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ABSTRACT 

Title of Dissertation: Impact of Erythropoiesis Stimulating Agents on Survival and Risk 

of Venous Thromboembolism Among Patients with Colorectal Cancer Receiving 

Chemotherapy 

Masayo Sato, 2012 

Dissertation Committee: Drs. Sheila Weiss Smith (Chair), Nader Hanna, Daniel 

Mullins, Francoise Pradel, Jean-Pierre Raufman, and Ming Tan 

Objectives: To describe utilization of erythropoiesis stimulating agents (ESAs) over time 

in the VA; to compare characteristics of ESA users with non-users among solid tumor 

patients receiving chemotherapy; and to evaluate the effect of ESA use on survival 

and risk of venous thromboembolism among colorectal cancer patients undergoing  

chemotherapy.  

Methods: This study is a nonconcurrent prospective cohort study using the 2006 – 2008 

Veterans Health Administration administrative data. There were two components to the  

study sample; 28,868 solid tumor patientseceiving chemotherapy to describe ESA 

utilization over time and 2,462 colorectal cancer patients receiving chemotherapy to 

estimate the effect of ESA on mortality and time to venous thromboembolism.  

A conventional multivariate adjusted and propensity score weighted Cox proportional  

hazard regressions were performed.  

Results: Overall, 10% of solid tumor patients receiving chemotherapy in the cohort used 

ESAs at some time during the follow-up period. The proportion of ESA users among 

solid tumor patients decreased by half during the 2-year period. Use of ESA’s during  



  

chemotherapy treatment was associated with a 2-fold increase in mortality. The  

estimated hazard ratios of ESA use for mortality among colorectal cancer patients  

receiving chemotherapy were 1.957  (95% CI = 1.522 – 2.517) in a conventional 

multivariate model and 2.045 (95% CI = 1.799 –2.326) in a propensity score  

weighted model.  

Conclusion: This population-based observational study demonstrated that the use of 

ESAs declined over time in the VA healthcare system between July 2006 and  

August 2008 and showed survival was decreased with the combination use of  

chemotherapy plus ESAs compared with chemotherapy alone. While gaps in the  

available data elements, particularly cancer staging, and other potential biases   

inherent in observational studies must be considered when interpreting these results,  

the study’s findings are consistent with the clinical trials at other cancer sites and the  

meta-analyses which combined cancer sites suggesting that the decreases in survival  

are not site dependent. This provides important insight regarding a fair balance of  

risks and benefits for the management of anemia by the combination use of 

chemotherapy and ESAs in colorectal cancer population. 
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1. BACKGROUND 

1.1. Colorectal Cancer Overview 

1.1.1. Epidemiology and Economic Burden 

Colorectal cancer is a cancer that develops in the colon or the rectum. It is the third most 

common cancer diagnosed in both men and women and the second leading cancer killer 

in the United States when sexes are combined.
1,2

 It is estimated that 146,970 people were 

diagnosed with colorectal and 49,920 people died from it in 2009.
1,3

 The lifetime risk of 

being diagnosed with colorectal cancer is 1 in 19 for both men and women.
1
 Incidence 

and death rates for colorectal cancer increase with age, and the median age at diagnosis is 

71 years old. Overall, 91% of new cases and 94% of deaths occur in patients over 50 

years of age. The incidence and mortality rates are highest in African American men and 

women among all races/ethnicities. African Americans have more than 20% higher 

incidence rates and 45% higher mortality rates than whites.
4
  

 

The total annual cost due to colorectal cancer care for patients over age 65 in the U.S. 

was estimated to be $ 8 billion in 2002.
5
 It is projected to increase 53-89% by the year of 

2020.
5
 The study reported that colorectal cancer patients in Medicare population use 

more healthcare services such as hospital, office visits, home care, and hospice than 

similar patients without colorectal cancer. Ferro and colleagues evaluated the economic 

burden of colorectal cancer treatment on the healthcare system. They compared the eight 

most commonly prescribed regimens to treat more than 400 patients at 115 ambulatory 

care centers across the United States.
6
  They found 5-fluorouracil-leucovorin calcium (5-

FU/LV) were the most commonly used (~35%) and the largest differential for six cycles 
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of planned treatment was approximately $36,000 between fluorouracil-leucovorin-

irinotecan hydrochloride (FOLFIRI) and 5-FU/LV regimens. The total cost of 

chemotherapy to treat colorectal cancer varies widely and newer agents and supportive 

drugs to ease treatment-related side effects add substantially to treatment costs.
6,7

 

 

1.1.2. Staging System for Colorectal Cancer 

Cancer stage is the most important factor in determining prognosis and treatment options. 

After diagnosis, the stage of the colorectal cancer is determined based on how far the 

cancer has grown into the wall of the intestine, whether the cancer is invasive or non-

invasive, how many lymph nodes are involved, and whether the cancer has reached 

nearby organs and tissues.
8
 The most commonly used staging system is the American 

Joint Committee on Cancer (AJCC) TNM classification (Table 1-1).
8
 Table 1-2 explains 

stage grouping and shows 5-year survival rates by stage. TNM classification places most 

patients into five stages from stage 0 (carcinoma in situ) to stage IV (the most advanced). 

The 5-year survival rates come from the study of the National Institute’s Surveillance 

Epidemiology and End Results (SEER) database and are based on approximately 120,000 

people diagnosed with colon cancer between the year 1991 and 2000. The 5-year survival 

rate for stage I colon cancer is 93%, while it is just 64% for stage IIIB colon cancer. The 

5-year survival further drops to 8% for stage IV colon cancer.  

 

Table 1-1. TNM Classification and Definition
8-10

 

TNM Classification Definition 

T (Primary tumor) 
How far the main tumor has grown into the wall of the 

intestine and whether it has grown into nearby areas 
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 Tx 

T0 

Tis 

T1 

T2 

T3 

T4 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ: cancer involves only the mucosa 

Tumor invades submucosa 

Tumor invades muscularis propria 

Tumor invades through the muscularis propria into the 

subserosa 

Tumor directly invades other organs  

  Note: The Layers of the Colon Wall 

Epithelium 
Muc

osa 

 In

ner 

 

 

 

 

 

O

uter 

Connective tissue 

Thin muscle layer 

Submucosa 

Thick muscle layer 

Subserosa 

Serosa 

 

 

N (Regional lymph nodes) The extent of spread to nearby lymph nodes 

 NX 

N0 

N1 

N2 

Regional nodes cannot be assessed 

No lymph nodes involved 

1 to 3 lymph nodes involved 

4 or more lymph nodes involved 

M (Distant metastasis) Whether the cancer has spread to other organs of the body 

 MX 

M0 

M1 

Distant metastasis cannot be assessed 

No distant spread is seen 

Distant spread is seen 

Table 1-2. Stage Grouping and Survival Rates for Colon Cancer by Stage
8-10

 

AJCC Stage TNM Classification 5-Year Survival Rates 

Stage 0 

(carcinoma in situ) 

Tis, N0, M0 

 

- 

Stage I 

 

T1, N0, M0 

T2, N0, M0 
93% 

Stage IIA T3, N0, M0 85% 

Stage IIB T4, N0, M0 72% 

Stage IIIA 

 

T1, N1, M0 

T2, N1, M0 
83% 

Stage  IIIB 

 

T3, N1, M0 

T4, N1, M0 
64% 

Stage IIIC Any T, N2, M0 44% 

Stage IV Any T, Any N, M1 8% 
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1.1.3. Treatment of Colorectal Cancer 

Surgical resection is the mainstay of treatment for colorectal cancer, either alone or in 

combination with chemotherapy, radiation therapy, and/or targeted therapy.
9,11

 

Depending on the stage and location of the tumor, different surgical methods and other 

treatment options are used. At stage 0 or I, since cancer is localized in the wall of the 

colon or rectum, surgery to remove the section of colon or rectum containing cancer and 

regional lymph nodes is the standard treatment. In some cases where patients have a high 

risk of recurrence, adjuvant therapy with radiation therapy and chemotherapy may be 

used, but usually such therapy is not warranted. Patients with those early stage tumors 

have a high cure rate.  

 

At stage II, cancers have grown through the wall of the colon or the rectum and may 

extend into regional tissues, though lymph nodes involvement has not yet occurred. 

Surgical resection remains the main treatment option. The potential value of adjuvant 

therapy with stage II cancer, except for the most high risk patients, remains controversial 

due to lack of evidence of improvement in survival.
9,12

  

 

Stage III cancers have spread to regional lymph nodes, but not yet metastasized to other 

parts of the body. Surgery followed by adjuvant therapy with chemotherapy for 6 months 

with or without radiation therapy is the standard treatment. The benefit of adjuvant 

chemotherapy for stage III colon cancer has been established and refined over several 

decades based on clinical trials.
9,12

 The common chemotherapy regimen is FOLFOX4 

(oxaliplatin, 5-FU, and leucovorin). In a large international Phase III clinical trial 
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(MOSAIC study), FOLFOX4 regimen improved 3-year disease-free survival (DFS) 

compared with combination of 5-FU and leucovorin.
13

 The recent follow-up study 

reported that overall survival was also improved among patients with FOLFOX4 

regimen.
14

  

 

Stage IV colorectal cancer denotes distant metastasis disease. Treatment options vary by 

the extent to which the tumor has metastasized. In most cases, surgery is unlikely to cure 

this stage of cancer. In stage IV, surgical resection of the colorectal region and affected 

organs such as liver and lung is considered for a palliative purpose. Most patients with 

stage IV cancer get palliative chemotherapy and/or targeted therapies with or without 

palliative radiation therapy to manage the cancer. Table 1-3 shows classification of 

antineoplastic agents according to myelosuppression. 

 

Table 1-3. Classification of Antineoplastic Agents 

Myelosuppressive 
Non- 

Myelosuppressive 

Conventional Chemotherapy 

Arsenic trioxide 

Azacitidine 

Dacabazine 

Melphalan 

Mitomycin 

Mitoxantrone 

streptozocin 

mechlorethamine 

cyclophosphamide 

ifosfamide  

carmustine (BCNU) 

lomustine(CCNU) 

Cisplatin  

Carboplatin 

*Oxaliplatin   

methotrexate   

pemetrexed  

mercaptopurine   

fludarabine  

cladribine  

Oral Tyrosine Kinase Inhibitors 

Imatinib 

Dasatinib 

Nilotinib 

Sunitinib 

Sorafenib 

Gefitinib 

Erlotinib  

 

Monoclonal Antibodies 

Gemtuzumab ozogamycin   

Rituximab  

Trastuzumab  

Alemtuzumab  

Ibritumomab tiuxetan  

*Bevacizumab 

*Cetuximab 
Bortezomib  

*Panitumumab 

 

Oral Immunomodulating Agents 

Hormonal agents 

 

Anti-estrogens 

Tamoxifen  

Toremifene  

Fulvestrant injection  

  

Aromatase inhibitors 

Letrozole  

Anastrozole  

 

Anti-androgens 

Flutamide  

Bicalutamide  

Nilutamide  

 

LHRH agonists 

Goserelin  

Leuprolide 
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Table 1-3 (continued) 

*Fluorouracil (5-FU) 

Cytarabine (ara-C) 

gemcitabine  

*Capecitabine   

daunorubicin  

doxorubicin  

idarubicin  

epirubicin  

mitoxantrone  

bleomycin 

dactinomycin 

mitomycin  

*Irinotecan (CPT-11) 

Topotecan   

Etoposide (VP-16)  

teniposide  

Paclitaxel  

Docetaxel  

Vincristine 

Vinorelbine  

Vinblastine 

Thalidomide 

Lenalidomide 

 

Biological Response Modifiers 

Interferon-alfa 

Interleukin-2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Leucovorin: vitamin complex to increase the effectiveness of fluorouracil 

 *Agents are used for a labeled indication for colorectal cancer. 

 

1.1.4. Anemia Among Cancer Patients 

Cancer patients often develop anemia during the course of their disease or treatment.
15

  

The prevalence of anemia among cancer patients varies between 20% and almost 90%, 

depending primarily on cancer treatment such as chemotherapy,
16

 but also the type of 

cancer, the disease stage, and definition of anemia in the studies.
15,17,18  One article shows 

a figure of the national estimates of cancer-related and/or chemotherapy-related anemia 

rates by tumor types (Figure 1-1). Breast cancer had the highest rate of anemia (22%) 

followed by lung cancer (17%), non-Hodgkin’s lymphoma (15%), ovarian cancer (9%), 

myeloma (8%), and colorectal cancer (6%) in the study population.
18 The European 

Cancer Anemia Survey (ECAS), a study conducted across 24 nations in Europe, reported 

that 75% of patients treated with chemotherapy developed anemia (defined as Hb < 

12.0g/dL) at least once during the 6-month survey period, compared with 67% of patients 
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overall.
19

 In this study, 62% of gastrointestinal or colorectal cancer patients with 

chemotherapy met the definition of anemia. A systematic review of 8 studies showed that 

the prevalence of anemia in patients with colon cancer ranged from  30 to 67%.
17

   

 

Figure 1-1. National Estimates of Cancer-Related Anemia Rates
18

 

 

Anemia is a condition in which there are not enough healthy red blood cells in the body.
20

 

It can be caused by blood loss, increased destruction of red blood cells, or impaired red 

blood cell production.
21,22

 It is usually diagnosed by clinical signs (e.g. fatigue, dizziness, 

weakness, shortness of breath, depressed moods) and a below-normal level of 

hemoglobin in the blood. Hemoglobin (Hb) is the iron-rich protein in red blood cells that 

carries oxygen from the lungs to all part of the body. Red blood cells are made in the 

bone marrow. Table 1-4 shows the grading system for severity of anemia based on the 

National Cancer Institute.
15

 Anemia is categorized into four levels according to the 
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hemoglobin value. It is often defined as a hemoglobin level of less than 12g/dL. When 

the anemic condition becomes severe (usually Hb < 8.0g/dL), red blood cell (RBC) 

transfusions is often necessary to relieve symptoms.
20,23,24

  

 

 

Anemia in cancer patients is multifactorial and can be caused by all or any of the three 

mechanisms mentioned above, which may be attributed to cancer itself, cancer treatment, 

or the underlying comorbidities including coagulation disorders, hemolysis, renal 

insufficiency, nutritional insufficiencies, and inflammatory disease.
21

 Anemia is frequent 

among cancer patients receiving chemotherapy.
16,19,25

 It is well known that 

myelosuppressive chemotherapy reduce a bone marrow’s ability to manufacture blood 

cells and/or can destroy healthy red blood cells and hemoglobin.
15,20,24,26-28

 The severity 

of anemia in cancer patients depends on the extent of disease and the intensity of 

treatment.
15,26

 The symptoms of anemia can lead to decrease in quality of life and 

performance status in cancer patients.
29,30

 They can also affect prognosis in cancer 

patient, resulting higher mortality risk up to 65%,
31,32

 and may have an adverse impact on 

comorbid conditions such as cardiac and pulmonary disease.
33

  Therefore, the 

management of anemia in cancer patient is important to potentially improve effectiveness 

Table 1-4. Grading System for Severity of Anemia Based on the National Cancer 

Institute
15

 

Grade Severity Hb Range (g/dL) 

Grade 0 

Grade 1 

Grade 2 

Grade 3 

Grade 4 

WNL* 

Mild 

Moderate 

Serious/severe 

Life threatening 

WNL* 

10.0 – WNL 

8.0 – 10.0 

6.5 – 7.9 

< 6.5 
Hb: Hemoglobin 

*WNL: Hb level is normal; Hb values are 12.0–16.0 g/dL for women and 14.0–18.0 g/dL for men. 
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of cancer treatment, increase survival, and decrease comorbidities.  However, 

chemotherapy-induced anemia is often underrecognized and undertreated by healthcare 

providers. The ECAS study reported about 53% of gynecologic cancer patients in the 

survey did not receive any treatments for their anemia.
34

 The mean Hb level among the 

patients who were treated was 10.1g/dL for patients receiving epoetin and 9.1 g/dL for 

those receiving transfusions. The mean Hb level in the study was lower than the value 

commonly defined as anemia (12 g/dL) and that the guideline by the National 

Comprehensive Cancer Network (NCCN) defined as a level of Hb at less than 11g/dL.
35

  

 

1.2. The Use of Erythropoiesis Stimulating Agents and Outcomes 

1.2.1. Erythropoiesis Stimulating Agents (ESAs) 

Erythropoietin (EPO) is a natural protein made by the kidney and stimulates the primitive 

cells in the bone marrow to produce oxygen-carrying red blood cells.
36

 An oxygen sensor 

within renal cells detects the oxygen content of the blood and the kidney regulates the 

amount of EPO released into the blood.
37

 EPO acts on red blood cell precursor cells in 

the bone marrow to stimulate their proliferation and maturation and to increase the 

number of red blood cells in the peripheral circulation. The feedback loop is completed 

when the kidney cells recognize the change in oxygen delivery. Production of new red 

blood cell slows until the oxygen sensor cells recognize a need for increased 

erythropoiesis.  

