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                                                                                                                        Abstract

                                                            The survival of younger patients with acute leukemia has improved in the early 21st century, but it is unknown whether people of all ethnic and racial backgrounds have benefited equally. Using cancer registry data from the Surveillance, Epidemiology and End Results Program, we assessed trends in 5-year relative survival for patients aged 15 years or more with acute lymphoblastic leukemia and acute myeloblastic leukemia divided by racial and ethnic group, including non-Hispanic whites, African-Americans, Hispanics, and Asian-Pacific Islanders in the 1990s and the early 21st century. Modeled period analysis was used to obtain the most up-to-date estimates of survival. Overall, the 5-year survival increased from 31.6% in 1997-2002 to 39.0% in 2003-2008 for patients with acute lymphoblastic leukemia and from 15.5% in 1991-1996 to 22.5% in 2003-2008 for those with acute myeloblastic leukemia. Nevertheless, among patients with acute lymphoblastic leukemia, age-adjusted 5-year relative survival rates remained lower for African-Americans and Hispanics than for non-Hispanic whites. Among patients with acute myeloblastic leukemia, the increase in survival was greatest (from 32.6% in 1991-1996 to 47.1% in 2003-2008) for younger patients (15-54 years), and was more pronounced for non-Hispanic whites (+16.4% units) than for other patients (+10.8% units). Increases in survival are observed in all ethnic or racial groups. Nevertheless, among patients with acute leukemias, disparities in survival persist between non-Hispanic white people and people of other ethnic or racial groups. Disparities are increasing in younger patients with acute myeloblastic leukemia. Improvements in access to treatment, especially for minority patients, may improve outcomes.
                                                            
                                                            Introduction
The acute leukemias are a heterogeneous group of diseases characterized by the rapid expansion of a malignant clone derived from a very early hematopoietic progenitor, either in the lymphoid lineage in the case of acute lymphoblastic leukemia (ALL) or the myeloid lineage in acute myeloblastic leukemia (AML). Both conditions are rapidly fatal if not treated but are usually initially highly responsive to chemotherapy.
Progress in the treatment of both AML and ALL has been great in children, especially for ALL.1-3 Lesser, but significant, improvements in survival on a population level have been seen for adults with AML4-5 and ALL.6 However, there is currently little information on whether the increases in survival observed have been equal in people of all races, especially in the adult population. In past work, we found that overall survival rates were lower in African-American and Hispanic patients with acute leukemia and that the discrepancy was increasing over time.7 One recent study demonstrated improvements in survival in non-Hispanic whites (nHw), African-Americans (AA), and Hispanic children and adolescents with ALL who were treated on Children's Oncology Group protocols,8 with similar magnitudes of improvement in each racial and ethnic group. However, not all patients are treated on protocol and adults are generally more likely to be treated off protocol than children. These results cannot, therefore, be automatically extended to adult patients. Another study found a higher 5-year survival rate among non-Hispanic patients than among Hispanic patients with ALL, as well as a higher incidence of ALL in the Hispanic population in California, but did not examine survival in other parts of the USA.9 There is, therefore, a lack of population survival data for patients of different races and ethnic groups with specific acute leukemias especially with respect to whether increased 5-year survival is seen equally in all ethnic groups.
Here, we examine detailed survival rates by specific leukemia type, age, and race.
Design and Methods
All data presented in this paper were derived from the 1973-2008 database of the Surveillance, Epidemiology, and End Results (SEER) Program of the United States National Cancer Institute issued in April 2011 and updated May 12, 2011.10 For AML, we used data included in the 1973-2008 SEER9 database which are from population-based cancer registries in Connecticut, New Mexico, Utah, Iowa, Hawaii, Atlanta, Detroit, Seattle-Puget Sound and San Francisco-Oakland and together cover a population of about 30 million people. Because ALL is a very rare condition in adults, the SEER9 database was not adequate for evaluating changes in survival in patients with ALL. The SEER13 database was, therefore, used for this population. The SEER13 database contains the data in the SEER9 database as well as data from four further cancer registries, Los Angeles, San Jose-Monterey, Alaska Native Registry, and rural Georgia, starting from 1992.
