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ABSTRACT OF DISSERTATION  

A Quantitative Assessment of Heterogeneity in Age at Diagnosis 
among Patients with Chronic Myeloid Leukemia 

 
Purpose: Etiological factors for the development of chronic myeloid leukemia 

(CML) are largely unknown. Previous reports suggest inconsistent relationships 

between age at diagnosis, race and geography.  Given that age at diagnosis is an 

important risk factor for cancer, we designed a series of descriptive studies to 

develop a better understanding of the impact that race, socioeconomic status and 

geography have on the distribution of age at diagnosis and incidence of CML.  

Clues to etiological factors may be hypothesized from age-specific differences. 

Methods:  Data from 33,985 patients treated with Imatinib as part of the Glivec® 

International Patient Assistance Program (GIPAP) were described to test for 

regional variations in age at diagnosis and overall survival (OS).  The second study 

utilized incidence data from the National Cancer Institute’s (NCI) Surveillance, 

Epidemiology and End Results (SEER) program for diagnoses of CML between 

1977 and 2011 (18,817 cases).  Standard descriptive analyses were complemented 

with age-period-cohort (APC) models adjusting for year of diagnosis and year of 

birth effects to compare blacks versus whites.  The third study compared age at 

diagnosis and incidence by geographic region and income status using population-

based data from the International Agency for Research on Cancer’s (IARC) Cancer 

Incidence in Five Continents (1998-2002).    

Results:  The mean age at diagnosis for GIPAP was 38.5 years (9.4% <20 years 

and 4.7% >65 years).  Asians were youngest (38.3 years).  The 3-year OS 
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probability was 89.4% (95% CI, 88.9-89.9).  In multivariate analysis, risk of death 

increased among patients 65 years or older at diagnosis (p<0.0001), time from 

diagnosis to treatment >1-year (p<0.0001), diagnoses in accelerated or blast crisis 

(p<0.0001), initial dose of Imatinib >400mg (p<0.0001) and among Latin Americans 

and Africans (p<0.0001).  In the SEER analysis, black males developed CML 

approximately 9 years earlier than white males with markedly different distribution of 

age at diagnosis.  An interaction between race and age was observed; age-specific 

incidence rates were higher among blacks diagnosed between the ages of 25 and 

49 after which rates were higher for whites.  The incidence rate cross-over between 

blacks and whites was robust to adjustment for calendar period and birth cohort 

effects (black vs. white female: p=0.0025; black vs. white male: p=0.0042).  In the 

IARC series, a significant interaction (p<0.0001) between age and region exists; no 

significant differences were seen in age-specific incidence of CML in the <50 age 

group while significant differences by region exist in the >50 age group.   

Conclusion: The three descriptive studies achieved the goals of describing the 

epidemiology of CML in various populations.  Differences in age at diagnosis and 

OS exist within and between regions in low and middle income countries. In the 

United States, we observed that race is an age-specific effect modifier for CML 

consistent with etiologic heterogeneity for early- and late-onset CML.  International 

Population based estimates suggest that the median age at diagnosis and 

incidence varies by region.  Results from these three studies provide the foundation 

for designing analytical studies aimed at addressing biological, geographical and 

socioeconomic factors for the development of CML. 
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CHAPTER 1: INTRODUCTION  
 

CML is a myeloproliferative disease with a median age at diagnosis of 64.0 years in the 

United States of America (USA) and comprises approximately 15-20% of all leukemias.1  

Racial differences in the median age at diagnosis have been reported where CML is 

diagnosed almost a decade earlier in Blacks (56 years) compared to Whites (66 years) 

in the US.2  Data from the Surveillance, Epidemiology and End Results (SEER) registries 

estimate the age-adjusted incidence rate to be 1.6 per 100,000.1  The worldwide 

incidence is considered to range between 1.0 and 2.0 per 100,000 with no known 

geographic or ethnic variation.3,4  Previous reports suggest that incidence rates increase 

with age peaking after the age of 65 years in the USA.3   

 

Recently, a frequency based analysis of Novartis Oncology’s Glivec® International 

Patient Assistance Program (GIPAP), where Imatinib was supplied free of charge to 

patients in low and middle income countries, showed that the median age at diagnosis of 

CML occurred almost 2 decades earlier as compared to the USA.5  This observation 

served as the main motivation for this research as patients from developing countries 

were diagnosed with CML at a much younger age as compared to the US.5  The 

motivating hypothesis is that there are geographical or racial differences that predispose 

individuals to CML which has not been well described.   

 

An earlier age at diagnosis of CML in developing countries has been previously reported 

with median ranging between 32 and 44 years; however, these were limited to single 

institution series.6-17  Among the aforementioned single institution series, overall survival 
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(OS) post-Imatinib has varied ranging from a 3-year OS of 72% in Africa to 94% at 29 

months in India.7,9  As age is one of the most important risk factors for cancer, we aimed 

to determine if there were differences in age at diagnosis among patients from low and 

middle income countries.  Notwithstanding, these age-specific clues, no biologic, 

geographic or ethnic variation has been shown to predispose individuals to CML with the 

exception of an increased incidence among survivors of the atomic bombings of 

Hiroshima and Nagasaki.18  

 

The observation of an earlier age at diagnosis in developing countries in tandem with the 

presence of a decade younger age at diagnosis among blacks compared to whites in the 

USA prompted us to design a study to assess age-specific patterns by race and gender 

in the USA.  As age is one of the greatest risk factors for a majority of cancers, we aimed 

to study the interaction of age and race in patients with CML using US population-based 

data adjusted by the underlying population structure.  Standard descriptive analyses 

served as the foundation for the assessment of age-specific effects complemented by 

age-period-cohort (APC) models that simultaneously adjust for calendar period and birth 

cohort effects.19   

 

In the era of advanced approaches to the treatment of CML, there still exists a gap in the 

understanding of the etiology of CML including the impact of age, gender, geography 

and race.  The quantitative approaches used to describe data from individual cohorts 

and population-based data will be used to evaluate the patterns and magnitude of risk 

associated with age, gender, race, geographic, socioeconomic and other groupings.  
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Differences in population-based registries will help formulate hypotheses and design 

future studies. 

 CHAPTER 2: SPECIFIC AIMS  
The overall goal of the proposal is to provide multiple complementing descriptive studies 

of the age at diagnosis and incidence of CML with a focus on gender, race and 

geographical factors.   Descriptive analyses will be employed to determine assess for 

the presence or absence of heterogeneity in age at diagnosis among patients with CML.  

Age related trends by gender, race and geography are not well understood.  This 

research aims to describe three unique but complementing populations in both the 

developing and developed world.  The motivating hypothesis is that there exists some 

underlying factor which predisposes patients to CML at an earlier time point in their life 

which may differ from those patients who get CML at a later phase of their life.  If the 

differences do exist after adjusting for the population structure, cohort and birth effects, 

then follow-up studies could be designed to further assess factors on an individual level.  

The results of the three specific aims below will aim to unveil trends in CML with the goal 

of aiding in the design of future studies.   

AIM 1: DESCRIPTIVE ANALYSIS OF GIPAP  
The Glivec® International Patient Assistance Program (GIPAP) has been providing 

Imatinib free of cost to patients with CML in developing countries who cannot otherwise 

afford the treatment. 5  The Max Foundation coordinates GIPAP and has maintained a 

comprehensive database to assist in the tracking and maintenance of the program.  

Data has been collected for all patients that have been enrolled in the program and 

include information on age at diagnosis, demographics, country, income, occupation and 



4 

 

dose level among other data items.  The data collected will facilitate a descriptive 

analysis of the largest contemporary cohort of patients with CML in the developing world.  

Since the program started in 2002, 32,032 patients have been treated with Imatinib in 90 

countries.  A prior publication of the GIPAP data by Kanavos et al suggest that the age 

at diagnosis of patients in developing countries is markedly different from what is 

reported in the West. 5  A further exploration of the patients in GIPAP will aid in the 

understanding of this apparent association with a two-pronged approach.  First, patient 

characteristics will be compared across the various regions to look for geographical 

trends within GIPAP.  Second, outcomes among patients in GIPAP will be described 

using survival analyses.  Factors that may be associated with the younger age at 

diagnosis such as geographical, socioeconomics and selection bias will be assessed to 

determine if the association is real or an artifact of patient selection.  Importantly, 

outcomes among patients in limited resource settings will be described.   

AIM 2: POPULATION-BASED DESCRIPTIVE STUDY OF CML IN THE USA  
Aim 2 encompasses a population-based descriptive epidemiological study of the trends 

in age at diagnosis within the United States of America (USA) including factors such as 

date of diagnosis, gender, race, ethnicity, geographical considerations and 

socioeconomics.  The registries of the Surveillance Epidemiology and End Results 

(SEER) program of the National Cancer Institute (NCI) including the 9, 13 and 18 

registries are available to provide a quantitative understanding of the age-specific 

incidence patterns including rates and age distributions of CML in the US. 20  Age-

period-cohort and mixture models are novel statistical techniques that will be deployed to 

assess the trends in CML. 21  SEER data are publicly available and comprise 

approximately 28% of the US population.  The November 2013 submission will be used.     
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AIM 3: GLOBAL POPULATION-BASED DESCRIPTIVE STUDY OF CML  
Cancer in Five Continents (CI5) is a collaboration of the International Agency for 

Research on Cancer (IARC) and the International Association of Cancer Registries 

(IACR) who publishes cancer registry data from all regions of the World.22  Using the CI5 

databases and World Bank (WB) economic classifications, we will assess the 

geographic trends in CML with respect to incidence and age at diagnosis to understand 

if there are differences in the age at diagnosis in worldwide registries.   

CHAPTER 3: BACKGROUND AND SIGNIFICANCE 
 

History of CML 

Leukemia in general was first recognized in the early part of the 19th century as 

discussed in Chronic Myeloid Leukemia – A Brief History.23  Autopsies of two patients 

who had been unwell with a progressive worsening of symptoms including increasing 

weakness, bleeding and other problems showed classic signs of leukemia including 

enlarged spleen and consistency of the white cell count in the blood.  It was later 

speculated that one of the cases was CML while the other was chronic lymphocytic 

leukemia.   

 

Diagnosis of CML 

CML presents itself in three phases; chronic, accelerated and blast crisis.24  Diagnostic 

criteria include the number of blasts in the marrow or peripheral blood, splenomegaly, 

unexplained fever or bone pain, leukocytosis, anemia, thrombocytopenia, 

thrombocytosis among other criteria as described by Faderl et al. 25  In the early phase, 

CML is an indolent disease where the myeloid lineages in the blood and bone marrow 
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gradually start expanding.  Chronic phase is considered the first phase and if left 

untreated progresses into the accelerated phase.  The third phase is termed the blast 

crisis where blast cells appear in the bone marrow and blood in large numbers.  A 

majority of patients are diagnosed in the chronic phase (~80%).26  In the developed 

World, approximately 50% of patients are diagnosed by routine peripheral blood tests.  It 

is unknown what proportion of patients will be diagnosed by routine tests in the 

developing world but a report from Mexico suggests that only 20% of patients are 

diagnosed by routine tests.12,25   

 

Poor clinical prognostic factors for CML include older age, symptoms at diagnosis, 

significant weight loss, hepatomegaly, splenomegaly, poor performance, and black 

race.27 Laboratory factors associated with poorer outcomes include anemia, 

thrombocytosis, thrombocytopenia, megakaryocytopenia, increased blasts or blasts + 

promeylocytes in blood or marrow, increased basophils in blood or marrow, and collagen 

or reticulin fibrosis grade 3-4.   

 

CML in the United States 

The American Cancer Society (ACS) estimated that within the USA in 2013, 5,920 CML 

cases will be diagnosed among 3,420 men and 2,500 women.28  The estimated number 

of deaths in the US for 2010 overall was 610 with 340 deaths among men and 270 

deaths among women.  Survival rates for CML have, according to the ACS, more than 

doubled since 1975-1977 increasing from 24% to 53%.  Similarly, comparing the ACS 

estimates from 2000 to 2010, the estimated number of deaths decreased by 67% for 

males and 80% for females.29   
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According to the Cancer Statistics Review (CSR), the age-adjusted incidence (2000 US 

Standard population) of CML for the SEER 17 areas (2003-2007) was 1.5 per 100,000 

persons (2.0 per 100,000 males and 1.1 per 100,000 females).30  The overall estimated 

US mortality was 0.4 per 100,000 persons (0.5 per 100,000 males and 0.3 per 100,000 

females).  The overall 5-year relative survival percentage (1999-2006) was 56.8% 

(males-56.3% and females 57.6%).  The estimated annual percent change in incidence 

between 1998 and 2007 decreased for both white and black males and females except 

for black females who increased by 0.8%.  Regarding mortality, the estimated annual 

percent change decreased for all groups during the 1998-2007 time periods.  Estimated 

annual percent change for mortality decreased less for blacks as compared to whites.   

 

Twenty-percent of the incidence cases from the SEER 17 registries (2003-2007) were 

diagnosed at less than 20 years of age and 52% were over 65 years of age.30  The 

overall median age at diagnosis of CML was 65 years with diagnoses occurring a 

decade earlier in blacks than whites (56 years vs 67 years, respectively) with similar 

trends comparing males and females.  The median age at death overall was 74 years 

with an even greater discrepancy between whites and blacks (76 years vs 62 years, 

respectively).   

 

Trends in leukemia incidence and survival in the United States between 1973 and 1998 

were described (SEER 9 registries).31  Xie et al noted that incidence rates of CML 

decreased significantly between 1973 and 1998 among those older than 45 years at 

diagnosis but were unchanged for those diagnosed less than 44 years of age.  The 

authors also observed that survival rates of CML generally increased from 1973 to 1998. 
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Groves et al showed that variations exist with leukemia by age and race.32  Importantly, 

Groves et al noted the bi-modal distribution of total age-specific leukemia with a small 

peak early in childhood and a high peak among the elderly.32  This bi-modal age-specific 

incidence pattern was not seen within the CML subtype during the study period.  

International variation in CML incidence exhibited a 4-fold gradient between the highest 

(US Latino Males ~ 2 per 100,000) and the lowest (China, Shanghai females ~0.5 per 

100,000).32  Incidence rates of CML were overall higher among males compared to 

females.  Incidence of CML was noted to rise linearly with age.  However, CML was the 

only subtype of leukemia where age-related cross-over was apparent.  African-

Americans demonstrated a higher incidence between the ages of 20 and 60 than the 

other racial/ethnic groups.  The cross-over occurred at age 70 when the incidence rate 

was increased among Caucasian males.  The age-adjusted incidence of CML in the 

SEER nine areas declined between 1973 and 1990 among US Caucasians but not 

among African-Americans.  CML five-year relative survival from the SEER 9 

registries(1973-1990) was approximately 22% with white females having higher survival 

rates as compared to white males, black females and black males.  Groves et al note 

that the racial differences cannot be attributed solely to ionizing radiation which is a sole 

risk factor that is widely accepted for CML and that future analytical studies are 

warranted to compare possible risk factors between races.  

 

An analysis using the SEER 11 registries (1992-2001) concluded that the age-adjusted 

incidence of CML increased with age in all ethnicities with Caucasian-non Hispanics 

having the highest incidence.33  Whites diagnosed after 65 years of age had greater 

incidence rates as compared to Blacks or Hispanics.  Specifically, whites diagnosed 

after 65 years had a higher incidence rate ratio (IRR) compared to Hispanics (IRR 1.42, 
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p<0.001) and Blacks (IRR 1.22 p=0.003).  Incidence rates were similar between blacks 

and Hispanics. 

 

CML in Developing Countries 

There is a paucity of data on the epidemiology of CML in developing countries.  Most of 

the published literature is based on single-institution or experiences with Imatinib.  The 

following section describes the limited data found for developing countries which is 

aimed at understanding the current literature of the CML epidemiology in developing 

countries. 

 

A younger age at diagnosis was observed in a few series from Asia with a median age at 

diagnosis ranging from 31 years to 49 years.10,11,15,34-37  Within India, geographic 

variations in incidence have been previously reported where the incidence of CML 

ranged from 1.4 per 100,000 males in Chennai to 2.3 per 100,000 males in Delhi.38  

Similarly, among females, the lowest incidence was estimated in Barshi at 0.7 per 

100,000 and the highest in Delhi at 1.9 per 100,000.  Similar variations were noted using 

population-based India cancer registry data between 2001 and 2004.39  A contemporary 

study by Dikshit et al concentrated on the trends of CML in Mumbai, India noted that the 

age-specific incidence rates of CML were highest in the 55-74 year age group but lower 

as compared to SEER.40  A separate analysis concluded that the incidence of CML 

among select Asian countries was lower as compared to Western countries and tended 

to affect a younger population.41  In that series, annual incidence of CML ranged from a 

low in China (0.39-0.55 per 100,000) and Taiwan (0.39-0.60 per 100,000) to a high of 

1.13 per 100,000 females to 1.94 per 100,000 males among the North American 

Association of Central Cancer Registries (NAACCR).41  The epidemiology of CML in 
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South and Central America and Africa is also limited but suggest that CML is diagnosed 

at an earlier age.12,13  

 

Impact of Demographics on Incidence 

Gender and Ethnicity 

As previously noted, there exist differences in the incidence of CML by gender in the 

US.30-33  Gender and ethnic differences of patients with CML were further described 

using a single-institution retrospective study in Los Angeles, USA.42  In this series of 87 

patients, it was noted that patients were younger (median age of 39 years; range, 17-65 

years) than that reported by SEER among an overwhelmingly Hispanic population (61% 

of patients).  Lee et al concluded that female CML patients presented with more 

significant adverse pre-treatment prognostic factors compared to men but with 

comparable outcomes.  Hispanic patients presented with a lower CML risk profile 

resulting in more favorable outcomes as compared to non-Hispanic patients.  However, 

as a whole group, the patients in this single-institution series had inferior treatment 

response rates compared to large-scale national studies.  Lee et al speculated that 

socio-economic factors may play a role in the poorer presentation and response.  

Interestingly, differences in treatment outcomes were no longer present when the 

analysis was limited to those patients treated with first line Imatinib.  In addition, possible 

biological/genetic factors were considered as contributing factors.   

 

Gender-related differences were observed in a clinical trial setting of 856 patients in 

Germany.43  Fifty-nine percent of patients were male with females being statistically 

significantly older than males (51 vs 46 years; p<0.0001).  Female patients also 

presented with lower hemoglobin (11.7 vs 12.5 g/dl; p<0.0001), higher platelet counts 
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(459 vs 355 x 109/l; p<0.0001), smaller spleen size (3 vs 4 cm below costal margin; 

p<0.0001), a lower rate of additional cytogenetic aberrations (9 vs 15%; p=0.018) and a 

less favorable Hasford risk profile (p=0.036).  Median survival time was longer among 

females as compared to males (58 vs 49 months; p=0.035).  The survival advantage is 

mainly attributed to better survival in the low and intermediate Sokal risk groups.  Berger 

et al concluded that additional analyses of gender differences should be undertaken in 

CML to further understand the differences and proposed hypotheses such as females 

having better longevity, an earlier stage at diagnosis, a more favorable risk profile, 

hormonal associations with the course of disease, genetic or environmental factors.   

 

Impact of Socioeconomic Status 

In the IARC review of socioeconomic differences in cancer incidence and mortality in 37 

populations from 21 countries, consistent excess risk for men in lower social strata was 

seen for all respiratory cancers, oral cavity and pharynx cancers, esophagus, stomach, 

liver and for all malignancies taken together. 44 Among women, lower socioeconomic 

status was consistently associated with cancers of the esophagus, stomach, cervix uteri 

and liver.  Higher socioeconomic status was associated with excess risk of colon, brain 

cancers and melanoma among men while women had increased rates of colon cancer, 

breast, ovary and melanoma.   

 

In a review by the IARC of socioeconomic status and cancer survival of 42 studies, 

social class was found to be associated with consistently poorer survival.45  Patients in 

lower social classes among both population-based cancer registries and hospital based 

series showed poorer survival as compared to those in higher social classes.  Cancers 

with the largest prognostic difference between lower and upper social classes include 
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female breast cancer, corpus uteri, bladder and colon cancer.  Kogevinas et al 

concluded that the pattern of social differences in survival did not vary consistently by 

sex, country, or source of the study population.  Importantly, the lack of a consistent 

signal for social differences is an important consideration to be included in the design of 

CML studies that aim to look for differences by sex, country and income.   

 

Possible reasons for the survival discrepancy between upper and lower socioeconomic 

class was discussed.46  Socioeconomic status is thought to be the most important factor 

in the stage of disease at diagnosis whereas cancers are more frequently diagnosed at a 

local stage in higher socioeconomic status groups as compared to more advanced 

stages in low social classes.  In addition, it was noted that the role of treatment and 

psychosocial factors are not well understood.  Auvinen et al noted that biological 

indicators of tumor aggressiveness were not associated with social class differences.   

 

An example where socioeconomic status was shown to be a predictor of outcome came 

from a series of 201 patients (68 patients with CML) who underwent HLA-identical 

related allogeneic stem cell transplantation in Brazil.47  Patients with a lower 

socioeconomic status had better engraftment rates, lower treatment related mortality and 

higher survival. The preliminary data suggest a relationship between socioeconomics 

and outcomes of stem cell transplantation.   

 

The impact of socioeconomics on incidence and mortality vary by cancer, sex, 

race/ethnicity and time period as described in the SEER socioeconomics monograph.48  

CML was not included in the analysis.  The results suggest that socioeconomic 

inequalities in male lung and prostate cancer mortality widened over time.  Among all 
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socioeconomic groups, incidence of breast cancer and melanoma of the skin increased 

through the study period.  Regardless of race/ethnicity, late-stage cancer diagnosis was 

related to high poverty areas as well as lower rates of cancer survival.  The survival 

association with low poverty areas was maintained after controlling for cancer stage.   

Preferred treatment was also less likely among higher poverty areas 

 

Biological Mechanism  

Most patients with CML exhibit the classic Philadelphia chromosome genetic abnormality 

where there is a reciprocal translocation between the long arms of chromosomes 9 and 

22. 49  BCR-ABL is an activated tyrosine kinase that is developed as a result of the 

translocation and it is believed that the tyrosine kinase activity aids in the creation of 

CML.  As a result, Novartis developed Imatinib that targets the tyrosine kinase proteins.  

According to Druker, Imatinib functions through inhibition of the ATP-binding site of the 

enzyme.49  This then leads to inhibition of tyrosine phosphorylation of proteins involved 

in BCR-ABL signal transduction.49  The abnormal proteins are found at the surface of 

certain cancer cells.  Imatinib functions through a high degree of specificity for BCR-ABL 

and causes decreased growth of cells that express BCR-ABL.  Importantly, normal cells 

are not impacted. 50   

 

Therapy for CML 

Therapy for CML has evolved from the initial treatment using arsenic trioxide in 1865 to 

tyrosine kinase inhibitors today. 23  Currently, the only curative therapy for CML is the 

use of allogeneic stem cell transplantation. 23  However, stem cell transplantation is 

associated with morbidity and mortality.  The treatment paradigm shifted when the 

results of an early phase dose escalation study on the safety and efficacy of Imatinib 
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was described. 49  Adverse effects were minimal and a maximal tolerated dose was not 

identified.  Complete hematologic responses were observed in 53 of 54 patients within 

the first four weeks of daily doses of 300 mg or more of Imatinib.  In patients with 

previous failure of interferon alpha, Imatinib was well tolerated and exhibited significant 

antileukemic activity.  The impressive results provided evidence of the ability of Imatinib 

to suppress the growth of cells that express BCR-ABL.  Results of the five-year follow-up 

of patients who were randomly assigned to receive Imatinib (N=553) or interferon alpha 

plus cytarabine (N=553) concluded that 87 percent of patients who were randomized to 

Imatinib achieved a complete cytogenetic response by 60 months. 51  Treatment with 

Imatinib facilitated a high proportion of durable response in patient with chronic-phase 

CML. 52  Imatinib was approved by the United States Food and Drug Administration 

(FDA) on May 10, 2001 for the treatment of patients with CML in blast crisis, accelerated 

phase or in chronic phase after failure of interferon alpha therapy. 53  Second generation 

tyrosine kinase inhibitors such as Nilotinib has shown to be superior to Imatinib for newly 

diagnosed chronic phase Philadelphia chromosome positive CML and will add to the 

options available to patients and physicians for management of CML.54   

 

Glivec International Patient Assistance Program (GIPAP) 

GIPAP is a global program funded by Novartis Oncology that has provided Imatinib at no 

cost to eligible patients in developing countries in 2001. 55  Eligibility consists of a 

documented absence of insurance coverage, no governmental coverage and patients 

who could otherwise not afford the treatment.  Using the direct to patient approach, 

GIPAP has provided more than 40,000 patients with Ph+ CML or gastrointestinal stromal 

tumor (GIST) in 90 countries with Imatinib free of charge.   
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In order to administer Imatinib through GIPAP, Imatinib must be approved for CML within 

the country without a licensed generic form.  Political and resource barriers that are 

unique to each country complicate logistics of the implementation of GIPAP. Physicians 

in each country are considered approved if the country does not have a comprehensive 

reimbursement program.  Physicians and treatment centers are evaluated based on their 

expertise, diagnostic and monitoring capabilities.  The unique direct-to-patient model is 

facilitated by a physician submitting an application online on behalf of each patient.  The 

Max Foundation, located in Edmonds, Washington, USA, is a US-based non-profit that is 

responsible for reviewing each application, coordination of the program, emotional care 

and education for patients.  Drug distribution is facilitated by Novartis when there is a 

domestic presence in the country or by Axios International when Novartis representation 

is absent. 