 

ESAs are a synthetic form of EPO manufactured by recombinant DNA technology. They 

have the same biological effects as endogenous EPO.
38-40

 ESAs were first approved by 
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FDA in 1989 for the treatment of anemia associated with chronic renal  failure disease 

patients.
36

 Two ESAs, epoetin alfa (Procrit®/Epogen®)
39,40

 and darbepoetin alfa 

(Aranesp®)
38

, were approved by FDA in 1993 and 2002, respectively, for treating 

chemotherapy induced anemia in patients with non-myeloid malignancies. Table 1-5 

shows detailed information on available ESAs in the U.S. The first-generation molecule, 

epoetin, is considered “short-acting”, compared to darbepoetin, a second-generation 

molecule with a prolonged half-life, which is considered “long-acting.” Darbepoetin has 

a 3-times longer elimination half-life than epoetin.
38

 Darbepoetin is given once every 1 or 

2 weeks, while epoetin is given 1 to 3 times a week.
38-40

 Both are administered 

intravenously or subcutaneously. Accumulating evidence suggests that use of ESAs 

increase hemoglobin levels, decrease the proportion of chemotherapy patients requiring 

RBC transfusions, and improve quality of life by reducing fatigue in cancer patients.
41-46
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Table 1-5. Erythropoiesis Stimulating Agents in the American Market 

Generic 

name 

Trade 

name 

Labeled 

indication 

Initial dose 

recommendations for 

anemia of cancer 

chemotherapy 

Recommended dosage 

adjustments for anemia of 

cancer chemotherapy 

Half-life 

Epoetin 

alfa 

 

 

 

 

 

 

 

 

Epogen

® 

Proctit

® 
39,40

 

 

 

 

Anemia of 

chronic 

renal 

failure 

 

Anemia in 

zidovudin

e treated 

HIV 

infected 

patients 

 

Anemia in 

cancer 

patients 

receiving 

chemother

apy 

 

Reduction 

of 

allogeneic 

Blood 

transfusio

n in 

surgery 

patients 

Three-times weekly 

dosing (TIW) 

150 units/kg 

subcutaneously 3 times 

weekly (for 12 weeks in 

clinical trials) 

 

Weekly dosing (QW) 

40,000 units 

subcutaneously 

weekly in adults (for 16 

weeks in clinical trials) 

Reduce dose by 25% when 

Hb approaches 12 g/dL or Hb 

increases > 1 g/dL in any 2-

week period 

 

Withhold dose if the Hb 

exceeds 13 g/dL until the Hb 

falls to 12 g/dL, then restart 

dose at 25% below the 

previous dose 

 

Increase dose to 300 units 3 

times weekly if response is 

not satisfactory (e.g. no 

reduction in transfusion 

requirements or rise in Hb) 

after 8 weeks  

 

For patients receiving once 

weekly therapy, if after 4 

weeks of therapy the Hb has 

not increased by > 1 g/dL, in 

the absence of RBC 

transfusion, the epoetin alfa 

dose should be increased to 

60,000 units weekly  

 

Recommended target of 

Hb:10 g/dL to 12 g/dL 

40 hours 

with a range 

of 16 to 67 

hours 

Darbepo

etin alfa 

Aranesp

®
38

 

Anemia of 

chronic 

renal 

failure 

 

Anemia in 

cancer 

patients 

receiving 

chemother

apy 

 

 

Once every three week 

dosing 

500 mcg subcutaneously 

once every 3 weeks (for 

up to 15 weeks in 

clinical  trials) 

 

Weekly dosing 

 2.25 mcg/kg 

subcutaneously weekly  

(for up to 15 weeks in 

clinical  trials) 

 

If the Hb exceeds 13 g/dL, 

doses should be temporarily 

withheld until the Hb falls to 

12 g/dL. At this point, 

therapy should be reinitiated 

at a dose approximately 25% 

below the previous dose 

If Hb increase by more than 

1.0 g/dL in a 2-week period 

or if the Hb exceeds 12 g/dL, 

the d.ose should be reduced 

by approximately 25% 

If there is less than a 1.0 g/dL 

increase in Hb after 6 weeks 

of therapy, the dose should 

be increased up to 4.5 

mcg/kg 

Target Hb should not exceed 

Observed 

half-life 

after 

subcutaneou

s 

administrati

on in 

chronic 

renal failure 

patients: 49 

hours with a 

range of 27 

to 89 hours 

 

After IV 

administrati

on, the 

terminal 

half-life of 

darbepoetin 

alfa is 
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Use of ESAs became increasingly common in the course of cancer treatments until two 

European clinical trials raised safety concerns. The Advanced Head-and-Neck Cancer 

Treated with Radiotherapy (ENHANCE) Study investigated whether anemia correction 

with epoetin beta could improve outcome of curative radiotherapy among patients with 

head and neck cancer.
47

 In the study, the researchers found that locoregional progression-

free survival rates were lower with epoetin beta than with placebo and concluded that 

epoetin beta might decrease overall survival. The Breast Cancer Erythropoietin Survival 

Trial (BEST) evaluated the effect of epoetin alfa on survival and quality of life in 

metastatic breast cancer women receiving chemotherapy.
48

 The study was terminated 

early due to higher mortality, and slightly higher incidence of venous thromboembolism 

(VTE), in the group treated with epoetin alfa, compared to placebo.  

 

Table 1-6 described the timeline of safety information and regulatory actions regarding 

the use of ESAs. In 2004, the Food and Drug Administration (FDA) convened its 

Oncologic Drugs Advisory Committee (ODAC) to review the ENHANCE and BEST 

studies and reassess the risks for tumor promotion and death.
36,49

 In the late 2006 and 

early 2007, the FDA issued safety alert on ESAs and the VA Pharmacy Benefits 

Management (PBM) service published bulletins informing safety concerns of ESA use to 

health care professionals. In March 2007, a black-box warning was added to the safety 

labeling for ESAs to alert patients and prescribers to the increased mortality, serious 

12 g/dL in men or women approximate

ly 3-fold 

longer than 

epoetin alfa 
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cardiovascular events, VTE events, stroke and increased risk of tumor progression or 

recurrence.
38-40,50

  The Centers for Medicare and Medicaid Services (CMS) announced 

the coverage change for ESAs in response to the FDA alerts in March 2007
51

 and 

disseminated the Medicare national coverage change of ESA use for anemia in cancer 

patients only due to chemotherapy in July 2007. In the late 2007, the FDA convened 

ODAC again, to review five randomized clinical trials (including ENHANCE and BEST) 

which reported decreased overall survival or increased tumor growth among patients 

randomized to ESA compared to placebo.
36,49,50,52

 In February 2010, the FDA announced 

that ESAs would require a Risk Evaluation and Mitigation Strategy (REMS) to ensure 

safe use.
53

 It has been implemented through the ESA APPRISE (Assisting Providers and 

cancer Patients with Risk Information for the Safety use of ESAs) Oncology Program by 

the manufacturer.
54

  The goals of the program are to support informed decisions between 

cancer patients and their healthcare providers who are considering treatment with ESAs 

by educating them on the risk of ESAs and to mitigate the risk of shortened overall 

survival and/or increased risk of tumor progression or reoccurrence. Key elements of 

requirements are following: 1) Healthcare providers who both prescribe and dispense are 

specially certified. 2) Hospitals that dispense ESAs for cancer patients are specially 

certified. 3) ESAs need to be dispensed to cancer patients with evidence or other 

documentation of safe-use conditions. 4) The manufacturer monitors compliance with 

documentation of the risk and benefit discussion and completion of the program 

acknowledgment form, evaluates these elements of requirements, and reports REMS 

assessment to the FDA.  Table 1-6 shows the timeline of events related to ESAs.  
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Table 1-6. Timeline of Safety Information and Regulatory Actions Regarding the ESAs   

Date Type of information* Synopsis 

6/1/1989 FDA initial approval 
Erythropoietin approved for the treatment of anemia for chronic renal disease 
patients 

 
FDA - additional 
indications approved 

Including treatment-induced anemias resulting from chemotherapy and antiretroviral 
(zidovadine) therapy among patients with cancer and HIV 

1991 FDA approved Epoetin alpha is approved for Zidovudine-treated HIV 

1993 FDA approved Epoetin alpha is approved for chemotherapy-induced anemia 

1996 FDA approved Epetin alpha is approved for reduction of allogeneic RBC transfusion in surgery pts 

2001 FDA approved 
Darbepoetin alfa i approved for tx of anemia associated with CRF, both dialysis & 
non-dialysis 

2002 FDA approved FDA approved Darbepoetin alfa for chemotherapy-related anemia 

6/26/2005 
Oncology advisory 
meeting briefing 

Concerns raised regarding safety and outcome of ESA tx 

1/1/2007 
VA PBM Bulletin 
safety alert 

To avoid dosing ESA to target Hgb levels above 12 g/dL and specific 
recommendations for monitoring and dosing 

11/1/2006 FDA safety alert 
Based on a published clinical trial (n=715) safety alert of serious and lifethreatening 
CV complications with normalizataion of Hgb levels in CKD.  A VA PBM and 
MedSAFE safety bulletin was sent out to VA clinicians 

2/1/2007 FDA safety alert 
Unpublished study - darbeepoetin alfa was ineffective in reducing RBC transfusions 
and fatique among anemia ca patients not receiving chemo AND it increased 
mortality compared to placebo (HR=1.25, 95% CI 1.04-1.51) 

3/7/2007 FDA 
Accumulation of 5 RCTS showing decreased survival and 3 showing worse tumor 
outcomes. 
Label change: a black box warning  

3/9/2007 
CMS coverage 
change 

Prohibiting Medicare coverage of ESA dosed to a targeting Hgb of 12 g/dL among 
patients with active malignant disease who are receiving neither chemo or radiation 
therapy. 

 
VA MedSAFE 
recommendation 

To avoid dosing ESA to target Hgb levels above 12 g/dL; not recommended for 
cancer patients not on chemotherapy; for Chronic renal failure, oncology, 
zidovudine-tx HIV and HCV tx related anemia - specific recommendations for 
monitoring and dosing; Check BP at initiation and each visit for patients with history 
of CVD or hypertension 

5/10/2007 
FDA - advisory 
committee meeting 

Oncology Drugs Advisory Committee 

7/20/2007 
CMS National 
Monitoring system 
change 

Reduce the threshold of Epogen from 500,000 Units to 400,000 units, and Aranesp 
from 1500 mcg to 1200 mcg. Also reduce a 50% reduction to the reported dose on 
ESA Claims for ESRD pt receiving dialysis in the dialysis facilities when Hct > 39% 
(or Hg > 13.0g/dL) for 3 or more consecutive billing cycles before the current billing 
cycle 

10/8/2007 FDA Medication Guide in place fo patient package insert 

11/1/2007 FDA - labeling change 
Black box warning added to all ESA drugs. Chemotherapy-induced anemia had 
decreased overall survival and/or time to tumor progression 

1/3/2008 FDA Communication  Ongoing saety review of ESAs 

2/1/2008 Publication Risk of decrease survival and increased venous throumboembolism  

3/12/2008 FDA - labeling change FDA expand the warning to include additional types of cancers. 

3/13/2008 FDA Oncology Drugs Advisory Committee 

4/22/2008 FDA 
FDA required Amgen for addtional safety-related changes to the labeling for 
Epogen/Procrit and Aranesp 
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9/26/2008 
FDA - early 
communication 

Announcement of preliminary safety findings from German clinical trial of epo-alpha 
to treat acute ischemic stroke 

4/30/2009 
FDA-safety 
announcement 

ESA induced risk for serious & life-threatening CV complication 

2/16/2010 
FDA - safety 
announcement 

Approval of REMS for ESA's (Amgen APPRISE) 

3/12/2010 FDA - announcement Approval of medication guides for ESAs 

8/8/2010 FDA Cardiovascular and Renal Drugs Advisory Committee 

6/24/2011 
FDA safety 
announcement 

FDA inform health professions for more conservative dosing of ESA in CKD patients 

 

1.2.2. Significance of the Association between ESAs, Mortality, and Thrombotic Events 

A number of large meta-analyses of ESA clinical trials have been published in the past 

several years to evaluate the safety and clinical effectiveness of ESA use (Table 1-7). 

Four large meta-analyses were published in 2005 and 2006. The first meta-analysis 

published in 2005, which did not include two later trials
47,48

 which had significant 

negative outcomes, did not find the association between ESAs and VTE and found a 

favorable overall survival with ESA use (Hazard ratio (HR)=0.81, 95%CI=0.67 – 0.99).
55

  

However, an updated meta-analysis published in 2006, which incorporated these two 

trials with negative outcomes and adding trials published after 2001, reported that ESA 

use was associated with an increased risk of VTE (Relative risk (RR) = 1.67, 95% 

CI=1.35 – 2.06), but had no effect on survival compared to placebo.
42

 Similar findings 

were reported in meta-analyses conducted by Ross et al
56

 and Seidenfeld et al
57

 , all 

published in 2006. 

 

In 2008, Bennett and colleagues published a large meta-analysis of 13,611 patients in 51 

phase III trials evaluating ESA for the treatment of anemia in cancer patients between 

April 2005 and January 2008. Their summary analysis indicated that patients with ESA 
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had increased VTE risks (RR = 1.57, 95% CI=1.31 – 1.87).  Furthermore, mortality was 

significantly higher in the ESA group when compared to placebo (HR = 1.10, 95% CI = 

1.01 – 1.20).
58

 

 

A Cochrane patient-level meta-analysis by Bohlius and colleagues was performed using 

data obtained from 53 randomized controlled trials.
59

 Data included 13,933 cancer 

patients, of which 10,441 patients (74.9%) received chemotherapy. They reported that 

ESAs were associated with increased mortality (HR=1.17, 95% CI=1.06 – 1.30) and 

worsened overall survival (HR=1.06, 95% CI=1.00 – 1.12) in all cancer patients. 

However, the study showed no statistical significant signal for the on-study mortality 

(HR=1.10, 95% CI=0.98 – 1.11) and overall survival (HR=1.04, 95% CI=0.97 – 1.11) 

when the analysis was limited to the chemotherapy population.  

 

Tonelli carried out a study-level meta-analysis which included publications written in 

foreign languages and studies conducted in a peri-surgical setting.
60

 The pooled all-cause 

mortality was significantly higher in the group receiving ESAs than in the control group 

(RR=1.15, 95%CI=1.03 – 1.29). However, they found no association between ESA use 

and mortality in subgroup analyses; RR=1.04, 95%CI=0.86 – 1.26 in chemotherapy-

induced anemia patients; RR=1.15, 95%CI=0.94 – 1.40 in patients with the hemoglobin 

target level of Hb <1.2 g/dL (the currently recommended maximum hemoglobin value). 
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The earliest meta-analyses were criticized because they included trials of ESAs, 

regardless of the indication
38-40

 or concordance with treatment guidelines.
61

 The 

heterogeneity of trials would provide biased information on the appropriate use of ESAs.  

These analyses would have restricted inclusion of trials to only those assessing the impact 

of ESAs in cancer patients with chemotherapy-induced anemia and administrating ESAs 

based on guideline recommendations. The more recently published meta-analyses limited 

the eligible trials to those which evaluated ESAs in chemotherapy-induced anemia. 

Ludwig and colleagues conducted a pooled analysis of individual patient-level data 

(darbepoetin alfa = 1,200 patients vs. placebo = 912 patients) from 6 randomized 

controlled trials that ESA was strictly used for labeled indication.
62

 All patients received 

one or more cycles of chemotherapy, had baseline Hb < 11 g/dL, and were scheduled to 

receive future chemotherapy with or without radiotherapy. In the pooled analysis, 

darbepoetin was not associated with an increased mortality (HR=0.97, 95% CI=0.85 – 

1.10) or disease progression (HR=0.93, 95% CI=0.84 – 1.04), but was associated with an 

increased risk of VTE (HR=1.57, 95% CI=1.10 – 2.26). A similar meta-analysis 

published in 2009 (17 trials with 3,788 total cancer patients) also showed no association 

between ESA use and risk of death or disease progression among cancer patients with 

chemotherapy-induced anemia.
63

  

 

Glaspy and colleagues published a meta-analysis of clinical trials which included more 

recent studies as well as unpublished studies of ESA provided by the pharmaceutical 

company.
64

 They identified 15,323 patients in 60 randomized controlled trials in 

chemotherapy (with or without radiation therapy), radiation therapy alone, or anemia of 
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cancer. Their results indicated that ESA use did not significantly affect mortality (60 

studies: Odds ratio (OR)=1.06, 95% CI=0.97 – 1.15) or disease progression (26 studies: 

OR=1.01, 95%CI=0.90 – 1.14).  Their study did confirm an increased the risk of VTE 

(44 studies: OR=1.48, 95% CI=1.28 – 1.72) with ESA use compared to placebo.  

 

The recent observational study by Hershman and colleagues analyzed utilization patters 

of ESAs and assessed the impact of ESAs on long-term risk of VTE and overall survival 

among a cohort of e Medicare beneficiaries with cancer using the 10-year Surveillance, 

Epidemiology, and End Results (SEER) Medicare-linked database.
65

 They found that the 

proportion of cancer patients receiving ESAs increased approximately 10-fold from 4.8% 

in 1991 to 45.9% in 2002. Approximately one-half of patients with advanced cancer who 

received chemotherapy also received concomitant ESAs by 2002. Despite the increased 

use of ESAs the rate of blood transfusion per year during that same period remained 

constant at 22%. Women with colon cancer, non-small cell lung cancer, and diffuse large 

B-cell lymphoma had a greater use of ESAs compared with men with the same disease. 

They observed that patients who received ESAs were more likely to develop VTE than 

patients who did not.  Overall survival was similar in both groups.  

 

While the VTE risk of ESA use has been consistent and clearly establishing VTE as an 

important adverse effect of ESA use, the impact of ESA on overall survival remains 

unclear. A number of meta-analyses of randomized control trials of ESAs found ESAs to 

have a negative impact on overall survival and disease progression. Other meta-analyses 

showed that ESAs were not associated with a higher mortality or disease progression 
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when used for labeled indications.
59,60,62,64

 Only a handful of meta-analyses found a 

favorable overall survival
55

 and a significantly reduced risk of disease progression with 

ESA use.
66,67

 One possible explanation for the increased mortality seen in cancer patients 

may be an increase in thromboembolic or cardiovascular events with ESA use.
63

  In 

addition to differences in indications across these meta-analyses, inconsistent results 

might be also due in part to methodological differences (e.g. inclusion criteria) and/or 

flaws in the trials. 

