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R E S EA R CH L E T T E R
Implementation of a cancer-associated thrombosis prevention

program at a rural cancer center
1 | INTRODUCTION

Cancer-associated thrombosis (CAT) is the second leading cause of death

in patients with cancer and is preventable [1,2]. Venous thromboembo-

lism (VTE) risk assessment and prophylaxis in high-risk patients who are

at low risk of bleeding are recommended for outpatients with cancer

initiating therapy [3–6]. Given that nearly 1 in 5 patients with cancer live

in rural areas in the United States, the study of effective models of VTE

prevention in these settings is imperative [7]. To effectively reduce VTE

events in patientswith cancer at rural clinics, an increased understanding

of the barriers to CAT prevention is needed.

CAT prevention in community cancer centerswith a predominately

rural population has not been well studied [8,9]. A successful model for

guideline implementation (the Vermont model) was based in an aca-

demic setting [9]. The programused amultidisciplinary approach, which

included hematology and thrombosis specialists, pharmacists, and

nursing staff, who were involved in various aspects of VTE education

and risk assessment. Our objectives were to study the impact of

implementation of this effective model for CAT prevention in a rural

cancer center and to assess barriers to implementation.
2 | METHODS

2.1 | CAT prevention program implementation

We deployed a prospective intervention program (the Vermont

model) to prevent CAT at a rural cancer center, Central Vermont

Medical Center [9]. Central Vermont Medical Center serves a rural

catchment (>98% rural), offering services of medical hematology and

oncology, surgery, and radiation oncology through the National Life

Cancer Treatment Center.

Forty-seven providers across 9 rural cancer clinics in Maine, Ver-

mont, and New Hampshire were surveyed via email in advance of

program deployment to determine potential and perceived barriers. The

survey response rate was 9%. Barriers were also assessed qualitatively

following the completion of the study. Resources developed for the

Vermont model were modified in advance and included transformation

of the electronic health record (EHR) screening tool to a paper tool and

printed education materials for patients and providers. An integrated
© 2023 The Author(s). Published by Elsevier Inc. on behalf of International Society on

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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workflow with existing cancer clinic processes was developed. Adap-

tations made for implementation in the rural setting included use of

paper-based VTE risk scoring, VTE assessment and education provided

by advanced practice providers and physicians (not primary nursing as

in the original model), and final decision making regarding prophylactic

anticoagulation made by the oncologist or oncology advanced practice

provider without pharmacy or hematology input.

The cancer patient population characteristics and outcomes were

assessed via retrospective chart review. VTE risk assessment, educa-

tion, and prophylaxis were compared for 6.5 months before and after

program implementation. Patients were excluded if they received

hormonal therapy only or had a confirmed diagnosis of VTE at the

time of initiation of cancer therapy.
2.2 | Data collection

Data collection was conducted by chart review, including Khorana risk

score elements [10]. Because a risk assessment was not performed on all

patients, identification of high-risk patients is reported for those patients

identified via chart review and Khorana risk score calculation. High risk of

VTEwas defined as≥3points on either theKhorana orPROTECHT score.
2.3 | Statistical analysis

Means and SDs were used to summarize data for continuous variables,

and percentages were used to describe categorical variables. Compar-

isons between continuous variables were performed using a 2-sample

independent t-test. Associations between categorical variables were

examined using chi-squared tests or Fisher’s exact tests. When there

were no patients in a category (value of 0), 0.5 was inserted for 0, and

the association was tested using Fisher’s exact test. Statistix 8

(Analytical Software) was used to perform the statistical analyses.
2.4 | Institutional review board

This study was exempt from review by the University of Vermont

Institutional Review Board, and patient informed consent was waived.
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T AB L E 1 Characteristics of patients initiating cancer-directed
therapy at a rural cancer center.

Characteristic

Before

implementation

(n = 82)

After

implementation

(n = 69)

P

value

Age (y),

mean (SD)

65.4 (12.5) 67.8 (11.3) .22a

Sex, male, n (%) 50 (61.0) 36 (52.2) .28b

BMI (kg/m2),

mean (SD)

27.8 (6.9) 27.8 (7.4) .99a

Medical history,

n (%)

Prior VTE

diagnosis

7 (8.5) 5 (7.2) .77b

Bleeding history 1 (1.2) 0 1.00c,d

Reason for therapy,

n (%)

.50b

New cancer 60 (73.2) 45 (65.2)

Recurrent/

progressive

disease

17 (20.7) 17 (24.6)

Unknown 5 (6.1) 7 (10.1)

Cancer stage,

n (%)

Stage 1 8 (9.8) 9 (13.0) .35b

Stage 2 7 (8.5) 12 (17.4)

Stage 3 24 (29.3) 19 (27.5)

Stage 4 37 (45.1) 27 (39.1)

Unclassified 6 (7.3) 2 (2.9)

VTE risk factors,

n (%)

Very high–risk

cancer type

3 (3.7) 1 (1.4) .63c

High-risk cancer

type

30 (36.6) 29 (42.0) .50b

Low hemoglobin

concentration

(<10 g/dL)

9 (11.0) 9 (13.0) .70b

High BMI (≥35) 10 (12.2) 7 (10.1) .69b

High platelet

count

(≥350 × 109/L)

10 (12.2) 9 (13.0) .88b

High leukocyte

count

(>11 × 109/L)

7 (8.5) 11 (16.0) .16b

Gemcitabine 8 (9.8) 3 (4.4) .23c

Platinum-based

therapy

43 (52.4) 27 (39.1) .10b

(Continues)

T A B L E 1 (Continued)

Characteristic

Before

implementation

(n = 82)

After

implementation

(n = 69)

P

value

Khorana risk score

(VTE risk), n (%)

.60b

Low risk (0) 16 (19.5) 16 (23.2)

Intermediate

risk (1-2)

52 (63.4) 45 (65.2)

High risk (≥3) 14 (17.1) 8 (11.6)

Percentages were calculated for count data based on preimplementation

and postimplementation participants/patients.