Geographical areas were selected for inclusion in the SEER Program based on their ability to operate and maintain a high-quality population-based cancer reporting system and for their epidemiologically significant population subgroups. The SEER population is similar to that of the general USA population in terms of racial and ethnic make-up, although it may be more affluent than average,11 and oversamples some racial and ethnic minorities including Hispanics and Asian/Pacific Islanders.12
Data on rates of hematopoietic stem cell transplantation (HSCT) and survival after the transplant were obtained from the USA Department of Health and Human Service's Bone Marrow and Cord Blood Donation and Transplantation web site.13 This web site provides survival data for patients undergoing transplantation, with the data divided by disease type, type of transplant, stage of disease (i.e. first remission, second remission, not in remission), and demographics. Data for specific minority groups are not available but the number of transplants and survival for the categories “white” and “non-white” can be compared. Data are available for 2003-2008 only.
Patients aged 15 or older with a first diagnosis of ALL or AML and no prior cancers and followed for vital status through the year 2008 were included in the data set for analysis. Because patients with one subtype of AML, acute promyelocytic leukemia (APL), have a higher survival rate that that of patients with other subtypes, an analysis excluding APL was performed, as well as the overall analysis.
Throughout this paper, period estimates rather than traditional cohort-based estimates of survival are presented. Period analysis, first introduced in 1996,14 described in detail elsewhere15 and widely used in population-based survival analysis,16 provides more up-to-date survival estimates than traditional cohort analysis by exclusively focusing on the survival experience of patients during some recent time period. Technically, this is achieved by left truncation of observations at the beginning of that period. It has been shown by extensive empirical evaluation that period analysis of 5-year relative survival for some recent period of time provides quite accurate predictions of the real 5-year relative survival later observed for cancer patients diagnosed in that period.17
According to standard practice in population-based cancer survival analysis, the relative survival was calculated. Relative survival reflects survival of cancer patients compared to survival of the general population. It is calculated as the ratio of absolute survival of cancer patients divided by the expected survival of a group of persons of the corresponding sex, age and race in the general population.18,19 Because life tables are not available for people of Asian or Pacific Island descent, life tables for whites were used for this population as being the closest to the correct values. Life tables for people of Hispanic ethnicity are now available starting in 2006, but because older tables are not available, relative survival for people of Hispanic origin was calculated using life tables for the race listed for the individual without reference to their ethnicity (i.e. the life table for whites was used for a patient identified as ethnically Hispanic and racially white, whereas the table for AA was used for a patient identified as ethnically Hispanic and racially black). Estimates of expected survival were derived according to the Ederer II method,20 using USA sex-, age- and race-specific life tables.21
In this study, we employed a model-based approach to estimate 5-year relative survival in 1991-1996, 1997-2002, and 2003-2008, the three most recent 6-year periods for which data were available for AML, and 1997-2002 and 2003-2008 for ALL and to test for trends in 5-year relative survival across those periods as described in detail elsewhere22 and increasingly employed in recent years.1,23 In model-based period analysis, numbers of patients at risk and of deaths by the year of follow-up were determined for each single period (i.e. 1991-1996, 1997-2002, and 2003-2008). A Poisson regression model for relative survival was fitted to the resulting data set, in which the logarithm of the excess number of deaths was modeled as a function of the year of follow-up (categorical variable) and calendar period (linear variable, coded 0 to 2), using the logarithm of the person-years at risk as the offset. Model-based estimates of 5-year relative survival for the first (1991-1996) and last (2003-2008) periods and a P value for the trend in relative survival between the three periods were derived. An α value of 0.05 was used as the level of significance for trend tests. Standard errors of the model-based 5-year relative survival estimates were calculated using the delta method.
Survival was examined based on age group for each type of leukemia, using the age groups 15-54, 55-74, and 75+ for AML and 15-44 versus 45+ for ALL. The cut-off of 55 years of age was used because few patients over the age of 55 are traditionally eligible for HSCT, one standard therapy in acute leukemia. However, within the last decade, transplantation of older individuals with less toxic conditioning regimens has become more accepted, so that patients in the intermediate age group, 55-74, may also be transplanted in some instances.24 Transplant and even aggressive induction chemotherapy are still only rarely used in patients over the age of 75. For ALL, the cut-off of 45 years was used because after the age of 45, modified childhood regimens becomes less practical and patients are more likely to receive lower intensity treatment. An analysis with age adjustment according to the International Cancer Survival Standards using the age groups 15-44, 45-54, 55-64, 65-74 and over 75 was performed in order to evaluate the effects of variation in age on apparent overall changes in survival.25
Survival was calculated by racial or ethnic group as follows: patients identified racially as white and ethnically as not Hispanic were grouped as “non-Hispanic white”. Patients who were categorized racially as black/African-American and ethnically as not Hispanic were categorized as “African-American”. Patients identified ethnically as Hispanic were categorized as Hispanic, regardless of race. Patients identified in the SEER database as being of any east Asian, southeast Asian including Indian subcontinent, or Pacific Island racial group were categorized as Asian/Pacific Islander (API). Because each of the leukemias examined is rare and total case numbers for each minority group are small, a composite group of all non-white patients was examined as well as individual ethnic groups. This grouping of patients is of social, rather than biological significance: although the genetic and social backgrounds of various minority groups are highly diverse, they share the common experience of not being of the majority race and thus subject to socio-economic pressures and prejudice that the majority race is not subject to. Patients for whom ethnic or racial information was missing, patients identified as any other racial group, or for whom more than one race or ethnic group was listed were excluded from sub-group analysis but included in the overall analysis.