  

  



 

30 
 

Table 1.7. Major Large Meta-Analyses of the Impact of Erythropoiesis Stimulating Agents on Safety 

Outcomes Among Cancer Patients 

Author  

Year 

Number of 

studies & 

patients 

included 

Study selection 
Sites of 

cancer 
Outcomes Comments 

Bohlius 

2005
55

 

27 trials 

3,287 

patients 

 

 

Trials 

published from 

January 1985 

to December 

2001 and found 

on the 

Cochrane 

library, 

MEDLINE, 

EMBASE, 

other databases 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

 

VTE 

RR=1.58, 95% CI=0.94 – 2.66 

Overall survival 

HR=0.81, 95% CI=0.67 -0.99 

Two trials
47,48

 

which reported 

negative 

outcomes were 

not included in 

the analysis. 

Bohlius  

2006
42

 

57 trials 

9,353 

patients 

Trials 

published from 

January 1985 

to April 2005 

and found on 

the Cochrane 

library, 

MEDLIN, 

EMBASE, 

other databases 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

 

VTE 

RR=1.67, 95% CI=1.35 – 2.06 

Overall survival 

HR=1.08, 95% CI=0.99 – 1.18 

This was an 

updated study 

of Bohlius et 

al. 2005.   

Ross  

2006
56

 

40 trials 

21,378 

patients 

Trials and 

prospective 

uncontrolled 

studies with 

>300 patients 

published 

between 1980 

and July 2005 

and found on 

MEDLINE and 

abstracts from 

the meetings 

Various types 

including solid 

tumors and 

hematologic 

cancers 

VTE 

OR=1.41, 95% CI=0.81 – 2.47 

All-cause mortality 

OR=1.00, 95%CI=0.69 – 1.44 

 

Seidenfel

d 2006 

1) 7 trials, 

1,415 

patients 

2) 48 trials, 

4,518 

patients 

3) 4 trials s, 

598 

patients 

Trials published 

from 

January1999 to 

March 2005 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

VTE 

1) RR=0.86, 95% CI=0.61 – 

1.21 

2) RR=1.69, 95% CI=1.36 – 

2.10 

3) RR=1.44, 95% CI=0.47 – 

4.43 

Three sets of 

trials were 

summarized 

and analyzed; 

1) darbepoetin 

vs. epoetin, 2) 

epoetin vs. 

control, 3) 

darbepoetin vs. 

control  

Patient-level 

analyses were 

conducted. 
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Bennett 

2008
58

 

51 phase 

III trials, 

13,611 

patients for 

survival 

evaluation 

38 phase 

III trials, 

8,172 

patients for 

VTE 

evaluation 

Trials published 

from January 

1985 to April 

2005 and found 

on the 

Cochrane 

library, 

MEDLIN, 

EMBASE, 

other databases 

 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

VTE 

RR=1.57, 95%CI=1.31 – 1.87 

Mortality 

HR=1.10, 95%CI=1.01 – 1.20 

 

Bohlius 

2009
59

 

53 trials 

13,933 

patients 

(10,441 

patients 

with 

chemother

apy) 

Trials published 

from January 

1985 to 

January 2008 

and found on 

the Cochrane 

library, 

MEDLIN, 

EMBASE, 

other databases 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

Mortality (all patients) 

HR=1.17, 95%CI=1.06 – 1.30 

Mortality (chemotherapy 

patients) 

HR=1.10, 95%CI=0.98 – 1.24 

Patient-level 

analyses were 

conducted. 

They 

separately 

analyzed 

patients based 

on 

chemotherapy 

status. When 

the analysis 

limited subjects 

to patients 

receiving 

chemotherapy, 

the result was 

statistically 

insignificant. 

Tonelli 

2009
60

 

52 trials 

12,006 

patients 

Trials published 

from 1950 to 

October 2007 

and found on 

MEDLINE, 

EMBASE, 

EBM reviews, 

and studies 

found registries 

of clinical 

trials, previous 

review papers 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

Mortality (all patient) 

RR=1.15, 95%CI=1.03 – 1.29 

Mortality (chemotherapy 

induced anemia patient only) 

RR=1.04, 95%CI=0.86 – 1.26 

VTE 

RR=1.69, 95%CI=1.27 – 2.24 

Serious adverse events 

RR=1.16, 95%CI=1.08 – 1.25 

 

The study 

included 

publications 

written in a 

foreign 

language and 

trials 

conducted in a 

peri-surgical 

setting. 

Patient-level 

analyses were 

conducted. 

Their studies 

showed various 

subgroup 

analyses.  

Ludwig 

2009
62

 

6 trials 

2,122 

patients 

(Darbepoet

in 1200 vs. 

placebo 

912) 

Pooled analysis 

of 5 

dandomized, 

double-blind, 

placebo-

controlled trials 

evaluating 

darbepoetin 

alfa in patients 

Solid tumor, 

lung, small-

cell lung, 

lymphoprolife

rative 

malignancies, 

nonmyeloid 

malignancies 

Mortality 

HR=0.97, 95%CI=0.85 – 1.10 

Progression-free survival 

HR=0.93, 95%CI=0.84 – 1.04 

Disease progression 

HR=0.92, 95%CI=0.82 – 1.03 

VTE 

HR=1.57, 95%CI=1.10 – 2.26 

Studies which 

used ESA for 

label 

indications 

were only 

included in the 

analysis. 

Patient-level 

analyses were 
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with 

chemotherapy-

induced anemia 

conducted. 

Glaspy 

2010
64

 

60 trials 

15,323 

patients 

Studies from 

the 2006 

Cochrane 

meta-analysis, 

studies 

published/upda

ted since the 

2006 Cochrane 

report, and 

unpublished 

trial data from 

pharmaceutical 

companies 

Various types 

including 

solid tumors 

and 

hematologic 

cancers 

Mortality 

OR=1.06, 95%CI=0.97 – 1.15 

Disease progression 

OR=1.01, 95%CI=0.90 – 1.14 

VTE  

OR=1.48, 95%CI=1.28 – 1.72 

 

Abbreviations; VTE=venous thromboembolism; 95%CI=95% confidence interval; RR=relative risk; 

HR=hazard ratio; OR=odds ratio; ESA=erythropoiesis stimulating agents  als included (e.g. trails of poor quality in 

design or execution). 
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1.2.3. Potential Mechanism of Tumor Progression and Survival with ESAs in Cancer 

Patients 

Exactly how ESAs may act on erythropoietin receptors (EPOR) on tumors and stimulate 

tumor growth is unknown. The available preclinical evidence for EPOR expression on 

human tumors is controversial.
68

 There might be any combinations of direct effects 

and/or indirect systematic effects of exogenous EPO in tumors that could lead to the 

modification of tumor cell growth, chemoradiation response, and survival.
68,69

 It has been 

proposed that: 1) EPO may exert direct effects on proliferation and/or apoptosis 

resistance and/or invasion capacity via EPOR.
70-72

 2) EPO might potentially effect tumor 

angiogenesis in the tumor microenvironment such as endothelium, macrophages, and 

fibroblast.
73

 3) EPO may have systematic effects on hematopoiesis, immune, and 

cardiovascular system and indirectly affect outcomes.
69

   

 

Henke and colleagues, who first reported negative outcomes in a randomized control 

trial
47

, retrospectively investigated whether EPOR expression on cancer cells correlated 

with a decreased progression-free survival rate. Using the method of 

immunohistochemical staining against EPOR,
74

 they found the local disease-free-survival 

rate was significantly lower in patients treated with epoetin beta than controls in the 

EPOR positive group. In the EPOR negative group, there was no significant difference in 

survival between treated patients and controls. 

 

Many other in vivo and in vitro studies on the effect of ESAs on human tumors have 

shown a neutral effect, and none of them have shown a clear negative effect.
75

 It is 
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inconclusive whether the EPOR is functional and overexpressed in tumor cells due to the 

lack of EPOR specific antibodies. Elucidating the mechanisms of the adverse effect of 

ESAs on tumor growth and overall survival, as seen in some clinical trials of ESAs 

therapy, requires further investigation.  

 

1.2.4. Venous Thromboembolic Events and ESA Use in Cancer Patients 

VTE covers two conditions, deep vein thrombosis and pulmonary embolism. It occurs 

when red blood cells, fibrin and, to a lesser extent, platelets and leukocytes, form a clot in 

the venous circulation carried by the blood from the site of origin to plug another 

vessel.
76

 In general, three mechanisms are involved in the pathogenesis of VTE; venous 

stasis, injury to vessel wall, and abnormalities of coagulation. The overall incidence of 

VTE in the general population ranged from 71 to 117 cases per 100,000 person-years.
77,78

 

Incidence rates for VTE increase dramatically with advanced age (Figure 1-2).
78,79

 

Figure 1-2. Annual Incidence of VTE
78,79
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VTE is recognized as a frequent complication of cancer treatments and cancer is one of 

the most relevant risk factors for VTE, accounting for as much as 20% of the total burden 

of VTE.
80

 The incidence of VTE among cancer patients ranges from <2.5% to 20% 

depending on type of tumor and stage.
81,82

 VTE is the second leading cause of death in 

cancer patients
83

 and the most common cause of death in the postoperative period.
84

 The 

pathophysiology of cancer-associated thrombosis is not entirely understood. The 

association of thrombosis and cancer is complex. Malignancy is associated with a 

hypercoagulable state and tissue factor (TF) expression.
85,86

 TF, which is present on the 

subendothelium, platelet, and leukocytes, is the physiologic initiator of coagulation and a 

regulator of tumor angiogenesis, and may play an important role in cancer-associated 

VTE.
87,88

  

 

Previous studies have identified risk factors for VTE among cancer patients (table 1-8). 

They can be categorized according to patient characteristics (older age, women, race 

(higher in African Americans and lower in Asians/Pacific islanders)), comorbidities 

(infection, renal disease, pulmonary disease, obesity, prior history of VTE), cancer-

related characteristics (primary site of cancer (brain, pancreas, kidney, stomach, lung, 

gynecologic, lymphoma, myeloma), advanced stage of cancer, initial period (3 – 6 

months) after diagnosis), cancer treatment-associated factors (major surgery, 

chemotherapy, hormonal therapy, radiation therapy, antiangiogenic agents (thalidomide, 

lenalidomide), bevacizumab, erythropoiesis-stimulating agents, transfusions, central 

venous catheter, hospitalization), and biomarkers (elevated prechemotherapy platelet 
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count, prechemotherapy leukocyte count, elevated TF plasma levels, soluble P-selection, 

D-dimer, C-reactive protein).
89-93

 

 

Table 1-8. Risk Factors for Venous Thromboembolism Among Cancer Patients
89-94

 

Demographics 

 Older Age, women, race/ethnicity (African, Asians/Pacific islanders) 

Comorbidities 

     Renal disease 

     Infectious disease 

     Pulmonary disease 

     History of prior VTE 

     Obesity 

Cancer-related characteristics 

 

 

Primary site of cancer: brain, pancreas, kidney, stomach, lung, gynecologic,    

                                     lymphoma, myeloma 

Advanced stage of cancer 

Initial period (3-6 months) after cancer diagnosis 

Major surgery 

Chemotherapy:  

      Myelosuppressive chemotherapy 

      Hormonal therapy 

      Antiangiogenic agents (e.g. thalidomide, lenalidomide) 

      Bevacizumab 

Radiation therapy 

Others: erythropoiesis-stimulating agents, transfusions 

Centoral venous catheter  

Hospitalization 

Biomarkers 

 

 

Elevated prechemotherapy platelet count, leukocyte count 

Elevated TD plasma levels 

Soluble P-selection, D-dimer, C-reactive protein 

 

According to the report from the comparative effectiveness study of ESAs by the Agency 

for Healthcare Research and Quality, the risk of thrombotic events is proportional to the 

hemoglobin level.
57

 It is possible that elevated levels of hemoglobin/hematocrit may 

increase blood viscosity and favor clot formation.
95

 Furthermore, ESAs increase platelet 

counts
96

, which is the risk factor of VTE. ESA therapy is well known to introduce iron 

deficiency (or iron-restricted erythropoiesis).
96

 This state of relative iron deficiency, 
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which is known to cause reactive thromobocytosis
96

, may be in turn related to occurrence 

of VTE. 

 

1.2.5 Summary and Rationale  

Current evidence on a decreased survival and increased risk of VTE associated with ESA 

use came from the results of meta-analyses of clinical trials of ESA use in oncology. 

There is insufficient evidence from observational research to support the association, 

particularly taking into account the patient’s comorbidities and utilization patterns in 

“real-world” practice. Randomized clinical trials strictly control enrollment of patients 

and carefully monitor them. They usually exclude particular populations such as elderly 

and patients with comorbidities. Sample size is relatively small and the follow-up periods 

are relatively short in most trials. Despite considerable heterogeneity of the study 

populations in observational studies, it is necessary to evaluate the impact of ESA on 

safety outcomes among cancer patients with various patients’ characteristics and baseline 

disease conditions. In addition, those meta-analyses mostly combined sites of cancer and 

types of treatment for the analyses and reported overall risks across sites of cancer. 

Limited research has focused on specific cancer sites to evaluate safety concern of ESAs. 

Particularly, little is known about the impact of ESAs on overall survival and risk of VTE 

among colorectal cancer patients receiving chemotherapy.  

 

Therefore, the purposes of this study were to describe pattern of ESA utilization in 

overall solid tumor patients and to assess risks of mortality and VTE associated with the 

use of ESAs in colorectal cancer patients. The finding will help to have a better 
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understanding on ESA use with concurrent use of chemotherapy in colorectal cancer 

patients, and to increase the awareness of the appropriate ESA use and the importance of 

careful selection of ESA users and monitoring them. 
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CHAPTER II 

Research Methods and Analytical Plan 
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2. RESERCH METHODS AND ANALYTIC PLAN 

2.1. Specific Aims and Research Questions 

The study has three aims to answer the following research questions: 1) How are ESAs 

being used and who has been using ESAs in solid tumor population? Does utilization of 

ESAs change over time?  2) Is the use of ESA associated with a decreased overall 

survival among patients with colorectal cancer receiving cancer treatment?  3) Is the use 

of ESA associated with an increased risk of VTE among patients with colorectal cancer 

receiving cancer treatment?  

 

2.1.1. Aim 1 – ESA Use among Solid Tumor Patients 

The first aim of the study is to describe ESA utilization over time and to compare patient 

characteristics between ESA users and non-users among solid tumor population receiving 

chemotherapy. There is no corresponding hypothesis for Aim 1 due to the descriptive 

nature of the study question.  

 

2.1.2. Aim 2 – ESA Use and Survival among Colorectal Cancer Patients 

The second aim of the study is to compare overall incidence rates for survival among 

colorectal cancer patients receiving chemotherapy which does and does not include an 

ESA.  

 

Hypothesis: The use of ESAs is associated with decreased survival in patients with 

colorectal cancer receiving chemotherapy. 
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2.1.3. Aim 3 – ESA Use and Risk of VTE 

The third aim of the study is to evaluate the effect of ESA use on risk of VTE among 

colorectal cancer patients receiving chemotherapy.  

 

Hypothesis: The use of ESAs is associated with an increased risk of VTE in patients with 

colorectal cancer receiving chemotherapy.  

 

2.2 Data Source 

Administrative claims database from the Veterans Health Administration (VHA) was 

used for the analyses. The VHA is the largest centrally directed health care system in the 

United States, providing care to over 4 million veterans and operating 163 hospitals, over 

800 clinics, and 135 nursing homes.
97

 It potentially covers approximately a quarter of the 

nation’s population for their health care benefits and services if one includes veterans’ 

family members or survivors of veterans.
98

 The Department of Veterans Affairs 

developed the Veterans Health Information System and Technology Architecture (VistA) 

electronic health record within the VHA. The VHA information systems exist at the 

following levels:
97

  

1) Local level: Local data reside in the VistA system, including detailed information on 

the electronic medical record at individual VHA health care facilities. 

2) VISN level: VA Integrated Service Networks (VISNs) are VHA organizational 

business units comprised of multiple medical centers and clinics within a geographic 

region.
99

 Information on VISN indicates where patients in VHA system had 

outpatient visits, events, and hospitalization. The VHA consists of 23 VISNs. At the 
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VISN level, the individual patient record or VistA data from multiple local facilities 

may be combined into a data warehouse.  

3) National level: National level data generally refers to databases constructed from the 

rolled-up local facility data and housed in a central location. Only selected fields from 

the electronic health record are contained in the National Level data. 

 

2.2.1 VHA Medical SAS Datasets
100

 

The VHA Medical SAS Datasets are national administrative data for VHA-provided 

health care utilized primarily by veterans and some non-veterans such as employees. The 

VHA Medical SAS datasets contain inpatient, outpatient, and inpatient encounter data. 

There are six datasets for VHA-provided inpatient and outpatient care: inpatient main, 

bed-section, procedure, surgery, outpatient visit, and event datasets. The datasets are 

provided in SAS format by fiscal year (Oct.1 – Sept. 30). These data are extracted from 

the National Patient Care Database which includes encounter data from VHA clinical 

information systems. In all of the Medical SAS datasets, each patient has a unique 

identifier referred to as the Scrambled SSN, which is a formula-based encryption of the 

individual’s Social Security Number. The identifier is consistent for a given patient 

across datasets and fiscal year. This unique number can be used to link data across 

datasets and fiscal years.  