 

In a previous econometric analysis of the GIPAP program aimed at the outcomes of 

GIPAP patients, Kanavos et al found that the age at diagnosis of CML was significantly 

younger than similar patient cohorts in developed countries. 5  Patients participating in 

GIPAP between 2005 and 2007 (N=13,568) presented with an average age at diagnosis 

of 38.7 years with 79% less than or equal to 50 years of age.  The objectives of the 

analysis were to discuss the socio-economic and demographic characteristics of the 

patients participating in GIPAP as well as assessing the health outcomes among these 

patients.  Kanavos et al concluded that after controlling for age, location, and 

occupation, patients were significantly more likely to move towards a better health state 

after receiving treatment irrespective of their disease stage at GIPAP entry.  Kanavos et 

al found that the risk of an unfavorable outcome increases as the time from diagnosis to 
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first dose of Imatinib increases.  Results did not differ between large country participants 

such as India, China and Pakistan and the others in the sample.   

 

Survival Post-CML Diagnosis 

As previously stated, the treatment and management of CML has dramatically changed 

with the approval of the tyrosine kinase inhibitor Imatinib.  Advances in therapy for CML 

result in increases of survival.  In 2008, Brenner et al assessed the trends in long-term 

survival post-CML at the population level. 56  Using SEER for cases of CML diagnosed 

between 1990-1992 and 2002-2004, Brenner et al concluded that the overall 5-year 

relative survival for all ages increased from 27% to 49% and the 10-year relative survival 

increased from 9.5% to 34%.  Comparison of survival by age-groups suggests that the 

survival increase was most improved among the younger age groups while the older age 

groups including 65-74 and 75+ years showed modest increases.  Additional accrued 

data through SEER will facilitate an analysis of more recent trends as well as trends by 

age-group and race along with other important covariates.    

 

Improvement in 5- and 10-year relative survival among patients with CML after primary 

malignancy showed that 5- and 10-year relative survival increased from 17.6% to 37.7% 

and 7.6% to 23.8%, respectively. 57 Improvements were notably stronger among the 

younger age groups and prognosis of secondary CML was similar to the prognosis after 

primary CML.    

 

Prognostic Scoring of CML 

Predicting the outcome of patients with CML has always been a priority to determine 

factors that may place a patient at a higher risk.  Throughout the history of CML, there 
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have been four prognostic scoring systems including Sokal58 , Hasford59, IBMT60   and 

EUTOS.61  While each scoring algorithm was developed during different phases of 

treatment, there are similarities between algorithms including age, spleen size, percent 

blast, platelet count and percent blasts.  While there are a variety of scores that have 

been shown to be predictive of outcome, age is included in all the scores as a common 

factor.       

 

Preliminary Results/Progress Report 

Differences between populations in population-based studies and within cohorts have 

shown that some cancers have similar distributions in age at diagnosis while others have 

striking differences by various factors.  The ability to hypothesize about possible 

etiological factors is increased as data and statistical methods mature, understanding of 

underlying factors increases and as sample sizes get larger.  Heterogeneity within 

populations such as the United States and globally have been described for various 

cancers which will provide the background for exploring the trends in CML.  

 

 Examples of cancers and analyses with heterogeneous age distributions and 

differences in incidence and mortality are described below not only for domestic cancers 

but also cancer in the global arena.    

 

Invasive breast cancer is a cancer that shows heterogeneity among racial and ethnic 

group. 62   A series from the North American Association of Central Cancer Registries 

(NAACCR) described the incidence rates among 363,801 women diagnosed with 

invasive breast cancer between 1994 and 1998.  Joslyn et al noted that black women 

experience statistically significant higher breast cancer incidence up to the age of 40 
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years as compared to white women of the same ages while the incidence rates 

crossover after age 50 thereby highlighting the “crossover” effect.  Staging is noted to be 

a factor whereas black women of all ages experience a higher incidence of distant stage 

invasive breast cancer as compared to white women.  A similar crossover in incidence 

rates is not seen among other racial categories including American Indian or 

Asian/Pacific Islander as compared to white women.  Furthermore, Hispanic women had 

a lower incidence as compared to non-Hispanic women.  Population-based age-specific 

breast cancer rates stratified by race and class observed cross-over by race in the 

United States centered on the age of 40 years.63  Breast cancer incidence rate crossover 

was observed in SEER registry data (1975-2004) by race using an age-period-cohort 

fitted model.64  Age-specific breast cancer rates were higher among black women 

compared to white women younger than 40 years with a crossover whereas age-specific 

breast cancer rates were higher among white women as compared to black women 

aged 40 years or older.   

 

A population-based analysis of the underlying causes of the black-white racial disparity 

in breast cancer mortality was conducted within the United States. 65  Through the study 

period, the black-white mortality rate ratio was greater than 1.0 and widened over time 

while the incidence rate ratio was generally less than 1.0.  Menashe et al noted that the 

black-white disparity in breast cancer mortality was irrespective of estrogen receptor 

(ER) expression and was most likely due to the higher risk of death due to breast cancer 

among black women.   

 

A bimodal age distribution for all breast cancer histopathologic subtypes except 

medullary carcinoma was described using the population-based SEER registries. 66 
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Density plots of age at diagnosis were supported by a two-component mixture model to 

describe age-specific incidence patterns for histopathologic subtypes, race and ER 

expression.  The results suggest that there are two main types of breast carcinoma in 

the overall breast cancer population within the US.   

 

Early and late-onset breast cancer types among women in the United States and Japan 

showed striking age-specific differences between Occidental and native Japanese 

populations. 67  Age-specific incidence patterns from the SEER program were compared 

to the age-specific incidence patterns from the Osaka Cancer Registry (1978-1997).  

Early and late onset breast cancer in SEER was shown while the Osaka registry 

exhibited only an early-onset age distribution.  The heterogeneity in the age-specific 

incidences was still present after adjusting for calendar-period and birth-cohort effects.   

 

A trimodal/bimodal incidence pattern of Burkitt lymphoma was described within the USA. 

68  Two separate age-specific peaks were shown among males and females near ages 

10 and 75 years while a third peak was also present near the age of 40 among males.  

The patterns were maintained after adjusting for HIV/AIDS cases and in period-specific, 

cohort-specific analyses.  As a result, the analysis suggests that there exists 

heterogeneity in etiology or biology of Burkitt’s lymphoma among the various age groups 

of males and females.   

 

International patterns of cancer incidence, mortality and prevalence were described 

using GLOBOCAN (2002) and CI5 databases for cancers of the lung, breast, colon and 

rectum, stomach, prostate, liver, cervix, and esophagus.69  The objective was to describe 

geographic patterns with the goal of setting priorities to reduce global cancer disparities.   
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Using analytical techniques, Kamangar et al described eight of the most common 

malignancies comparing less-developed to more-developed countries.  Age-specific 

cancer incidence rates varied by cancer site and region.  For example, it was noted that 

lung cancer, esophagus, stomach and colon cancer exhibited similar trends in the less-

developed and more-developed countries while female breast, prostate, cervix and liver 

cancers varied according to country category.  Risk factors and etiologies were 

discussed and it was proposed that reducing global cancer disparities should include 

targeting etiologic factors and high-risk behaviors while developing and implementing 

strategies for prevention.   

 

Age-period-cohort models were implemented to describe the age-specific trends of 

noncardia gastric cancer in US adults. 70  Using SEER registry data from 1977 through 

2006, incidence rates for noncardia gastric cancer declined among all races and age 

groups except white’s ages 25 to 39 years.  The fitted age-specific incidence rates 

highlights an increase in incidence for those white patients with an age at diagnosis of 

25-39 years for both males and females contrasted with the trend among blacks and 

other races. 

 

Justification of Hypotheses 

The aforementioned material emphasizes the importance and relevance of the specific 

aims of this project.  First, a description of the epidemiology is missing from low and 

middle income countries.  The GIPAP cohort will provide an opportunity to describe not 

only the patient characteristics by country but also describe outcomes in resource limited 

settings.  Secondly, observed differences by race in the US will be further explored using 

age-period-cohort analysis to simultaneously adjust for birth-cohort, period of diagnosis 
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and age at diagnosis.  Lastly, we utilize international cancer registries to assess the 

trends by geography and income status.   

 

Impact of Current Project 

The treatment paradigm has shifted in the last decade with the widespread use of 

tyrosine kinase inhibitors.  However, there still remain many questions regarding why 

people get CML.  There are no known biologic, geographic or ethnic variations that have 

been shown to predispose individuals to CML.  The one documented exception is an 

increased incidence of leukemia including CML among survivors of the atomic bombings 

of Hiroshima and Nagasaki. 18  However, clues to etiological factors may be 

hypothesized from age-specific differences by race, geography and income status.  

Given that age at diagnosis is an important risk factor for cancer, we designed a series 

of descriptive studies aimed at describing the epidemiology of CML in various 

populations.   
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Abstract 

Introduction: The epidemiology of chronic myeloid leukemia (CML) in low and middle 

income countries is limited.  As a result, we analyzed a contemporary cohort of patients 

from low and middle income countries treated with Imatinib through The Glivec® 

International Patient Assistance Program (GIPAP). Methods:  Generalized estimating 

equations (GEE) and Kaplan-Meier estimation were utilized to test for regional variations 

in age at diagnosis and overall survival among 33,985 patients from 94 countries.  

Results: Patients participated from Asia (79.2%), Africa (9.4%), Latin America (8.7%) 

and Southern/Eastern Europe (2.5%).  Sixty-one (61.2%) percent were male.  Mean age 

at diagnosis was 38.5 years (9.4% <20 years and only 4.7% >65 years).  Using GEE, 

Asians were youngest (38.3 years), followed by Africans (39.5 years), Southern/Eastern 

Europeans (41.1 years) and Latin Americans (41.3 years; p<0.0001).  Diagnoses were 

predominately in chronic stage (78.3%).  In 2002, 85.2% of patients had a delay in 

treatment >1 year; decreasing to 15.5% in 2010 (p<0.0001).  The 3-year overall survival 

probability was 89.4% (95% CI, 88.9-89.9).  In multivariate analysis, risk of death 

increased among patients 65 years or older at diagnosis (p<0.0001), time from diagnosis 

to treatment >1-year (p<0.0001), diagnoses in the accelerated or blast crisis (p<0.0001), 

initial dose of Imatinib >400mg (p<0.0001) and among Latin Americans and Africans 

(p<0.0001).  Conclusion: The GIPAP cohort is the largest series of patients with CML 

described from low and middle income countries.  Differences in age at diagnosis and 

overall survival exist within and between regions. Additional epidemiological studies 

should be conducted to assess for possible environmental factors associated with the 

earlier age at onset.     

Keywords: Chronic myeloid leukemia, regional variation, age at diagnosis, low and 
middle income countries 
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Introduction 

CML is a myeloproliferative disease with a median age at diagnosis of 64.0 years in the 

United States of America (USA) 1 .  Incidence rates in the USA increase with age 

peaking after the age of 65 3.  The Surveillance, Epidemiology and End Results (SEER) 

registries estimated the age-adjusted incidence rate to be 1.6 per 100,000 1.  The 

worldwide incidence is considered to range between 1.0 and 1.5 per 100,000 with no 

known geographic or ethnic variation 3.  Etiological factors are not well understood with 

the exception being an increased incidence of CML among survivors of the atomic 

bombings of Hiroshima and Nagasaki 18.  Agriculture and occupational exposures have 

been considered as potential etiological factors but a strong association has yet to be 

established.72-75   

Novartis Oncology initiated the Glivec® International Patient Assistance Program 

(GIPAP) in 2001, which supplied Imatinib for treatment of CML and gastrointestinal 

stromal tumors (GIST) free of charge to patients in low and middle income countries 5.  

Preliminary data from GIPAP suggested that patients from lower and middle income 

countries were diagnosed at an earlier age as compared to the West 5. An earlier age at 

diagnosis of CML in developing countries has been previously reported with median 

ranging between 32 and 44 years; however, these were limited to single institution series 

6-17.  Among the aforementioned single institution series, overall survival (OS) post-

Imatinib has varied ranging from a 3-year OS of 72% in Africa to 94% at 29 months in 

India 7,9. As age is one of the most important risk factors for cancer, we aimed to 

determine if there were differences in age at diagnosis among patients from low and 

middle income countries.  Differential age patterns would suggest the presence of a risk 

factor that predisposes individuals to CML at an earlier age.  Secondly, we aimed to 
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describe the survival experience among patients from low and middle income counties 

and determine if age at diagnosis impacts OS. 

 

Materials and Methods 

The Max Foundation (Edmonds, Washington) is a US-based non-profit that facilitates 

GIPAP.  Patients were screened by physicians who then submitted a registration form 

online for an independent review.  Eligibility included a diagnosis of CML based on 

Philadelphia chromosome positivity (Ph+) and/or presence of the BCR-ABL gene, 

documented absence of insurance and no governmental coverage.  A maximum income 

level for each country was specified to ensure consistency in defining low and middle 

income.  Classification of low and middle income countries is based on The World Bank 

classification.76  GIST was excluded from this analysis. 

 

Patient characteristics collected on the registration form included sex, date of birth, city, 

state, country of residence, date of diagnosis, stage of disease at diagnosis 77, Ph+ 

and/or BCR-ABL status, and a financial evaluation (an assessment of income, 

occupation, and number of household members).  Imatinib was provided for a 3 month 

period to allow for follow-up and evaluation for dose modification, if necessary.   

 

Statistical Considerations 

The primary objective of this study was to compare the distribution in age at diagnosis 

across the participating regional components of GIPAP.  The primary hypothesis was 

that there is no difference in age at diagnosis between regional components that 

participate in GIPAP.  The United Nations World Macro Regions and Components were 

used to group countries into four macro geographical regions: Asia, European, Latin 
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America and Africa.78  Countries were further classified into 14 geographical component 

sub-regions.  Analysis of the primary endpoint was undertaken using generalized 

estimating equations (GEE) methodology.79  The “population-average” approach of 

Liang and Zeger focuses on the marginal effects of individuals averaged across a 

cluster; i.e. component region.80  Linear contrasts were defined to test by macro and 

component sub-regions.  Least square means (LSMean) and 95% confidence intervals 

(CI) were estimated.   

 

Distribution of age at diagnosis was described using kernel density estimation.81-83  

Bandwidth selection utilized the plug-in formula of Sheather and Jones.82  This non-

parametric method for estimating the probability density function was constructed using 

1-year age increments with a smoother method of the corresponding age at diagnosis 

frequency histogram.  Plots can be interpreted as the area under the curve consisting of 

100% of the CML cases.  The vertical axis represents the smoothed estimate of the 

density or proportion and the horizontal axis corresponds to the age at diagnosis.   

 

Probability of OS at 1 and 3 years was estimated from the time of first dose using the 

Kaplan-Meier method with date of death (all-cause mortality) marking the event and 

censoring patients at the date of last contact.84  Follow-up was complete for a subset of 

patients enrolled between August 2003 and May 2007 (N=17,999).  Comparisons 

between groups were made using the log-rank test.85  Risk of death was quantified using 

univariate and multivariate Cox proportional hazards models with backward model 

selection criteria.86  Factors considered in the multivariate analysis included sex, age at 

diagnosis in years (0-4, 5-9, …, >65),  time in days from diagnosis to first dose of 

Imatinib (<30, 30-99, 100-364 and >365), diagnosis year (<2000, 2000-2003, …, 2007), 
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first dose of Imatinib (<400mg, 400mg, and >400mg), stage of disease at diagnosis 

(accelerated, blast crisis, chronic stage and remission), macro region, and by median 

approval year (Before 2006 and after 2006).  All analyses were conducted using the 

SAS System, version 9.2 (Cary, North Carolina).   

 

Results 

Between January 2002 and August 2010, 35,045 patients with CML applied for 

consideration in the GIPAP program from 118 countries.  After reviewing clinical 

eligibility criteria and undergoing a financial evaluation, 33,985 (97.0%) patients were 

approved to receive Imatinib from 94 countries.   

 

Overall, 61.2% of patients were male, with a median age at diagnosis of 37.8 years; 

interquartile range (IQR) of 28.2 – 48.7 years (Table GIPAP1).  Patients less than 20 

years of age at diagnosis made up 9.4% (N=3,188) of the cohort and only 4.7% 

(N=1,595) were older than 65 years of age at diagnosis.  Stage of CML at diagnosis was 

predominantly in the chronic stage (78.3%) followed by 9.1% in the accelerated stage 

and 6.7% in blast crisis.  A majority of patients received 400mg (81.5%) as the starting 

dose with 15.6% dosed at >400mg.  Enrollment into GIPAP occurred within 30-days of 

diagnosis for 25.7% of the patients while 30.3% of the patients were enrolled into GIPAP 

more than 1 year after diagnosis.   

 

Distribution of Age at Diagnosis 

As shown in Figure GIPAP1, patients from Asia were youngest [38.3 years (95% CI, 

38.2-38.5)], followed by Africa [39.5 years (95% CI, 39.0-40.1), Southern/Eastern 

Europe [41.1 years (95% CI, 40.1-42.0)] and Latin America [41.3 years (95% CI, 40.7-
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41.9)] (p<0.0001).  All comparisons between macro regions were statistically significantly 

different with the exception of the Southern/Eastern European and Latin American 

comparison (p=0.71). Kernel density estimation graphically shows the younger age 

distribution among patients from Asia and Africa while shifted to the right among 

Southern/Eastern Europe and Latin America (Figure GIPAP2A).   

 

Within Africa, patients from Southern Africa had the highest mean age at diagnosis [42.0 

years (95% CI, 40.9-43.2)].  Patients from Middle and Africa were diagnosed on average 

more than 6 years earlier than Southern Africa [-6.14 years ( 95% CI, -9.48 - -2.80)] 

(Figure 1).  Furthermore, age at diagnosis differed between Northern and Eastern Africa 

(p=0.0384) as well as between Northern and Middle Africa (p=0.0455).  Age at diagnosis 

differed within Asia (p<0.0001) with the oldest patients coming from Western Asia [44.4 

years (95% CI, 43.2-45.5)] followed by Southeastern Asia [39.58 years (95% CI, 39.1-

40.1)], Eastern Asia [38.43 years (95% CI, 38.0-38.9)] and South-Central Asia [37.8 

years (95% CI, 37.6-38.0) (Figure GIPAP2).  Patients from Southern Europe were on 

average 7.2 years (95% CI, 3.97-10.42) older than those patients from Eastern Europe 

(p<0.0001) (Figure GIPAP1).   No differences were observed within the Latin American 

region (Figure 1).   

 

Southern/Eastern Europe had the lowest proportion of patients diagnosed less than 20 

years of age (6.7%) while 10.4% of patients from Latin America were diagnosed before 

age 20 (p=0.0059).  Interestingly, only 4.7% of the patients were diagnosed after their 

65th year contrasted with 50% diagnosed after age 64 in the USA.1  Latin America had 

the highest proportion of patients diagnosed older than 65 years (9.0%) followed by 

Africa (6.5%), Southern/Eastern Europe (4.3%) and Asia (4.0%) (p<0.0001).     
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Distribution of Sex 

Approximately, fifty-six percent (56.4%) of African patients were male compared to 

62.6% of Asian patients while the male distribution among Southern/Eastern European 

and Latin American patients was 59.2% and 55.0% respectively (p<0.0001).  The three 

component regions with the lowest proportion of males included the Caribbean (50.9%), 

Southern Africa (53.6%), and South-eastern Asia (56.1%).    

 

Stage of Disease at Diagnosis 

A majority of patients were diagnosed in the chronic stage (78.3%).  The lowest 

proportion of patients diagnosed in the chronic stage occurred among Southern/Eastern 

European patients (65.4%) and highest among Asian patients (79.2%; p<0.0001).  

European patients were more likely to be diagnosed in the accelerated stage (26.7%) 

and less likely among the African patients (7.0%).  Only 3.8% of African patients were 

diagnosed in blast crisis compared to 7.2% of Asian patients (p<0.0001).   

 

Timing of Treatment Post-Diagnosis 

In the first year of the program, only 1.6% of patients were diagnosed within 30 days of 

approval into GIPAP (Figure GIPAP3).  By 2009, the percentage of patients diagnosed 

and approved for GIPAP within 30 days increased 22.6 fold to 36.2% (p<0.0001).  

Differences persisted by region in 2009 when only 11.8% of Southern/Eastern European 

patients were diagnosed within 30 days compared to 24.2% of Latin American patients, 

32.9% of African patients and 39.6% among Asian patients (p<0.0001).     

 

Overall Survival 
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Approximately 10% of patients died resulting in an OS probability at 1 and 3 years of 

92.5% (95% CI, 92.1%-92.9%) and 89.4% (95% CI, 88.9%-89.9%), respectively (Table 

GIPAP2 and Figure GIPAP4).  In a univariate analysis, an increased risk of death was 

associated with diagnoses made after age 65 (p<0.0001), time between diagnosis and 

treatment >1-year (p<0.0001), treatment in GIPAP before 2006 (p<0.0001), diagnosis in 

the accelerated or blast crisis (p<0.0001), initial dose of Imatinib >400mg (p<0.0001) 

and macro region (p<0.0001).  OS was lowest among patients from Latin America and 

Africa (p<0.0001; Table GIPAP4).  In multivariate analysis, risk of death was increased 

among patients diagnosed after age 65 (p<0.0001), time between diagnosis and 

treatment >1-year (p<0.0001), accelerated or blast crisis at diagnosis (p<0.0001), 

treatment in GIPAP before 2006 (p<0.0001), initial dose of Imatinib >400mg (p<0.0001) 

and macro region (p<0.0001).  After controlling for the aforementioned parameters, 

Southern/Eastern Europeans had the best OS while Latin Americans and Africans had 

the worse OS with no differences between Latin Americans and Africans.     

 

Within the African subset, diagnoses before 2000 (p=0.0145) and a more advanced 

phase of disease (p<0.0001) were significantly associated with an increased risk of 

death.  Age at diagnosis >65 (p<0.0001), diagnosis year before 2004 (p<0.0001), more 

advanced stage of disease (p<0.0001), and approval date before 2006 (p<0.0001) was 

significantly associated with an increased risk of death in a multivariable model of the 

Asian subset.  Patients from South-Central Asia had a decreased risk of death as 

compared to the other Asian regions (p<0.0001) while Eastern Asia had the poorest 

outcomes among the Asian region with an OS at 3-years of 80.4% (95% CI, 78.3-82.3).  

Within the European subset, diagnoses before the year 2000 (p=0.0147), advanced 

phase of disease (p=0.0006) and patients from Southern Europe (p<0.0001) had an 
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increased risk of death.  The risk of death among Southern Europeans was 7.54 (95% 

CI, 3,28-17.34) times that of Eastern Europeans (p<0.0001).  No differences in 

outcomes were seen within the Latin American regions but age at diagnosis >65 years 

(p=0.0041), diagnoses before 2000 (p=0.0169), and more advanced stage of disease at 

diagnosis (p<0.0001) were associated with a poorer prognosis.    

 

Discussion 

Imatinib has revolutionized the treatment and management of patients with CML where 

response rates and survival outcomes have dramatically increased.51  However, limited 

data exist on the epidemiology and outcomes of patients from low and middle income 

countries.  This analysis has shown that the age at diagnosis of CML among GIPAP 

patients occurs at an earlier age compared to the US (37.8 vs 64.0 years).1  Notably, 

only 4.7% of the patients in GIPAP were diagnosed after 65 years of age and 9.4% of 

patients were diagnosed with CML less than 20 years of age.  Reasons for this increase 

in proportion of childhood CML cases warrants further consideration especially 

considering the limited published reports of childhood CML.87  The finding of regional 

differences in age at diagnosis demonstrates that there exists a possible environmental 

factor that may be impacting the pattern of CML.  In the past, agriculture and 

occupational exposures have been considered as potential etiological factors but a 

strong association has yet to be established.72-75     

 

Regional differences in OS were described with Southern/Eastern European patients 

having better outcomes than all other regions while patients from Latin America and 

Africa had worse outcomes although there are a small number of patients from 

Southern/Eastern European countries.  Stage of disease was a strong predictor of 
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outcome as was the length of time from diagnosis to first dose of Imatinib.  After 

adjusting for these factors in a multivariate analysis, we observed that patients 

diagnosed in the oldest age groupings (>65 years at diagnosis) had worse overall 

survival.   