All calculations were carried out with SAS software (version 9.2), using macros developed for modeled period analysis.22
Results
As expected, the total number of adults diagnosed with ALL was small in both 1997-2002 and 2003-2008, with a total number of 1409 and 1739 cases, respectively. The median age at diagnosis was highest in API and nHw (46 and 45 years, respectively) in 2003-2008 and lowest in Hispanics (30 years) in 2003-2008. Interestingly, age at diagnosis increased for all ethnic groups except for nHw and Hispanics in 2003-2008, with the greatest increase in median age in AA patients, from 34 to 40 years of age (Table 1A).
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Table 1A.Numbers of patients and median age at diagnosis of ALL by ethnicity and calendar period.
The total number of AML cases was 3782 in 1991-1996 and 4366 in 2003-2008. Again, the majority of cases were nHw and the smallest number of cases occurred in Hispanics. Age at diagnosis was highest in nHw, being a median of 68 years in 1991-96, 70 in 1997-2002 and 69 years in 2003-2008 and lowest in Hispanics, being 50-51 years in each time period. Age at diagnosis was stable over the time period examined for this cancer (Table 1B). When APL was excluded from the analysis, the median age increased for all groups of patients, with the greatest increase among Hispanic patients (increasing by 2.5-5 years) and the smallest among nHw (0-1 years) (Table 1B).
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Table 1B.Number of patients and median age at diagnosis of AML by ethnicity and calendar period, with and without inclusion of APL cases.
Five-year relative survival increased substantially for patients with ALL, from 31.6% in 1997-2002 to 39% in 2003-2008 for all patients combined (Table 2). Statistically significant increases in survival were observed for all ethnic groups, although the statistical significance for Hispanics was marginal (P=0.05). The greatest increase was seen for API and AA, at +15.6 and +14.4 percentage units, respectively. The smallest increase was observed in the Hispanic population, at +6.1 percentage units. In 2003-2008, survival was still higher for nHw and API than for AA or Hispanics, although the disparity lessened for AA versus nHw.
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Table 2.Survival of patients with ALL by ethnicity and calendar period.
Age-standardized analysis of survival for patients with ALL showed statistically significant improvement overall and for each ethnic group except for Hispanics (Table 2). Point estimates of the increase in survival for each ethnic group were less after adjustment for age, with the exception of API, for which the age-adjusted increase in survival was slightly higher (16.5 percent units after age adjustment versus 15.6 percent units before). As with the non-adjusted estimates, the greatest increase was observed for API, the smallest for Hispanics. Five-year relative survival after age adjustment was highest for API at 49.2% and lowest for AA and Hispanics (30.6% and 31.5%, respectively).
Because age is an important factor for survival in patients with ALL, survival by major age groups was evaluated. For patients aged 15-44, survival increased significantly for all patients, all non-white patients, AA, and Hispanics, but the increase for API or nHw did not reach statistical significance (Table 3). The greatest magnitude of increase was seen for AA at 19.3 percent units. The point estimate for increase in survival for API was large, but not statistically significant, possibly because of the small numbers. The point estimate for survival in 2003-2008 was highest for nHw (56.4%) and API (57.7%). Despite having the greatest increase in relative survival, younger AA patients still experienced the lowest survival in the more recent time period (43.4%).
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Table 3.Survival of patients with ALL by age.
For patients aged over 45 years old, the overall survival was markedly lower than for younger patients. There was a significant improvement in survival in the overall population and for nHw, all non-whites, and in particular API (+19.8 percent units), and also a strong but only marginally statistically significant improvement for AA (Table 3). Interestingly, in 2003-2008 survival was much higher for API than for other ethnic groups. In this age group, survival was lowest in Hispanics, for whom there was no hint of improvement between the earlier and later time periods.