 

Demographic variables include age, sex, race, birth date, marital status, city, county, and 

state of residence in both inpatient and outpatient data files. Variables in inpatient file 

describing each hospital admission include date, time, facility, and the primary diagnosis 
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at admission. Those describing discharge include date, time destination (e.g. home, 

hospice, community nursing home), type of discharge (e.g. regular, transfer to another 

hospital, death), and length of stay. Outpatient file include date and time of visit, facility, 

type of clinic location where care was provided. Visits on a single day to multiple clinics, 

laboratories, and treatment programs are captured. Inpatient and outpatient cares are 

reported in terms of diagnoses (the International Classification of Disease, 9
th

 edition 

(ICD-9) codes), procedure (the Current Procedural Terminology (CPT) codes), and 

service dates. 

 

2.2.2 VA Pharmacy Benefits Management (PBM) Database
101

 

The PBM database is a national drug utilization database of information about all 

prescriptions dispensed within the VHA system beginning with fiscal year 1999. Data 

originate from the VistA Outpatient Pharmacy, Inpatient Medications, Controlled 

Substances, and Laboratory package at each VA station. The PBM collects, processes, 

and translates the information into a national database format. The PBM database 

includes comparative data for all VA facilities nationwide and data can be aggregated 

nationally by VISN, station, or individual VA clinics at monthly, quarterly, and annual 

intervals. The database undergoes a monthly update. Prescription data contain dosing 

instructions for each prescription, National Drug Code (NDC), cost, and provider 

information.  

 Outpatient Pharmacy Package 

The outpatient pharmacy package provides a detailed profile of the type of 

medications, quantities, cost, and dose. 
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 Inpatient Medications Package 

The inpatient medications package includes information on intravenous and unit 

dose data in addition to oral medications.  

 Laboratory Package (limited data) 

Information on inpatient and outpatient test utilization and cost is included. Data 

are available from fiscal year 2002 forward. Limited inpatient and outpatient 

results for a specific list of tests are available from fiscal year 2002. Pharmacy 

records can be linked to laboratory records.  

 

2.3 Study Design 

This study is a nonconcurrent prospective cohort study using the 2006 – 2008 VHA 

medical datasets of inpatient, outpatient, and pharmacy administrative claims. Using a 

cohort design allows the estimations of incidence rates for outcomes and the calculation 

of relative risks. There were two components to the study sample. The first cohort (solid 

tumor cohort) consisted of patients who were diagnosed with a solid tumor cancer and 

received chemotherapy (with or without radiation therapy) during the study period. The 

second cohort was a subset of the full cohort, including only those patients diagnosed 

with colorectal cancer (colorectal cancer cohort). 

 

2.4 Sample Selection 

The study population aged 18 and older was identified during the study period, from 

January 1, 2006 to June 30, 2008.  The index date is defined as the first date of receiving 
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chemotherapy after cancer diagnosis during the study period. The study subjects should 

consistently use the VA for medical care, which requires at least two medical visits in the 

six months prior to the index date.  

 

Figure 2-1 describes the scheme involved in selecting the solid tumor cohort and 

colorectal cancer cohort.  Initially, 96,933 cancer patients who were diagnosed with any 

types of cancer between January 1, 2006 and June 30, 2008 receiving chemotherapy 

and/or radiation therapy were identified. Out of the initial sample, 18,255 patients 

(18.8%) with hematologic tumor, melanoma, Kaposi sarcoma, or non-specified tumor 

were excluded. Because information on tumor stage was not available, three restrictions 

were applied in order to minimize heterogeneity of patients characteristics; 1) patients 

who died within 90 days after the index date were excluded because they may have 

advanced disease and be sicker than those who did not die shortly after the index date; 2) 

patients who did not initiate chemotherapy within 90 days after the initial claim with a 

cancer diagnosis were excluded. Because the analysis is claims based, and we did not 

have access to cancer registry information for exact dates of diagnosis and staging, we do 

not know if early chemotherapy treatment after diagnosis is for the purpose of 

neoadjuvant therapy before surgery or palliative therapy for the advanced stage of tumor. 

Therefore, we assumed that the initiation of chemotherapy within 90 days after diagnosis 

is reasonable because the primary treatment remains surgery and adjuvant chemotherapy 

if necessary, and surgery should not be scheduled very late relative to the cancer 

diagnosis date.  These exclusion criteria were used to exclude patients with recurrent or 

metastasized cancer who were receiving palliative chemotherapy from the study cohort; 
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for the third exclusion criteria, patients who had only radiation therapy was excluded 

because ESAs are only indicated for chemotherapy-induced anemia.  

 

After applying the exclusion criteria, the remaining sample size was 29,730 (30.7 % of 

the original sample). A further 453 patients with history of end-stage renal disease, 

chronic renal failure, or HIV/AIDS were excluded because the indication use of ESAs 

includes treating cancer patient with chemotherapy-induced anemia, chronic renal failure 

patients, and zidovudine-treated HIV-infected patients. Moreover, ESA users prior to the 

index date were excluded because patients who were exposed to ESAs prior to initiation 

of chemotherapy may be systematically different from those who were exposed to ESAs 

after receiving chemotherapy. The final solid tumor cohort consisted of 28,868 patients. 

Using ICD-9 codes (ICD-9 codes = 153.0, 153.1, 153.2, 153.3, 153.4, 153.6, 153.7, 

153.8, 153.9, 154.1), 2, 462 colorectal cancer patients were identified from this solid 

tumor cohort.  
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Figure 2-1. Sample Selection 

 

  N=96,933 

  Cancer patients who were diagnosed between 1/1/2006 and 8/30/2008, receiving 

  chemotherapy or radiation therapy. 

 

 

 

 N=78,678 

Excluded 18,255 patients with hematologic tumor, melanoma, or not specified  

      tumor. 

 

 

 

 

 N=29,731: 

Exclude 11,986 patients if they died or lost follow-up within 90 days after the 

index date. 

Exclude 34,232 patients if their diagnosis dates and initiation dates of 

treatment were more than 90 days apart. 

Exclude 2,729 patients if they had never initiated chemotherapy. 

  

 

 

 

 N=28,868 (Final solid tumor cohort): 

Exclude 453 patients with history of end stage renal disease (ESRD), 

chronic renal failure, or HIV/AIDS. 

Exclude 410 patients with prior ESA use.  

Aim #1: Utilization of ESA 

  

 

N=2,462 (Final colorectal cancer cohort) 

      Exclude 26,501 patients without colorectal cancer diagnosis 

Aim #2: Survival Analysis (death) 

Ami #3: Survival Analysis VTE) 
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2.5 Measurements 

The VA medical and pharmacy datasets were linked with a unique patient identification 

number for the study analyses. The final analytical dataset contains variables described 

below. 

 

2.5.1 Outcome Definitions 

There are two outcomes for the cohort study; death and occurrence of VTE. Death was 

identified from the date of death on either inpatient or outpatient claims linking to 

encounter data. The new event of VTE was identified as the first event of  hospitalization 

and/or diagnosis for DVT and/or PE defined from the following ICD-9 codes of 451.1x, 

451.2, 451.81, 453.1, 453.2, 453.8, 453.9, 415.1x on inpatient and outpatient claims. The 

ICD-9 codes for VTE were selected based on literature
94,102

 and they were reviewed by 

oncologist/physicians at three cancer research centers.   

 

Each outcome required the creation of a unique analytic cohort.  Study subjects who did 

not have the outcome of interest (death or VTE) during follow-up were censored at the 

earliest of the following events; beginning of the second course of chemotherapy, lost to 

follow-up, or end of the study period (June 30, 2008). The second course of 

chemotherapy was defined as beginning a chemotherapy regimen following a gap of 4 or 

more months from the date of the last initial course of chemotherapy. A typical course of 

chemotherapy regimen has a 2 to 6-week interval between cycles.
103

 While patients may 

delay therapy for various reasons, we assumed that patients discontinued their initial 

course of treatment if we observed a period of more than 4 months without any 
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antineoplastic agents on pharmacy claims. Since patients with more multiple 

chemotherapy courses are more likely to have an advanced disease and also an increased 

risk of VTE,
104

 we restricted our analyses to patients with one continuous chemotherapy 

course from the index date.   

 

2.5.2 Exposure Definitions 

The primary exposure of interest was the use of ESAs, either epoetin and/or darbepoetin. 

The use of ESAs was identified from the VA drug product name and generic name on 

pharmacy claims and from the Healthcare Common procedure Coding System (HCPCS) 

/CPT codes on outpatient claims. Appendix 1 shows the list of the VA drug product name 

and HCPCS/CPT codes. If patients received one or more prescriptions for ESAs in either 

inpatient or outpatient setting during the follow-up period, they were categorized as the 

“exposed” group. Patients who received ESAs were further categorized into three 

mutually exclusive groups; “epoetin only”, “darbepoetin only”, or “both epoetin and 

darbepoetin.”  

 

2.5.3 Covariates 

Risk factors for death and VTE were respectively considered as covariates for each 

multivariate analysis. These risk factors fell into four broad categories: demographics, 

cancer treatment, comorbidities, and hematologic factors.  
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1)  Demographic factors included age (< 65, 65 – 74, 75 – 84, 85 and older), sex 

(men, women), race (white, black, others), region (Northeast, Midwest, West, 

South).  Since there were small numbers for Hispanic, American Indian, and 

Asian race/ethnicity, they were categorized as “Others.” Patients were classified 

by region of the country (North, South, East, and West) which was defined based 

on the VISNs where the initial cancer diagnosis claim created (See Appendix 2). 

There are 23 VISNs and those were grouped into four regions. All demographic 

variables were drawn from either inpatient or outpatient file. 

 

2) Factors associated with cancer treatment included radiation therapy and 

myelosuppressive chemotherapy.  Receipt of radiation therapy was measured as 

presence of ICD-9 diagnostic/procedure codes and CPT codes on inpatient and/or 

outpatient claims (See Appendix 3). All antineoplastic drugs for chemotherapy on 

the VA drug list were evaluated on myelosupression by the book and 

pharmacist.
103

 Approximately 90% of the study subjects received 

myelosuppressive chemotherapy and 20% of those had both chemotherapy and 

radiation therapy during the follow-up period. 

   

3) A high burden of comorbid conditions may substantially increase risk of 

complication such as VTE and death. Coexisting diseases one-year prior to the 

index date were included using the Klabunde comorbidity index, its component 

diseases, and VTE (DVT and PE). The Klabunde comorbidity index is a general 

comorbidity measurement based on the Charlson comorbidity index. It refined the 
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Charlson index by incorporating diagnostic and procedure data in physician 

claims.
105,106

 in addition to hospitalizations. The sum of the weights for disease 

conditions is calculated to create comorbidity index score for each patient. The 

disease conditions included in the Klabunde index are acute myocardial 

infarction, old myocardial infarction, congestive heart failure, peripheral vascular 

disease, cerebrovascular disease, chronic obstructive pulmonary disease, 

dementia, paralysis, diabetes, diabetes with complications, chronic renal failure, 

various cirrhodites, moderate-severe liver disease, ulcers, rheumatoid arthritis, 

and AIDS/HIV. The Klabunde index does not include a diagnosis of cancer as it 

was developed to predict 2-year non-cancer mortality in cancer patients using 

SEER-Medicare database.  

 

4) Hematologic factors considered were the use of red blood cell transfusion before 

and after the index date and the use of granulocyte colony-stimulating factor (G-

CSF) during the follow-up period. Red blood cell transfusion was identified from 

ICD-9 procedure codes and HCPCS/CPT codes on inpatient and outpatient 

claims. The use of G-CSF during the follow-up period was measured using 

HCPCS/CPT codes on outpatient claims and VA product drug name on pharmacy 

claims.  

 

2.6 Statistical Analysis 

2.6.1 Descriptive Analyses of the Solid Tumor Cohort 
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The first aim of the study was to describe how ESAs were used in solid tumor patients 

receiving chemotherapy and to compare patient characteristics between ESA users and 

non-users. Bivariate analyses of all variables with the variable of ESA use was performed 

to compare the distributions of the variables between ESA users and non-users and to 

assess the empirical relationship between ESAs and other variables. Chi square tests for 

the categorical or ordinal variables and t-tests for the continuous variables were used to 

examine the difference of distributions and means between two groups. The significance 

level was set at 0.05 for all analyses. 

 

The monthly ESA utilization in the solid tumor cohort was evaluated from July 1, 2006 

through August 30, 2008. The proportion of ESAs was defined as the number of ESA 

users in a month divided by the number of patients enrolled in that month. A line graph of 

monthly ESA utilization was created and the event timeline related to ESA use were 

inserted in the line plots. The Y-axis indicates a percent of solid tumor patients receiving 

ESAs and the X-axis represents unit of time (month).  To determine whether ESA use 

changed from month to month, a trend analysis was performed by using a liner regression 

model. 

 

2.6.2 Descriptive Analyses of the Colorectal Cancer Cohort 

The second and third aims were to evaluate the effect of ESA use on survival (aim 2) and 

time to VTE (aim 3) among colorectal cancer patients receiving chemotherapy. First, 

bivariate analysis of all variables with the variable of exposure (ESA use) was performed 

to describe and compare patient characteristics between ESA users and non-users in the 
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colorectal cancer cohort. The differences between two groups on the categorical or 

ordinal variables were tested by chi square test and the mean differences between two 

groups on the continuous variables were tested by t-test. Bivariate analysis of all 

variables with the variable of outcome (death for aim 2 and VTE for aim 3) was also 

performed in the same way to assess factors associated with death. The significance level 

was set at 0.05 for all analyses. The variables that were significantly related to both 

exposure and outcome were considered as potential confounders for the multivariate 

analyses. 

 

2.6.3 Unadjusted Kaplan-Meier Survival Curves  

The unadjusted Kaplan Meier survival plots were generated to compare time to event 

(death or VTE) between ESA users and non-users for the analyses of Aim 2 and Aim 3.  

The survival curves are used to calculate the overall survival rate and the mean survival 

time. The Kaplan Meier analysis allows estimation of survival (time free of an event) 

over time even when persons drop out or persons are followed for different lengths of 

time.
107

 For each time interval, the survival probability is calculated as the number of 

persons surviving divided by the number of persons at risk. Those who have died, 

dropped out, or not reached the time yet are not counted as “at risk” of event.
108

 Those 

who are lost are considered “censored” and are not counted in the denominator. 

Probability of surviving to any point is estimated from cumulative probability of 

surviving each of the preceding time intervals. This is a conditional probability, that is, 

the probability of being a survivor at the end of the interval on condition that the person 

was a survivor at the beginning of the interval. 
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The log rank test and Wilcoxon rank-sum test were used to test the null hypothesis that 

there is no difference between the two groups in the probability of an event at any time 

point. Both are non-parametric tests. These analyses are based on the times of event and 

consider censored observations in the same way as the Kaplan Meier method. The log 

rank test gives equal weight to all time points while the Wilcoxon rank-sum test gives 

more weight to earlier events times than to later events.
107

 The log rank test is most 

powerful when the ratio of hazard functions (event per time) is consistent across all time 

points. Both tests are most likely to detect a difference between groups when the risk of 

an event is constantly higher for one group than another and are unlikely to detect a 

difference in situations where the survival curves cross.  This might occur in the situation 

where one group has a higher risk at early time points and the other group has a higher 

risk at late time points (e.g. a delayed effect).  A p-value of 0.05 or less was considered 

statistically significant.   

 

The plots of log [-log (survival)] versus log (survival time) for each Kaplan Meier 

estimate of survival for categorical predictors were generated to visually evaluate the 

proportionality assumption that the ratio of the hazards was constant over time. If the 

predictor is proportional, these plots should result in approximately parallel lines which 

do not cross.  

 

2.6.3 Propensity Score  
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When the drug treatment is not randomly assigned, as is typically the case, patients who 

received the drug are not comparable to those who did not receive the drug. Underlying 

characteristics between drug exposure and non-exposure groups may be systematically 

different, particularly factors influencing who receives the drug. In that case, any 

observed differences in outcomes between the two groups may reflect underlying 

differences between the groups rather than effects that are caused by the drug.  

 

Propensity score analysis was developed as an efficient method for multiple confounding 

adjustments. It has been reported, based on simulation studies, that the propensity score 

method is superior to traditional logistic regression in terms of bias, precision, empirical 

power, and robustness of estimation, when the number of event is low relative to the 

number of confounders (seven or fewer events per confounder).
109

 The purpose of using 

the propensity score method here was to balance those exposed and not exposed on 

measured baseline characteristics which differed between ESA users and non-users.  

 

The propensity score is the conditional probability of exposure to a drug given observed 

covariates.
110

 The propensity score e(X) for a person is defined as the probability of 

exposure (E=1 if exposed, E=0 if unexposed) for a person with covariates X: 

e(X) = Pr (E = 1|X) 

The propensity score (PS) is a one-dimensional variable that summarize the multi-

dimensional baseline covariates X.  
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The estimated propensity scores of receiving ESAs for each person were obtained from a 

model with covariates as independent variables and ESAs use as a dependent variable in 

a logistic regression model. The performance of the final fit propensity score model was 

evaluated using model fit statistics for model discrimination and goodness of fit.
111-113

  

 

Harrell and colleagues summarized development and evaluation of multivariate 

models.
114

 Discrimination refers to the ability of a model to correctly distinguish between 

the two groups (receiving ESAs vs. not receiving ESAs). C-statistics (the area under the 

receiver operating characteristic curve) was computed as measures of discrimination. 