 

Therapy compliance remains an issue especially in low and middle income countries 

especially due to challenges such as limited infrastructure, ability to return for quarterly 

assessments, patient apathy and political climate.  Differences in OS may be partly 

attributed to compliance as it has been shown to be correlated with response.88,89  The 

timing of Imatinib administration after diagnosis has been shown to be significantly 

associated with responses and OS which our analysis confirms.8,14  In the early part of 

the GIPAP program, a majority of patients received their first dose of Imatinib more than 

1 year post-diagnosis.  This rate significantly decreased to only 11.7% in 2010.  This 

demonstrates the importance of increasing the access to care for individuals from 

countries in which treatment for CML is not affordable.  Furthermore, controlling CML in 

a younger population in developing countries will have a larger impact on the individual’s 

most productive portion of their lifetime.90   

 

Estimates of OS among the GIPAP cohort are encouraging with similarities between 

survival rates seen in the International Randomized Study of Interferon and STI571 51; 

although a formal comparison was not undertaken.  However, it is important to note that 

other concomitant treatments were not collected as part of GIPAP.  The estimated 8-

year OS of chronic stage CML patients diagnosed since 2001 in a single-institution 

historical perspective was 87% (accelerated stage: 75%, blast crisis: ~10%) 91.  Older 

patients had worse OS (p=0.004) but the differences between ages has converged since 
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2001 (p=0.07).  Relative survival during the post-Imatinib period in the Swedish 

population-based study showed an improvement in survival among all age groups with 

the >79 age-group having a poorer outcome 92.  Unfortunately, we are limited in 

determination of long-term survival since we were only able to ascertain the survival 

status for a subset of patients thus limiting the ability to describe long term trends in OS.   

 

This study is not without several limitations.  The data were collected with the primary 

aim of ensuring an efficient coordination of eligibility assessment and drug distribution 

without considering research objectives.  Sites and investigators were chosen for their 

ability to diagnose and treat patients thereby impacting generalizability due to better 

training and access to diagnostic tools.  Disease response was not collected 

prospectively. Importantly, associations observed are limited only to lower 

socioeconomic status patients among the low and middle income countries as the cohort 

excluded patients who were able to afford the treatment.  Extension of these results to 

countries that contributed only a small number of cases is cautioned since it is unclear 

how representative the patients are from the respective country.  GIPAP did not collect 

data on race/ethnicity and it is unknown how race/ethnicity would have impacted the 

results.    However, differences in incidence and survival by race/ethnicity has been 

reported in the USA.93  Our analysis did not adjust for rates of immigration or emigration.  

Lastly, the lack of population-based estimates limits these findings as we were unable to 

calculate age-adjusted incidence rates.   

 

This study is the largest cohort of patients treated with Imatinib from low and middle 

income countries.  Through the GIPAP program, standardized definitions of eligibility 

attempted ensured consistency across regions.  A majority of patients who submitted an 
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application for treatment through GIPAP were approved; only 3.0% of the patients were 

denied mostly for socioeconomic reasons.  A maximum income level was determined for 

each country by The Max Foundation to ensure consistency across countries since a low 

income level for one country may be similar to a high income level in another country.  

GIPAP is the sole source of Imatinib for a majority of patients in the participating 

countries since the treatment is cost prohibitive for most patients.  The large sample 

from Indian (40.8% of the cohort) is due to the large population within India and the 

development of a centralized network of Max Stations early in the program that helped 

communication with the Max Foundation.  Au et al noted that patients treated with 

Imatinib were almost exclusively treated in India through GIPAP (~95%) as this 

treatment is otherwise unaffordable.41  

 

This study has important policy implications and highlights the importance of receiving 

treatment as soon as possible after diagnosis of CML.  We have shown that the time 

from diagnosis to treatment is an independent and modifiable risk factor for OS.  

Unfortunately, TKI’s are cost prohibitive to most in the developing world.  However, 

through GIPAP, over 30,000 patients were able to be treated with Imatinib at no cost.  

Documenting the epidemiology in developing countries is important to help guide health 

care planning and policy decisions especially since there exists effective treatments for 

CML albeit at cost-prohibitive levels to most in developing countries.17 

 

This study confirms that an earlier age of diagnosis exists among patients treated with 

Imatinib through GIPAP in low and middle income countries.  Heterogeneity in age at 

diagnosis may be due to the effect of biological, environmental, or socioeconomic 

factors.  OS has been shown to differ by and within regions.  Younger age at diagnosis 
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may be a signal that an unknown environmental process is predisposing patients in 

developing countries to CML.  Therefore, populations with an earlier age at diagnosis 

should be further studied to determine if a possible specific environmental mechanism 

can be elucidated.   
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Table GIPAP1: Patient Characteristics at Diagnosis by Macro Region 

Patient Characteristics Europe 
(N=862) 

Latin 
America 
(N=2970) 

Asia 
(N=26916) 

Africa 
(N=3209) 

Oceania 
(N=28) 

All Patients  
(N=33985) 

N (%) N (%) N (%) N (%) N (%) N (%) 
Sex             

Female 352 (40.8) 1337 (45.0) 10075 (37.4) 1398 (43.6) 11 (39.3) 13173 (38.8) 
Male 510 (59.2) 1633 (55.0) 16841 (62.6) 1811 (56.4) 17 (60.7) 20812 (61.2) 

Age at Diagnosis (years)             
0-4 1 (0.1) 17 (0.6) 75 (0.3) 19 (0.6)   112 (0.3) 
5-9 2 (0.2) 30 (1.0) 315 (1.2) 41 (1.3)   388 (1.1) 
10-14 14 (1.6) 88 (3.0) 733 (2.7) 103 (3.2) 3 (10.7) 941 (2.8) 
15-19 41 (4.8) 173 (5.8) 1373 (5.1) 158 (4.9) 2 (7.1) 1747 (5.1) 
20-39 343 (39.8) 1105 (37.2) 12776 (47.5) 1392 (43.4) 8 (28.6) 15624 (46.0) 
40-64 418 (48.5) 1270 (42.8) 10510 (39.0) 1278 (39.8) 15 (53.6) 13491 (39.7) 
>65 37 (4.3) 266 (9.0) 1082 (4.0) 210 (6.5)   1595 (4.7) 
Unknown 6 (0.7) 21 (0.7) 52 (0.2) 8 (0.2)   87 (0.3) 

Diagnosis Year             
<2000 247 (28.7) 269 (9.1) 1582 (5.9) 122 (3.8)   2220 (6.5) 
2000-2003 336 (39.0) 737 (24.8) 5166 (19.2) 455 (14.2) 2 (7.1) 6696 (19.7) 
2004-2006 226 (26.2) 1028 (34.6) 10418 (38.7) 946 (29.5) 6 (21.4) 12624 (37.1) 
2007-2010 53 (6.1) 936 (31.5) 9750 (36.2) 1686 (52.5) 20 (71.4) 12445 (36.6) 

Stage of Disease at Diagnosis             
Accelerated 230 (26.7) 346 (11.6) 2281 (8.5) 225 (7.0) 2 (7.1) 3084 (9.1) 
Blast Crisis 49 (5.7) 172 (5.8) 1926 (7.2) 121 (3.8)   2268 (6.7) 
Chronic 564 (65.4) 2239 (75.4) 21306 (79.2) 2477 (77.2) 23 (82.1) 26609 (78.3) 
Remission 16 (1.9) 203 (6.8) 1380 (5.1) 381 (11.9) 3 (10.7) 1983 (5.8) 
Unknown 3 (0.3) 10 (0.3) 23 (0.1) 5 (0.2)   41 (0.1) 

Time from Diagnosis to Approval (Days)             
<30 94 (10.9) 479 (16.1) 7405 (27.5) 750 (23.4) 7 (25.0) 8735 (25.7) 
30-100 96 (11.1) 852 (28.7) 6148 (22.8) 1015 (31.6) 9 (32.1) 8120 (23.9) 
100-365 150 (17.4) 631 (21.2) 5255 (19.5) 641 (20.0) 7 (25.0) 6684 (19.7) 
>365 515 (59.7) 991 (33.4) 8010 (29.8) 787 (24.5) 5 (17.9) 10308 (30.3) 
Unknown 7 (0.8) 17 (0.6) 98 (0.4) 16 (0.5)   138 (0.4) 

First Dose (mg)             
<400 mg 15 (1.7) 123 (4.1) 723 (2.7) 133 (4.1) 1 (3.6) 995 (2.9) 
400 mg 538 (62.4) 2333 (78.6) 22031 (81.9) 2756 (85.9) 24 (85.7) 27682 (81.5) 
>400 mg 309 (35.8) 512 (17.2) 4156 (15.4) 320 (10.0) 3 (10.7) 5300 (15.6) 
Unknown   2 (0.1) 6 (0.0)     8 (0.0) 
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  Table GIPAP2: Univariate and Multivariate Overall Survival Estimates 

     Univariate Analysis Multivariate Analysis 

Parameter Level N 
# 

Deaths 
3-Year Estimate 

(95% CI) HR (95% CI) p-value HR (95% CI) p-value 
Overall Overall 17,999 1,770 89.4 (88.9-89.9) --- --- --- --- 
By Sex Female 6966 683 89.4 (88.6-90.1) 1.00    
 Male 11033 1087 89.4 (88.8-90.0) 1.00 (0.91-1.11) 0.93   
By Age at Diagnosis 
(years) 

0-4 48 5 88.8 (75.0-95.2) 0.45 (0.14-1.43) 0.18 0.77 (0.31-1.93) 0.57 
5-9 196 11 93.9 (89.3-96.6) 0.25 (0.12-0.55) 0.0004 0.24 (0.13-0.46) <0.0001 
10-14 376 35 90.0 (86.3-92.7) 0.47 (0.31-0.73) 0.0008 0.48 (0.33-0.71) 0.0003 
15-19 1077 123 87.9 (85.7-89.8) 0.61 (0.46-0.81) 0.0006 0.50 (0.39-0.65) <0.0001 
20-39 8520 769 90.3 (89.6-91.0) 0.49 (0.39-0.60) <.0001 0.43 (0.36-0.52) <0.0001 
40-64 7007 696 89.3 (88.5-90.0) 0.51 (0.41-0.63) <.0001 0.50 (0.41-0.61) <0.0001 
>65 766 128 81.4 (78.2-84.2) 1.00  1.00  

By Time from Diagnosis 
to Enrollment (Days) 

<30 3922 197 94.7 (93.9-95.4) 1.00  1.00  
30-100 4036 282 92.5 (91.6-93.3) 1.39 (1.16-1.67) 0.0003 1.27 (1.06-1.53) 0.0094 
100-365 3617 321 90.4 (89.3-91.3) 1.81 (1.51-2.16) <0.0001 1.64 (1.37-1.96) <0.0001 
>=365 6370 963 83.5 (82.5-84.5) 3.19 (2.73-3.72) <0.0001 2.01 (1.72-2.35) <0.0001 
Unknown 54 7 86.0 (72.9-93.1) 2.90 (1.36-6.16) 0.0057 3.21 (1.32-7.80) 0.0101 

By Diagnosis Year <2000 1250 265 76.9 (74.3-79.3) 1.00    
 2000-2003 4933 765 83.2 (82.1-84.3) 0.7 (0.61-0.81) <0.0001   
 2004-2006 11065 736 92.9 (92.4-93.4) 0.29 (0.25-0.34) <0.0001   
 2007 746 2 99.7 (98.9-99.9) 0.01 (0.0-0.05) <0.0001   
By Original Dose <400 mg 454 36 91.3 (88.1-93.7) 1.00  1.00  
 400 mg 14447 881 93.4 (93.0-93.9) 0.75 (0.54-1.05) 0.09 0.77 (0.53-1.12) 0.16 
 >400 mg 3090 852 68.9 (67.0-70.6) 4.29 (3.07-5.99) <0.0001 1.38 (0.94-2.03) 0.10 
By Original Stage Accelerated 1682 375 74.2 (71.8-76.5) 1.00 . 1.00  
 Blast Crisis 1336 622 42.5 (39.1-45.8) 2.89 (2.54-3.29) <0.0001 2.99 (2.62-3.40) <0.0001 
 Chronic 13304 718 94.2 (93.8-94.6) 0.20 (0.18-0.23) <0.0001 0.33 (0.29-0.39) <0.0001 
 Remission 1677 55 96.6 (95.6-97.4) 0.11 (0.08-0.15) <0.0001 0.15 (0.11-0.20) <0.0001 
By Approval Date Before 2006 16043 1751 88.3 (87.8-88.8) 1.00  1.00  
 After 2006 1953 19 99.0 (98.5-99.4) 0.09 (0.06-0.14) <0.0001 0.09 (0.06-0.14) <0.0001 
By Macro Region Europe 443 27 92.5 (88.9-94.9) 1.00  1.00  
 Latin America 1634 221 85.3 (83.4-87.1) 1.96 (1.31-2.92) 0.0010 2.26 (1.51-3.38) <0.0001 
 Asia 14671 1378 90.0 (89.4-90.5) 1.31 (0.90-1.92) 0.16 1.69 (1.15-2.48) 0.0073 
 Africa 1245 144 87.2 (85.1-89.0) 1.67 (1.11-2.52) 0.0145 2.76 (1.80-4.17) <0.0001 
By Asian Region Eastern Asia 2149 371 80.4 (78.3-82.3) 1.00    
 South-central Asia 10014 636 93.3 (92.7-93.7) 0.33 (0.29-0.37) <0.0001   
 South-eastern Asia 2125 310 84.1 (82.4-85.7) 0.81 (0.70-0.94) 0.0071   
 Western Asia 383 61 82.5 (77.9-86.2) 0.87 (0.66-1.15) 0.33   
By European Region Eastern Europe 363 15 94.7 (90.7-97.0) 1.00    
 Southern Europe 80 12 82.7 (71.4-89.9) 3.64 (1.70-7.79) 0.0009   
By Latin American 
Region 

Caribbean 110 11 88.9 (80.7-93.7) 1.00    
Central America 742 99 85.9 (83.0-88.3) 1.31 (0.70-2.44) 0.40   
South America 782 111 84.3 (81.3-86.9) 1.49 (0.80-2.77) 0.21   

By African Region Eastern Africa 186 21 88.0 (82.1-92.0) 1.00    
 Middle Africa 41 3 92.5 (78.4-97.5) 0.65 (0.19-2.16) 0.48   
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     Univariate Analysis Multivariate Analysis 

Parameter Level N 
# 

Deaths 
3-Year Estimate 

(95% CI) HR (95% CI) p-value HR (95% CI) p-value 
 Northern Africa 434 42 89.2 (85.6-91.9) 0.88 (0.52-1.49) 0.65   
 Southern Africa 384 52 85.0 (80.7-88.4) 1.30 (0.78-2.16) 0.31   
 Western Africa 200 26 85.3 (79.2-89.8) 1.22 (0.69-2.17) 0.50   

 

Notes: CI: 95% Confidence Interval, HR-Hazard Ratio; Univariate and Multivariate analyses as estimated from Cox 
Proportional Hazards Model.  Reference level is shown with a HR of 1.00.  Parameters were considered in the multivariate 
model using backward selection criteria.  The final model is shown in the right column and included age at diagnosis, time 
from diagnosis to enrollment, first dose, stage of disease at diagnosis, approval date, and macro region.   
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Figure GIPAP1: Least Square Means by Component Sub-Region 

 

Notes: Least square means and 95% confidence intervals are shown for age at diagnosis by component sub-region as 
estimated using generalized estimating equations.  P-values within region are noted as *<0.05, †<0.01, and ‡<0.001 
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Figure GIPAP2: Kernel Density Plots of Age at Diagnosis 

A) By Macro Region 
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Notes: Kernel density estimation graphically shows the younger age distribution among patients from Asia and Africa while 
shifted to the right among Southern/Eastern Europe and Latin America.   
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Figure GIPAP2: Kernel Density Plots of Age at Diagnosis (Continued)  

B) Africa by Component Sub-Region C) Asia by Component Sub-Region 
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Figure GIPAP2: Kernel Density Plots of Age at Diagnosis (Continued) 

D) Southern/Eastern Europe by Component Sub-
Region 

E) Latin America by Component Sub-Region 
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Notes: Kernel density plots are shown for each macro region and by component sub-region.   
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Figure GIPAP3: Proportion of patients diagnosed within 30-days by Macro Region and Year of Approval 

 

Notes: Displayed is the proportion of patients treated within 30-days of diagnosis for each macro region by year of approval.   
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Figure GIPAP4: Overall Survival 

 

A) Overall Survival B) By Age at Diagnosis (years) 
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Figure GIPAP4: Overall Survival (continued)  

C) By Stage of Disease at Diagnosis D) By Macro Region 
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 Abstract 

Background: Etiological factors for the development of chronic myeloid leukemia (CML) 

are largely unknown. However, clues to etiological factors may be hypothesized from 

age-specific differences by race.  Given that age at diagnosis is an important risk factor 

for cancer, we designed a study to assess the effects of age and race after accounting 

for calendar-period and birth-cohort effects.   

Methods: Incidence data were obtained from the National Cancer Institute’s (NCI) 

Surveillance, Epidemiology and End Results (SEER) program for Black or White CML 

diagnoses (Philadelphia Chromosome + or Not Otherwise Specified) between 1977 and 

2011 (18,817 cases).  Standard descriptive analyses were complemented with age-

period-cohort (APC) models adjusting for year of diagnosis (calendar-period) and year of 

birth (birth-cohort) effects.   

Results: Black males developed CML approximately 9 years earlier than White males 

with markedly different age distributions at diagnosis.  We observed interactions 

between race and age; age-specific incidence rates were higher among Blacks 

diagnosed between the ages of 25 and 49 after which rates were higher for Whites.  The 

incidence rate cross-over between Blacks and Whites was robust to adjustment for 

calendar period and birth cohort effects; (Black vs. White female: p=0.0025; Black vs. 

White male: p=0.0042).   

Conclusions:  Race is an age-specific effect modifier for CML consistent with etiologic 

heterogeneity for early- and late-onset CML.  Stratification by age and race should be 

considered in future analytical studies.   
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Introduction 

CML is a myeloproliferative disease that comprises approximately 15-20% of all 

leukemias.  The median age at diagnosis of CML occurs almost a decade earlier in 

Blacks (56 years) compared to Whites (66 years) in the US. 2  Recently, a frequency 

based analysis showed that the median age at diagnosis of CML occurred almost 2 

decades earlier in developing countries. 71  Notwithstanding, these age-specific clues, no 

biologic, geographic or ethnic variation has been shown to predispose individuals to 

CML with the exception of an increased incidence among survivors of the atomic 

bombings of Hiroshima and Nagasaki.  18  

 

The observation of an earlier age at diagnosis in developing countries in tandem with the 

presence of a decade younger age at diagnosis among Blacks compared to Whites in 

the US prompted us to design a study to assess age-specific patterns by race and 

gender in the US.  As age is one of the greatest risk factors for a majority of cancers, we 

aimed to study the interaction of age and race in patients with CML using US population-

based data adjusted by the underlying population structure.  Standard descriptive 

analyses served as the foundation for the assessment of age-specific effects 

complemented by APC models that simultaneously adjust for calendar period and birth 

cohort effects. 19   

 

Materials and Methods 

Incidence and case data from the NCI’s SEER 9 (1977-1991), SEER 13 (1992-1999) 

and 18 Registries (2000-2011) were combined (November 2013 submission) for 
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diagnoses between 1977 and 2011. 94-96   Approximately 28% of the US population is 

covered by the SEER 18 registries.  CML was defined according to the International 

Classification of Diseases for Oncology 3rd edition (ICD-O-3) of the World Health 

Organization. 97  Between 1977 and 2011, there were 18,817 Black or White cases of 

CML defined as either Ph+ CML (ICD-O-3: 9875) or CML-NOS (ICD-O-3: 9863).  We 

excluded 102 Black or White cases with Philadelphia Chromosome (Ph) negative CML 

(ICD-O-3: 9876) and 4,832 Black or White cases of chronic myelomonocytic leukemia 

(CMML; ICD-O-3: 9945).  Due to the heterogeneous grouping of the 1,670 Other races, 

we restricted our analysis to the either Black or White CML cases.     

 

Statistical Methods 

Descriptive statistics were generated by race and gender with comparisons primarily 

made by race stratified by gender due to the excess risk of CML in males. 2  A 

secondary analysis was conducted using the SEER derived percent persons below 

poverty in 2000. 94-96  Age distributions were graphed using kernel density estimation to 

produce smoothed histograms. 81  A Gaussian kernel was used to estimate the 

underlying probability density function of CML conditioned on age at diagnosis. 98 Age-

adjusted incidence rates were calculated using the 2000 US standard population and 

expressed per 100,000 person-years. 99  Incidence rate ratios (IRR) were used 

estimated along with 95% confidence intervals using log-linked Poisson regression with 

statistical significance determined using a Wald chi-square test100,101  Referent groups 

were assigned a value of 1.0.  Changes in magnitude of the IRR would imply a 

quantitative age interaction while changes in both magnitude and direction of the IRR by 
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age would be indicative of a qualitative interaction. 102  Cross-sectional age-specific rate 

curves along with 95% confidence intervals were calculated.   

 

Age-period-cohort (APC) models were used to model the incidence of CML 

simultaneously adjusting for the age at diagnosis, calendar-period at diagnosis (year of 

diagnosis), and birth-cohort effects (birth year). 19,21,64,68,103,104  Five-year period and age 

groupings were chosen based on the minimum age and period categorizations resulting 

in age, period and cohort cells without any missing cases.  As a result, cases were 

grouped in seventeen 5-year age groups (ages 0-4 , … , 80-84 years), seven 5-year 

period of diagnoses (1977-1981, … , 2007-2011) spanning twenty-three partially 

overlapping 5-year birth cohorts (1895, … , 2010; referred by mid-year of birth).  The 

logarithm of the expected incidence rates for age group j and calendar-period i, is 

denoted by ijρ  where age and period intervals are equally spaced. 64  APC models 

assume that population-based rates have log-linear relationships and a Poisson 

distribution for age ( iα ), calendar-period ( jπ ) and birth-cohort ( kγ ) resulting in an 

expression of the age-period-cohort analysis as kjiij γπαρ ++= . 19  The collinearty of 

the APC variables leads to the “nonidentifiability” problem where it is impossible to 

separate the effects of age, calendar-period or birth-cohort because year of birth = year 

of diagnosis – age at diagnosis.  The age-specific incidence rate curve estimated after 

adjusting for calendar-period and birth-cohort deviations is known as the “fitted” age-at-

onset curve; and approximates the age-specific incidence natural history without the 

period and/or cohort factors. 64   Analyses were conducted using the SAS system 

version 9.3 (Cary, NC) and Matlab R2011a (Natick, MA).   
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Results 

Between 1977 and 2011, 10,579 males (1,166 Blacks and 9,413 Whites) and 8,238 

females (958 Blacks and 7,280 Whites) were diagnosed with CML with a slight excess 

among males (56.2%; Table SEER1).  Black males were diagnosed approximately 9 

years younger than White males (median 52.0 vs 61.0 years; p<0.0001).  A younger 

median age at diagnosis was also seen among Black females as compared to White 

females (56.0 vs. 65.0 years; p<0.0001).  The markedly different age distribution by race 

can be seen graphically using kernel density estimation among males and females 

(Figure SEER1).  An apparent bimodal distribution was observed among Black males 

(two separate peaks at 40-44 and 55-59 years at diagnosis; Figure SEER1A).  This is 

sharply contrasted with the White male distribution where an earlier peak occurred 

around the 35-39 age-group followed by a second more pronounced peak in the 70-74 

age-group.  A bimodal distribution was not observed among Black females where a 

plateau in density occurred between the ages of 40 and 60 with a peak in the 50-54 age-

group.  Distribution of age at diagnosis among White females showed an early peak 

around the 45-49 age-group followed by a more pronounced peak around the 75-79 

age-group declining sharply thereafter (Figure SEER1B).   

 

 

The age-adjusted incidence rate of CML was non-significantly higher among Black 

males as compared to White males (1.74 vs 1.66 per 100,000) corresponding to an 

IRRB/W of 1.05 (95% CI, 0.98-1.12; p=0.1581) (Table SEER1).  Black females also had a 

non-significant higher age-adjusted incidence rate (1.13 vs 1.06 per 100,000) with an 
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estimated IRRB/W of 1.07 (95% CI, 0.99-1.14; p=0.0642.  Age-specific incidence rates 

revealed an interaction by race and age (Table SEER1).  No differences exist in the age-

specific rates between Black and White males in the less than 30 age-groups.  However, 

Black males had significantly higher age-specific incidence rates between the ages of 30 

and 60 while an excess incidence was observed among White males in the 80+ year 

age-group.  A similar observation was made among females; no significant differences in 

age-specific incidence rates were observed in the less than 30 age-groups while Black 

females had an excess age-specific incidence rate in all age-groups except the over 

than 70 age-groups.  Age-specific rates peaked in all race/sex categories in the 80+ 

age-group (Table SEER1).  When considering the percent of persons living below 

poverty, the age-adjusted incidence was significantly higher in Black males as compared 

to White males living in counties with more than 10% of persons living under poverty 

(1.77 vs 1.62 per 100,000; p=0.0420) and was not significantly increased among Black 

females (1.15 vs 1.06 per 100,000; p=0.0787).   