BMI, body mass index; VTE, venous thromboembolism.
aTwo-sample independent t-test.
bChi-square test for independence.
cFisher’s exact test (P values for the 2-tailed test are reported).
d0.5 was inserted for the 0 value.
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3 | RESULTS

3.1 | Patient characteristics

Characteristics of the patient population are presented in Table 1. The

preimplementation (n = 82) and postimplementation (n = 69) cohorts

were not significantly different in age (65.4 vs 67.8 years, P = .22), sex

(61% male vs 52% male, P = .28), body mass index (27.8 vs 27.8, P =

.99), and disease stage (stage I, 9.8% vs 13%; stage II, 8.5% vs 17.4%;

stage III, 29.3% vs 27.5%; stage IV, 45.1% vs 39.1%; unclassified, 7.3%

vs 2.9%; P = .35). Prior history of VTE diagnosis and bleeding history

were low in both cohorts (8.5% in the preimplementation cohort and

7.2% in the postimplementation cohort).

VTE risk factors were similar in the cohorts before and after pro-

gram implementation (Table 1). Close to half of thepatients hada cancer

type with a high or very high risk of VTE in the preimplementation

(40.3%) and postimplementation (43.4%) cohorts. Patients’ VTE score

profiles were similar (P = .60) before and after implementation, with

most patients, 63.4% (preimplementation cohort) and 65.2% (post-

implementation cohort), having an intermediate risk of VTE. Less than a

fifth, 17.1% (preimplementation cohort) and 11.6% (post-

implementation cohort), were identified as being at high risk of VTE.
3.2 | Impact of CAT prevention program

VTE risk assessment increased from 1.2% to 39.1% in patients

following the implementation of the CAT prevention program (P <

.000001) (Table 2). No patients were documented as high risk of VTE

by the clinical team prior to implementation despite chart review

identifying 17.1% as high risk for VTE (data not shown). After imple-

mentation, 75% (6 of 8) of the patients with a high risk of VTE were

documented as high risk by the clinical team (Table 2).



T AB L E 2 Venous thromboembolism risk assessment, education, and prophylaxis after cancer-associated thrombosis prevention program
implementation.

Outcomes

All patients Patients with HR VTE

Before

implementation

(n = 82)

After

implementation

(n = 69)

P

value

Before

implementation

(n = 14)

After

implementation

(n = 8) P value

Documented VTE risk

assessment, n (%)

1 (1.2) 27 (39.1) <.000001 0 6 (75.0) .0004a

VTE education, n (%) 5 (6.1) 26 (37.7) <.000001 1 (7.1) 5 (62.5) .011

VTE prophylaxis, n (%) 0 3 (4.3) .097a 0 1 (12.5) .38a

All P values were calculated using Fisher’s exact test (P values for the 2-tailed test are reported). Risk score missing data were not considered.

HR VTE, high risk of venous thromboembolism; VTE, venous thromboembolism.
a0.5 was inserted for the 0 value.
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Patient education on thrombosis risks and prevention predomi-

nantly occurred during the prechemotherapy education session. The

documentation of VTE-specific patient education increased from 6.1%

to 37.7% (P < .000001), showing a significant impact of the program in

the total patient population (Table 2). For those at the highest risk of

VTE, the CAT prevention program increased the percentage of all

patients at high risk of VTE receiving VTE education from 7.1% to

62.5%, P = .011 (Table 2).

Primary prophylaxis for VTE was not prescribed for any patient

initiating cancer-directed therapy prior to program implementation.

After program implementation, 12.5% of all high-risk patients received

VTE prophylaxis (P = .38). For high-risk patients identified by the

clinical team as high risk of VTE (not via chart review), 16.7% (1 of 6)

of those patients were prescribed VTE prophylaxis (data not shown).
3.3 | Qualitative assessment of the Vermont model

program implementation

In the rural cancer setting, the leading factor identified to improve

VTE education and risk assessment rates was incorporation of the risk

assessment tool into the EHR. In contrast to VTE education and

assessment rates, program implementation had a modest impact on

patients prescribed anticoagulation prophylaxis. This compares to

93.8% of high-risk patients who received VTE prophylaxis in the initial

Vermont model implemented at an academic cancer center [9]. Patient

nonacceptance of anticoagulation therapy was not identified by the

treatment team as a reason for low VTE prophylaxis rates. Barriers to

prescription of anticoagulation therapy included concerns regarding

potential copays and concerns regarding bleed risk. The limited

pharmacy constraints and lack of hematology/anticoagulation-specific

expertise in the rural clinic remain a barrier to implementation of VTE

prophylaxis guidelines.
4 | CONCLUSIONS

Rural cancer centers can effectively increase rates of VTE prevention

guideline adherence using a low-resource implementation model.
Major barriers to implementation included limited resources for EHR

integration and provider time constraints. VTE prophylaxis in the

high–VTE-risk population was lower than seen in prior studies, in part

due to perceived increased bleed risk and copay concerns. Additional

strategies are needed to increase the prescription of anticoagulation

for at-risk patients.
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