Any variables that increase the c-statistic should be selected. The goodness of fit 

describes how well the model matches the data. Overall model fit for sequential models 

was compared using the Akaike information criterion (AIC), which takes into account 

both the statistical goodness of fit and the number of parameters required to achieve the 

particular degree of fit by imposing a penalty for increasing the number of parameters. 

Lower value of AIC indicates a better fit and predictive validity.
115

   

 

In practice, many studies that use the propensity score methods report these statistics for 

the final propensity score model based on the assumption that propensity score models 

that include better predictors or discriminators of the exposure status result in better 

estimator of exposure effect.
113

 However, Rubin suggests that including variables only 

related to exposures but not to outcome in a propensity score model can decrease the 

efficiency of an estimated exposure effect without decreasing bias.
116,117

 Later studies 

also suggest that variables that are not related to the exposure but related to the outcome 
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should be also included in a propensity score model because those variables decrease the 

variance of an estimated exposure effect without increasing bias.
118,119

 Brookhart and his 

colleagues reported the results from their simulation studies.
119

 They found that standard 

model-building tools designed to create good predictive models of the exposure will not 

always lead to optimal propensity score mode particularly in small studies. Thus, the 

variables included in the final propensity score model were selected based on not only 

model fit statistics, but also clinical importance, potential confounders, and variables 

thought to be related to the outcome regardless their associations with the exposure.  

 

Estimated propensity scores were used to obtain the inverse probability weight that was 

used in a weighted cox regression model assessing the outcome. The inverse of the 

propensity score as a weight was applied to each treated person (1/e(X)) and the inverse 

of one minus the propensity score as the weight was applied to each untreated person 

(1/(1- e(X))).
120-122

 This method estimates the treatment effect in a population whose 

distribution of risk factors is equal to that found in all study subjects. Unlike a propensity 

score matching method, the weight method does not lose any persons due to matching, 

though some may contribute very little weight to the model. Inverse probability weighted 

estimators are easier to replicate and can deal with censored data.
123

  

 

Balance achievement by inverse probability weights of propensity scores for 

characteristics was assessed between ESA users and non-users. Histograms of propensity 

scores for the two groups were generated to determine whether distributions of estimated 

propensity scores were similar between the two groups; that is, they had a reasonable 
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overlay of distributions. Differences in weighted distributions of patient characteristics 

between the two groups were also evaluated using chi square tests for categorical and 

ordinal variables and t-tests for continuous variables. 

 

2.6.4 Cox Proportional Hazard Regressions 

To estimate time to event (death and VTE) of colorectal cancer patients receiving 

chemotherapy with or without ESAs, Cox proportional hazard models were used. The 

Cox model has the flexibility to introduce time-dependent variables and handle censoring 

of survival/event times due to its use of the partial likelihood function.
107,124

 It is a semi-

parametric model, which means the model does not require selection of a probability of 

distribution for the outcome of interest. The Cox regression is considered to be more 

robust. The model leaves the baseline hazard function unspecified.  

 

  hi (t) = λ0 (t) * Exp (β1Xi1 + …. + βkXik) 

 

, where hi (t) = hazard of an event at time t, λ0 (t) = baseline hazard function, t = time, Xk 

= independent variables, and the exponent of βk is the estimate of the effect of each Xk on 

the hazard of outcome. 

 

It is equivalently rewritten. 

 

  log hi (t) = α (t) + β1Xi1 + …. + βkXik  
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In the Cox proportional hazard regression model, the ratio of the hazards is constant over 

time because baseline hazard function cancels out of the numerator and denominator.  

 

  
     

     
 = exp {β1 (Xi1 – Xj1) + …… + βk (Xik – Xjk)} 

 

The model is fit based on a partial likelihood function, conditional on the observed event 

times; that is, the event that occurred at an event time was the observed event. The partial 

likelihood takes account of the ordering of events, but not their actual durations. 

Parameter estimates in the cox proportional hazard model are obtained by maximizing the 

partial likelihood as opposed to the likelihood. The partial likelihood is given by  

 

      *Note: details of notations were omitted.    

The equation shows that censored persons contribute to the partial likelihood by 

remaining in the risk set until censoring occurs, that specifying the baseline hazard λ0 (t) 

is unnecessary, and that the interval between events does not inform the partial likelihood 

function. This indicates no assumptions about the shape of the baseline hazard need to be 

made
107,125

 Cox and others have showed that the partial log-likelihood can be treated as 

an ordinal log-likelihood to derive valid maximum likelihood estimates of coefficients.
125

 

Therefore, hazard ratios and their confidence intervals can be estimated using maximum 

likelihood technique. These estimates are based on the partial opposed to the full 

likelihood. The partial likelihood is valid when there are no ties in the dataset. 
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The PHREG procedure of the SAS statistical program was employed to perform 

regression analyses of survival data on the Cox proportional hazard model. The time in 

days from the index date (the first date of chemotherapy) until the first occurrence of 

event was calculated. First, crude estimates of hazard ratios for combinations of the 

association between covariates and outcomes were assessed. Then the conventional 

multivariate Cox proportional hazard regression model adjusting for potential 

confounding factors were developed. The model fit of the final adjusted model was 

evaluated by lower AIC value among models.
126

 Finally, the propensity score weighted 

Cox proportional hazard models using inverse probability weight were applied to 

estimate adjusted hazard ratios.  An interaction between ESAs and G-CSFs was evaluated 

in the propensity score weighted Cox proportional hazard model to see whether G-CSFs 

modify the effect of ESAs on the outcomes. If the interaction term was significant in the 

model, a subgroup analysis was conducted to examine if the hazard ratios of ESAs were 

different among stratifications of G-CSF use.    
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CHAPTER III 

Results   
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3. RESULTS 

After applying the exclusion criteria explained in the previous section, the total sample 

size of 28,868 solid tumor patients and 2,462 colorectal cancer patients were obtained for 

the analyses. The solid tumor cohort was used for achieving Aim 1. The colorectal cancer 

cohort was used for Aim 2 and 3. 

 

3.1 Aim 1 

The first aim of the study is to describe ESA utilization over time and to compare patient 

characteristics between ESA users and non-users in solid tumor population receiving 

chemotherapy. There is no specific hypothesis due to the nature of descriptive analysis. 

 

3.1.1 Descriptive Statistics of the Solid Tumor Cohort 

The mean age of the subjects in the cohort was 68.9 (standard deviation (SD) + 10.90) 

years old. Approximately 40% of the sample was younger than 65 years. The study 

cohort was predominately male (96.8%) and the majority of the subjects were white 

(76.4%).  The most prevalent cancer type was prostate cancers (47.2%) followed by lung 

cancers (16.5%), colorectal cancers (8.5%), and head and neck cancers (7.8 %). The most 

common comorbidity was diabetes and its complication (18.8%) followed by chronic 

obstructive pulmonary disease (COPD) (12.9%), cerebrovascular disease (3.9%), and 

peripheral vascular disease (3.9%). About 20% of the patients had radiation therapy 

during the follow-up period in addition to chemotherapy.   
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3.1.2 Characteristics by ESA Use 

Table 3-1 describes patient characteristics by ESA use among solid tumor patients 

receiving chemotherapy. ESA users were younger than non-users; 54.5% of ESA users 

and 37.3% of non-users were younger than 65 years. The mean age of ESA users and 

non-users was 64.9 (+ 9.91) and 69.9 (+ 10.91) years respectively. ESA users had slightly 

higher proportions of women compared with non-users. The group of ESA users had a 

slightly higher proportion of non-white race compared to the group of non-users. The use 

of ESAs varied by region of the county; the south region had the highest proportion of 

ESA users. 

 

ESA utilization varied significantly by cancer type (p < 0.0001); 43.3% of lung cancer 

patients used ESA while more than one-half of prostate cancer patients did not use ESA. 

Proportion of colorectal cancer patients were slightly higher among ESA users compared 

with non-users (10.2% vs. 8.3%). ESA users were more likely than nonusers to have 

comorbidities such as diabetes and its complication, COPD, peripheral vascular disease, 

and congestive heart failure.  

 

ESA users were more likely to utilize red blood cell transfusion prior to the index date 

(7.8% vs. 2.8%, p <0.0001), radiation therapy during the follow-up period (32.9% vs. 

18.9%, p<0.0001), G-CSF (38.8% vs. 6.3%, p<0.0001), and red blood cell transfusion 

(43.5% vs. 9.9%, p<0.0001) compared to non-users.   
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Table 3-1. Characteristics by ESA Use Among Solid Tumor Patients 
Receiving Chemotherapy Using the 2006 – 2008 U.S. Veterans Health 
Administration Database   

  
Total ESA user 

ESA non-
user 

  

 

N=28,868 N=3,071 N=25,797 
 

Characteristics N n % n % p-value 

Age (years) 
      

< 65 11,290 1,675 54.5 9,615 37.3 

<.0001 
65 – 74 7,510 812 26.4 6,698 26.0 

75 – 84 8,113 518 16.9 7,595 29.4 

85+ 1,955 66 2.2 1,889 7.3 

Sex 
      

Men 27,955 2,925 95.3 25,030 97.0 
<.0001 

Women 913 146 4.8 146 3.0 

Race 
      

White 22,057 2,292 74.6 19,765 76.6 

0.0464 Black 5,086 586 19.1 4,500 17.4 

Others 1,725 193 6.3 1,532 5.9 

Region 
      

Northeast 4,276 450 14.7 3,826 14.8 

<.0001 
Midwest 6,525 642 20.9 5,883 22.8 

West 5,627 461 15.0 5,166 20.0 

South 12,440 1,518 49.4 10,922 42.3 

Cancer type 
      

Lung 4,757 1,329 43.3 3,428 13.3 

<.0001 

Prostate 13,632 370 12.1 13,262 51.4 

Colorectal 2,462 312 10.2 2,150 8.3 

Head and neck 2,254 367 12.0 1,887 7.3 

Other solid tumor 5,763 693 22.6 5,070 19.7 

Prior red blood cell transfusion 971 239 7.8 732 2.8 <.0001 

Prior venous thromboembolism 684 81 2.6 603 2.3 0.3013 

Comorbidity index 
      

0 18,847 1,806 58.8 17,041 66.1 

<.0001 1-2 9,073 1,121 36.5 7,952 30.8 

3+ 948 144 4.7 804 3.1 

Comorbidity  

      Congestive heart failure 883 112 3.7 771 3.0 0.0452 

Myocardial infarction 308 34 1.1 274 1.1 0.8185 

Cerebrovascular disease 1,127 137 4.5 990 3.8 0.0918 

Peripheral vascular disease 1,127 166 5.4 961 3.7 <.0001 

Diabetes and complications 5,434 645 21.0 4,789 18.6 0.0011 
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COPD 3,717 573 18.7 3,144 12.2 <.0001 

Moderate-sever liver disease 130 14 0.5 116 0.5 0.9612 

During follow-up period 
      

Radiation therapy 5,876 1,009 32.9 4,867 18.9 <.0001 

Red blood cell transfusion 3,890 1,340 43.6 2,550 9.9 <.0001 

G-CSF 2,811 1,192 38.8 1,619 6.3 <.0001 

Outcomes 
      

Venous thromboembolism 2,003 389 12.7 1,614 6.3 <.0001 

Death 7,141 1,631 53.1 5,510 21.4 <.0001 

Any hospitalizations 14,942 2,654 86.4 12,288 47.6 <.0001 

Note: COPD=chronic obstructive pulmonary disease; G-CSF=granulocyte colony-stimulating factor 
p-value for chi-square test comparing characteristics between users and non-users  

3.1.3 Monthly Proportion of ESA Users  

Approximately 10% of solid tumor patients in the cohort used ESAs at any time during 

the follow-up period. Figure 3-1 shows the percentage of solid tumor patients with 

chemotherapy receiving ESAs each month, from July 1, 2006 to June 30, 2008. The 

proportion of ESA users decreased by half in just 2 years from 405 (4.0%) of a total of 

10,227 patients in July 2006 to 257 (1.2%) of a total of 20,745 patients in August 2008 

(p<0.0001).  Also plotted in Figure 3-1 are the actions of governmental agencies that may 

directly or indirectly influence prescribers to the evolving safety concerns of ESA use 

among solid tumor patients. In late 2006, the FDA issued the safety alerts. In March 

2007, product labeling was changed and a black box warning was added. The CMS 

announced the coverage change in the use of ESA among cancer patients in March 9 and 

disseminated Medicare National Coverage change in July 30, 2007. In response to the 

safety alert, VAPBM service published bulletins informing safety concerns of ESA use to 

health care professionals. Several meta-analyses of clinical trials of ESA among cancer 

patients were published between July 2006 and August 2008. 
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3.2 Aim 2 

The second aim of the study is to compare overall incidence rates for survival among 

colorectal cancer patients receiving chemotherapy which does and does not include an 

ESA.  

 

3.2.1 The Colorectal Cancer Cohort 

There were 2,462 colorectal patients receiving chemotherapy among the solid tumor 

cohort. The mean age of the colorectal cancer patients was 65.3 (+10.50) ranged from 22 

to 97 years. More than half (54.8%) of the subjects were younger than 65 years. The 

cohort was predominately men (98.0%) and the majority were white (75.7%). The most 

common comorbidity was diabetes and its complication (19.7%) followed by COPD 

(7.6%). Eleven percent of patients used red blood cell transfusion prior to the first date of 

chemotherapy. Approximately 20% of the sample had radiation therapy during the 

follow-up period in addition to chemotherapy.   

 

3.2.2 Characteristics of Colorectal Cancer Patients by ESA Use 

Table 3-2 shows comparison of patient characteristics between ESA users and non-users.  

There was no difference in demographics such as age, sex, and race between ESA users 

and non-users. The mean age between ESA users and non-users was similar; 65.6 (+ 

9.86) vs. 65.2 (+ 10.60) years.  
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The distribution of comorbidity index was significantly different among two groups. ESA 

users had a higher number of comorbidities and significantly a higher proportion of 

peripheral vascular disease and diabetes and its complications compared to non-users. 

They were more likely to utilize red blood cell transfusion prior to the first date of 

chemotherapy (17.6% vs. 10.1%, p <0.0001), radiation therapy during the follow-up 

period (24.7% vs. 19.5%, p=0.0327), G-CSF during the follow-up period (26.0% vs. 

10.7%, p<0.0001), and red blood cell transfusion during the follow-up period (42.3% vs. 

20.8%, p<0.0001) compared to non-users.   

Table 3-2. Characteristics by ESA Use Among Colorectal Cancer Patients 
Receiving Chemotherapy 

  Total ESA user 
ESA non-

user 
  

 
N=2,462 N=312 N=2,150 

 
Characteristics n n % n % p-value 

Age (years) 
      

< 65 1,349 161 51.6 1,188 55.3 

0.1957 65 - 74  557 83 26.6 474 22.1 

75 + 556 68 21.8 488 22.7 

Sex 
      

Men 2,412 303 97.1 2,109 98.1 
0.2526 

Women 50 9 2.9 41 1.9 

Race 
      

White 1,863 230 73.7 1,633 76.0 

0.5643 Black 412 54 17.3 358 16.7 

Others 187 28 9.0 159 7.4 

Region 
      

Northeast 334 42 13.5 292 13.6 

0.0836 
Midwest 521 56 18.0 465 21.6 

West 486 52 16.7 434 20.2 

South 1,121 162 51.9 959 44.6 

Prior red blood cell transfusion 273 55 17.6 218 10.1 <.0001 

Prior venous thromboembolism 79 10 3.2 69 3.2 0.9969 

Comorbidity index 
      

0 1,723 200 64.1 1,523 70.8 

0.0097 1 531 73 23.4 458 21.3 

2+ 208 39 12.5 169 7.9 

Comorbidity  
      

Congestive heart failure 59 11 3.5 48 2.2 0.1628 

Myocardial infarction 24 3 1.0 21 1.0 0.9796 



 

69 
 

Cerebrovascular disease 73 9 2.9 64 0.9 0.9286 

Peripheral vascular disease 61 14 4.5 47 2.2 0.0145 

Diabetes and complications 485 75 24.0 410 19.1 0.0392 

COPD 187 23 7.4 164 7.6 0.8732 

Moderate-sever liver disease 6 1 0.3 5 0.2 0.7684 

During follow-up 
      Radiation therapy  486 77 24.7 419 19.5 0.0327 

Red blood cell transfusion  580 132 42.3 448 20.8 <.0001 

G-CSF 312 81 26.0 231 10.7 <.0001 

Outcomes 

      Venous thromboembolism 271 42 13.5 229 10.7 0.1383 

Death 463 107 34.3 356 16.6 <.0001 

Any hospitalizations 1,963 286 91.7 1,677 78.0 <.0001 

Note: COPD=chronic obstructive pulmonary disease; G-CSF=granulocyte colony-stimulating 
factor  

 

3.2.3 Characteristics of Colorectal Cancer Patients by Mortality 

Table 3-3 shows bivariate analysis of patient characteristics by outcome (=mortality). 

Patients who died were more likely to be older and sicker. The proportions of congestive 

heart failure, cerebrovascular disease, peripheral vascular disease, COPD were 

significantly higher in patients who died. There was no difference in the use of radiation 

therapy and G-CSF among both groups. Patients who died had more use of red blood cell 

transfusion either before or after the index date (= the initiation of chemotherapy). 