 

When grouped in 5-year age-groups, the cross-sectional age curve, unadjusted for 

period or cohort effects, graphically show that Black males generally have higher 

although non-significant age-specific rates through all age-groups (p=0.6768; Figure 

SEER2A).  Black females have generally overlapping age-specific rates when shown 

using a cross-sectional age curve (p=0.0595; Figure SEER2B).  Given the differences 

observed in both age-adjusted and age-specific rates by race and gender, we 

constructed APC models to further assess the age-specific interaction after controlling 

for possible confounding factors of period of diagnosis and birth cohort.  The APC “fitted” 

age-at-onset curve, adjusted for period and cohort effects, showed a marked difference 
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by race for males and females (Figures SEER3A and 3B).  Specifically, the “fitted” age-

at-onset curve for males was significantly higher in younger Black age groups as 

compared to Whites (Wald Test for parallel age-at-onset curve p=0.0042).  Crossing of 

the male fitted rates was evident among patients diagnosed after 60 years of age with 

White males exhibiting significantly higher rates in the 75-84 age-groups (Figure 

SEER3A).  Similar trends were observed among females with Blacks having higher rates 

in the younger age groups along with crossing incidence rate in the older age groups 

(Wald Test for parallel age-at-onset curve p=0.0025).   

 

Discussion  

Through this analysis, we observed that age-specific patterns of CML varied by race.  In 

other words, race is considered an effect modifier and may serve as a surrogate for 

some other biological interaction.  We postulate that differences in early- and late-onset 

CML by race may help to reveal factors that predispose individuals to CML at an earlier 

age.  Results of the APC models provide a more refined estimate as compared to 

unadjusted analyses.21  Adjusting for period and cohort effects revealed that Blacks have 

higher incidence of CML among earlier age groups while Whites have higher incidence 

among the older age groups. The age-interaction was robust to gender.  Importance of 

the interaction between race and age may be an indicator of the potential for a 

differential exposure and etiological factors that are currently unknown.   

 

Ecological analyses help to unveil trends in incidence that may be related to known or 

suspected environmental exposures.  We hypothesized that the earlier age-at-onset of 
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CML among Blacks would translate into significant differences in incidence rates using 

conventional descriptive statistics.  However, longitudinal studies can be impacted by 

differential patterns confounded by period of diagnosis and birth cohort.  Therefore, we 

then asked if the difference between races persisted after adjusting for period and birth 

cohort effects using APC models. 105  Parameters from APC models have been shown to 

be estimable and have close connections to standard descriptive analyses. 21  By 

adjusting for period and cohort effects, APC models are considered more precise. 21  

APC models are possible with registry data due to the sufficient registration period that 

allows the presentation of long-term secular trends associated with age, period and 

cohort.  21  APC models have been used in several other cancers to reveal trends in age 

patterns by race/ethnicity and/or histopathologic type. 64,67,68,70,106    

 

The novel fitted age-at-onset curve, which provides a longitudinal age-specific rate curve 

adjusted for both calendar-period and birth-cohort effects, confirmed the statistically 

significant interaction by race with the incidence rate cross-over.  Interestingly, Groves et 

al first noted the crossing incidence by race in 1995;  Black males exhibited a higher 

incidence rate between the ages of 20 and 60 compared to the other racial/ethnic groups 

while White males had higher rates in the over 70 age-group. 32  Previous reports of 

CML incidence in the US have shown mixed results regarding the presence or absence 

of a race effect on the incidence of CML. 2,31,32,107  Consistent with our series, Xie et al 

showed that the incidence of CML decreased significantly in the US between 1973 and 

1998; however no race or gender-specific trends were noted.31  An analysis of the North 

American Association of Central Cancer Registries data (1997-2002) did not observe a 

difference by race among the 11,771 CML cases except a lower incidence rate among 
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Asian-Pacific Islanders. 107  However, visual inspection of the average annual incidence 

of Yamamoto et al revealed a divergent trend in incidence between Blacks and Whites in 

the 70+ age groups. 107  A recent analysis of CML birth cohort patterns for males and 

females showed a decrease in incidence of approximately 1% per year with stable birth 

cohort patterns since 1946 but did not include race as a factor. 108  Differences between 

these series can be attributed to timing of case ascertainment, disease classification and 

methodology.  Our current series is the largest report thus far of population-based CML 

incidence data.  As such, the increase in sample size, may have contributed to the ability 

to distinguish smaller differences.   

 

  A majority of the cases in our cohort were classified as CML-NOS (87.3%) with the 

remaining being Ph+/BCR-ABL+.  Misclassification within the CML-NOS category could 

be present since the Ph/BCR-ABL status was unknown at the time of diagnosis.  

However, the impact of misclassification may be limited since it is understood that only 

approximately 10% of the CML patients will be Ph-. 109  In addition, CMML and juvenile 

CMML were excluded since they are considered completely separate disease entities.  

To that end, in an effort to decrease the case heterogeneity, we only included patients in 

the Ph/BCR-ABL+ and NOS categories which differed from previous series.  31,32  

Documentation of Ph/BCR-ABL+ in SEER has slowly increased from 2% of cases from 

our series in 2000 compared to 47% in 2011.  Therefore, future reports of CML 

incidence will be able to fully ascertain the impact of misclassification.   

 

Our analysis is based on the collation of population-based registry data between 1977 

and 2011.  Differential coverage due to oversampling of minority populations may impact 
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the results by overestimating/underestimating the effects. 96   That being said, the SEER 

program is considered the gold-standard among cancer registries and is well suited to 

study temporal trends in cancer incidence by age, gender and race due to the adequate 

representation among the participating registries.  However, SEER is limited by not 

including individual-level risk factor assessments.  Starting in 1992, SEER included the 

ethnicity data element where patients were further classified as either non-Spanish-

Hispanic-Latino or Spanish-Hispanic-Latino origin.  A sensitivity analysis of ethnicity did 

not yield statistically significant differences (data not shown).   

 

Some considerations for this disparity in age at diagnosis and incidence may include 

misclassification of race and ethnicity on medical records, difference in exposure to 

underlying risk factors, access to care and differential diagnosis and treatment.  Our 

working assumption is that a younger age at diagnosis may be due to the effect of 

biological, environmental and/or socioeconomic factors.  Factors related to the 

heterogeneity in age at diagnosis and incidence of CML should be considered in follow-

on studies to assess more conclusive evidence of factors that predispose individuals to 

CML.   

 

In conclusion, Black males and females are diagnosed with CML at an earlier age as 

compared to Whites.  An effect modification (or interaction) by race and age is consistent 

with etiologic heterogeneity for early- and late-onset CML.  Therefore, stratification of 

age and race should be considered in future analytic studies designed to explore the 

earlier age at diagnosis and increased incidence among Blacks.   
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Tables and Figures 

 

Table SEER1. Descriptive Statistics of CML by Race and Gender from the National 
Cancer Institute’s SEER 9, 13 and 18 Registries (1977 through 2011).   
+Data for rates are expressed as the number of patients per 100,000 person-years 
adjusted to the US standard population for the year 2000.  IRRBW=Incidence Rate Ratio 
comparing Blacks to Whites, CI=95% Confidence Interval, IQR=Interquartile range. 
 
Figure SEER1: Distribution in Age at Diagnosis of CML by Race and Gender from 
the National Cancer Institute’s SEER 9, 13 and 18 Registries (1977 through 2011).   
Kernel density estimation (smoothed histogram) of the age at diagnosis by race and 
gender show markedly different distributions by race for males (Figure 1A) and females 
(Figure 1B).  Shaded regions correspond to bootstrapped 95% confidence intervals.  
The p-value based on the Kolmogorov-Smirnov test comparing Black vs White for males 
and females was <0.0001.   
 
Figure SEER2. Cross-Sectional Age Curve of CML by Race and Gender from the 
National Cancer Institute’s SEER 9, 13 and 18 Registries (1977 through 2011).  
Cross-sectional age curves are plotted  by race for males (Figure 2A) and females 
(Figure 2B).  Wald Test for parallel age-at-onset curve for males was p=0.6768 and 
females was p=0.0595.  Shaded regions indicate point wise 95% confidence intervals.   
 
Figure SEER3. Fitted Longitudinal Age Curve of CML by Race and Gender from 
the National Cancer Institute’s SEER 9, 13 and 18 Registries (1977 through 2011).  
Fitted longitudinal age at diagnosis curves are plotted by race for males (Figure 3A) and 
females (Figure 2B).  Wald Test for parallel age-at-onset curve for males was p=0.0042 
and females was p=0.0025.  Shaded regions indicate point wise 95% confidence 
intervals.   
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Table SEER1: Descriptive statistics of CML by Race and Gender from the National Cancer Institute’s SEER 9, 13 
and 18 Registries (1977 through 2011).   

 Male Female 

 Black White IRRBW (95% CI) Black White IRRBW (95% CI) 

# of Cases (%) 1,166 9,413  958 7,280  

Mean Age (95% CI) 51.81 (50.77-52.85) 59.13 (58.75-59.51)  54.80 (53.57-56.03) 62.31 (61.86-62.76)  

Median Age (IQR) 52.00 (39.00-66.00) 61.00 (46.00-74.00)‡  56.00 (41.00-69.00) 65.00 (49.00-78.00)‡  

Age-Adjusted 
Incidence Rate per 
100,000 (95% CI)+ 

1.74 (1.64-1.85) 1.66 (1.63-1.70) 1.05 (0.98-1.12) 1.13 (1.06-1.20) 1.06 (1.04-1.09) 1.07 (0.99-1.14) 

Age (years) Rate (95% CI) Rate (95% CI) IRR B/W (95% CI) Rate (95% CI) Rate (95% CI) IRR B/W (95% CI) 

0-9.99 0.07 (0.03-0.11) 0.06 (0.04-0.08) 1.12 (0.57-2.19) 0.07 (0.03-0.11) 0.04 (0.03-0.06) 1.61 (0.74-3.54) 

10.00-19.99 0.19 (0.13-0.26) 0.16 (0.14-0.19) 1.20 (0.80-1.79) 0.14 (0.08-0.20) 0.16 (0.13-0.19) 0.86 (0.57-1.31) 

20.00-29.99 0.61 (0.49-0.74) 0.55 (0.50-0.59) 1.12 (0.89-1.42) 0.40 (0.30-0.50) 0.32 (0.28-0.35) 1.25 (0.93-1.68) 

30.00-39.99 1.26 (1.07-1.45) 0.96 (0.90-1.02) 1.31 (1.10-1.57)* 0.76 (0.62-0.90) 0.58 (0.53-0.63) 1.30 (1.05-1.62)* 

40.00-49.99 1.81 (1.57-2.05) 1.34 (1.26-1.41) 1.35 (1.15-1.59)* 1.17 (0.99-1.35) 1.02 (0.95-1.08) 1.15 (0.96-1.37) 

50.00-59.99 2.56 (2.22-2.90) 2.12 (2.01-2.23) 1.21 (1.04-1.41)* 1.83 (1.56-2.09) 1.46 (1.37-1.55) 1.25 (1.06-1.48)* 

60.00-69.99 3.98 (3.43-4.54) 3.71 (3.53-3.88) 1.07 (0.92-1.25) 2.78 (2.36-3.19) 2.30 (2.17-2.43) 1.21 (1.02-1.43)* 

70.00-79.99 5.70 (4.78-6.63) 6.51 (6.22-6.80) 0.88 (0.75-1.03) 3.24 (2.67-3.81) 3.81 (3.61-4.00) 0.85 (0.72-1.01) 

80+ 7.39 (5.71-9.07) 9.39 (8.89-9.89) 0.79 (0.64-0.97)* 4.75 (3.83-5.67) 5.78 (5.50-6.07) 0.82 (0.68-0.99)* 

Poverty       

<5% 1.37 (1.05-1.69) 1.69 (1.61-1.76) 0.81 (0.66-1.01) 1.14 (0.89-1.38) 1.11 (1.06-1.16) 1.03 (0.82-1.28) 

5-9.99% 1.82 (1.61-2.03) 1.69 (1.64-1.74) 1.07 (0.95-1.21) 1.09 (0.96-1.22) 1.04 (1.00-1.08) 1.05 (0.92-1.19) 

>10% 1.77 (1.63-1.91) 1.62 (1.56-1.67) 1.09 (1.00-1.20)* 1.15 (1.05-1.24) 1.06 (1.02-1.10) 1.08 (0.99-1.19) 
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Figure SEER1: Distribution in Age at Diagnosis of CML by Race and Gender from the National Cancer Institute’s 
SEER 9, 13 and 18 Registries (1977 through 2011).   

A. Black vs. White Male       B. Black vs. White Female 
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Figure SEER2: Cross-Sectional Age Curve by Race for CML among the National Cancer Institute’s SEER 9, 13 
and 18 Registries (1977 through 2011).   

  



64 

 

 
Figure SEER3: Longitudinal Age Curve by Race and Gender for CML among the National Cancer Institute’s SEER 
9, 13 and 18 Registries (1977 through 2011).   
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Brief Description: International epidemiology of chronic myeloid leukemia (CML) is 
limited.  Data from the International Agency for Research on Cancer confirms that 
differences exist in both age at diagnosis and incidence by geographical regions.  
Furthermore, age-specific interactions exist by region.  Age at diagnosis was positively 
associated with Age Standardized Incidence Rate (ASR) and Gross National Income 
(GNI).  Geography and income heterogeneity suggest that a potential environmental 
factor predisposes individuals to CML which warrants further studies.     
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Abbreviations Used 

 

Abbreviation Definition 
ASR Age Standardized Rate 
BCR-ABL Oncogenic BCR-ABL Gene Fusion 
CI Confidence Interval 
CI5 Cancer Incidence in Five Continents 
CML Chronic Myeloid Leukemia 
CMML Chronic Myelomonocytic Leukemia 
GNI Gross National Income 
IARC International Agency for Research on Cancer 
ICD-O-10 International Classification of Diseases for Oncology 10th 

Edition 
IQR Interquartile Range 
NCI National Cancer Institute 
NOS Not Otherwise Specified 
Ph Philadelphia Chromosome 
SEER Surveillance, Epidemiology and End Results 
USA United States of America 
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Abstract 

Developing countries have a younger population of CML patients than developed 

countries.  Patterns of age at diagnosis and incidence by geography and Gross National 

Income (GNI) are not well understood.  As a result, we conducted a population-based 

descriptive study using data from the International Agency for Research on Cancer’s 

Cancer Incidence in Five Continents (1998-2002).  Geographical regions were classified 

according to the United Nations World Macro Regions and Components.  Distribution in 

age at diagnosis was described using kernel density estimation.  Age-standardized 

incidence rates (ASR) were adjusted to the World Standard population.  Poisson 

regression was used to assess age-specific interactions.  Overall, there were 33,690 

diagnoses; 57.2% were male. Median age at diagnosis was lowest in Africa and Asia (47 

years) and highest in Oceania (72 years).  ASR was lowest in African males (0.61 per 

100,000; 95% CI, 0.47-0.76) and in Asian females (0.55 per 100,000; 95% CI, 0.52-0.57) 

and highest in Oceania among both males and females (1.78 per 100,000; 95% CI, 

1.68-1.87 and 0.96 per 100,000; 95% CI, 0.89-1.03, respectively).  A significant 

interaction (p<0.0001) between age (<50 years and >50 years) and region exists; no 

significant differences were seen in age-specific incidence of CML in the <50 age group 

while significant differences by region exist in the >50 age group.  ASR and GNI were 

correlated with median age at diagnosis.  Population based estimates suggest that the 

median age at diagnosis and incidence varies by region.  Geographic and income 

heterogeneity suggest an important effect of environment that warrants further studies.     
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Introduction 

CML is a myeloproliferative disease associated with the Philadelphia (Ph) chromosome 

abnormality resulting from the translocation of chromosomes 9 and 22. 110 The 

worldwide incidence ranges from less than 1.0 to more than 2.0 per 100,000. 4,111  In 

spite of the ranges in published incidence, no biologic, geographic or ethnic variation has 

been shown to predispose individuals to CML.  The one documented exception is an 

increased incidence of leukemia including CML among survivors of the atomic bombings 

of Hiroshima and Nagasaki. 18 Recently, a frequency based analysis suggested that the 

median age at diagnosis of CML occurred almost 2 decades earlier in developing 

countries. 71,112   

 

As age is one of the greatest risk factors for a majority of cancers, we aimed to study the 

relationship between geography and income on age at diagnosis and incidence.  Our 

study utilized international cancer registry data published as part of the International 

Agency for Research on Cancer (IARC) publication titled Cancer Incidence in Five 

Continents (CI5) to assess for trends by geography and income on age at diagnosis and 

incidence. 4   

 

Materials and Methods 

Incidence data from 196 registries of CI5, Version IX were downloaded from IARC.4   

Version IX included diagnoses made between 1998 and 2002.   CML was defined 

according to the International Classification of Diseases for Oncology 10th edition (ICD-

O-10) of the World Health Organization (C92.1, C93.1, C94.1).  Multiple registries within 

a country were combined resulting in 60 countries.  Countries were further grouped into 

macro regions and components according to the United Nations World Macro Region 
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and Components.78  The World Bank estimate of gross national income (GNI) per capita 

was utilized to make comparisons by 4 World Bank GNI analytical groupings:  low 

income (GNI of $1,025 or less), lower middle income (GNI between $1,026 and $4,035), 

upper middle income (GNI between $4,036 and $12,475) or high income (GNI of 

$12,476 or more).113  GNI is calculated for each country using the World Bank Atlas 

method and converted to U.S. dollars divided by the midyear population for the year 

2000. 113   

 

Statistical Methods 

Descriptive statistics were provided for macro geographical regions (continental), 

geographical sub-regions and GNI income groups.  Statistics were stratified by gender 

due to the excess incidence of CML in males. 2  Median and interquartile range (IQR) 

were calculated for age at diagnosis.  Age distributions were graphed using kernel 

density estimation to produce smoothed histograms. 81  A Gaussian kernel was used to 

estimate the underlying probability density function of CML conditioned on age at 

diagnosis. 98 Bandwidth selection utilized the plug-in formula of Sheather and Jones.82 

Age-adjusted incidence rates were calculated using the World standard population and 

expressed per 100,000 person-years with 95% confidence intervals (CI) estimated.99  

Incidence of CML was further stratified by age; less than 50 years vs greater than or 

equal to 50 years because of the previously described early onset CML.71  Poisson 

regression was used to test for age-specific interactions and regional differences.  

Adjustment for multiple comparisons in the Poisson regression models utilized the 

approach of Tukey-Kramer.  Spearman correlation coefficients were used to estimate 

the correlation between age at diagnosis, ASR and GNI.  Analyses were conducted 

using the SAS system version 9.3 (Cary, NC). 
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Results 

Between 1998 and 2002, 19,262 males and 14,428 females were diagnosed with CML 

from 196 distinct registries (Table IARC1).  When grouped into regions, Africa and Asia 

had the youngest median age at diagnosis for males (47 years for both) and females (42 

and 47 years, respectively) while Oceania had the highest median age at diagnosis (72 

years for both males and females) (Table IARC1).  Within Asia, the median age at 

diagnosis for males ranged from 47 years to 52 years, within Europe median age at 

diagnosis ranged from 62 years to 67 years for males while Black males were diagnosed 

with CML more than a decade earlier than White males in the USA (54.5 years vs 67.0 

years).  Australia had the highest median age at diagnosis (72 years) for both males and 

females.     

 

The markedly different age distribution by region can be seen graphically using kernel 

density estimation.  A shift towards an earlier age at diagnosis in South/Central America, 

Asia and Africa is readily apparent (Figures IARC1A and B).  Distribution of cases from 

Europe, North America and Oceania were consistently shifted to the right confirming that 

diagnoses among those registries are occurring at older ages.  The distribution of 

diagnoses in South/Central America and Asia had a wide plateau between age 30 and 

75 with minor peaks occurring between 30 and 40 years and 65 and 75 years.   

Patterns of CML did not vary within Europe (Supplementary Figures IARC1C and 2C) or 

Oceania (Supplementary Figures IARC1E and 2E).  Diagnoses in Canadians and in 

Whites in the SEER registries had similar distributions while Blacks from SEER exhibited 

a younger age at diagnosis.    Distribution of CML within Asia varied greatly where a 

majority of CML cases for both males and females occurred in South Asia by age 50 
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while Western Asia had a higher density in the older age-groups (Supplementary 

Figures IARC1B and 2B).   

 

Age-standardized incidence varied by sex and region as shown in Table IARC1.  

Incidence rates were lowest among Asian females (0.55 per 100,000, 95% CI, 0.52-

0.57).  Incidence was highest among the Oceanic countries for both males and females 

(1.78 per 100,000; 95% CI, 1.68-1.87 and 0.96 per 100,000; 95% CI, 0.89-1.03, 

respectively).  

 

Incidence of CML varied within Asia with South Asian males exhibiting the highest 

incidence of CML (0.95 per 100,000, 95% CI, 0.88-1.02) (Table IARC1).  Interestingly, 

incidence of CML did not vary within Europe or within North America.  Australia had the 

highest rates of CML for both males and females (Table IARC1).  Incidence of CML was 

lower in Central America as compared to South America (Table IARC1).   

 

We then investigated if the incidence of early onset CML (defined as less than 50 years) 

differed by region.  A significant age-specific interaction existed by region (p<0.0001) 

where differences by region were more marked in the late onset CML as shown in 

Figure IARC2.  As an example in males, the incidence of early onset CML ranged from  

0.33 per 100,000 (95% CI, 0.23-0.42) in Africa to 0.59 per 100,000 (95% CI, 0.52-0.67) 

in South/Central America while the incidence of late onset CML ranged from 1.77 per 

100,000 (95% CI, 6.31-7.09) in Africa  to 6.70 per 100,000 (95% CI, 6.31-7.09) in 

Oceania.    Age-specific interactions by macro region were also observed as shown in 

Figures IARC3A and 3B (p<0.0001 for both males and females).  For example, within 

Asia, South Asia had the highest incidence before age 50 while Western Asia had the 
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highest incidence in the over 50 age-group.  South American registries exhibited the 

highest incidence of early onset CML while Australian registries exhibited the highest 

incidence of late onset CML (Figures IARC3A and 3B).   

 

Median age at diagnosis increased as the GNI increased (Table IARC1).  Among males, 

the median age at diagnosis in the lower middle income group was 42 years (IQR 27-57 

years) increasing to 67 years (IQR 47-77 years) in the high income group.  Females 

followed a similar trend with respect to age at diagnosis.  Among males, ASR increased 

as GNI increased with the high income countries having an ASR of 1.15 per 100,000 

(95% CI, 1.13-1.17).  The variation in incidence and income categorization was not seen 

among females.    Registries from lower-middle income countries had a higher incidence 

of early onset CML while high income countries had a higher incidence of late onset 

CML (Figure IARC4).   

 

The question then becomes, what is the relationship between age at diagnosis and 

incidence since the population age structures differed.  A higher age-standardized 

incidence rate among males was associated with a higher mean age at diagnosis 

(Spearman correlation coefficient=0.5311, p<0.0001) although there was no relationship 

among females (Spearman correlation coefficient=0.1920, p=0.1349; Figures IARC5A 

and 5B).  Furthermore, a higher GNI was associated with a higher mean age at 

diagnosis for males (Spearman correlation coefficient=0.4488, p=0.0008) and females 

(Spearman correlation coefficient=0.5093, p=0.0001) (Figures IARC5C and 5D).  

However, the relationship between age-standardized incidence rate and GNI was not 

statistically significant for males (p=0.21) or females (p=0.89) (Data not shown).   
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Discussion  

Population-based data assessing geographic and income variations in the incidence of 

CML are limited but warranted given relatively wide ranges in incidence and difference in 

age at diagnosis previously observed. 4,110,111  Through this analysis, we observed that 

age at diagnosis and incidence of CML varied by region and within region.  For males, 

age at diagnosis and incidence increased as the GNI categorization increased.  

Furthermore, high rates of early-onset CML did not correlate with high rates of late-onset 

CML and resulted in an age-specific interaction.  These findings are consistent with the 

younger age at diagnosis among patients in developing countries who were treated with 

Imatinib for CML as part of the Glivec International Patient Access Program (GIPAP). 

71,112    Interaction between geography and age may be an indicator for an exposure 

and/or etiological factors that are currently unknown.  The finding of regional differences 

in age at diagnosis and incidence demonstrates that there exists a possible 

environmental factor that may be impacting the pattern of CML.  In the past, agriculture 

and occupational exposures have been considered as potential etiological factors but a 

strong association has yet to be established. 72-75 A genetic component that is triggered 

from an environmental exposure is another hypothesis that should be further explored 

especially since CML is caused by the reciprocal translocation of chromosome 9 and 22. 

