterial thrombosis, VT=venous thrombosis
Table 1. Association between Agent Orange Exposure and CML compared to the lllinois Cohort

P<0.0001 for all comparisons between AO and no AQO, except in matched controls, p=0.0104 for

AT, p=0.6151 for VT, and p=0.0039 for bleeding
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