 

Table 3-3. Characteristics by Mortality Among Colorectal Cancer Patients 
Receiving Chemotherapy 

  Total Dead Alive   

 
N=2,462 N=463 N=1,999  

Characteristics n n % n % p-value 

Age (years) 
     

 
< 65 1,349 237 51.2 1,112 55.6 

0.0031 65 - 74  557 94 20.3 463 23.2 

75+ 556 132 28.5 424 21.2 

Sex 
     

 
Men 2,412 459 99.1 1,953 97.7 

0.0482 
Women 50 4 0.9 46 2.3 
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Race 
     

 
White 1,863 341 73.7 1,522 76.1 

0.2875 Black 412 79 17.1 333 16.7 

Others 187 43 9.3 144 7.2 

Region 
     

 
Northeast 334 66 14.3 268 13.4 

0.5184 
Midwest 521 97 21.0 424 21.2 

West 486 101 21.8 385 19.3 

South 1,121 199 43.0 922 46.1 

Prior venous thromboembolism 79 23 5.0 56 2.8 0.0172 

Prior red blood cell transfusion 273 64 13.8 209 10.5 0.0376 

Comorbidity index 
     

 
0 1,723 304 65.7 1,419 71.0 

0.0250 1 531 107 23.1 424 21.2 

2+ 208 52 11.2 156 7.8 

Comorbidity  
     

 
Congestive heart failure 59 17 3.7 42 2.1 0.0465 

Myocardial infarction 24 2 0.4 22 1.1 0.1870 

Cerebrovascular disease 73 22 4.8 51 2.6 0.0119 

Peripheral vascular disease 61 17 3.7 44 2.2 0.0666 

Diabetes and complications 485 93 20.1 392 19.6 0.8163 

COPD 187 48 10.4 139 7.0 0.0125 

Moderate-sever liver disease 6 1 0.2 5 0.3 0.8932 

During follow-up 

      Radiation therapy  496 93 20.1 403 20.2 0.9716 

Red blood cell transfusion  580 160 34.6 420 21.0 <.0001 

G-CSF 312 67 14.5 245 12.3 0.1968 

Any hospitalizations 1,963 388 83.8 1,575 78.8 0.0156 

 

3.2.4 Unadjusted Kaplan-Meier Survival Curves 

Figure 3-2 illustrates the comparison of the Kaplan-Meier survival curves for time to 

death from any cause after the initiation of chemotherapy between colorectal cancer 

patients who received ESAs and those who did not. The curves show worse survival for 

ESA users than for non-users; they separated early and continued to diverge. The mean 

survival time was 602 days and 770 days for ESA users and non-users respectively 

(Table 3-4). The 25
th

 percentile of survival time was 409 days and 877 days for ESA 
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users and non-users respectively. The median of survival time was not reached yet during 

the observation period. In the Kaplan-Meier analyses, 386 patients died, 437 patients 

were censored at the first date of the second course of chemotherapy regimen, and 1639 

patients were censored at the end of the study observation. Both the log rank test and 

Wilcoxon rank-sum test for homogeneity demonstrated a significant difference in mean 

survival time between the two groups (p<0.0001 for both tests). Among colorectal cancer 

patients receiving chemotherapy, those with ESA use lived a significantly shorter period 

of time than those without ESAs. The proportional hazards assumption was visually 

evaluated (See Appendix 5). The hazards were proportional across the two groups.  

 

Figure 3-2. Survival Curves Comparing Between ESA Users and Non-users 

  

 

 

 

 

 

 

 

 

 

Table 3-4. Survival Statistics Comparing ESA Users to Non-users 

ESA Total Failed Censored 
Percent 

Censored 
Mean 
(days) 

Standard 
Error 

Non-users 2,150 302 1,848 86.0 770 6.1 

ESA non-users 

ESA users 



 

72 
 

Users 312 84 228 73.1 602 14.6 

Total 2,462 386 2,076 84.3 
  

 

There was no difference in survival between epoetin and darbepoetin. Figure 3-3 

compares the Kaplan-Meier survival curves between epoetin and darbepoetin users. Out 

of 312 ESA users, 20 patients who used both epoetin and darbepoetin at some time 

during the follow-up period were excluded from this analysis. The mean survival time 

was 576 (+19.7) days and 603 (+22.2) days for epoetin and darbepoetin respectively 

(Table 3-5). Approximately 70% of patients in both groups were censored. The log rank 

test and Wilcoxon rank-sum test for homogeneity did not find differences in mean 

survival time between the two groups (p=0.8598 and p=0.5205 respectively).  

 

Figure 3-3. Survival Curves Comparing Between Epoetin and Darbepoetin 

 

Table 3-5. Survival Statistics Comparing Epoetin to Darbepoetin 

Darbepo users 

Epoetin users 
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ESA Total Failed Censored 
Percent 

Censored 
Mean 
(days) 

Standard 
Error 

Darbepo  135 36 99 73.3 603 22.2 

Epo 157 44 113 72.0 576 19.7 

Total 292 80 212 72.6     

 

3.2.5 Propensity Score Model Development 

As descriptive analysis shows in Table 3-1, there are difference in some characteristics 

between ESA users and non-users. Propensity scores were calculated from 12 covariates 

listed in Table 3-6, including demographics, past comorbidities, myelosuppressive 

chemotherapy, radiation therapy, and red blood cell transfusion prior to chemotherapy.   

 

Table 3-6. Logistic Regression Model to Estimate 
Propensity Score of Receiving ESAs 

  

Odds 
Ratio 

95% 
Confidence 

interval 

Age (years) 
   < 65 0.704 0.524 0.944 

65 - 74 Reference 
75+ 0.921 0.645 1.315 

Sex 

   Men Reference 
Women 1.76 0.834 3.712 

Race 

   Black Reference 
White 1.095 0.786 1.526 

Other 1.283 0.773 2.131 

Region 
   Northeast Reference 

Midwest 0.859 0.555 1.33 

West 0.835 0.535 1.304 

South 1.221 0.839 1.778 

Myelosuppressive chemotherapy 7.166 2.899 17.717 

Radiation therapy 1.343 1.006 1.792 

Prior red blood cell transfusion 1.818 1.306 2.53 

Comorbidities in the past year 
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Congestive heart failure 1.535 0.764 3.082 

Cerebrovascular disease 0.820 0.393 1.708 

Peripheral vascular disease 2.251 1.191 4.256 

COPD 0.869 0.541 1.397 

Venous thromboembolism 1.005 0.507 1.991 

 

 

After creating propensity scores, histograms of propensity scores by the two groups (ESA 

users and non-users) were generated to evaluate the distributions whether they had 

sizeable overlap among the groups demonstrating that the groups were comparable 

(Figure 3-4).  The mean propensity to receive ESAs for patients actually treated was 0.15 

(standard deviation, 0.059) compared with 0.12 (standard deviation, 0.053) for patients 

who did not receive ESAs. The distribution of the propensity scores for ESA users 

slightly shifted toward higher scores and for non-users toward 0. Figure 3-4 illustrates 

that the overlap of the propensity scores for the two groups was sizable and the 

distribution of the groups were relatively comparable. 
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Figure 3-4. Histograms of Propensity Scores by the Two Groups

 

Table 3-7 describes propensity score weighted patient characteristics by ESA use. After 

applying the propensity score weights, comparisons among the two groups found no 

significant differences. The propensity score weights effectively balanced the groups 

given the covariates.  

 

Table 3-7. Propensity Score Weighted Patient Characteristics 

  
Un-weighted 

Characteristics 

 
Weighted Characteristics 

  
ESA 
user 

ESA 
non-
user 

  

 

ESA 
user 

ESA 
non-
user 

  

Characteristics % % p-value 

 
% % p-value 

Age (years) 
       

< 65 51.6 55.3 

0.1957 
 

58.1 54.8 

0.6560 65 - 74  26.6 22.1 
 

21.3 22.6 

75+ 21.8 22.7 
 

20.7 22.6 

Sex 
       

Men 97.1 98.1 
0.2526  

98.3 98.0 
0.6476 

Women 2.9 1.9 
 

1.7 2.0 

ESA non-users 

ESA users 
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Race 
       

White 73.7 76.0 

0.5643 
 

73.7 75.7 

0.7045 Black 17.3 16.7 
 

16.9 16.7 

Others 9.0 7.4 
 

9.4 7.6 

Region 
       

Northeast 13.5 13.6 

0.0836 

 
11.2 13.5 

0.5189 
Midwest 18.0 21.6 

 
19.6 21.2 

West 16.7 20.2 
 

23.6 19.8 

South 51.9 44.6 
 

45.5 45.5 

Myelosuppressive 
chemotherapy 

98.4 89.5 <.0001 
 

89.9 90.7 0.8512 

Radiation therapy 24.7 19.5 0.0327 
 

24.0 20.2 0.2364 

Prior red blood cell transfusion 17.6 10.1 <.0001 
 

10.7 11.1 0.8365 

Comorbidity  
       

Congestive heart failure 3.5 2.2 0.1628 
 

2.8 2.3 0.5583 

Myocardial infarction 1.0 1.0 0.9796 
 

0.9 1.0 0.8358 

Cerebrovascular disease 2.9 0.9 0.9286 
 

2.1 3.0 0.3063 

Peripheral vascular disease 4.5 2.2 0.0145 
 

2.1 2.5 0.6454 

Diabetes and complications 24.0 19.1 0.0392 
 

19.1 19.7 0.8353 

COPD 7.4 7.6 0.8732 
 

5.8 7.6 0.2393 

Moderate-sever liver   
disease 

0.3 0.2 0.7684 
 

0.3 0.3 0.9609 

Venous thromboembolism 3.2 3.2 0.9969   3.7 3.2 0.6812 

 

3.2.6 Multivariate Survival Analyses: Adjusted Cox-Proportional Hazard Models 

Cox proportional hazard regression was used to estimate the unadjusted, multivariate-

adjusted, and propensity score weighted effect of ESAs on mortality. Table 3-8 depicts 

the regression results for estimating the hazard ratio (HR) of mortality between ESA 

users and non-users. In the unadjusted model, the use of ESAs was positively associated 

with mortality (HR = 1.974; 95% Confidence interval (CI) = 1.550, 2.514). When the 

model was adjusted for age, sex, race, and region, the hazard ratio slightly increased to 

2.089 with 95% CI = 1.637, 2.665. Based on clinical importance and the value of AIC, 

the final fully adjusted multivariate model was developed. Variables included in the final 

model were age, sex, race, region, comorbid diseases in the past year (congestive heart 
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failure, myocardial infarction, cerebrovascular disease, COPD, venous 

thromboembolism), red blood cell transfusion prior to chemotherapy, myelosuppressive 

chemotherapy, radiation therapy, and G-CSF. The hazard ratio remained elevated after 

adjustment for potential confounders (HR = 1.957; 95% CI = 1.522, 2.517). The 

propensity score weighted analyses yielded similar results to the conventional 

multivariate analyses (HR = 2.045; 95%CI = 1.799, 2.326). The propensity score weight 

HRs had narrower 95% confidence intervals than the multivariate adjusted HRs. These 

models consistently show an increased mortality associated with the use of ESAs. 
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Table 3-8. Cox-Proportional Hazard Regressions Estimating Mortality Between 
ESA Users and Non-users  

 
Unadjusted Model 

Demographic-
adjusted model 

Fully-Adjusted 
Multivariate Model* 

  

Hazard 
Ratio 

95% 
Confidence 

Interval 

Hazard 
Ratio 

95% 
Confidence 

Interval 

Hazard 
Ratio 

95% Confidence 
Interval 

ESA 1.974 1.550 2.514 2.089 1.637 2.665 1.957 1.522 2.517 

Note: *Multivariate model included age, sex, race, region, congestive heart failure, myocardial 
infarction, cerebrovascular disease, COPD, venous thromboembolism, red blood cell 
transfusion prior to chemotherapy, myelosuppressive chemotherapy, radiation therapy, and 
G-CSF. 

          

  
Propensity Score 
Weighted Model 

Propensity Score 
Weighted Model With 

G-CSF use** 
   

  

Hazard 
Ratio 

95% 
Confidence 

Interval 

Hazard 
Ratio 

95% 
Confidence 

Interval 
   

ESA 2.045 1.799 2.326 2.203 1.934 2.511 
   

Note: **Propensity score weighted model with G-CSF use 
included the variable of G-CSF use in the Cox-proportional 
hazard regression model to control, but not in the regression 
model to estimate propensity scores.  

    

Since ESAs and G-CSFs were commonly co-prescribed to manage chemotherapy-related 

hematologic toxicity, a potential interaction between ESAs and G-CSF on mortality was 

also evaluated in the propensity score weighted analyses. To do this variable notating the 

use of G-CSF (yes/no) was taken out of the propensity score development model and 

included in the main cox regression model. The use of G-CSF was negatively associated 

with mortality (HR = 0.628; 95% CI = 0.531, 0.742). The parameter estimate of the 

interaction term between ESAs and G-CSF was statistically significant (-0.51574 with 

standard error = 0.20183, p=0.0106). Since the interaction term was significant, each 

hazard ratio for ESAs and G-CSFs was calculated from parameter estimates of ESAs, G-
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CSFs, and the interaction term. They were HR = 2.121; 95%CI = 1.860, 2.419 for ESAs 

and HR = 0.734; 95%CI = 0.603, 0.894 for G-CSFs. 

 

The stratified analyses were performed to estimate the multivariate-adjusted effects of 

ESAs on mortality between G-CSF users and non-users. The hazard ratio was attenuated 

among the group of G-CSF users; HR = 1.392; 95%CI = 0.961, 2.017 for G-CSF users 

versus HR = 2.327; 95%CI = 2.027, 2.672 for non-users. This confirms that there is an 

interaction between ESAs and G-CSFs. While the point estimate of the HR in both 

groups suggests an inverse association between ESA and survival, the lower bounds of 

the 95% CI for the ESA+G-CSF users fell just below 1.0.  The sample size in this 

subgroup was 312 and the statistical power was 60%.   

 

Table 3-9. Cox-Proportional Hazard Regressions Stratified 
by the Use of G-CSF Estimating the Effect of ESAs on 
Mortality 

 
N 

Hazard Ratio 
for ESAs 

95% CI 

Total***  2,462 2.121 1.860 2.419 

Stratified groups     

Non-users 2,150 2.327 2.027 2.672 

G-CSF users 312 1.392 0.961 2.017 

Note: ***In a whole sample (n=2,462), G-CSF and the interaction term of G-
CSF and ESA were included in the propensity score weighted model. The 
hazard ratio for ESAs was calculated from parameter estimates of ESAs, 
G-CSFs, and the interaction term. The details of coefficients were shown in 
Appendix 7. 
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3.3 Aim 3 

The third aim of the study is to evaluate the effect of ESA use on risk of VTE among 

colorectal cancer patients receiving chemotherapy.  

 

3.3.1 Bivariate Analyses  

Out of 2,462 colorectal cancer patients receiving chemotherapy, 215 patients had VTE 

events (either DVT or PE) and 295 patients used ESAs before the occurrence of VTE 

events following the index date. The number of ESA users changed when outcome of 

interest replaced from death for aim #2 to VTE for aim #3; patients who used ESAs after 

the occurrence of VTE were categorized as non-users for the analyses. Table 3-10 and 3-

11 show comparisons of patient characteristics by the use of ESAs and by the VTE event. 

There is no significant difference in demographics between ESA users and non-users 

(Table 3-10). ESA users had more comorbid diseases, used red blood cell transfusion 

prior to the first date of chemotherapy, and used radiation therapy, red blood cell 

transfusion, and G-CSF during the follow-up period.  

 

Table 3-11 describes the comparison of characteristics between patients who had a VTE 

event and those who did not. Patients who had a VTE event were more likely to be 

younger age and male. They had more history of VTE event and comorbid diseases 

compared to patients who did not have an event. Patients who had an event received more 

red blood cell transfusions either prior to or following the first date of chemotherapy 

compared with their counterparts. 
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Table 3-10. Patient Characteristics by ESA Use (N=2,462) 

  ESA user ESA non-user   

 
N=295 N=2,167  

Characteristics n % n % p-value 

Age (years) 
     < 65 147 49.8 1,202 55.5 

0.1037 65 - 74  80 27.1 477 22.0 

75+ 68 23.1 488 22.5 

Sex 
     Men 286 97.0 2,126 98.1 

0.1856 
Women 9 3.1 41 1.9 

Race 
     White 216 73.2 1,647 76.0 

0.3841 Black 51 17.3 361 16.7 

Others 28 9.5 159 7.3 

Region 
     Northeast 42 14.2 292 13.5 

0.017 
Midwest 50 17.0 471 21.7 

West 46 15.6 440 20.3 

South 157 53.2 964 44.5 

Prior venous thromboembolism 6 2.0 81 3.7 0.1370 

Prior red blood cell transfusion 52 17.6 221 10.2 0.0001 

Comorbidity index 
     0 189 64.1 1,534 70.8 

0.0184 1 70 23.7 461 21.3 

2+ 36 12.2 172 7.9 

Comorbidity  
     Congestive heart failure 11 3.7 48 2.2 0.1107 

Myocardial infarction 3 1.0 21 1.0 0.9374 

Cerebrovascular disease 9 3.1 64 3.0 0.9262 

Peripheral vascular disease 14 4.8 47 2.2 0.0076 

    Diabetes and complications 69 23.4 416 19.2 0.0894 

COPD 21 7.1 166 7.7 0.7418 

During follow-up 
     Radiation therapy  75 25.4 421 19.4 0.0160 

Red blood cell transfusion  121 41.0 459 21.2 <.0001 

G-CSF 76 25.8 236 10.9 <.0001 

Any hospitalizations 270 91.5 1,693 78.1 <.0001 
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Table 3-11. Patient Characteristics by VTE Events (N=2,462)  

  Had VTE event No VTE event 
 

 
N=215 N=2247 

 Characteristics n % n % p-value 

Age (years) 
     < 65 134 62.3 1,215 54.1 

0.0057 65 - 74  51 23.7 506 22.5 

75+ 30 14.0 526 23.4 

Sex 
     Men 214 99.5 2,198 97.8 

0.0884 
Women 1 0.5 49 2.2 

Race 
     White 157 73.0 1,706 75.9 

0.1790 Black 45 20.9 367 16.3 

Others 13 6.1 174 7.7 

Region 
     Northeast 37 17.2 297 13.2 

0.0993 
Midwest 45 20.9 476 21.2 

West 50 23.3 436 19.4 

South 83 38.6 1,038 46.2 

Prior venous thromboembolism 53 24.7 34 1.5 <.0001 

Prior red blood cell transfusion 32 14.9 241 10.7 0.0636 

Comorbidity index 
     0 147 68.4 1,576 70.1 

0.4624 1 45 20.9 486 21.6 

2+ 23 10.7 185 8.2 

Comorbidity  
     Congestive heart failure 4 1.9 55 2.5 0.5907 

Myocardial infarction 5 2.3 19 0.9 0.0348 

Cerebrovascular disease 8 3.7 65 2.9 0.4940 

Peripheral vascular disease 4 1.9 57 2.5 0.5423 

    Diabetes and complications 53 24.7 432 19.2 0.0560 

COPD 13 6.1 174 7.7 0.3695 

During follow-up 
     Radiation therapy  41 19.1 455 20.3 0.6804 

Red blood cell transfusion  74 34.4 506 22.5 <.0001 

G-CSF 36 16.7 276 12.3 0.0603 

Any hospitalizations 195 90.7 1,768 78.7 <.0001 
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3.2.4 Unadjusted Kaplan-Meier Survival Curves 

Of the patients eligible for inclusion in the survival analyses 215 (8.7%) patients had 

VTE during follow-up.  Among those who did not have an event, 401 (17.8%) patients 

were censored at the first date of the second course of chemotherapy regimen, 343 

(15.3%) patients died, and 1503 (66.9%) patients were censored at the end of the study 

observation.  