3      

 

There is a paucity of data on the epidemiology of CML in developing countries.  Our 

observation of a younger age at diagnosis is consistent with other observations from 

Asia with median age at diagnosis ranging from 31 years to 49 years. 10,11,15,34-38,71,74    A 

separate analysis concluded that the incidence of CML among select Asian countries 

was lower as compared to Western countries and tended to affect a younger population. 
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41  The epidemiology of CML in South and Central America is also limited but suggest 

that CML is diagnosed at an earlier age; consistent with data from CI5. 12,13  

 

The excess risk of CML in Australia warrants further discussion.  It was previously noted 

that the incidence of CML is higher in South Australia as compared to International 

estimates. 114  Incidence of CML (ICD10 C92.1) estimated by the Australian Institute of 

Health and Welfare in 2000 was 1.2 per 100,000 for males and 0.7 per 100,000 for 

females. 115  However, this is lower than what we observed in CI5 (males: 1.8 per 

100,000 and females 0.97 per 100,000).  Differences between the analyses can be 

directly related to the different coding of CML; IARC did not differentiate between 

Ph+/BCR-ABL+ CML from Ph-/BCR-ABL- CML, chronic myelomoncytic leukemia 

(CMML) or sub-acute myeloid leukemia.111  The finding of a higher incidence of CML 

within Australia is consistent with the observation made by Jemal et al that Australia had 

the highest age-standardized incidence for all cancers. 116  Regional and gender-specific 

differences within Australia warrant further research.     

 

Our analysis is based on the collation of population-based registry data collected 

between 1998 and 2002.  IARC has built in mechanisms to review and provide the 

highest quality data possible.  However, IARC does caution about comparing trends 

among registries that have varying levels of resources dedicated to cancer registration. 4  

That being said, CI5 is considered to provide the best estimate of global trends in cancer 

incidence and thus is well suited to study trends in age at diagnosis and incidence.  An 

important limitation of the CI5 data is the lack of individual-level risk factor assessments.  

Furthermore, only a limited number of registries have specifically categorized data by 

ethnicity thereby limiting our ability to generalize to specific ethnic groups.  Future 
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analyses should consider including ethnicity as we have previously shown that race is an 

effect modifier in the USA. 

 

Gender differences in age at diagnosis and incidence need to be better understood.  It is 

the current paradigm that that the incidence of CML among males is higher than among 

females but we observed varying rates of CML by males and females.  110  For example, 

GNI categorization was consistently associated with both age at diagnosis and incidence 

for males but only related to age at diagnosis for females.  The interrelationships 

between GNI, age at diagnosis and incidence should be further explored.  This has 

important implications in elucidating exposure mechanisms and may point to a possible 

environmental exposure that may be related to an occupational exposure.   

 

In conclusion, variation in age at diagnosis and incidence occurs within regions and 

between regions as well as by GNI.  Geographical variation may be a surrogate for a 

possible exposure mechanism such as pesticides which may be tied into GNI as a 

surrogate for socioeconomic status.       
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Tables and Figures 
 
Table IARC1: Descriptive Statistics of CML Diagnosis from IARC Version IX (1998-
2002). Descriptive statistics by sex are shown by region and macro region.  Incidence 
rates are expressed as the number of patients per 100,000 person-years adjusted to the 
World standard population.  ASR=Age-Standardized Incidence, CI=95% Confidence 
Interval, IQR=Interquartile range, SEER=Surveillance, Epidemiology and End Results. 
 
Figure IARC1: Distribution in Age at Diagnosis of CML for Males and Females 
from IARC Version IX (1998-2002) by Region and Macro Region.  Kernel density 
estimation (smoothed histogram) of the age at diagnosis for Males (Figure 1A) and 
Females (Figure 1B).   
 
Figure IARC2. Age Adjusted Incidence Stratified by Age; less than 50 years vs 
greater than 50 years at Diagnosis by Region.  Displayed are the age-specific 
incidence rates for males (Figure 2A) and females (Figure 2B).  Bars represent the age-
specific rates including 95% confidence intervals as error bars.  P-values from the 
Poisson regression model for males are as follows: Age (<50 vs >50: p<0.0001, region: 
p<0.0001 and age*region interaction: p<0.0001.  P-values from the Poisson regression 
model for females are as follows: Age (<50 vs >50: p<0.0001, region: p<0.0001 and 
age*region interaction: p<0.0001.   
 
Figure IARC3. Age Adjusted Incidence Stratified by Age; less than 50 years vs 
greater than 50 years at Diagnosis by Macro Region.  Displayed are the age-specific 
incidence rates for males (Figure 3A) and females (Figure 5B) sorted by ascending age-
specific incidence >50 years.  Bars represent the age-specific rates including 95% 
confidence intervals as error bars.  P-values from the Poisson regression model for 
males are as follows: Age (<50 vs >50: p<0.0001, region: p<0.0001 and age*region 
interaction: p<0.0001.  P-values from the Poisson regression model for females are as 
follows: Age (<50 vs >50: p<0.0001, region: p<0.0001 and age*region interaction: 
p<0.0001.   
 
Figure IARC4. Age Adjusted Incidence Stratified by Age; less than 50 years vs 
greater than 50 years at Diagnosis by Income Classification.  Figure 4A displays the 
age-adjusted incidence for males diagnosed at <50 years of age. Figure 4B displays the 
age-adjusted incidence for males diagnosed at >50 years of age.  Figure 4C displays the 
age-adjusted incidence for males diagnosed at <50 years of age. Figure 4D displays the 
age-adjusted incidence for males diagnosed at >50 years of age. 
 
Figure IARC5: Correlation of Mean Age at Diagnosis, Gross National Index (GNI) 
and Age-Standardized Incidence Rate (ASR) from IARC Version IX (1998-2002) by 
Sex.  Mean age at diagnosis vs ASR is shown for males (Figure 5A) and females 
(Figure 5B).  Mean age at diagnosis vs GNIS is shown for males (Figure 5C) and 
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females (Figure 5D).  Dots represent each country while the estimated regression line is 
overlaid on the plot.   
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Table IARC1: Descriptive Statistics of CML Diagnosis from IARC Version IX 
(1998-2002) 

 # of 
Regist

ries 

Males Females 

Region N Median (IQR) ASR (95% CI) N Median (IQR) ASR (95% CI) 

Africa 5 91 47.0 (32.0-57.0) 0.61 (0.47-0.76) 100 42.0 (32.0-57.0) 0.69 (0.55-0.84) 

Asia 47 2856 47.0 (32.0-62.0) 0.86 (0.82-0.89) 1873 47.0 (37.0-67.0) 0.55 (0.52-0.57) 

Eastern Asia 21 1371 52.0 (37.0-67.0) 0.82 (0.77-0.86) 841 57.0 (37.0-72.0) 0.44 (0.41-0.47) 

South Asia 8 862 42.0 (27.0-57.0) 0.95 (0.88-1.02) 539 42.0 (27.0-52.0) 0.69 (0.63-0.75) 

Southeast Asia 9 281 47.0 (32.0-62.0) 0.81 (0.71-0.91) 227 47.0 (32.0-62.0) 0.61 (0.53-0.69) 

Western Asia 9 342 57.0 (42.0-72.0) 0.90 (0.80-0.99) 266 52.0 (37.0-67.0) 0.68 (0.60-0.76) 

Europe 100 8962 67.0 (52.0-77.0) 1.07 (1.05-1.09) 7169 67.0 (52.0-77.0) 0.68 (0.66-0.70) 

Eastern Europe 8 1354 62.0 (47.0-72.0) 1.01 (0.96-1.07) 1284 62.0 (52.0-72.0) 0.72 (0.68-0.77) 

Northern Europe 20 3708 67.0 (52.0-77.0) 1.07 (1.03-1.11) 2865 72.0 (57.0-82.0) 0.66 (0.63-0.69) 

Southern 
Europe 

39 1770 67.0 (52.0-77.0) 1.07 (1.02-1.12) 1335 67.0 (52.0-77.0) 0.67 (0.63-0.71) 

Western Europe 33 2130 67.0 (52.0-77.0) 1.09 (1.04-1.14) 1685 67.0 (52.0-77.0) 0.69 (0.65-0.73) 

North America 25 4899 67.0 (47.0-77.0) 1.30 (1.26-1.34) 3543 67.0 (52.0-82.0) 0.78 (0.75-0.81) 

Canada 11 2002 67.0 (47.0-77.0) 1.24 (1.18-1.29) 1356 67.0 (52.0-82.0) 0.71 (0.67-0.76) 

SEER14Black 14 264 54.5 (42.0-67.0) 1.36 (1.19-1.53) 196 57.0 (42.0-77.0) 0.76 (0.65-0.87) 

SEER14White 14 2633 67.0 (52.0-77.0) 1.34 (1.29-1.39) 1991 67.0 (52.0-82.0) 0.84 (0.80-0.88) 

Oceania 9 1492 72.0 (54.5-77.0) 1.78 (1.68-1.87) 969 72.0 (57.0-82.0) 0.96 (0.89-1.03) 

Australia 8 1293 72.0 (52.0-77.0) 1.83 (1.72-1.93) 818 72.0 (57.0-82.0) 0.97 (0.89-1.04) 

New Zealand 1 199 67.0 (57.0-77.0) 1.53 (1.31-1.75) 151 72.0 (52.0-82.0) 0.93 (0.77-1.09) 

South/Central 
America 

10 583 52.0 (37.0-67.0) 1.26 (1.16-1.37) 432 52.0 (37.0-67.0) 0.78 (0.70-0.85) 

Central America 1 77 62.0 (47.0-72.0) 0.98 (0.75-1.20) 40 47.0 (32.0-72.0) 0.45 (0.31-0.59) 

South America 9 506 47.0 (32.0-67.0) 1.32 (1.21-1.44) 392 52.0 (37.0-67.0) 0.84 (0.75-0.92) 

Gross National 
Income 

       

High 146 15885 67.0 (47.0-77.0) 1.15 (1.13-1.17) 11847 67.0 (52.0-77.0) 0.70 (0.69-0.71) 

Upper middle  27 1976 57.0 (39.5-67.0) 0.96 (0.92-1.00) 1539 57.0 (42.0-72.0) 0.65 (0.62-0.68) 

Lower middle 10 1005 42.0 (27.0-57.0) 0.95 (0.89-1.02) 687 42.0 (32.0-52.0) 0.71 (0.66-0.77) 

Low  2 17 37.0 (27.0-52.0) 0.26 (0.10-0.42) 13 52.0 (32.0-67.0) 0.42 (0.16-0.69)  
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Figure IARC1: Kernel Density Estimation of the Age at Diagnosis by Sex and 
Region 

 

A) Males 

D
en

si
ty

0.000

0.005

0.010

0.015

0.020

0.025

0.030

Age at Diagnosis
0 10 20 30 40 50 60 70 80 90 100

Africa (N=91) Asia (N=2856)
Europe (N=8962) N America (N=4899)
Oceania (N=1492) S/C America (N=583)

 

  

S/C America 

Africa 
Asia 

Europe 
N America 

Oceania 



80 

 

Figure IARC1: Kernel Density Estimation of the Age at Diagnosis by Sex and 
Region (continued) 

 

B) Females 

D
en

si
ty

0.000

0.005

0.010

0.015

0.020

0.025

0.030

Age at Diagnosis
0 10 20 30 40 50 60 70 80 90 100

Africa (N=100) Asia (N=1873)
Europe (N=7169) N America (N=3543)
Oceania (N=969) S/C America (N=432)

 

 

 

S/C America 

Africa 
Asia 

Europe 
N America 

Oceania 



81 

 

Figure IARC2: Age Adjusted Incidence Rate: Stratified by Age; less than 50 
years vs greater than 50 years at diagnosis 

A) Males by Region 
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 Figure IARC2: Age Adjusted Incidence Rate: Stratified by Age; less than 50 
years vs greater than 50 years at diagnosis (continued) 

B) Females by Region 
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Figure IARC3: Age Adjusted Incidence Stratified by Age; less than 50 years vs 
greater than 50 years at diagnosis by Macro Region 
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Figure IARC3: Age Adjusted Incidence Stratified by Age; less than 50 years vs 
greater than 50 years at diagnosis by Macro Region (continued) 

 

B) Females by Macro Region 
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Figure IARC4: Age Adjusted Incidence Stratified by Age; less than 50 years vs 
greater than 50 years at diagnosis for Males and Females by Income Group. 
Reference Group is Low Income 
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Figure IARC5: Correlation of Mean Age at Diagnosis and Age-Standardized 
Incidence Rate from IARC Version IX (1998-2002) by Sex 
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B) Age vs ASR: Females 
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C) Age vs GNI: Males 
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Supplementary Information 

Countries with CML cases included in this analysis by region.  Number of cases is 
included in parentheses: Africa: Algeria (12), Egypt (131), Tunisia (18), Uganda (3), 
Zimbabwe (27), Asia: Eastern Asia: China (676), Japan (767), Korea (769); South 
Asia: India (1346), Pakistan (55); Southeast Asia: Malaysia (106), Philippines (160), 
Singapore (125), Thailand (117); Western Asia: Bahrain (13), Cyprus (33), Israel (314), 
Kuwait (58), Oman (29), Turkey (161); Europe: Eastern Europe: Belarus (682), 
Bulgaria (581), Czech Republic (581), Poland (205), Russia (273), Slovak Republic 
(316); Northern Europe: Denmark (370), Estonia (87), Finland (277), Iceland (11), 
Ireland (169), Latvia (187), Lithuania (331), Norway (331), Sweden (594), UK (4216); 
Southern Europe: Croatia (296), Italy (1598), Malta (50), Portugal (278), Serbia (154), 
Slovenia (87), Spain (642); Western Europe: Austria (54), Belgium (463), France (718), 
Germany (1297), Switzerland (221), The Netherlands (1062); North America: Canada 
(3358), SEER14Black (460), SEER14White (4624); Oceania: Australia (2111), New 
Zealand (350), South/Central America: Central America: Costa Rica (117); South 
America: Argentina (13), Brazil (729), Chile (7), Colombia (80), Ecuador (57), Peru (12). 

 

Supplementary Figure IARC1: Distribution in Age at Diagnosis of CML for Males 
and Females from IARC Version IX (1998-2002) by Macro Region.  Kernel density 
estimation (smoothed histogram) of the age at diagnosis for Males by macro region 
(Supplementary Figures 1A-1F). 
 
Supplementary Figure IARC2: Distribution in Age at Diagnosis of CML for Females 
from IARC Version IX (1998-2002) by Macro Region.  Kernel density estimation 
(smoothed histogram) of the age at diagnosis for Females by macro region 
(Supplementary Figures 2A-2F).     
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Supplementary Figure IARC1: Kernel Density Estimation of the Age at Diagnosis 
for Males by Macro Region 
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Supplementary Figure IARC1: Kernel Density Estimation of the Age at 
Diagnosis for Males by Macro Region (continued) 
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Supplementary Figure IARC2: Kernel Density Estimation of the Age at Diagnosis 
for Females by Macro Region 
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Supplementary Figure IARC2: Kernel Density Estimation of the Age at 
Diagnosis for Females by Macro Region (continued) 
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CHAPTER 5: CONCLUSION     
This research aimed at addressing epidemiological questions surrounding the apparent 

heterogeneity in age at diagnosis of CML.  The goal of designing, conducting and 

analyzing three descriptive epidemiological studies was achieved.  The impact of the 

observations as a whole is greater than the sum of its parts.  Results from the very 

distinctive cohorts reveal that age, race and geography have an impact on the incidence 

and outcomes of patients with CML.  These finds are extremely important since no 

biologic, geographic or ethnic variation has been shown to predispose individuals to 

CML.  The one documented exception is an increased incidence of leukemia including 

CML among survivors of the atomic bombings of Hiroshima and Nagasaki.18  

 

Specific aim 1 of the dissertation provided the largest description of patients from low 

and middle income countries with CML.71  The GIPAP analysis showed that the age at 

diagnosis of CML among GIPAP patients occurs at an earlier age compared to the US 

(37.8 vs 64.0 years).1 Notably, only 4.7% of the patients in GIPAP were diagnosed after 

65 years of age and 9.4% of patients  diagnosed with CML were less than 20 years of 

age.  A subset aim of this project further described the pediatric CML cases from GIPAP 

due to the limited published reports of childhood CML.87,117 Reasons for these patterns 

are unknown but support the hypothesis that there exists a possible environmental factor 

that may be impacting the pattern of CML.  This hypothesis is supported by past 

literature where pervious series have suggested that  agriculture and occupational 

exposures have been considered as potential etiological factors but a strong association 

has yet to be established.72-75  
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Regional differences in OS were described with Southern/Eastern European patients 

having better outcomes than all other regions while patients from Latin America and 

Africa had worse outcomes.  Stage of disease was a strong predictor of outcome as was 

the length of time from diagnosis to first dose of Imatinib.  After adjusting for these 

factors in a multivariate analysis, we observed that patients diagnosed in the oldest age 

groupings (>65 years at diagnosis) had worse overall survival.   

 

Therapy compliance remains an issue especially in low and middle income countries 

especially due to challenges such as limited infrastructure, ability to return for quarterly 

assessments, patient apathy and political climate.  Differences in OS may be partly 

attributed to compliance as it has been shown to be correlated with response.88,89  

Delays in the administration of Imatinib have been shown to be significantly associated 

with poorer responses and decreased OS which our analysis confirms.8,14  Estimates of 

OS among the GIPAP cohort are encouraging with similarities between survival rates 

seen in the International Randomized Study of Interferon and STI57151; although a 

formal comparison was not undertaken.  The estimated 8-year OS of chronic stage CML 

patients diagnosed since 2001 in a single-institution historical perspective was 87% 

(accelerated stage: 75%, blast crisis: ~10%).91  Older patients had worse OS (p=0.004) 

but the differences between ages have converged since 2001 (p=0.07).  Relative 

survival during the post-Imatinib period in the Swedish population-based study showed 

an improvement in survival among all age groups with the >79 age-group having a 

poorer outcome.92  Unfortunately, we are limited in determination of long-term survival 

since we were only able to ascertain the survival status for a subset of patients thus 

limiting the ability to describe long term trends in OS.   
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The GIPAP study is not without several limitations.  Participants in GIPAP are from lower 

and middle income countries with an eligibility factor of being of low income as 

determined by income along with lack of insurance coverage and the inability to afford 

Imatinib.  This potentially creates generalizability issues since the results of the GIPAP 

cohort are limited to those with lower socioeconomic status among low and middle 

income countries participating in GIPAP.  Potential participants who could afford Imatinib 

were excluded from consideration.  Data do not currently exist regarding how many 

patients were not considered for GIPAP based on income status.  However, data do 

exist regarding the number of patients that were denied entry into the program.  Through 

the study period, only 1,060 patients representing 3.1% of the cohort were denied.  A 

97% acceptance rate is reassuring but lack of a denominator is a major factor in terms of 

interpreting results from this cohort.    Despite these limitations, we are encouraged that 

the population-based studies support the findings from GIPAP such as a younger age at 

diagnosis in lower and middle income countries.   

 

The GIPAP series confirms that an earlier age of diagnosis exists among patients 

treated with Imatinib through GIPAP in low and middle income countries.  Heterogeneity 

in age at diagnosis may be due to the effect of biological, environmental, or 

socioeconomic factors.  OS has been shown to differ by and within regions.  Younger 

age at diagnosis may be a signal that an unknown environmental process is 

predisposing patients in developing countries to CML.  Therefore, populations with an 

earlier age at diagnosis should be further studied to determine if a possible specific 

environmental mechanism can be elucidated.  However, before additional studies are 

conducted, we needed to analyze population-based estimates which were lacking in the 

GIPAP cohort.   
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This led us to specific aim 2 which utilized the SEER registries to assess for differences 

in race within the USA.  Through the SEER analysis, we observed that age-specific 

patterns of CML varied by race.  In other words, race is considered an effect modifier 

and may serve as a surrogate for some other biological interaction.  We postulate that 

differences in early- and late-onset CML by race may help to reveal factors that 

predispose individuals to CML at an earlier age.  Results of the APC models are 

consistent with the unadjusted analyses and confirm that Blacks have higher incidence 

of CML among earlier age groups while Whites have higher incidence among the older 

age groups. The  interaction between race and age may serve as  an indicator  for 

exposure and etiological factors that differ by race.  The striking patterns by race warrant 

further research.     

 

Ecological analyses help to unveil trends in incidence that may be related to known or 

suspected environmental exposures.  We hypothesized that the earlier age-at-onset of 

CML among Blacks would translate into significant differences in incidence rates using 

conventional descriptive statistics.  However, longitudinal studies can be impacted by 

differential patterns confounded by period of diagnosis and birth cohort.  Therefore, we 

then asked if the difference between races persisted after adjusting for period and birth 

cohort effects using APC models.105  The novel fitted age-at-onset curve, which provides 

a longitudinal age-specific rate curve adjusted for both calendar-period and birth-cohort 

effects, confirmed the statistically significant interaction by race with the incidence rate 

cross-over.   
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Through the SEER analysis of CML, we concluded that Black males and females are 

diagnosed with CML at an earlier age as compared to Whites.  An effect modification (or 

interaction) by race and age is consistent with etiologic heterogeneity for early- and late-

onset CML.  Therefore, stratification of age and race should be considered in future 

analytic studies designed to explore the earlier age at diagnosis and increased incidence 

among Blacks.  It has been previously shown that cancer incidence and death rates vary 

among racial and ethnic groups.118  For example, Black men have a higher incidence 

and death rate when all cancer sites are combined as compared to white men.118  

However, Black women have lower a incidence rate when all cancer sites are combined 

as compared to white women but a higher death rate.118  Interestingly, Jemal et al noted 

that cancer incidence and death rates are lower in other racial and ethnic groups than 

what is observed among Whites and Blacks. 118Considerations for this disparity may 

include misclassification of race and ethnicity on medical records, difference in exposure 

to underlying risk factors, access to care and differential diagnosis and treatment.  

Survival also varies by race with Blacks having decreased survival as compared to 

Whites.118  Specifically, the 5-year relative survival is lower among Blacks for nearly 

every cancer site.  Jemal et al hypothesized that disparities in cancer survival may be 

due to differential access to quality health care as well as the existence of 

comorbidities.118  The authors provided further evidence to support their hypothesis by 

showing that Blacks are less likely to be treated at a localized stage as compared to 

Whites.118  Now that we observed differences by race in the USA, we then aimed to 

analyze international patterns of CML using population-based cancer registry data from 

the IARC.   
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Analyses of the IARC data published as part of CI5 observed that age at diagnosis and 

incidence of CML varied by region and within region.119  For males, age at diagnosis and 

incidence increased as the GNI categorization increased.  Furthermore, high rates of 

early-onset CML did not correlate with high rates of late-onset CML with the exception of 

Oceania.  These findings are consistent with the younger age at diagnosis among 

patients in developing countries who were treated with Imatinib for CML as part of the 

GIPAP program.71,112  Heterogeneity by geography is also consistent with the 

observation of an effect modification (or interaction) by race and age as observed using 

cancer registry data from the SEER program.120  The finding of regional differences in 

age at diagnosis and incidence demonstrate t an  environmental factor may predispose 

patients to CML.  These patterns are important since in the past, agriculture and 

occupational exposures have been considered as potential etiological factors but a 

strong association has yet to be established.72-75     

 

The excess risk of CML in Australia warrants further discussion.  It was previously noted 

that the incidence of CML is higher in South Australia as compared to International 

estimates.114  Incidence of CML (ICD10 C92.1) estimated by the Australian Institute of 

Health and Welfare in 2000 was 1.2 per 100,000 for males and 0.7 per 100,000 for 

females.115  However, this is lower than what we observed in CI5 (1.8 per 100,000 males 

and 0.97 per 100,000 females) but the difference is directly related to the different 

coding of CML.  Estimates of CML incidence using CI5 may be overestimated since the 

coding of CML did not differentiate between Ph+/BCR-ABL+ CML from Ph-/BCR-ABL- 

CML, chronic myelomoncytic leukemia (CMML) or sub-acute myeloid leukemia. 111  That 

being said, within CI5, there were 8 registries from Australia with internal variation.  

Queensland (2.10 per 100,000) and South Australia (2.12 per 100,000) had the highest 
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rates for males while incidence rates did not vary among females by region.  The finding 

of a higher incidence of CML within Australia is consistent with the general trend of an 

increased incidence of any cancer in Australia.116   

 

Our analysis is based on the collation of population-based registry data collected 

between 1998 and 2002.  IARC has built in mechanisms to review and provide the 

highest quality data possible.  However, IARC does caution about comparing trends 

among registries that have varying levels of resources dedicated to cancer registration.4  

Heterogeneity in cancer registration may play a role in either underestimating or 

overestimating incidence rates.  Further analyses using the CI5 collection of registries is 

warranted to fully understand the impact of registration differences.  That being said, CI5 

is considered to provide the best estimate of global trends in cancer incidence and thus 

is well suited to study trends in age at diagnosis and incidence.  An important limitation 

of the CI5 data is the lack of individual-level risk factor assessments.  Furthermore, only 

a limited number of registries have specifically categorized data by ethnicity thereby 

limiting our ability to generalize to specific ethnic groups.  Future analyses should 

consider including ethnicity as we have previously shown that race is an effect modifier 

in the USA.121 

 

Gender differences in age at diagnosis and incidence need to be better understood.  It is 

the current paradigm that that the incidence of CML among males is higher than among 

females but we observed varying rates of CML by males and females.110  For example, 

GNI categorization was consistently associated with both age at diagnosis and incidence 

for males but only related to age at diagnosis for females.  This has important 

implications in elucidating exposure mechanisms and may point to a possible 
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environmental exposure that may be related to an occupational exposure.  A genetic 

component that is triggered from an environmental exposure is another hypothesis that 

should be further explored especially since CML is caused by the reciprocal 

translocation of chromosome 9 and 22. 3 

 

In conclusion, specific aim 3 suggests that a significant interaction (p<0.0001) between 

age (<50 years and >50 years) and region exists; no significant differences were seen in 

age-specific incidence of CML in the <50 age group while significant differences by 

region exist in the >50 age group.  ASR and GNI were correlated with median age at 

diagnosis.  Population based estimates suggest that the median age at diagnosis and 

incidence varies by region.   