 

 The Kaplan-Meier survival curves (Figure 3-5) compare the time to a VTE event 

between ESA users and non-users. The difference in the survival function between two 

curves was small although the curve of ESA users shows better survival at the earlier 

time. The mean survival time was 577 (+6.5) days and 634 (+3.9) days for ESA users and 

non-users respectively (Table 3-12). The log rank test and Wilcoxon rank-sum test for 

homogeneity demonstrate a significant difference in mean survival time between two 

groups (p=0.0295 and p=0.0092 respectively). In the crude Kaplan-Meier survival 

curves, colorectal cancer patients receiving chemotherapy who were treated with ESAs 

were less likely to develop VTE than those without ESAs. However, the proportionality 

assumption for the Cox regression was not well satisfied for the variable of ESA use 

(Appendix 8). The log-negative log plots depict that the lines were relatively parallel 

during the early period and then started to converge.    
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Figure 3-5. Comparison of Survival Curves Estimating Time to VTE Between ESA 

Users and Non-users 

 

Table 3-12. Comparison of Survial Statisctics Estimating Time to VTE 
Between ESA Users and Non-users 

ESA Total Failed Censored 
Percent 

Censored 
Mean 
(days) 

Standard 
Error 

Non-users 2167 199 1968 90.8 634 3.9 

Users 295 16 279 94.6 577 6.5 

Total 2462 215 2247 91.3 

   

 

3.3.3 Multivariate Survival Analyses Estimating Time to VTE 

The same approach for Aim 2 was applied to Aim 3. Cox proportional hazard regression 

was used to estimate the unadjusted, multivariate-adjusted, and propensity score weighted 

effect of ESAs on time to VTE. Table 3-13 reports results from the regression models. 

The use of ESAs was associated with a decreased risk of VTE across the models; HR = 

ESA non-users 

ESA users 
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0.572 with 95%CI = 0.344 - 0.952 in the unadjusted model, HR = 0.560 with 95%CI = 

0.329 - 0.954 in the multivariate model; HR = 0.505 with 95%CI = 0.401 - 0.636 in the 

propensity score weighted model. Having a history of VTE was the strongest predictor of 

a future VTE (HR = 15.209; 95%CI = 11.445- 20.212). The parameter estimate of the 

interaction term between ESAs and history of VTE was not statistically significant (-

14.1957 with standard error = 224.3273, p = 0.9495) (Table 3-14).  There was no 

interaction between ESA use and history of VTE.  

 

Table 3-13. Cox-Proportional Hazard Regressions Estimating Time to VTE Between ESA 
Users and Non-users  

 
Unadjusted Model Multivariate Model* 

Propensity Score 
Weighted Model with 

history of VTE 

  HR 95% CI HR 95% CI HR 95% CI 

ESA 0.572 0.344 0.952 0.560 0.329 0.954 0.505 0.401 0.636 

VTE history             15.209 11.445 20.212 

Note: The multivariate model included age, sex, race, region, congestive heart failure, diabetes and its complications, 
history of VTE, myelosuppressive chemotherapy, red blood cell transfusion prior to the index date, and G-CSF during 
the follow-up period. The propensity score development logistic regression model included age, sex, race, region, 
congestive heart failure, diabetes and its complications, peripheral vascular disease,  myelosuppressive chemotherapy, 
red blood cell transfusion prior to the index date, and G-CSF during the follow-up period.  

 

Table 3-14. Propensity Score Weighted Model With an Interaction of 
ESAs and History of VTE 

  

Parameter 
estimates 

Standard 
error 

Chi-
Square 

Pr > ChiSq 

ESAs -0.42182 0.12307 11.748 0.0006 

History of VTE 3.13482 0.15282 420.7675 <.0001 

ESAs*history of VTE -14.1957 224.3273 0.004 0.9495 
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CHAPTER IV 

Discussion   
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4. DISCUSSION 

This dissertation research was conducted using the Veterans Health Administration 

administrative data to describe ESA use and to determine whether mortality and VTE are 

associated with ESA use in colorectal cancer patients receiving chemotherapy.  

The study had three specific aims: 1) to describe ESA utilization over time and to 

compare patient characteristics between ESA users and non-users; 2) to evaluate the 

effect of ESA use on survival; 3) to compare the relative risks of VTE between ESA 

users and non-users. The study findings, strengths, and limitations are discussed for each 

aim, and the implications of this research are addressed. 

 

4.1 ESA Utilization  

In this study of almost 30,000 solid tumor patients receiving chemotherapy, 10% used 

ESAs in the course of their treatment. Lung cancer patients had the highest use of ESAs 

(28%); approximately 13% of colorectal cancer patients used ESAs. The monthly 

proportion of ESA use decreased by 70% (from 4% to 1.2%) in two years. The 

prevalence of ESA use in this study cohort was lower than in the Nordstrom study and 

Hershman study,
65,127

 while utilization patterns by cancer type were similar as reported 

by both studies. Nordstrom and colleagues reported in their oncology registry database 

study that 45.6 % of cancer patients on chemotherapy received ESAs at any time during 

the period with chemotherapy between January 1, 2002 and September 30, 2006.
127

 

Among those with values of hemoglobin level, lung cancer patients used more often 

ESAs than other solid tumor cancer patients; 26.2% (28% in our study) and 12.3% (13% 

in our study) of lung cancer and colorectal cancer patients used ESAs respectively. 
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Hershman and colleagues reported that there were 27% of ESA users for the analyses 

between January 1, 1999 and December 31, 2002  and the highest prevalent type of 

cancer for ESA use was lung cancer (33%) and 17% of colon cancer patients used ESAs 

in in SEER – Medicare patients. 

 

There are a number of possible reasons why the prevalence of ESA use in this VA-based 

study was lower than reported in the published literature; our study period was somewhat 

later than the published literature, from July 2006 and August 2008. After epoetin and 

darbepoetin were approved for treating chemotherapy induced anemia in 1993 and 2002 

respectively, the oncology use of ESAs dramatically increased as seen in Hershman;
65

 the 

proportion of cancer patients receiving ESAs increased approximately 10-fold from 4.8% 

in 1991 to 45.9% in 2002. Clinical trials indicated that ESAs were effective in patients 

with cancer and cancer treatment-related anemia. However, their widespread use in 

oncology came under scrutiny when clinical trials began reporting an association between 

ESA and elevated risk of thromboembolic events, decreased survival, and increased 

tumor progression. After studies with negative outcomes of ESAs were published in 

2003
47,48

 and the FDA has addressed safety information since 2004, utilization of ESAs 

started to decline. A more recent study, published in September 2011, reported that lung 

and colon cancer patients undergoing chemotherapy at a VA facility between March 2007 

and December 2008 were less likely to receive ESAs compared to those in the earlier 

period (January 2002 - February 2007) .
128

  The prevalence of ESAs for lung and colon 

cancer patients before and after March 2007 were 36% vs. 21% for lung cancer patients 
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and 20% vs. 12% for colon cancer patients. Our study, which was designed to describe 

this decline, spans those two time periods.  

 

The use of ESA for treating anemia in cancer patients in the VA markedly decreased 

from 2005 to 2008.
128

 As discussed above, critical safety-related changes in product 

labeling and the imposition of restrictions in Medicare drug coverage for ESAs both 

occurred during 2007. Updated clinical guidelines for ESA use in oncology were also 

disseminated in 2007 by the American Society of Clinical Oncology (ASCO) and the 

American Society of Hematology (ASH), as well as the NCCN.
35,61

  Because it is a single 

entity with an efficient communication structure for pharmaceutical safety and 

reimbursement issues working in close collaboration with FDA's Office of Surveillance 

and Epidemiology, VA oncology practices may quickly respond to the evolving 

knowledge base beginning with the earlier clinical trials of ESAs with negative 

outcomes, reports from the FDA Oncology Drugs Advisory Committee, and information 

from social media regarding the safety concerns of ESA use before 2007.  

 

4.2 The Effect of ESAs on Survival 

The use of ESA was associated with decreased survival in colorectal cancer patients 

receiving chemotherapy. There was no difference in the risks between ESA agents. The 

estimated hazard ratios were 1.957 (95% CI = 1.522 – 2.517) in a conventional 

multivariate model and 2.045 (95% CI = 1.799 – 2.326) in a propensity score weighted 

model. The direction of estimates was consistent with the results from the meta-analyses 

of randomized clinical trials.
42,56,58-60,62,64
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While there are competing hypotheses of how (and even if) ESA’s reduce survival, 

laboratory evidence suggests that erythropoietin receptors on tumors may be directly 

and/or indirectly affected by exogenous EPO (=ESAs).  That is, activated receptor 

(EPOR) by EPO may accelerate tumor cell growth and decrease chemoradiation 

response. ESAs may lead to a decreased survival in cancer patients through this bio-

mechanism.
68-73 A recent study reported that EPOR is functional in melanoma cell in vivo 

and activation of EPOR may promote melanoma progression. It showed that EPO may 

stimulate angiogenesis and increase survival of melanoma tumor cells under hypoxic 

condition in vivo.
129

 Another in vivo study examined the effect of EPO on the EPOR-

negative tumor cell and also found that EPO could trigger growth of tumors that lack 

EPOR expression by promoting tumor angiogenesis.
130

 These preclinical studies suggest 

that there is the potential for a direct causal relationship between ESA exposure and 

tumor growth and survival. Although we should not over-translate the results from the 

preclinical studies, physicians should be aware of this potential mechanism of action, 

which would potentially impact patients with active tumors who are among those for 

which ESA’s are still indicated, when considering the risks and benefits of ESA use for 

their patients.  Until further research can confirm or refute this relationship, the decision 

to use ESAs for anemia among cancer patients receiving chemotherapy needs to be made 

cautiously.   

 

The study identified an interaction between ESA's and G-CSF's. Upon stratification, 

hazard ratios of ESAs on survival was 1.392 (95%CI = 0.961 – 2.017) for G-CSF users 
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and 2.327 (95% CI = 2.027 – 2.672) for non-users. This suggests that the use of G-CSFs 

confers a short-term survival advantage which attenuates the negative effect of ESAs. 

Caution in interpreting the lack of a significant hazard for ESA use among G-CSF users 

is warranted as the sample size in this subgroup was 312 patients, and the statistical 

power was just 60%.   

 

The manifestations of chemotherapy-induced myelosuppression include anemia which 

causes fatigue, thrombocytopenia which causes increased bleeding, and neutropenia 

which increases the risk of potentially fatal infectious complications.
103,131,132

 

Myelosuppression is often managed with a delay and/or a dose reduction in the next 

scheduled cycle of chemotherapy until hematopoietic activities recover. Such 

modifications to the chemotherapy regimen may result in a lower relative dose intensity 

(=the ratio of delivered dose intensity to planned dose intensity). Thus, the clinical 

consequence due to myelosupression may have significant negative effects on quality of 

life or response to the cancer treatment, which may reduce survival rates.
133-135

  

 

G-CSFs are usually recommended to use prophylactically for the purpose of reducing the 

severity and duration of chemotherapy-induced neutropenia.
136-139

 The 2011 NCCN 

guideline recommends G-CSFs should be prophylactically used for patients at high risk 

of febrile neutropenia and therapeutically for patients with acute febrile neutropenia or 

severe chronic neutropenia.
138

 A meta-analysis of multiple controlled randomized trials 

involving G-CSFs reported that G-CSFs reduce febrile neutropenia by46%, the risk of 

infection related mortality by 45%, and the risk of early mortality from all causes by 
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40%.
140

 Thus, this may explain why the groups of G-CSFs use had the smaller hazard 

ratio of ESAs for mortality compared to the groups of non-GCSFs use. Patients 

undergoing chemotherapy plus ESAs with G-CSFs may have better health conditions 

compared with those patients without G-CSFs. Therefore, the use of GCSs may prevent 

life-threatening infectious complication and subsequent death. 

 

This study was unique in that we focused exclusively on patients with colorectal cancer 

who were actively undergoing chemotherapy (corresponding with the approved 

indication for ESA's in oncology). Despite being among the most common cancers, few 

studies have reported the evaluation of ESA on outcomes specifically among patients 

being treated for colorectal cancer. Although meta-analyses assessed the association 

between ESA use and overall survival and thromboembolic events among cancer patients 

often combining cancer sites and including off-label use of ESAs,
55,58,62,64

 only one 

observational study have reported the safety evaluation of the use of ESA specifically 

among colorectal cancer patients receiving chemotherapy. The recent pilot study of 79 

colorectal cancer patients evaluated the incidence of thromboembolic events associated 

with ESAs comparing with bevacizumab alone and combination of ESAs + 

bevacizumab.
141

  The incidence of thromboembolic events was increased with the 

combination use of ESAs + bevacizumab; the incidence was 11% in the bevacizumab 

group, 23.8% in the ESA group, and 30% in the combination group. However, at present, 

no studies have reported overall survival related to ESA use in colorectal cancer 

population. This is critically important because a patient’s underlying characteristics; 

comorbidity conditions, treatment approaches, and prognoses differ greatly by cancer 
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site. These factors not only influence how the cancers are treated, but they are likely to 

influence anemia conditions and anemia-related treatment decisions in cancer patients as 

well. Colorectal cancer is the third most common cancer diagnosed and the second 

leading cancer killer in the United States.
1,2

 The mainstay of adjuvant treatment is 

chemotherapy. Thus, assessing the effect of ESA use on survival in one type of cancer 

would help better understanding of the safety profile of ESA’s and help guide its further 

use among patients being treated for cancer.  

 

This study has a number of limitations that need to be considered in its interpretation. 

First of all, information on cancer stage was not available. Staging of cancer is the most 

important predictor of survival and it is related to choices of cancer treatment, which also 

affects the severity of anemia and the use of ESAs. If the study population was 

heterogeneous in terms of cancer stage, the finding may be biased due to uncontrolled 

differences in survival and pattern of ESA use. Because of the absence of staging data 

efforts to minimize heterogeneity of the study population were made in the study design.  

To be eligible for inclusion into the study, patients were required to receive 

chemotherapy within 90 days after diagnosis with colorectal cancer and to be alive for at 

least 90 days after the initiation of chemotherapy.  These exclusion criteria were used to 

exclude patients receiving chemotherapy for a palliative care. Surgery is the main 

treatment for earlier stage after diagnosis and adjuvant chemotherapy is usually given 

shortly after surgery. While we were unable to match the initial diagnosis to a cancer 

related surgery, less than 90-days  between the first service date  with a cancer diagnosis 
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(during the study) and the date of chemotherapy initiation was based on usual medical 

care in oncology. 

 

Second, laboratory information such as hemoglobin level and hematocrit value was not 

available for this study. The performance of specific procedure to measure 

hemoglobin/hematocrit was recorded on the data, the quality of the laboratory 

measurements, and in particular their variability across VA Regions, has yet to be 

validated. Therefore, we did not assess the indication for ESA's nor the potential that 

severity modifies the association of ESA's with survival.  If the value of hemoglobin for 

patients receiving ESAs is higher than the recommended value, ESAs should not be 

used
35

 and the use of ESA may increase the risk of death through increased tumor growth 

as noted above, and/or through the induction of thromboembolic or cardiovascular 

events.
38,39

 An area for future study would be to evaluate whether the impact of ESAs on 

survival and tumor progression is correlated with the level of hemoglobin. 