 

Results of these three descriptive studies suggest that heterogeneity exists in the age at 

diagnosis and incidence of CML.  However, there are clear differences between the 

studies that raise additional questions.  GIPAP showed that the age at diagnosis of CML 

in low and middle income countries who participated in GIPAP is younger than what we 

observe in the US.  The major limitation, as previously noted, is the lack of the 

denominator in the GIPAP cohort.  Therefore, the IARC analysis was powerful by 

allowing us to calculate incidence rates because we had the population at risk.  It is 

important to reiterate the limitation that is apparent with IARC where we are comparing 

registries from very different settings that ranged from low income countries to 

developed countries.  The hypothesis that lower and middle income countries have 

higher incidence of CML did not pan out as we expected.  In fact, we observed that 

higher income countries have higher incidence rates of CML.  However, the median age 

at onset in the IARC series suggests that lower income countries are diagnosed with 
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CML at a younger age consistent with GIPAP but this did not translate to an increased 

incidence rate overall.  One possible explanation for this observation is the lack of late 

onset CML in lower and middle income countries. Lack of late onset CML may be related 

to the population age structure.  Understanding this limitation, we used adjusted 

incidence rates using a standard population to help to factor in the impact of different 

population age structures.  Extrapolating data from the SEER series helps to understand 

these conflicting observations.  Blacks had both a younger age at diagnosis of CML and 

a higher incidence of CML as compared to Whites.  We observed that race is an effect 

modifier where Blacks had higher rates of CML in the younger age groups while Whites 

had higher rates in the older age groups.  Race may be the important factor but was not 

collected as part of GIPAP or IARC.  Or race could be a surrogate for some other factor 

such as socioeconomics or an environmental exposure possibly herbicides or pesticides.   

 

Previous studies have been inconclusive regarding the effect of age and race on the 

incidence of CML which is somewhat validated by this dissertation.  The overarching aim 

of this dissertation was to conduct a series of descriptive analyses to form a 

contemporary assessment of the trends in CML.  It is clear that CML varies in age at 

diagnosis with less developed countries presenting at a younger age.  Within the USA, 

Blacks had a younger age at diagnosis and increased incidence as compared to Whites.  

The resulting interaction between race and age is an important consideration for future 

studies.  The international trends in CML were striking and for the first time provide 

strong evidence that there exists geographical variation in CML.   

 

In conclusion, we designed three descriptive epidemiological studies that have provided 

provocative findings which suggest that other factors are present that may impact the 
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incidence of CML including age, race and ethnicity.  These epidemiological clues are 

critical to designing future analytical studies that may be aimed at addressing biological, 

geographical and socioeconomic factors for the development of CML as described in the 

next section.     

 

FUTURE DIRECTIONS:  

Our series of descriptive studies of the epidemiology of CML were rigorously conducted 

but come with weaknesses that are inherent in descriptive epidemiology.  As a result, 

some considerations are discussed regarding future directions that could be built upon 

foundation provided in this dissertation.   

 

The GIPAP cohort contains a tremendous amount of data that can be used to assess for 

additional factors within countries with a large number of participants.  For example, 

India contributed more than 40% of the cohort.  Our group has spent considerable time 

assessing the relationship between income and occupation on the age at diagnosis. In 

preliminary analyses, there is a linear relationship between income of the family and age 

at diagnosis (personal communication).  As income is related to occupation, we have 

observed that occupations with lower income have younger age at diagnoses.  Further 

analyses are pending to fully understand this association.  Other countries in the GIPAP 

cohort such as China, Pakistan and Malaysia warrant further analyses to assess 

geographical, occupation, and income trends.   

 

We have assumed that a younger age at diagnosis may be due to the effect of 

biological, environmental or socioeconomic factors.  In order to tease out these factors, 

further analytical studies are warranted.  For example, within the USA, a case-control 
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study of blacks with CML compared to blacks without CML would be of interest.  

Detailed exposure history such as pesticides, radiation, occupational, etc. would be 

ascertained.  The SEER analysis unveiled the presence of an early-onset and late-onset 

CML.  Understanding what differentiates the characteristics of the early-onset CML 

subset from the late-onset CML could be described using a case-control design.  Cases 

could be blacks diagnosed with CML before the age of 50 and the “controls” could be 

blacks diagnosed with CML after the age of 50.  It would then be hypothesized that a 

detailed exposure history assessment would bring out a factor that predisposes people 

to early-onset CML.  This case-control study could also be performed using whites 

because of the increased sample size even though the risk of early-onset CML is not as 

high for whites.   

 

SEER collects detailed county level data and it would be very interesting to correlate 

county level attributes with our findings of an earlier age at diagnosis among blacks.  

The county level data could be another factor to consider.  One major limitation to this 

approach is the sample size available for blacks.   

 

The finding of an increased risk of CML among Australian registries reporting to IARC is 

consistent with the notion that the incidence of any cancer in Australia is increased as 

compared to the rest of the world.  Increased radiation exposure due to the thinning of 

the ozone layer has been shown to lead to increased rates of skin cancer. 122 Radiation 

exposure is the one well known culprit of increasing the risk of leukemia including CML. 

18  Therefore, correlating the average amount of radiation received in certain parts of 

Australia with the differences in incidence would be a logical follow-on study.   
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The relationship between GNI, age at diagnosis and incidence is worth further 

exploration to further understand the relative contributions between these important 

factors.  Subsets of the distribution may have a higher correlation that other components 

of the distribution which would be important to further describe.   

 

Version X of CI5 was released in 2014 which includes incidence cases between 2003 

and 2007 from 290 registries in 68 countries.123  The additional data will allow us to 

model the CML incidence using the APC models so that we can simultaneously adjust 

for age, period and cohort effects.  This follow-on analysis may further strengthen the 

evidence for geographic heterogeneity.   

 

In summary, results from this dissertation provide the foundation for designing analytical 

studies that will address biological, geographical and socioeconomic factors for the 

development of CML.  Factors related to the heterogeneity in age at diagnosis and 

incidence of CML should be considered in follow-on studies to assess more conclusive 

evidence of factors that predispose individuals to CML.  Treatment of CML has been 

revolutionized in the last decade but basic questions such as why CML develops in 

certain individuals remain to be answered.    
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APPENDIX 1: ADDITIONAL ANALYSES FOR AIM 1: GIPAP  
Additional data to support the GIPAP aim are included in the following appendix.  The 

GIPAP paper was published online in advance of print in Cancer Epidemiology on 

February 12, 2013 (Figure GIPAPA1).71  Figure GIPAPA2 displays the disposition of the 

GIPAP cohort starting with the 35,045 patients considered for GIPAP.  Overall, there 

were 1,060 patients denied entry into GIPAP from 82 countries (Table GIPAPA1) with 

the characteristics of the denied patients shown in Table GIPAPA2.  GIPAP was a global 

program in low and middle income countries as shown in the world map highlighting the 

number of participants in each country (Figure GIPAPA3).  GEE models were created by 

macro region and component region as shown in Tables GIPAPA3-GIPAPA6.  Figure 

GIPAPA4 displays a bar chart of the number of patients diagnosed in each year of the 

GIPAP program while year of first dose in GIPAP is shown in Figure GIPAPA5.  Time 

from diagnosis to approval is shown in Figure GIPAPA6 and distribution in phase of 

disease by age is shown in Figure GIPAPA7.  A forest plot is shown in Figure GIPAPA8 

comparing the contrast for age at diagnosis in the multivariate overall survival model 

adjusting for approval date, staring dose, time from diagnosis to approval, original phase 

and macro region.  Tables GIPAPA7-GIPAPA10 display the univariate and multivariate 

analyses for overall survival within region including Africa, Asia, Europe, and Latin 

America, respectively.   
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Figure GIPAPA1: Cancer Epidemiology Manuscript 
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Figure GIPAPA2: Graphical Representation of the GIPAP Cohort  

Total Number of Patients with CML Considered for GIPAP: 35,045

Number of Patients Accepted into GIPAP: 33,985Number of Patients Denied: 1,060

Missing Dose Data: 439 Has Dose Data: 33,546

Died: 2,059 Alive: 31,631

Other 
Event: 
3,757

No Event: 
27,730

No re-
evaluation 
information 
provided: 

4,587

No Event: 
23,143
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Table GIPAPA1: Countries with a Denied Patient 

Country Number of Patients Denied % 
Albania 2 0.2 
Argentina 31 2.9 
Armenia 1 0.1 
Australia 1 0.1 
Bahamas 1 0.1 
Bangladesh 6 0.6 
Barbados 2 0.2 
Belarus 1 0.1 
Bhutan 1 0.1 
Bolivia 2 0.2 
Bulgaria 1 0.1 
Burkina Faso 2 0.2 
Cambodia 1 0.1 
Canada 4 0.4 
Chile 15 1.4 
China 36 3.4 
Colombia 12 1.1 
Croatia 1 0.1 
Cuba 6 0.6 
Democratic Republic of Congo 1 0.1 
Dominica 1 0.1 
Dominican Republic 16 1.5 
Ecuador 3 0.3 
Egypt 2 0.2 
El Salvador 5 0.5 
Eritrea 1 0.1 
Estonia 2 0.2 
Georgia 1 0.1 
Ghana 1 0.1 
Guatemala 4 0.4 
Honduras 15 1.4 
Hungary 1 0.1 
India 378 35.7 
Indonesia 9 0.8 
Iran 4 0.4 
Israel 5 0.5 
Jamaica 7 0.7 
Jordan 2 0.2 
Kenya 3 0.3 
Laos 1 0.1 
Latvia 6 0.6 
Lebanon 1 0.1 
Macedonia 2 0.2 
Malaysia 84 7.9 
Mali 1 0.1 
Mauritius 1 0.1 
Mexico 23 2.2 
Morocco 8 0.8 
Mozambique 1 0.1 
Namibia 2 0.2 
Nepal 2 0.2 
New Zealand 1 0.1 
Nicaragua 3 0.3 
Niger 1 0.1 
Nigeria 1 0.1 
Pakistan 68 6.4 
Panama 1 0.1 
Paraguay 3 0.3 
Peru 17 1.6 
Philippines 36 3.4 
Portugal 1 0.1 
Puerto Rico 1 0.1 
Romania 3 0.3 



118 

 

Russia 14 1.3 
Saudi Arabia 1 0.1 
Serbia and Montenegro 4 0.4 
Singapore 10 0.9 
South Africa 27 2.5 
Sri Lanka 12 1.1 
Sudan 1 0.1 
Syrian Arab Republic 1 0.1 
Thailand 53 5.0 
Togo 1 0.1 
Turkey 7 0.7 
USA 4 0.4 
Uganda 3 0.3 
Ukraine 5 0.5 
United Kingdom 1 0.1 
Uruguay 8 0.8 
Venezuela 45 4.2 
Vietnam 7 0.7 
Zimbabwe 1 0.1 
Total 1060 100.0  Note: The table above lists the countries and number of participants per country who were denied entry into the GIPAP program.  
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Table GIPAPA2: Patient Characteristics for Denied Patients 

 All Patients 
N (%) 

All 1060 (100.0) 
Age at Diagnosis (years) . 109 (10.3) 

(0-5] 10 (0.9) 
(5-18] 72 (6.8) 
(18-45] 490 (46.2) 
>45 379 (35.8) 

Age at Diagnosis (years) Median (range) 40.3 (0.3-87.7) 
Sex Female 387 (36.5) 

Male 673 (63.5) 
Original Phase Accelerated 106 (10.0) 

Blast Crisis 87 (8.2) 
Chronic 765 (72.2) 
NULL 102 (9.6) 

Diagnosis Year 1990 105 (9.9) 
1991 1 (0.1) 
1992 1 (0.1) 
1993 3 (0.3) 
1994 2 (0.2) 
1995 6 (0.6) 
1996 10 (0.9) 
1997 8 (0.8) 
1998 11 (1.0) 
1999 19 (1.8) 
2000 26 (2.5) 
2001 53 (5.0) 
2002 63 (5.9) 
2003 86 (8.1) 
2004 105 (9.9) 
2005 125 (11.8) 
2006 126 (11.9) 
2007 102 (9.6) 
2008 88 (8.3) 
2009 102 (9.6) 
2010 18 (1.7) 

PH+ Don’t Know 179 (16.9) 
No 154 (14.5) 
Yes 727 (68.6) 

BCR  286 (27.0) 
Don’t Know 485 (45.8) 
No 18 (1.7) 
Yes 271 (25.6)  
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Figure GIPAPA3: Geographic Distribution of the Number of Participants in the 
GIPAP Cohort  

0
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Table GIPAPA3: GEE Estimates by Macro Region 

Macro 
Region N Est (SE) Z Prob>|Z| 

LSMean 
(SE) 95% CI QIC 

Intercept . 41.31 (0.31) 135.04 <.0001   33868.609 

Africa 3201 -1.77 (0.41) -4.30 <.0001 39.54 (0.28) 39-40.08 . 

Asia 26858 -2.98 (0.32) -9.38 <.0001 38.33 (0.09) 38.15-38.5 . 

Europe 856 -0.22 (0.57) -0.38 0.7050 41.09 (0.48) 40.14-42.04 . 

Latin America 2949 0 (0) . . 41.31 (0.31) 40.71-41.91 . 

 

Note: Table shows the estimates from GEE along with p-values and least square means 
for each component region using an exchangeable working correlation structure.  

Table GIPAPA4: Differences in Least Square Means from GEE by Macro Region 

Macro Region 

LS Mean 
Difference 

(SE) 

LS Mean 
Diff 95% 

CI Chi-Square Prob>Chi 

Africa        Asia         * 1.21 (0.29) 0.64-1.78 17.51 <.0001 

Africa        Europe       * -1.56 (0.56) -2.65--0.46 7.78 0.0053 

Africa        Latin America* -1.77 (0.41) -2.58--0.96 18.49 <.0001 

Asia          Europe       * -2.77 (0.49) -3.73--1.8 31.60 <.0001 

Asia          Latin America* -2.98 (0.32) -3.61--2.36 87.99 <.0001 

Europe        Latin America -0.22 (0.57) -1.34-0.91 0.14 0.7050 

 

Note: Differences in Least Square Means for Age at Diagnosis by Comparing Macro 
Regions using an Exchangeable working correlations structure 
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Table GIPAPA5: GEE Estimates by Component Region 

Region N Est (SE) Z Prob>|Z| 
LSMean 

(SE) 95% CI QIC 
Intercept . 44.36 (0.59) 74.90 <.0001   33880.709 
Eastern Europe 776 -3.94 (0.78) -5.07 <.0001 40.42 (0.5) 39.43-41.41 . 
Southern Europe 80 3.26 (1.67) 1.94 0.0519 47.62 (1.57) 44.55-50.69 . 
Caribbean 268 -4.5 (1.22) -3.69 0.0002 39.86 (1.07) 37.77-41.95 . 
Central America 1579 -3.37 (0.72) -4.66 <.0001 40.99 (0.42) 40.17-41.8 . 
South America 1102 -2.23 (0.77) -2.89 0.0038 42.13 (0.49) 41.16-43.1 . 
Eastern Africa 717 -6.69 (0.81) -8.21 <.0001 37.67 (0.56) 36.58-38.77 . 
Middle Africa 83 -8.48 (1.71) -4.96 <.0001 35.88 (1.6) 32.74-39.02 . 
Northern Africa 915 -5.12 (0.78) -6.54 <.0001 39.24 (0.51) 38.24-40.25 . 
Southern Africa 894 -2.34 (0.83) -2.83 0.0046 42.02 (0.58) 40.88-43.15 . 
Western Africa 592 -5.34 (0.81) -6.58 <.0001 39.02 (0.55) 37.94-40.11 . 
Eastern Asia 3865 -5.93 (0.63) -9.35 <.0001 38.43 (0.23) 37.99-38.87 . 
South-central Asia 18158 -6.58 (0.6) -10.94 <.0001 37.78 (0.1) 37.58-37.98 . 
South-eastern Asia 4122 -4.78 (0.64) -7.47 <.0001 39.58 (0.24) 39.1-40.06 . 
Western Asia 713 0 (0) . . 44.36 (0.59) 43.2-45.52 .  

Note: Table shows the estimates from GEE along with p-values and least square means 
for each component region using an exchangeable working correlation structure.  

Table GIPAPA6: Differences in Least Square Means from GEE by Component 
Region 

Macro Region 
Comparison 

LS Mean 
Difference (SE) 

LS Mean Diff 
95% CI 

Chi-
Square Prob>Chi 

Europe Eastern Europe vs Southern Europe    -7.19 (1.65) -10.42 - -3.97 19.12 <.0001 
Latin America Caribbean vs Central America -1.12 (1.14) -3.37 - 1.12 0.96 0.3268 

Caribbean vs South America -2.27 (1.17) -4.57 - 0.04 3.72 0.0538 
Central America vs South America -1.14 (0.65) -2.41 - 0.12 3.12 0.0773 

Africa Eastern Africa vs Middle Africa  1.80 (1.70) -1.53 - 5.12 1.12 0.2899 
Eastern Africa vs Northern Africa    -1.57 (0.76) -3.05 - -0.08 4.29 0.0384 
Eastern Africa vs Southern Africa    -4.34 (0.80) -5.92 - -2.77 29.15 <.0001 
Eastern Africa vs Western Africa -1.35 (0.79) -2.89 - 0.19 2.93 0.0869 
Middle Africa vs Northern Africa    -3.37 (1.68) -6.66 - -0.07 4.00      0.0455 
Middle Africa vs Southern Africa    -6.14 (1.70) -9.48 - -2.80 12.98 0.0003 
Middle Africa vs Western Africa -3.14 (1.70) -6.47 - 0.18 3.44 0.0638 
Northern Africa vs Southern Africa   -2.77 (0.77) -4.29 - -1.26 12.88 0.0003 
Northern Africa vs Western Africa  0.22 (0.75) -1.26 - 1.70 0.09 0.7688 
Southern Africa vs Western Africa      2.99 (0.80) 1.42 - 4.56 13.97 0.0002 

Asia Eastern Asia vs South-central Asia  0.65 (0.25) 0.17 - 1.14 6.91 0.0086 
Eastern Asia vs South-eastern Asia -1.15 (0.33) -1.80- -0.50 11.99 0.0005 
Eastern Asia vs Western Asia       -5.93 (0.63) -7.17 - -4.68 87.49 <.0001 
South-central Asia vs South-eastern 
Asia 

-1.80 (0.26) -2.32 - -1.28 46.40 <.0001 

South-central Asia vs Western Asia       -6.58 (0.60) -7.76 - -5.40 119.70 <.0001 
South-eastern Asia vs Western Asia       -4.78 (0.64) -6.04 - -3.53 55.78 <.0001 

Note: Differences in Least Square Means for Age at Diagnosis by Comparing 
Component Regions using an Exchangeable working correlations structure 
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Figure GIPAPA4: Year of Diagnosis  
A. Overall 

 
B.  By Macro Region 
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Figure GIPAPA5: Year of First Dose 

A. Overall 

 
B By Macro Region 
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Figure GIPAPA6: Time from Diagnosis to Approval  
A. Overall 

 
B. By Macro Region 
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Figure GIPAPA7: Phase of Disease  
A. Overall 

 
B. By Macro Region 
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Figure GIPAPA8:  Forest Plot for Age at Diagnosis in Multivariate Overall 
Survival Model  

 
Note: Multivariate Model after adjusting for Approval Date, Starting Dose, Time 
from Diagnosis to Approval, Original Phase, and Macro Region.  
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Table GIPAPA7: Overall Survival Estimates for the African Subset  

     Univariate Analysis Multivariate Analysis 
Parameter Level N # 

Events 3-Year Estimate HR (95% CI) p-value HR (95% CI) p-value 

Overall  Africa 1245 144 87.2 (95% CI: 85.1-89.0)     
By Sex Female 563 64 87.3 (95% CI: 84-89.9) 1.00 .   

 Male 682 80 87.1 (95% CI: 84.2-89.6) 1.02 (0.73-1.42) 0.90687   
By Age at Diagnosis (years) 0-19 116 12 88.7 (95% CI: 80.9-93.5) 1.00 .   

 20-39 549 54 88.9 (95% CI: 85.8-91.4) 0.97 (0.52-1.81) 0.924   
 40-65 515 69 85.5 (95% CI: 81.9-88.4) 1.35 (0.73-2.49) 0.34138   
 >65 64 8 85.4 (95% CI: 72.5-92.5) 1.38 (0.56-3.37) 0.48156   

By Time from Diagnosis to 
Enrollment (Days) 

<30 234 13 94.1 (95% CI: 90-96.5) 1.00 .   

 30-100 324 26 91 (95% CI: 87-93.8) 1.41 (0.73-2.75) 0.30721   
 100-365 284 29 89 (95% CI: 84.4-92.3) 1.73 (0.9-3.34) 0.10255   
 >=365 397 75 79 (95% CI: 74.3-82.9) 3.59 (1.99-6.48) 0.00002   
 Unknown 6 1 80 (95% CI: 20.4-96.9) 3.63 (0.48-27.79) 0.21372   

By Diagnosis Year <2000 62 12 77.3 (95% CI: 63.3-86.5) 1.00 . 1.00  
 2000-2003 324 66 77.6 (95% CI: 72.3-82) 1.06 (0.58-1.97) 0.84232 1.26 (0.68-2.33) 0.47 
 2004-2006 779 65 90.9 (95% CI: 88.5-92.8) 0.42 (0.22-0.77) 0.00529 0.62 (0.33-1.16) 0.13 
 2007-2010 80 1 98.8 (95% CI: 91.5-99.8) 0.06 (0.01-0.48) 0.00768 0.08 (0.01-0.60) 0.01 

By Original Dose <400 mg 56 8 83.9 (95% CI: 70.1-91.7) 1.00 .   
 400 mg 1044 94 90.1 (95% CI: 87.9-91.8) 0.59 (0.29-1.21) 0.15086   
 >400 mg 145 42 66.8 (95% CI: 57.6-74.5) 2.35 (1.1-5.01) 0.02677   

By Original Phase Accelerated 91 30 56.6 (95% CI: 43.1-68.1) 1.00 . 1.00  
 Blast Crisis 63 28 48.4 (95% CI: 33.2-62.1) 1.3 (0.77-2.18) 0.32904 1.38 (0.81-2.34) 0.23 
 Chronic 744 71 89.4 (95% CI: 86.7-91.5) 0.22 (0.14-0.33) <0.0001 0.28 (0.18-0.43) <0.0001 
 Remission 347 15 95.2 (95% CI: 92.2-97.1) 0.09 (0.05-0.16) <0.0001 0.10 (0.06-0.19) <0.0001 
 Unknown . .  . (.-.) .   

By African Region Eastern Africa 186 21 88 (95% CI: 82.1-92) 1.00 .   
 Middle Africa 41 3 92.5 (95% CI: 78.4-97.5) 0.65 (0.19-2.16) 0.47801   
 Northern 

Africa 
434 42 89.2 (95% CI: 85.6-91.9) 0.88 (0.52-1.49) 0.6473   

 Southern 
Africa 

384 52 85 (95% CI: 80.7-88.4) 1.3 (0.78-2.16) 0.31083   

 Western Africa 200 26 85.3 (95% CI: 79.2-89.8) 1.22 (0.69-2.17) 0.49891   
By Approval Date Before 2006 1084 140 85.8 (95% CI: 83.4-87.8) 1.00 .   

 After 2006 160 4 97.5 (95% CI: 93.4-99) 0.2 (0.07-0.53) 0.0013      
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Table GIPAPA8: Overall Survival Estimates for the Asian Subset 

     Univariate Analysis Multivariate Analysis 
Parameter Level N # 

Events 3-Year Estimate HR (95% CI) p-value HR (95% CI) p-value 

Overall Asia 14671 1378 90.0 (95% CI: 89.4-90.5)     
By Age at Diagnosis (years) 0-19 1165 117 89.2 (95% CI: 87.2-90.9) 1.00 . 1.00  

 20-39 6993 624 90.5 (95% CI: 89.8-91.2) 0.87 (0.72-1.06) 0.17 0.87 (0.71-1.07) 0.18 
 40-65 5991 557 90.0 (95% CI: 89.2-90.8) 0.91 (0.75-1.12) 0.37 0.96 (0.78-1.17) 0.66 
 >65 513 78 83.3 (95% CI: 79.5-86.5) 1.58 (1.19-2.11) 0.0018 1.91 (1.43-2.57) <0.0001 

By Time from Diagnosis to 
Enrollment (Days) 

<30 3346 158 95.0 (95% CI: 94.2-95.7) 1.00 . 1.00  

 30-100 3222 210 93.1 (95% CI: 92.1-93.9) 1.39 (1.13-1.70) 0.0019   
 100-365 2887 247 90.7 (95% CI: 89.5-91.8) 1.88 (1.54-2.29) <0.0001   
 >=365 5172 757 84.2 (95% CI: 83.1-85.2) 3.28 (2.76-3.89) <0.0001   
 Unknown 44 6 85.5 (95% CI: 70.5-93.2) 3.23 (1.43-7.30) 0.0048   

By Diagnosis Year <2000 981 210 77.0 (95% CI: 74.1-79.7) 1.00 . 1.00  
 2000-2003 3912 593 83.7 (95% CI: 82.5-84.9) 0.68 (0.58-0.79) <0.0001 0.88 (0.75-1.04) 0.13 
 2004-2006 9160 572 93.4 (95% CI: 92.9-93.9) 0.27 (0.23-0.32) <0.0001 0.61 (0.51-0.72) <0.0001 
 2007-2010 613 1 99.8 (95% CI: 98.8-100.0) 0.01 (0.00-0.05) <0.0001 0.02 (0.00-0.14) <0.0001 

By Original Dose <400 mg 345 21 93.4 (95% CI: 90.0-95.7) 1.00 .   
 400 mg 11806 651 94.1 (95% CI: 93.6-94.5) 0.90 (0.58-1.38) 0.62   
 >400 mg 2514 706 68.6 (95% CI: 66.6-70.6) 5.74 (3.72-8.86) <0.0001   

By Original Phase Accelerated 1286 281 75.3 (95% CI: 72.6-77.7) 1.00 . 1.00  
 Blast Crisis 1136 514 44.1 (95% CI: 40.4-47.7) 2.91 (2.51-3.37) <0.0001 3.04 (2.63-3.53) <0.0001 
 Chronic 11072 546 94.7 (95% CI: 94.3-95.2) 0.19 (0.17-0.22) <0.0001 0.35 (0.29-0.42) <0.0001 
 Remission 1177 37 96.8 (95% CI: 95.5-97.6) 0.11 (0.08-0.16) <0.0001 0.16 (0.11-0.23) <0.0001 

By Asian Region Eastern Asia 2149 371 80.4 (95% CI: 78.3-82.3) 1.00 . 1.00  
 South-central 

Asia 
10014 636 93.3 (95% CI: 92.7-93.7) 0.33 (0.29-0.37) <0.0001 0.64 (0.56-0.74) <0.0001 

 South-eastern 
Asia 

2125 310 84.1 (95% CI: 82.4-85.7) 0.81 (0.70-0.94) 0.0071 1.24 (1.06-1.46) 0.0072 

 Western Asia 383 61 82.5 (95% CI: 77.9-86.2) 0.87 (0.66-1.15) 0.33 1.38 (1.04-1.84) 0.0266 
By Approval Date Before 2006 13019 1364 88.9 (95% CI: 88.3-89.4) 1.00 . 1.00  

 After 2006 1650 14 99.1 (95% CI: 98.6-99.5) 0.08 (0.05-0.14) <0.0001 0.63 (0.56-0.72) <0.0001     
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Table GIPAPA9: Overall Survival Estimates for the European Subset  
     Univariate Analysis Multivariate Analysis 

Parameter Level N 
# 

Events 3-Year Estimate HR (95% CI) p-value HR (95% CI) p-value 
Overall Europe 443 27 92.5 (95% CI: 88.9-94.9)     
By Age at Diagnosis 
(years) 

0-19 25 1 95.8 (95% CI: 73.9-99.4) 1.00 .   

 20-39 166 11 92.4 (95% CI: 86.6-95.7) 1.68 (0.22-12.99) 0.62   
 40-65 229 14 91.9 (95% CI: 86.0-95.4) 1.52 (0.2-11.53) 0.69   
 >65 23 1 95.7 (95% CI: 72.9-99.4) 1.32 (0.08-21.04) 0.85   

By Time from 
Diagnosis to 
Enrollment (Days) 

<30 83 2 96.3 (95% CI: 85.2-99.1) 1.00 .   

 30-100 65 5 90.9 (95% CI: 79.4-96.2) 3.36 (0.65-17.32) 0.15   
 100-365 101 2 98.0 (95% CI: 92.2-99.5) 0.76 (0.11-5.39) 0.78   
 >=365 193 18 87.8 (95% CI: 80.1-92.6) 3.96 (0.92-17.08) 0.06   

By Diagnosis Year <2000 58 12 78.4 (95% CI: 64.9-87.1) 1.00 . 1.00  
 2000-2003 176 10 92.1 (95% CI: 85.0-95.9) 0.24 (0.1-0.56) 0.0009 0.34 (0.14-0.81) 0.0147 
 2004-2006 201 5 96.9 (95% CI: 92.5-98.7) 0.1 (0.04-0.3) 0.00002 0.18 (0.06-0.54) 0.0020 
 2007-2010 8 0      

By Original Dose 400 mg 310 11 95.7 (95% CI: 92.2-97.6) 1.00    
 >400 mg 132 16 84.0 (95% CI: 73.6-90.6) 3.94 (1.83-8.51) 0.0005   

By Original Phase Accelerated 96 9 89.6 (95% CI: 80.8-94.5) 1.00 . 1.00  
 Blast Crisis 23 9 24.4 (95% CI: 1.7-61.6) 5.94 (2.33-15.13) 0.00018 5.30 (2.05-13.74) 0.0006 
 Chronic 314 9 96.4 (95% CI: 93.1-98.2) 0.26 (0.1-0.67) 0.00486 0.19 (0.07-0.51) 0.18 
 Remission 10 0  0 (0-.) 0.99   

By European Region Eastern 
Europe 

363 15 94.7 (95% CI: 90.7-97.0) 1.00 . 1.00  

 Southern 
Europe 

80 12 82.7 (95% CI: 71.4-89.9) 3.64 (1.7-7.79) 0.0009 7.54 (3.28-17.34) <0.0001      
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Table GIPAPA10: Overall Survival Estimates for the Latin American Subset 

     Univariate Analysis Multivariate Analysis 

Parameter Level N 
# 

Events 3-Year Estimate HR (95% CI) p-value HR (95% CI) p-value 
Overall Latin 

America 
1413 221 85.3 (95% CI: 83.4-87.1)     

By Age at Diagnosis 
(years) 

0-19 147 21 85.8 (95% CI: 78.8-90.6) 1.00 . 1.00  

 20-39 579 61 88.2 (95% CI: 85.1-90.7) 0.79 (0.48-1.31) 0.36353 0.98 (0.59-1.64) 0.95 
 40-65 742 98 85.8 (95% CI: 82.9-88.3) 0.96 (0.59-1.55) 0.85807 1.01(0.62-1.64) 0.98 
 >65 166 41 72.1 (95% CI: 63.8-78.8) 2.16 (1.26-3.7) 0.00491 2.22 (1.29-3.83) 0.0041 

By Time from 
Diagnosis to 
Enrollment (Days) 

<30 258 24 89.9 (95% CI: 85.2-93.1) 1.00 .   

 30-100 424 41 89.5 (95% CI: 86-92.2) 1.02 (0.62-1.7) 0.92573   
 100-365 342 43 86.9 (95% CI: 82.7-90.2) 1.34 (0.81-2.21) 0.25129   
 >=365 607 113 79.3 (95% CI: 75.5-82.5) 2.1 (1.35-3.27) 0.00098   

By Diagnosis Year <2000 149 31 77.2 (95% CI: 68.9-83.6) 1.00 . 1.00  
 2000-2003 519 96 79.9 (95% CI: 75.9-83.3) 0.88 (0.58-1.33) 0.54211 0.80 (0.53-1.22) 0.29 
 2004-2006 921 94 89 (95% CI: 86.6-90.9) 0.48 (0.32-0.73) 0.00056 0.60 (0.39-0.91) 0.0169 

By Original Dose <400 mg 51 7 84.4 (95% CI: 69.9-92.3) 1.00 .   
 400 mg 1284 125 89.6 (95% CI: 87.7-91.3) 0.68 (0.32-1.46) 0.32364   
 >400 mg 297 88 66.2 (95% CI: 59.9-71.8) 2.64 (1.22-5.7) 0.01346   

By Original Phase Accelerated 209 55 69.7 (95% CI: 62.2-76.1) 1.00 . 1.00  
 Blast Crisis 114 71 24 (95% CI: 14.1-35.4) 3.81 (2.66-5.46) <0.0001 3.85 (2.67-5.54) <0.0001 
 Chronic 1171 92 91.4 (95% CI: 89.5-93) 0.25 (0.18-0.35) <0.0001 0.28 (0.20-0.40) <0.0001 
 Remission 140 3 98.5 (95% CI: 94-99.6) 0.04 (0.01-0.17) 0.00001 0.05 (0.01-0.19) <0.0001 

By Latin American 
Region 

Caribbean 110 11 88.9 (95% CI: 80.7-93.7) 1.00 .   

 Central 
America 

742 99 85.9 (95% CI: 83-88.3) 1.31 (0.7-2.44) 0.39728   

 South 
America 

782 111 84.3 (95% CI: 81.3-86.9) 1.49 (0.8-2.77) 0.20698     
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APPENDIX 2: METHODOLOGICAL CONSIDERATIONS FOR AGE-PERIOD-COHORT 
MODELS  
Version: November 5, 2013 

 

Age-period-cohort (APC) models were used to model the incidence of CML 

simultaneously adjusting for the age at diagnosis, calendar-period at diagnosis 

(year of diagnosis), and birth-cohort effects (birth year). 19,21,64,68,103,104  Five-year 

period and age groupings were chosen based on the minimum age and period 

categorizations resulting in age, period and cohort cells without any missing 

cases.  As a result, we used adult cases diagnosed between 25 and 84 grouped 

in eleven 5-year age groups (ages 25-29 , … , 80-84 years), seven 5-year period 

of diagnoses (1975-1979, … , 2005-2009) spanning eighteen partially 

overlapping 5-year birth cohorts (1895, … , 1980; referred by mid-year of birth).   

 

Matrix Y contains the number of diagnoses of CML in the calendar period p and 

age group a: Y= ],...,1,,...,1,[ AaPpYpa == .124  The corresponding person-years 

can be denoted by matrix O= ],...,1,,...,1,[ AaPpOpa == .  The observed incidence 

rates per 100,000 person-years are papapa OY /105=λ  while the expected log 

incidence rates for age group a and calendar-period p can be denoted as 

]/)(log[ papapa OYE=ρ .64    APC models assume an underlying true model for the 

expected rates in the population with log-linear effects for age, period and cohort. 

Log-linear effects for age ( aα ) over a=1, … , A age groups, calendar-period ( pπ ) 
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over p=1, … , P calendar periods, and birth-cohort ( cγ ) over c=1, …, P + A-1 

birth cohorts results in the log-linear model for the expected incidence rates 

assuming additive effects for age, period and cohort: cpapa γπαρ ++= . 19  The 

collinearty of the linear trends in age ( Lα ), period ( Lπ ), and cohort ( Lγ ) effects 

cannot be separated.  This issue known as the “nonidentifiability” problem is 

present because it is impossible to separate the effects of age, calendar-period 

or birth-cohort.  In other words, year of birth = year of diagnosis – age at 

diagnosis.  Holford has shown that APC parameters are estimable if the age, 

period, and cohort effects are orthogonally decomposed into their linear and non-

linear components: 103,124   

AappaLLLpa ccppaa +−+++−+−+−+= γπαγπαµρ ~~~)()()(    

0)(~~ =−Σ=Σ aaaaaa
αα  

0)(~~ =−Σ=Σ pppppp
ππ  

0)(~~ =−Σ=Σ +−+− ccAapcAapc
γγ  

where ]2/)1[( += Aa , ]2/)1[( += Pp  and Aapc +−=  which correspond to the 

reference indices of age, period and cohort, respectively.   

The parameter µ is the intercept term and parameterizes the overall log rate 

while the orthogonal and identifiable deviations of Holford from the regular trends 

due to non-linear influences associated with age, period and cohort are 

Aaca −+πα ~,~ and cγ~ , respectively.104  Parameterized log-linear trends according to 
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age, period and cohort correspond to Lα , Lπ , and Lγ , respectively.  Using the 

constraint that c = p – a + A, we can describe two commonly used models:124 

Age-period form: AappLLaLLpa ppaa +−++−+++−−+= γπγπαγαµρ ~~))((~))((  

Age-cohort form: cAacLLaLLca ccaa γπγπαπαµρ ~~))((~))(( ++−+++−++= −+  

Longitudinal Age Trend 

Using the referent index of age )(a , the coefficient of the age trend )( aa − is used 

to provide an estimate of )( LL πα + which is designated as the longitudinal age 

trend. 105,125  The longitudinal age trend assesses the summation of the age and 

period slopes to provide the linear trend in the logarithm of the age-specific rates 

across age groupings.   

Cross-Sectional Age Trend 

Using the referent index of age )(a , the coefficient of the age trend )( aa − is used 

to provide an estimate of )( LL γα − which is designated as the cross-sectional 

age trend. 105,125  The cross-sectional age trend cuts across increasing age 

groups and decreasing birth cohorts.21 

Net Drift and Local Drifts 

The reference index of cohort ( c ) in the cohort trend )( cc − provides an estimate 

of the net drift )( LL γπ + . 105,125  The net drift is approximately equal to the 

average annual percent change (AAPC) of the age-standardized rate. 21 In other 

words, the net drift is the summation of the period and cohort slope which 

estimates the linear trend in the logarithm of the age-specific rates over time. 
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Local drifts (age-specific drifts) correspond to the AAPC for each of the 

respective age groups.   

Fitted Trends 

The fitted age-at-onset curve summarizes the cohort-specific age-associated 

natural history with respect to a referent cohort.21  The fitted longitudinal age-at-

onset curve is estimated as: aLL aa απαµ ~))(( +−++    The fitted age-at-onset 

curve looks similar to the cross-sectional curve but is fundamentally different 

since the longitudinal age-specific rate curve is adjusted for both calendar-period 

and birth cohort effects. 21  The age-specific incidence rate curve estimated after 

adjusting for calendar-period and birth-cohort deviations is known as the “fitted” 

age-at-onset curve; and approximates the age-specific incidence natural history 

without the period and/or cohort factors. 64   Other fitted trends include the fitted 

cross-sectional age-at-onset curve: aLL aa αγαµ ~))(( +−−+ and Fitted temporal 

trends: pLL pp πγπµ ~))(( +−++ .21 

Statistical Tests for Blacks vs Whites 

We fit the APC models separately for Blacks and Whites and implemented Wald 

tests to compare the various APC parameters by race.21  Generally, the Wald 

test can be described as 2
0

2
1

2
01

)()(
)(

SDSD +
−θθ  and has a chi-square distribution.  As a 

result, we can compare APC parameters such net drift between Blacks (1) and 

Whites (2): 2
0

2
1

2
01

)()(
])()[(

SDSD
LLLL

+
+−+ γπγπ   Differences in the “net drift” can be 

interpreted as testing for differential temporal trends by race. 126  Differential age-
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related effects for the study period were tested using the differences in the 

longitudinal age trend (LAT) which is the linear trend in the logarithm of the age-

specific rates across age groups. 126  Other test statistics can be calculated to 

test for parallel age-at-onset curves (I – 1 df) and for equal age deviations (I – 2 

df), period deviations (J – 2 df) and cohort deviations (I + J – 3 df).   

Rate Ratio 

Age-specific incidence rates for each cohort relative to a reference cohort (1940 

in this analysis) adjusted for any calendar period effects were described using 

the cohort rate ratio curve (CRR). 108,127  The CRR describes the age-specific 

incidence rates in each cohort relative to a reference cohort. 108  The log-linear 

component of the CRR equals the net drift while the non-linear components 

equal the Holford cohort deviations. 103  Additionally, the period rate ratio (PRR) 

curve estimates age-specific incidence rates in each period with respect to the 

1992 reference period adjusted for birth cohort effects.  
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APPENDIX 3: ADDITIONAL ANALYSES FOR AIM 2: SEER CML  
Additional data to support SEER analysis are included in Appendix 3 starting with the 

Lexis diagrams showing the rate per 100,000 person-years displaying period on the y-

axis and age on the x-axis (Figures SEERA1-SEERA4).  Tables SEERA1 and SEERA2 

display a series of APC model tests for black and white males, respectively.  Parameter 

estimates for the LAT, CAT and net drift are shown for males by race in Table SEERA3.  

Table SEERA4 displays a series of Wald tests comparing black and white males for 

various APC parameters.  Similar tables are provided for the black and white female 

comparison in Tables SEERA5-SEERA8.  A sensitivity analysis was performed using 

SEER registry data between 1992 and 2009 where the ethnicity variable was 

ascertained by SEER.  The objective was to assess for the impact of ethnicity on the 

outcomes.  Table SEERA9 shows the descriptive characteristics.  Table SEERA10 

shows the IRR by race and ethnicity.  Age=specific incidence rates by the various 

race/ethnicity categories are shown in Figure SEERA5.  APC model tests are displayed 

in Table SEERA11 with parameter estimates shown in Table SEERA12.  Wald tests 

comparing the race/ethnicity categories are shown in Table SEERA13.  Figures 

SEERA6-SEERA7 display the APC parameter comparisons graphically by race/ethnicity. 

Finally, the fitted age at onset curves by race are shown in Figure SEERA9.     
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Figure SEERA1: Lexis Diagram for Black Males (Adults > 25 1975-2009) 

 
Figure SEERA2: Lexis Diagram for White Males (Adults > 25 1975-2009) 
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Figure SEERA3: Lexis Diagram for Black Females (Adults > 25 1975-2009) 

 
Figure SEERA4: Lexis Diagram for White Females (Adults > 25 1975-2009) 
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Table SEERA1: APC Model Tests for Black Males (Adults >25 1975-2009) 

 Scaled 
Deviance                 

df            P-Value 

Age | Period + Cohort                                          10.5395 10 0.3945 
Period + Cohort | Age                                                39.0770 22 0.0138 
NetDrift | Age                                              24.8411 1 <0.0001 
NetDrift | Age + Per Deviations                                      18.5388 1 <0.0001 
Per Deviations + Coh Deviations | Age + Net Drift              14.236 21 0.8593 
Per Deviations | Age + Net Drift + Coh Deviations             1.5305 6 0.9095 
Coh Deviations | Age + Net Drift + Per Deviations             13.3181 16 0.6494 
NetDrift | Age + Per Deviations + Coh Deviations                    13.2151 1 0.0003 
Net Drift + Cohort Deviations | Age + Period 
Deviations              

31.8569 17 0.0157 

Net Drift + Period Deviations | Age + Cohort 
Deviations              

17.3837 6 0.0080 

Net Drift | Age + Coh Deviations                                     15.8532 1 <0.0001 
Estimated Scale Parameter = max(1, Raw Deviance / df) = max(1, 56.4687 / 50) = 
1.1294 = 1.06**2  
Table SEERA2: APC Model Tests for White Males (Adults >25 1975-2009 ) 

 Scaled 
Deviance                 

df            P-Value 

Age | Period + Cohort                                          24.3905 10     0.0066 
Period + Cohort | Age                                                287.792 22 <0.0001 
NetDrift | Age                                              162.192 1 <0.0001 
NetDrift | Age + Per Deviations                                      130.972 1 <0.0001 
Per Deviations + Coh Deviations | Age + Net Drift              125.6 21 <0.0001 
Per Deviations | Age + Net Drift + Coh Deviations             22.4134 5 0.0004 
Coh Deviations | Age + Net Drift + Per Deviations             115.797 16 <0.0001 
NetDrift | Age + Per Deviations + Coh Deviations                    53.915 1 <0.0001 
Net Drift + Cohort Deviations | Age + Period 
Deviations              

246.769 17 <0.0001 

Net Drift + Period Deviations | Age + Cohort 
Deviations              

116.767 6 <0.0001 

Net Drift | Age + Coh Deviations                                     94.3532 1 <0.0001 
Estimated Scale Parameter = max(1, Raw Deviance / df) = max(1, 53.8578 / 50) = 
1.0772 = 1.04**2 
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Table SEERA3: Parameter Estimates for Black and White Males (Adults >25 
1975-2009)  

Race Parameter 
Estimates 

Value SD CI Lo              CI Hi            P-Value 

Black 

Longitudinal 
Age Trend              0.0241  0.0048          0.0148         0.0333       <0.0001 

Cross-Sectional 
Age Trend           0.0403         0.0030          0.0346 0.0462 <0.0001 

Net Drift                          -0.0163 0.0041 -0.0243         -0.0083        <0.0001 
Intercept -10.5448 0.0421           -10.6274 -10.4623 <0.0001 

White 

Longitudinal 
Age Trend              0.0429 0.0018 0.0394 0.0463 <0.0001 

Cross-Sectional 
Age Trend           0.0531 0.0009          0.0515          0.0548                  <0.0001 

Net Drift                          -0.0103 0.0014         -0.0130 -0.0076                  <0.0001 
Intercept -10.7413 0.0150        -10.7707           -10.7118                  <0.0001  

Table SEERA4: Wald Tests for Black and White Males (Adults >25 1975-2009) 

Test X2 df p-value 
PH-L: PH(Age|Cohort)                            25.5371 16 0.0609 
Parallel Age-at-Event Curves                   24.0474 11 0.0125 
PH-T: PH(Period|Age)                            19.1518 22 0.6359 
PH-X: PH(Age|Period)                            40.0461 27 0.0507 
PH-A: Absolutely Proportional                  44.5038 33 0.0871 
Longitudinal Age Trend                          13.8289 1 0.0002 
Net Drift                                       1.92212 1 0.1656 
Cross-Sectional Age Trend                      17.3289 1 <0.0001 
Long Age/Cross Age + Net Drift                 20.5971 2 <0.0001 
Age, Period, and Cohort Deviations              27.9416 31 0.6242 
Age Deviations                                  8.52545 10 0.5777 
Period Deviations                               1.53288 5 0.9092 
Cohort Deviations                               13.8561 16 0.6094 
Intercept 19.3108 1 <0.0001 
Parallel Fitted Temporal Trends                 3.2136 6 0.7816 
Equal Cohort Rate Ratios                        17.5435 17 0.41817 
Parallel Cross-Sectional Age Curves             30.0673 11 0.0015 
Estimated Scale Parameters =  1.1294 (1.06**2) and 1.0772 
(1.04**2), respectively.     
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Table SEERA5: APC Model Tests for Black Females (Adults >25 1975-2009) 

 Scaled 
Deviance                 

df            P-Value 

Age | Period + Cohort                                          27.2001 10 0.0024 
Period + Cohort | Age                                                48.4292 22 0.0010 
NetDrift | Age                                              13.6267 1 0.0002 
NetDrift | Age + Per Deviations                                      10.9316 1 0.0009 
Per Deviations + Coh Deviations | Age + Net Drift              34.8025 21 0.0297 
Per Deviations | Age + Net Drift + Coh Deviations             6.12839 5 0.2939 
Coh Deviations | Age + Net Drift + Per Deviations             28.9509 16 0.0243 
NetDrift | Age + Per Deviations + Coh Deviations                    7.81254 1 0.0052 
Net Drift + Cohort Deviations | Age + Period 
Deviations              

39.8825 17 0.0013 

Net Drift + Period Deviations | Age + Cohort 
Deviations              

16.5067 6 0.0113 

Net Drift | Age + Coh Deviations                                     10.3783 1 0.0013 
Estimated Scale Parameter = max(1, Raw Deviance / df) = max(1, 41.2186 / 50) = 1 
= 1.00**2  
Table SEERA6: APC Model Tests for White Females (Adults >25 1975-2009) 

 Scaled 
Deviance                 

df            P-Value 

Age | Period + Cohort                                          33.477 10     0.0002 
Period + Cohort | Age                                                168.285 22 <0.0001 
NetDrift | Age                                              113.302 1 <0.0001 
NetDrift | Age + Per Deviations                                      92.9316 1 <0.0001 
Per Deviations + Coh Deviations | Age + Net Drift              54.9835 21 <0.0001 
Per Deviations | Age + Net Drift + Coh Deviations             12.4312 5 0.0293 
Coh Deviations | Age + Net Drift + Per Deviations             51.1585 16 <0.0001 
NetDrift | Age + Per Deviations + Coh Deviations                    39.242 1 <0.0001 
Net Drift + Cohort Deviations | Age + Period 
Deviations              

144.09 17 <0.0001 

Net Drift + Period Deviations | Age + Cohort 
Deviations              

78.9632 6 <0.0001 

Net Drift | Age + Coh Deviations                                     66.532 1 <0.0001 
Estimated Scale Parameter = max(1, Raw Deviance / df) = max(1, 37.4974 / 50) = 
1 = 1.00**2 
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Table SEERA7: Parameter Estimates for Black and White Females (Adults >25 
1975-2009)  

Race Parameter 
Estimates 

Value SD CI Lo              CI Hi            P-Value 

Black 

Longitudinal 
Age Trend              0.0277 0.0054          0.0172         0.0382       <0.0001 