 

Among patients receiving chemotherapy, the severity of anemia is highly dependent upon 

the extent of disease and the intensity of chemotherapy.
15

 Anemia is more likely to occur 

among advanced stage.
17

 The study using the 1991 - 2002 SEER-Medicare data showed 

that metastatic or recurrent cancer patients were more likely to use ESAs compared to 

nonmetastatic cancer patients.
65

 Metastatic or recurrent cancer patients with 

chemotherapy were twice as likely to receive ESAs compared with nonmetastatic cancer 

patients with chemotherapy. Another study using the 2002 – 2008 VA Central Cancer 

Registry data also showed the similar results.
128

 Stage III colorectal cancer patients had 
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80% increased odds of receiving ESAs and stage IV patients had 4 times increased odds 

compared with stage I colorectal cancer patients. Besides, the guideline recommends that 

ESAs should not be used for early stage cancer patients due to the safety concerns (e.g. 

increased tumor progression, decreased survival, and thromboembolic events).
35

 

Furthermore, repeated cycles of chemotherapy may impair erythropoiesis cumulatively.
35

 

Therefore, as mentioned above, the sample population was limited by exclusion criteria 

considering possible heterogeneity of cancer stage. In addition, patients who began the 

second course of chemotherapy were censored in the survival analyses.  

 

Third, there may be residual confounding due to unobserved factors. This is a limitation 

of observational studies, particularly those conducted using automated databases. 

Propensity score and conventional multivariate methods have similar inability to 

control/adjust for unmeasured confounding. Although application of propensity score 

method successfully balanced measured characteristics between the groups of ESA users 

and non-users in this study and therefore minimized the selection bias due the choice of 

ESA treatment, it is possible that unmeasured confounding factors may have impacted 

the study results. 

 

To evaluate the sensitivity of the study results to the design of the study, which gets that 

the potential for bias due to the lack of staging information, we ran alternative models.  In 

these alternate models, the maximum duration between the date of cancer diagnosis and 

the date of chemotherapy initiation was increased from 90days to 180 days. This 
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increased the number of eligible colorectal cancer patients from 2,462 to 3,413 but had no 

effect on the results.   

 

4.3 The Effect of ESAs on VTE 

In this study, the use of ESAs was associated with a decrease in the risk of VTE among 

colorectal cancer patients receiving chemotherapy. The estimated hazard ratios were 

0.560 (95% CI = 0.329 – 0.954) in a conventional multivariate model and 0.505 (95% CI 

= 0.401 – 0.636) in a propensity score weighted model. The findings did not support the 

hypothesis that the use of ESAs is associated with an increased risk for VTE in patients 

with colorectal cancer receiving chemotherapy. They were also inconsistent with the 

estimated hazard ratios (HRs or RRs ≈ 1.5) in previous meta-analyses.
55,57,58,60,62,64

  

 

The unexpected finding may be explained by a number of limitations. Some limitations 

related to study design and methodology (e.g. lack information on stage and laboratory 

value) which would lead to this finding have been already addressed in the previous 

section. Factors which may lead to this result specifically related to VTE as an outcome 

were discussed here. First, a case of VTE was identified from ICD-9 codes on inpatient 

and outpatient claims for VTE (deep vein thrombosis and pulmonary embolism). It is 

often clinically asymptomatic and underdiagnosed.
142

 It may be only diagnosed when it 

becomes severe enough to cause someone to seek medical care or complications occur. 

Only cases which come to the attention of a medical care provider are identified in our 

study.  A previous study using administrative claims data found that ICD-9 codes had 

high predictive value (95%) when present in the principle position of diagnosis fields and 
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lower predictive value (75%) when in a secondary position.
143

 Although our study looked 

at ICD-9 codes for VTE in all positions of diagnosis fields, using only ICD-9 codes may 

still result in under-ascertainment of VTE cases which do not come to medical attention 

or are not coded in the medical record. Thus our results may be affected by 

misclassification bias.  

 

Second, unmeasured confounding factors may influence our study results. Information on 

important risk factors such as cancer stage, surgery, central venous catheter, immobility, 

and the use of prophylactic anticoagulants was not available for the study. The tumor 

type, the stage or extent of the cancer, and chemotherapy also influence the risk of 

VTE.
89,91,144-146

 Yang and colleagues found that patients with advanced colorectal cancer 

stage (stage III/ IV) had two fold higher risk of VTE compared with earlier stage (stage 

0/I/II).
147

Previous studies reported that patients with major surgery are more likely to 

develop VTE within a short time period (< 90 days) after surgery.
148-150

 In addition, an 

initial insertion and long-term use of central venous catheter are associated with an 

increased risk of VTE in cancer patients.
151

 The NCCN guideline recommends that 

cancer patients undergoing surgery and catheter should receive risk-stratified 

prophylaxis.
152-154

 Anticoagulants are used to prevent new onset or recurrence of VTE as 

well as to treat VTE. Failing to adjust for those factors may result in a spurious 

association between ESA use and VTE.  

 

Finally, detection (surveillance) bias should be considered for the interpretation of our 

findings since VTE is a significant cause of preventable harm.
155

 Detection bias is a 
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nonrandom type of information bias. It occurs when certain types of patients are more 

closely monitored or have more diagnostic evaluation performed than others, often 

leading to an outcome diagnosed more frequently in the more closely monitored group.
156

 

For instance, patients with high risk profile (e.g. surgery, advanced stage, history of VTE) 

may have more medical attentions from healthcare professionals and may be more 

diagnosed with VTE. Furthermore, detection bias can lead to selection bias. Anemic 

cancer patients at the high risk of VTE may be less likely to use ESAs because physicians 

may be aware of the safety information on ESAs and avoid prescribing to them.  Pierce 

and colleagues found that more aggressive use of screening duplex ultrasound was 

associated with higher rate of deep vein thrombosis reported at trauma centers.
157

 They 

concluded that surveillance bias may be introduced to the report of DVT rates; “the more 

you look, the more you find”.  

 

 As an alternative method to deal with selection bias and detection bias, case-crossover or 

case-time-control designs may be considered for future research. Both methods are 

especially useful for studying intermittent exposures with transient effects, and they are 

less susceptible to confounding by indication.
158

  We were unable to utilize these methods 

here, because of the very small number of exposed VTE cases. In a case-crossover 

design, the exposure history of each case is used as his/her own control. This design 

eliminates between-person confounding by constant characteristics. Disadvantage is the 

potential for bias due to time trends in the exposure time-series such as changes in 

disease severity.
159

 The case-time-control design was proposed in 1995 by Suissa to 

improve the problem of the case-crossover design by adding a traditional control group to 
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the case-crossover design.
160

 The case-time-control design recruits control persons at the 

same time as the cases and expects cases to be roughly in the same calendar time 

window. Both cases and controls are asked for their present exposure at the time of event 

and at their past exposure in the control period. ESAs are usually administered in an 

intermittent manner. Time to VTE events were reported with a range of 2 to 6 

months.
141,161

 

 

4.4 Conclusion 

This population-based observational study demonstrated that the use of ESAs declined 

over time in the VA healthcare system and showed survival is decreased with the 

combination use of chemotherapy plus ESAs compared with chemotherapy alone. To 

date, there are few studies that assessed the effect of ESAs on outcomes specifically 

among colorectal cancer patients. Our study exclusively focused on colorectal cancer 

patients who were actively receiving chemotherapy and compared mortality rates 

between ESA users and non-users in the study population. Our findings significantly add 

to knowledge in oncology care in community practice. A number of studies have showed 

that ESAs are beneficial in terms of lowering rates of transfusion and improving quality 

of life in cancer patients undergoing chemotherapy. Therefore, while gaps in the available 

data elements, particularly cancer staging, and other potential biases inherent in 

observational studies must be considered when interpreting these results, the study’s 

findings are consistent with the clinical trials at other cancer sites and the meta-analyses 

which combined cancer sites suggesting that the decreases in survival are not site 

dependent. Our finding can provide significant information on safety issues of ESAs in a 



 

100 
 

timely manner, and insight regarding a fair balance of risks and benefits for the 

management of anemia by the combination use of chemotherapy and ESAs in colorectal 

cancer population. Further clinical and preclinical research of ESA use is warranted to 

evaluate ESA use and colorectal patients at high risk for developing adverse outcomes 

and reinforce our findings.  
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APPENDIX  

Appendix 1. List of VA Product Name and HCPCS Codes 

VA product name: 
DARBEPOETIN ALFA,RECOMBINANT 100MCG/0.5ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 100MCG/0.5ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 100MCG/0.5ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 100MCG/ML INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 100MCG/ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 150MCG/0.3ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 150MCG/0.3ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 150MCG/0.3ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 150MCG/0.75ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 200MCG/0.4ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 200MCG/0.4ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 200MCG/0.4ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 200MCG/ML INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 200MCG/ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 25MCG/0.42ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 25MCG/0.42ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 25MCG/0.42ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 25MCG/ML INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 25MCG/ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 300MCG/0.6ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 300MCG/0.6ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 300MCG/0.6ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 300MCG/ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 40MCG/0.4ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 40MCG/0.4ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 40MCG/0.4ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 40MCG/ML INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 40MCG/ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 500MCG/ML INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 500MCG/ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 500MCG/ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 500MCG/ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 60MCG/0.3ML SYR INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 60MCG/0.3ML SYR INJ SURECLICK 

DARBEPOETIN ALFA,RECOMBINANT 60MCG/0.3ML SYR INJ W/ALBUMIN 

DARBEPOETIN ALFA,RECOMBINANT 60MCG/ML INJ ALBUMIN FREE 

DARBEPOETIN ALFA,RECOMBINANT 60MCG/ML INJ W/ALBUMIN 

EPOETIN ALFA,RECOMBINANT 10000UNT/ML INJ 

EPOETIN ALFA,RECOMBINANT 10000UNT/ML INJ,VIL,2ML 

EPOETIN ALFA,RECOMBINANT 20000UNT/ML INJ 

EPOETIN ALFA,RECOMBINANT 2000UNT/ML INJ 

EPOETIN ALFA,RECOMBINANT 3000UNT/ML INJ 

EPOETIN ALFA,RECOMBINANT 40000UNT/ML INJ 

EPOETIN ALFA,RECOMBINANT 4000UNT/ML INJ 

 
 

HCPCS codes: 
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J0880 INJECTION, DARBEPOETIN ALFA, 5 MCG 

J0881 INJECTION, DARBEPOETIN ALFA, 1 MICROGRAM (NON-ESRD USE) 

J0882 INJECTION, DARBEPOETIN ALFA, 1 MICROGRAM (FOR ESRD ON DIALYSIS) 

Q0137 INJECTION, DARBEPOETIN ALFA, 1 MCG (NON-ESRD USE) 

Q4054 INJECTION, DARBEPOETIN ALFA, 1 MCG (FOR ESRD ON DIALYSIS) 

Q4081 INJECTION, EPOETIN ALFA, 1000 UNITS (FOR ESRD ON DIALYSIS) 

J0885 INJECTION, EPOETIN ALFA, (FOR NON-ESRD USE), 1000 UNITS 

J0886 INJECTION, EPOETIN ALFA, 1000 UNITS (FOR ESRD ON DIALYSIS) 

Q0136 INJECTION, EPOETIN ALPHA, (FOR NON ESRD USE), PER 1000 UNITS 

Q4055 INJECTION, EPOETIN ALFA, 1000 UNITS (FOR ESRD ON DIALYSIS) 
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Appendix 2. The Veterans Integrated Service Network (VISN) and Region  

VISN Headquarter Region 

VISN 1: VA New England Healthcare System Bedford MA NE 

VISN 2: VA Healthcare Network Upstate New York Albany, NY NE 

VISN 3: VA NY/NJ Veterans Healthcare Network Bronx, NY NE 

VISN 4: VA Healthcare - VISN 4 Pittsburg, PA NE 

VISN 5: VA Capitol Health Care Network Linthicum, MD S 

VISN 6: VA Mid-Atlantic Health Care Network Durham, NC S 

VISN7: VA Southeast Network Duluth, GA S 

 VISN 8: VA Sunshine Healthcare Network Bay Pines, FL S 

VISN 9: VA Mid South Healthcare Network Nashville, TN S 

VISN 10: VA Healthcare System of Ohio Cincinnati, OH MW 

VISN 11: Veterans In Partnership Ann Arbor, MI MW 

VISN 12: VA Great Lakes Health Care System Hines, IL MW 

VISN 15: VA Heartland Network Kansas City, MO MW 

VISN 16: South Central VA Health Care Network Jackson, MS S 

VISN 17: VA Heart of Texas Health Care Network Arlington, TX S 

VISN 18: VA Southwest Health Care Network Mesa, AZ W 

VISN 19: Rocky Mountain Network Glendale, CO W 

VISN 20: Northwest Network Portland, OR W 

VISN 21: Sierra Pacific Network Mare Island, CA W 

VISN 22: Desert Pacific Healthcare Network Long Beach, CA W 

VISN 23: VA Midwest Health Care Network 
Minneapolis, MN and 

Lincoln, NE 
MW 

 

 

Appendix 3. ICD-9 and CPT codes for Radiation therapy 

Outpatient claims 

   ICD9 diagnostic codes V58.0 

  ICD9 procedure codes 92.20 - 92.29 

  

    Inpatient claims 

   ICD9 diagnostic codes V58.0 

  ICD9 procedure codes 92.20 - 92.29 

  CPT codes 77401 - 77499, 77520 - 77525,  

  77750 - 77799     
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Appendix 4. List of Codes for ESAs and Transfusion 

Drug 

HCPCS 

codes Description 

Darbepoetin J0880 INJECTION, DARBEPOETIN ALFA, 5 MCG 

Darbepoetin J0881 
INJECTION, DARBEPOETIN ALFA, 1 MICROGRAM 

(NON-ESRD USE) 

Darbepoetin J0882 
INJECTION, DARBEPOETIN ALFA, 1 MICROGRAM 

(FOR ESRD ON DIALYSIS) 

Darbepoetin Q0137 
INJECTION, DARBEPOETIN ALFA, 1 MCG (NON-ESRD 

USE) 

Darbepoetin Q4054 
INJECTION, DARBEPOETIN ALFA, 1 MCG (FOR ESRD 

ON DIALYSIS) 

Epoetin Q4081 
INJECTION, EPOETIN ALFA, 1000 UNITS (FOR ESRD ON 

DIALYSIS) 

Epoetin J0885 
INJECTION, EPOETIN ALFA, (FOR NON-ESRD USE), 

1000 UNITS 

Epoetin J0886 
INJECTION, EPOETIN ALFA, 1000 UNITS (FOR ESRD ON 

DIALYSIS) 

Epoetin Q0136 
INJECTION, EPOETIN ALPHA, (FOR NON ESRD USE), 

PER 1000 UNITS 

Epoetin Q4055 
INJECTION, EPOETIN ALFA, 1000 UNITS (FOR ESRD ON 

DIALYSIS) 

Filgrastim J1440 Neupogen 

Filgrastim J1441 Neupogen 

Pegfilgrastim J2505 Pegfilgrastim 

Sargramostim J2820 sagramostin 

RBC transfusion C1010 Whole blood 

RBC transfusion C1016 Whole blood 

RBC transfusion C1018 Whole blood 

RBC transfusion C1020 Packed RBC 

RBC transfusion C1021 Packed RBC 

RBC transfusion C9504 Packed RBC 

RBC transfusion C9505 Packed RBC 

RBC transfusion P9010 Whole blood 

RBC transfusion P9011 Whole blood 

RBC transfusion P9016 Packed RBC 

RBC transfusion P9021 Packed RBC 

RBC transfusion P9022 Packed RBC 

RBC transfusion P9038 Packed RBC 

RBC transfusion P9039 Packed RBC 

RBC transfusion P9040 Packed RBC 

RBC transfusion P9057 Packed RBC 

RBC transfusion P9058 Packed RBC 

RBC transfusion P9051 Whole blood 

RBC transfusion P9054 Whole blood 
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RBC transfusion P9056 Whole blood 

RBC transfusion 36430 Transfusion blood or blood components 

RBC transfusion S9546 home infusion of blood products nursing services (prior 2004) 

RBC transfusion S9538 home infusion of blood products nursing services 2004+ 

   
Drug 

ICD-9 

code 
Description 

RBC transfusion 9903 Other transfusion of whole blood 

RBC transfusion 9904 Transfusion of packed cells 

RBC transfusion V58.2 Blood transfusion without reported diagnosis 
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Appendix 5. Test for the Proportional Hazards Assumption for the Groups of ESA 

Users and Non-Users 

 

This figure displays the graph of negative log-log survival function estimates versus log 

time for the group of ESA users and the group of non-users. Based on the visual 

evaluation of the graph, the proportional hazards assumption holds because the two 

curves were approximately parallel and did not cross. Therefore, the hazards were 

proportional across the two groups. 

  

ESA users 

ESA non-users 
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Appendix 6. Test for the Proportional Hazards Assumption for the Groups of 

Epoetin and Darbepoetin 

 

This figure displays the graph of negative log-log survival function estimates versus log 

time for the groups of epoetin and darbepoetin. Based on the visual evaluation of the 

graph, the proportional hazards assumption was violated because the two curves were no 

paralleled and did cross. Therefore, the hazards were not proportional across the two 

groups. There is no difference in survival between the two groups. 

  

Daebepoetin users 

Epoetin users 
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Appendix 7. Propensity Score Weighted Model With an Interaction of ESAs and G-

CSFs 

  

Parameter 

Estimates 

Standard 

Error Pr > ChiSq 

ESAs 0.84531 0.07048 <.0001 

G-CSFs -0.05012 0.17733 0.7775 

ESAs*G-CSFs -0.51574 0.20183 0.0106 

 

 

 

Appendix 8. Test for the Proportional Hazards Assumption for Estimating Time to 

VTE Between ESA Users and Non-Users 

  

 

 

ESA non-users 

ESA users 