Cross-Sectional 
Age Trend           0.0406 0.0030          0.0346          0.0465                  <0.0001 

Net Drift                          -0.0128       0.0044         -0.0214         0.0042        0.0036 
Intercept -11.0777 0.0473           -11.1705 -10.985 <0.0001 

White 

Longitudinal 
Age Trend              0.0409        0.0021          0.0368          0.0449                  <0.0001 

Cross-Sectional 
Age Trend           0.0510       0.0010          0.0490          0.0530                  <0.0001 

Net Drift                          -0.0101         0.0016         -0.0132        -0.0070                  <0.0001 
Intercept -11.206 0.0180           -11.2412 -11.1708 <0.0001  

Table SEERA8: Wald Tests for Black and White Females (Adults >25 1975-
2009) 

Test X2 df p-value 
PH-L: PH(Age|Cohort)                            36.5523 16 0.0024 
Parallel Age-at-Event Curves                   29.6662 11 0.0018 
PH-T: PH(Period|Age)                            34.2078 22 0.0468 
PH-X: PH(Age|Period)                            58.1286 27 0.0005 
PH-A: Absolutely Proportional                  65.6089 33 0.0006 
Longitudinal Age Trend                          5.24603 1 0.0220 
Net Drift                                       0.332297 1 0.5643 
Cross-Sectional Age Trend                      10.567 1 0.0012 
Long Age/Cross Age + Net Drift                 10.8257 2 0.0045 
Age, Period, and Cohort Deviations              51.3664 31 0.0122 
Age Deviations                                  20.9667 10 0.0213 
Period Deviations                               7.12581 5 0.2115 
Cohort Deviations                               27.0266 16 0.0412 
Intercept 6.42178 1 0.0113 
Parallel Fitted Temporal Trends                 7.36592 6 0.2883 
Equal Cohort Rate Ratios                        27.9481 17 0.0455 
Parallel Cross-Sectional Age Curves             36.5165 11 0.0001 
Estimated Scale Parameters =  1 (1.00**2) and 1 (1.00**2), 
respectively.    
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Table SEERA9: Summary table (Adults > 25; 1992-2009) 

 Overall Black  White Non-Hispanic 
Total (n) 11,423 1,245 7,985 
% of total cases 100% 10.9% 69.9% 
Age-Adjusted 
Incidence Rate per 
100,000 (95% CI)* 

1.69 (1.66-1.72) 1.82 (1.72-1.93) 1.72 (1.68-1.76) 

Mean Age (95% CI) 58.09 (57.79-58.38) 53.82 (52.96-54.67) 60.63 (60.29-60.97) 
Median Age (IQR) 59.00 (45.00-72.00) 54.00 (41.00-67.00) 62.00 (49.00-74.00) 
    
Age (years) N (%) Rate (95% CI) N (%) Rate (95% CI) N (%) Rate (95% CI) 

25-34 1033 (9.0) 0.62 (0.58-0.66) 155 (12.4) 0.75 (0.63-0.86) 499 (6.2) 0.57 (0.52-0.62) 
35-44 1659 (14.5) 0.96 (0.91-1.01) 233 (18.7) 1.14 (0.99-1.28) 957 (12.0) 0.93 (0.87-0.99) 
45-54 2058 (18.0) 1.37 (1.31-1.43) 254 (20.4) 1.56 (1.37-1.75) 1337 (16.7) 1.35 (1.27-1.42) 
55-64 2128 (18.6) 2.11 (2.02-2.20) 252 (20.2) 2.57 (2.25-2.88) 1524 (19.1) 2.15 (2.04-2.26) 
65-74 2283 (20.0) 3.42 (3.28-3.56) 217 (17.4) 3.67 (3.18-4.16) 1760 (22.0) 3.63 (3.46-3.80) 
75-84 2262 (19.8) 5.12 (4.91-5.33) 134 (10.8) 4.08 (3.39-4.77) 1908 (23.9) 5.56 (5.31-5.81) 

Sex          
Female 

4808 (42.1) 
1.33 (1.29-1.37) 

544 (43.7) 
1.43 (1.31-1.55) 

3350 (42.0) 
1.35 (1.30-1.40) 

Male 6615 (57.9) 2.11 (2.05-2.16) 701 (56.3) 2.34 (2.16-2.53) 4635 (58.0) 2.15 (2.09-2.21) 
Notes: 
*age-adjusted to the 2000 US standard population (single ages to 84-Census P25-1130).   
CI-Confidence Interval, IQR=Inner Quartile Range  
 



145 

 

Table SEERA9: Summary table (Adults > 25; 1992-2009) (Continued) 

 White Hispanic Asian or Pacific Islanders 
Total (n) 1,330 767 
% of total cases 11.6% 6.7% 
Age-Adjusted 
Incidence Rate per 
100,000 (95% CI)* 

1.56 (1.47-1.65) 1.24 (1.15-1.33) 

Mean Age (95% CI) 50.19 (49.35-51.02) 53.04 (51.90-54.18) 
Median Age (IQR) 48.00 (37.00-62.00) 51.00 (40.00-67.00) 
   
Age (years) N (%) Rate (95% CI) N (%) Rate (95% CI) 

25-34 241 (18.1) 0.64 (0.56-0.72) 120 (15.6) 0.67 (0.55-0.79) 
35-44 308 (23.2) 1.02 (0.91-1.14) 144 (18.8) 0.84 (0.70-0.98) 
45-54 288 (21.7) 1.50 (1.32-1.67) 160 (20.9) 1.17 (0.99-1.35) 
55-64 208 (15.6) 1.98 (1.71-2.24) 124 (16.2) 1.40 (1.16-1.65) 
65-74 165 (12.4) 2.71 (2.30-3.12) 124 (16.2) 2.15 (1.77-2.53) 
75-84 120 (9.0) 3.83 (3.14-4.51) 95 (12.4) 2.95 (2.36-3.54) 

Sex       
Female 555 (41.7) 1.29 (1.18-1.41) 311 (40.5) 0.93 (0.83-1.04) 
Male 775 (58.3) 1.85 (1.70-2.00) 456 (59.5) 1.61 (1.46-1.76) 

Notes: 
*age-adjusted to the 2000 US standard population (single ages to 84-Census P25-1130).   
CI-Confidence Interval, IQR=Inner Quartile Range 
21 other races and 75 American Indian cases were included in the overall total but not summarized in a separate category due to small 
numbers.    
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Table SEERA10: Incidence Rate Ratio Summary table (Adult > 25; 1992-2009)  
 WNH/WH WNH/B WNH/API WH/B WH/API B/API 
 IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) 
Overall 1.10 (1.04-1.17) 0.94 (0.89-1.00) 1.38 (1.30-1.48) 0.85 (0.79-0.93) 1.25 (1.14-1.37) 1.47 (1.34-1.61) 
Age (years)       

25-34 0.88 (0.76-1.03) 0.76 (0.63-0.93) 0.85 (0.69-1.05) 0.86 (0.70-1.06) 0.96 (0.77-1.20) 1.11 (0.88-1.41) 
35-44 0.91 (0.80-1.04) 0.82 (0.70-0.95) 1.10 (0.93-1.31) 0.90 (0.76-1.07) 1.22 (1.00-1.47) 1.35 (1.10-1.65) 
45-54 0.90 (0.79-1.03) 0.86 (0.75-1.00) 1.15 (0.99-1.35) 0.96 (0.81-1.14) 1.28 (1.06-1.55) 1.33 (1.10-1.62) 
55-64 1.09 (0.95-1.25) 0.84 (0.73-0.97) 1.53 (1.31-1.79) 0.77 (0.64-0.93) 1.41 (1.13-1.75) 1.83 (1.49-2.25) 
65-74 1.34 (1.16-1.54) 0.99 (0.86-1.14) 1.68 (1.45-1.95) 0.74 (0.60-0.90) 1.26 (1.00-1.59) 1.71 (1.37-2.12) 
75-84 1.45 (1.24-1.70) 1.36 (1.17-1.59) 1.88 (1.61-2.20) 0.94 (0.73-1.20) 1.30 (0.99-1.70) 1.38 (1.06-1.79) 

Sex       
Female 1.04 (0.95-1.14) 0.94 (0.86-1.04) 1.45 (1.31-1.60) 0.91 (0.80-1.02) 1.39 (1.21-1.59) 1.53 (1.33-1.76) 
Male 1.16 (1.07-1.26) 0.92 (0.84-1.00) 1.33 (1.22-1.46) 0.79 (0.70-0.88) 1.15 (1.01-1.30) 1.45 (1.29-1.64)  

Notes: IRR=Incidence Rate Ratio; CI=Confidence Interval 
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Figure SEERA5: Age-Specific Incidence Rates (Adult > 25; 1992-2009) 

A.  Blacks vs White Non-
Hispanic 

 

B. White Hispanic vs White 
Non-Hispanic 

 

C. Asian or Pacific Islander 
vs White Non-Hispanic 

 

D. Blacks vs White Hispanic 
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Table SEERA11: APC Model Tests (Adults > 25 1992-2009) 

 White NH White H Blacks Asian/Pacific Islander 
Age | Period + Cohort                                          0.0812003 0.279868 0.131495 0.706803 
Period + Cohort | Age                                         3.52115e-007 0.000656528 0.757852 0.0393218 
NetDrift | Age                                              3.53547e-011 3.35763e-005 0.0810551 9.90324e-005 
NetDrift | Age + Per Deviations                                                            9.11896e-011 3.58732e-006 0.0683769 0.000238465 
Per Deviations + Coh Deviations | Age + Net 
Drift               0.0778599 0.0397663 0.852953 0.448082 

Per Deviations | Age + Net Drift + Coh 
Deviations              0.439279 0.0571013 0.857476 0.197493 

Coh Deviations | Age + Net Drift + Per 
Deviations              0.0636256 0.156017 0.761386 0.539193 

NetDrift | Age + Per Deviations + Coh 
Deviations                                            3.71119e-006 1.1705e-005 0.0800354 0.000987274 

Net Drift + Cohort Deviations | Age + Period 
Deviations                                     2.50454e-007 0.000979851 0.623966 0.0656609 

Net Drift + Period Deviations | Age + Cohort 
Deviations                                     4.88735e-005 0.00011522 0.498267 0.00253635 

Net Drift | Age + Coh Deviations                                                           1.19627e-006 5.51636e-005 0.0811757 0.000445848 
Quad Coh Deviations | Age + Net Drift + Per 
Deviations + Hi-Ord Coh Deviations              0.000152317 0.136709 0.020924 0.94574 

Quad Coh Deviations | Age + Net Drift + Per 
Deviations                                      0.000165942 0.175408 0.0146645 0.926965 

Hi-Ord Coh Deviations | Age + Net Drift + Per 
Deviations + Quad Coh Deviations               

0.587732 
 0.177768 0.957963 0.479191 
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Table SEERA12: Parameter Estimates (Adults >25 1992-2009)  
Race Parameter Value (SD)                    CI Lo, CI Hi            P-Value 
Black Longitudinal Age Trend               0.0252 (0.0077)          0.0101, 0.0403           0.0010 

Cross-Sectional Age Trend           0.0380 (0.0023)          0.0334, 0.0426         <0.0001 
Net Drift                           -0.0128 (0.0072)         -0.0269, 0.0013           0.0762 
Intercept -10.8801 (0.0412)     -10.9609, -10.7993      <0.0001 

White Non-Hispanic Longitudinal Age Trend               0.0319 (0.0034)          0.0252, 0.0386          <0.0001 
Cross-Sectional Age Trend           0.0468 (0.0010)          0.0448, 0.0488          <0.0001 
Net Drift                           -0.0149 (0.0032)         -0.0211, -0.0086        <0.0001 
Intercept -10.9671 (0.0185)     -11.0034, -10.9308      <0.0001 

White Hispanic Longitudinal Age Trend              0.0082 (0.0064)         -0.0043, 0.0208             0.1976 
Cross-Sectional Age Trend           0.0358 (0.0020)          0.0318, 0.0397          <0.0001 
Net Drift                           -0.0275 (0.0061)          -0.0395, -0.0155        <0.0001 
Intercept -10.9808 (0.0345)       -11.0485, -10.9132     <0.0001  
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Table SEERA13: Wald Tests (Adults > 25 1992-2009) 

 Race/Ethnicity Comparisons 

 WNH/WH WNH/B WNH/API WH/B HW/API B/API 

PH-L: PH(Age|Cohort)                            0.2113 0.5497 0.1161 0.8846 0.8228 0.4323 

Parallel Age-at-Event Curves                    0.1872 0.3392 0.1084 0.8324 0.8624 0.4661 

PH-T: PH(Period|Age)                            0.1115 0.9867 0.5502 0.6386 0.3934 0.6298 

PH-X: PH(Age|Period)                            0.0041 0.2069 0.0002 0.9084 0.3965 0.6196 

PH-A: Absolutely Proportional                   0.0023 0.3472 0.0002 0.8744 0.4474 0.5367 

Longitudinal Age Trend                          0.0011 0.4261 0.0038 0.0891 0.8519 0.0911 

Net Drift                                       0.0663 0.0703                  0.1781 0.1187 0.8942 0.2059 

Cross-Sectional Age Trend                       <0.0001 0.0006 <0.0001 0.4689 0.3014 0.1036 

Long Age/Cross Age + Net Drift                  <0.0001 0.0026 <0.0001 0.2319 0.5822 0.1240 

Age, Period, and Cohort Deviations               0.3361 0.8586 0.5571 0.9050 0.5159 0.7718 

Age Deviations                             0.7788 0.3326 0.4518 0.9329 0.8274 0.6018 

Period Deviations                               0.2235 0.9572 0.5034 0.5489 0.4816 0.4516 

Cohort Deviations                               0.2332 0.9472 0.6531 0.7197 0.3145 0.7437 

Intercept 0.7256 0.0543 <0.0001 0.0610 <0.0001 <0.0001 

Parallel Fitted Temporal Trends                  0.1610 0.9780  0.3615 0.4300 0.6235 0.3390 

Equal Cohort Rate Ratios                        0.1072 0.9623 0.5249 0.5739 0.3673 0.6688 

Parallel Cross-Sectional Age Curves              0.0049 0.0177 0.0002 0.9405 0.8166 0.5141 
Note: p-values are shown.  P-values <0.05 are bolded.   
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Figure SEERA6: APC Plots White Non-Hispanic vs White Hispanic (Adults > 25 1992-2009)  
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Figure SEERA7: APC Plots White Non-Hispanic vs Blacks (Adults > 25 1992-2009)  
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Figure SEERA8: APC Plots White Hispanic vs Black (Adults > 25 1992-2009)  



154 

 

Figure SEERA9: Fitted Age-at-Onset Curve by Race (Adults>25; 1992-2009  

Black vs White Non-Hispanic 

 

White Hispanic vs White Non-Hispanic 
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APPENDIX 4: ADDITIONAL ANALYSES FOR AIM 3: IARC  
Additional analyses supporting the IARC study are included in Appendix 4.  Tab le 

IARCA1 shows the link between region, geographical region and country that was used 

in the analysis.  Additional details regarding the descriptive statistics by geographical 

region are shown in Table IARCA2 while additional descriptive statistics by region and 

gross national income are shown in Tables IARCA3 and IARCA4, respectively.  

Stratification by age (20 years and 50 years) and gross national income is shown in 

Tables IARCA5 and IARCA6.  Detailed age-standardized incidence rates by region and 

country are shown in Figure IARCA1.  Age-specific incidence rates by region and 

country is shown in Figure IARCA2 for males and Figure IARCA3 for females.    
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Table IARCA1: Macro Region and Components for IARC Version IX (1998-2002) 

Region Geographical Region Country N 

Africa Africa 

Algeria 12 
Egypt 131 
Tunisia 18 
Uganda 3 
Zimbabwe 27 

Asia 

E Asia 
China 676 
Japan 767 
Korea 769 

S Asia 
India 1351 
Pakistan 55 

SE Asia 

Malaysia 106 
Philippines 160 
Singapore 125 
Thailand 117 

W Asia 

Bahrain 13 
Cyprus 33 
Israel 314 
Kuwait 58 
Oman 29 

Europe 

E Europe 

Belarus 682 
Bulgaria 581 
Czech Republic 581 
Poland 205 
Russia 273 
Slovak Republic 316 

N Europe 

Denmark 370 
Estonia 87 
Finland 277 
Iceland 11 
Ireland 169 
Latvia 187 
Lithuania 331 
Norway 331 
Sweden 594 
UK 4216 

S Europe 

Croatia 296 
Italy 1598 
Malta 50 
Portugal 278 
Serbia 154 
Slovenia 87 
Spain 642 

W Europe 

Austria 54 
Belgium 463 
France 718 
Germany 1297 
Switzerland 221 
The Netherlands 1062 
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Region Geographical Region Country N 

N America 

Canada Canada 3358 
SEER14Black SEER14Black 460 

SEER14White 
SEER14HisWhite 545 
SEER14NHWhite 4079 

Oceania Australia Australia 2111 
Oceania New Zealand New Zealand 350 

South / 
Central 
America 

Central America Costa Rica 117 

South America 

Argentina 13 
Brazil 729 
Chile 7 
Colombia 80 
Ecuador 57 
Peru 12  
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Table IARCA2: Descriptive Statistics by Geographical Region  
 Males Females 

Cohort N Mean (Std) Median (IQR) ASR (95% CI) N Mean (Std) Median (IQR) ASR (95% CI) 

Africa 91 44.8 (18.6) 47.0 (32.0-57.0) 0.61 (0.47-0.76) 100 44.0 (16.1) 42.0 (32.0-57.0) 0.69 (0.55-0.84) 

Aus/NZ 1492 65.5 (18.3) 72.0 (54.5-77.0) 1.78 (1.68-1.87) 969 67.3 (18.2) 72.0 (57.0-82.0) 0.96 (0.89-1.03) 

Canada 2002 61.7 (18.4) 67.0 (47.0-77.0) 1.24 (1.18-1.29) 1356 63.9 (18.8) 67.0 (52.0-82.0) 0.71 (0.67-0.76) 

E Asia 2146 48.1 (20.1) 47.0 (32.0-62.0) 0.81 (0.78-0.85) 1342 51.6 (19.7) 52.0 (37.0-67.0) 0.45 (0.42-0.47) 

E Europe 1354 57.9 (17.5) 62.0 (47.0-72.0) 1.01 (0.96-1.07) 1284 61.0 (16.8) 62.0 (52.0-72.0) 0.72 (0.68-0.77) 

N Europe 3708 63.3 (18.7) 67.0 (52.0-77.0) 1.07 (1.03-1.11) 2865 66.0 (18.8) 72.0 (57.0-82.0) 0.66 (0.63-0.69) 

S Europe 1770 63.4 (17.3) 67.0 (52.0-77.0) 1.07 (1.02-1.12) 1335 64.7 (17.8) 67.0 (52.0-77.0) 0.67 (0.63-0.71) 

S/C America 583 50.9 (19.9) 52.0 (37.0-67.0) 1.26 (1.16-1.37) 432 52.3 (20.2) 52.0 (37.0-67.0) 0.78 (0.70-0.85) 

SE Asia 346 47.0 (18.7) 47.0 (32.0-62.0) 0.80 (0.71-0.88) 287 46.7 (18.7) 47.0 (32.0-62.0) 0.61 (0.54-0.69) 

SEER14Black 264 53.9 (18.5) 54.5 (42.0-67.0) 1.36 (1.19-1.53) 196 57.8 (20.1) 57.0 (42.0-77.0) 0.76 (0.65-0.87) 

SEER14White 2633 62.3 (18.9) 67.0 (52.0-77.0) 1.34 (1.29-1.39) 1991 64.5 (19.0) 67.0 (52.0-82.0) 0.84 (0.80-0.88) 

W Asia 444 56.6 (21.4) 62.0 (42.0-77.0) 1.01 (0.91-1.10) 336 54.4 (21.0) 57.0 (42.0-72.0) 0.74 (0.66-0.82) 

W Europe 2429 62.0 (18.2) 67.0 (52.0-77.0) 1.08 (1.03-1.12) 1935 65.3 (17.9) 67.0 (52.0-77.0) 0.68 (0.64-0.71)  
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Table IARCA3: Descriptive Statistics by Region  

 Males 

Region N Mean (95% CI) Median (IQR) ASR (95% CI) 

Africa 91 44.8 (40.9-48.7) 47.0 (32.0-57.0) 0.61 (0.47-0.76) 

Asia 3866 47.8 (47.1-48.4) 47.0 (32.0-62.0) 0.85 (0.83-0.88) 

Europe 9278 62.2 (61.8-62.6) 67.0 (52.0-77.0) 1.07 (1.04-1.09) 

N America 48077 61.5 (61.4-61.7) 67.0 (47.0-77.0) 1.28 (1.27-1.29) 

Oceania 1499 65.4 (64.5-66.3) 72.0 (52.0-77.0) 1.78 (1.68-1.87) 

S/C America 583 50.9 (49.3-52.6) 52.0 (37.0-67.0) 1.26 (1.16-1.37)  
 Females 

Region N Mean (95% CI) Median (IQR) ASR (95% CI) 

Africa 100 44.0 (40.8-47.1) 42.0 (32.0-57.0) 0.69 (0.55-0.84) 

Asia 2564 49.3 (48.5-50.0) 47.0 (37.0-67.0) 0.54 (0.52-0.56) 

Europe 7435 64.7 (64.3-65.1) 67.0 (52.0-77.0) 0.68 (0.66-0.70) 

N America 36569 64.1 (63.9-64.3) 67.0 (52.0-82.0) 0.79 (0.78-0.80) 

Oceania 972 67.3 (66.1-68.4) 72.0 (54.5-82.0) 0.96 (0.89-1.03) 

S/C America 432 52.3 (50.4-54.2) 52.0 (37.0-67.0) 0.78 (0.70-0.85)  
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Table IARCA4: Descriptive Statistics by Gross National Income  
 Males 

Income 
Classification N Mean (95% CI) Median (IQR) ASR (95% CI) 

High Income 1588561.6 (61.3-61.9) 67.0 (47.0-77.0) 1.15 (1.13-1.17) 

Upper middle income 1976 53.4 (52.6-54.2) 57.0 (39.5-67.0) 0.96 (0.92-1.00) 

Lower middle income 1005 42.7 (41.6-43.8) 42.0 (27.0-57.0) 0.95 (0.89-1.02) 

Low income 17 42.3 (32.5-52.1) 37.0 (27.0-52.0) 0.26 (0.10-0.42)  
 Females 

Income 
Classification N Mean (95% CI) Median (IQR) ASR (95% CI) 

High Income 1184764.2 (63.8-64.5) 67.0 (52.0-77.0) 0.70 (0.69-0.71) 

Upper middle income 1539 55.0 (54.1-55.9) 57.0 (42.0-72.0) 0.65 (0.62-0.68) 

Lower middle income 687 42.0 (40.7-43.3) 42.0 (32.0-52.0) 0.71 (0.66-0.77) 

Low income 13 49.7 (39.3-60.1) 52.0 (32.0-67.0) 0.42 (0.16-0.69)  
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Table IARCA5: Age-Adjusted Incidence Stratified by Age (<20 vs >20 years) 

 Males Females 

Income 
Classification <20 years >20 years <20 years >20 years 

High Income 0.20 (0.18-0.22) 1.56 (1.53-1.59) 0.12 (0.11-0.14) 0.95 (0.93-0.97) 

Upper middle income 0.16 (0.12-0.19) 1.30 (1.25-1.36) 0.13 (0.09-0.16) 0.87 (0.83-0.92) 

Lower middle income 0.19 (0.15-0.24) 1.28 (1.19-1.37) 0.17 (0.13-0.22) 0.95 (0.87-1.02) 

Low income 0.04 (-0.03-0.10) 0.36 (0.14-0.59) 0.00 (0.00-0.00) 0.60 (0.23-0.98)  
Table IARCA6: Age-Adjusted Incidence Stratified by Age (<50 vs >50 years) 

 Males Females 

Income 
Classification <50 years >50 years <50 years >50 years 

High Income 1.44 (1.42-1.46) 5.77 (5.67-5.86) 0.87 (0.86-0.89) 3.50 (3.43-3.57) 

Upper middle income 1.20 (1.15-1.25) 4.80 (4.58-5.01) 0.81 (0.77-0.86) 3.26 (3.09-3.42) 

Lower middle income 1.19 (1.11-1.27) 4.77 (4.46-5.09) 0.89 (0.82-0.96) 3.57 (3.29-3.85) 

Low income 0.33 (0.13-0.53) 1.32 (0.52-2.12) 0.53 (0.20-0.86) 2.11 (0.79-3.43)  
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Figure IARCA1: Age-Standardized Incidence Rates by Region and Country 
Version IX (1988-2002)  
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Notes: Age-standardized to the World standard population.  Error bars represent 95% 
confidence intervals. 
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Figure IARCA2:  Age-Specific Incidence Rate by Region and Country for Males (0-14 and 75-84 combined)  
Africa/Asia/S-C America 
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Figure IARCA3: Age-Specific Incidence Rate by Region and Country for Females (0-14 and 75-84 combined) 
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