Five-year relative survival likewise improved substantially overall for patients with AML and in nHw and API. Trends towards improvement were also observed for patients of other racial or ethnic backgrounds, but did not reach significance for AA or Hispanics (Table 4a). After adjustment for age, the highest survival in 2003-2008 was observed in nHw (18.4%) and API (19.1%). The change in survival was significant for nHw, all non-whites, AA, and API. Survival for patients diagnosed in the years 1998-2002 was intermediate between the first and final time periods examined in all cases. When cases of APL were removed, survival decreased for all groups of patients. Additionally, the increase in survival was significant only for nHw and all non-whites in the unadjusted analysis, although a significant increase in survival was seen for nHw, AA, and API after age adjustment (Table 4B). The largest numerical difference in survival was observed for nHw and API at +4.8 and +5.4 percentage units, respectively, after age adjustment (Table 4B).
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Table 4a.Survival of patients of all ages with AML, divided by ethnicity and calendar period.
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Table 4b.Survival of patients of all ages with AML, excluding APL, divided by ethnicity and calendar period.
For patients aged 15-54, there was a large improvement for nHw (+18.2 percentage units) and a smaller, but marginally significant increase in survival for API (+11.9 percentage points) (Table 5A). Notably, the point estimates of survival for 2003-2008 were lower for each minority group examined than for nHw, in contrast to 1991-1996 in which period survival was actually lower for nHw than for Hispanics or API. For patients aged 55-74, a significant improvement was seen for all racial groups except for Hispanics. The magnitude of the improvement was greatest for API, at +13.1 percentage units and similar for AA and nHw at +7.7 and +8.4 percentage units, respectively. No significant improvement in survival was seen overall or for any ethnic group for patients over 75 years old and in this age cohort 5-year relative survival rates were less than 10% for all racial and ethnic groups (Table 5A). When patients with APL were removed from the analysis, all survival estimates were lower, smaller increases were seen, and survival increased significantly only for nHw patients aged 15-54 years (Table 5B).
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Table 5A.Survival of patients with AML by ethnicity, calendar period and age.
[image: ]

Table 5B.Survival of patients with AML by ethnicity, calendar period and age, excluding patients with APL.
Possible contributors to decreased survival in patients with AML from minority groups are lower rates of HSCT and worse outcomes after HSCT. Data for 2003-2008 showed no differences in 100-day, 1-year, or 3-year survival for non-white versus white patients undergoing autologous, related, or unrelated transplant in first remission, second remission, or relapse (data not shown). However, a smaller percentage of non-white patients underwent transplantation for each category of stem cell transplant. In 2003-2008, approximately 81% of cases of AML occurred in whites (Hispanics are included in this estimate since ethnic group is not given in the transplant database). Additionally, in patients aged 15-74, the percentage of cases occurring in whites was 79% and in patients <55 years old it was 76%. Thus, in the age range for which transplantation is widely accepted (15-54 years) and reasonable for selected patients (55-74 years), the percentage of patients who are classified racially as “white” is even lower than overall. In contrast, over 80% of HSCT were performed in whites in all categories except “other related” transplants in first remission. Rates of transplantation were particularly low for non-white patients in the non-related category, with rates of 10-12%, which are at least 10% less than might be expected assuming equality of all other variables (Table 6).
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Table 6.Percentage of patients undergoing HSCT for AML.
Discussion
Five-year relative survival of adult patients with ALL and AML in USA has improved substantially in the 1990s and first decade of the 21 century. However, the changes in survival are not evenly distributed between different ethnic and racial groups. In the case of ALL, survival has improved more for people of minority races or ethnic groups than for nHw, such that non-adjusted survival is nearly equal between different racial and ethnic groups in 2003-2008. However, after age standardization, a large gap in survival is still present and little decrease in the discrepancies could be seen between patients with ALL.
Although improvement in survival was observed for nHw aged 15-54 with AML, the survival improvement for minority patients in the same age group was much smaller and not statistically significant after cases with APL were removed. The pattern was slightly more equitable for patients aged 55-74 years among whom small but significant increases in survival were observed for nHw, API, and AA, but still not for Hispanics.
The finding that patients of minority racial or ethnic backgrounds present at an earlier age was unexpected. Several previous publications have noted a younger age at onset in AA,26,27 but little information was found for Hispanic patients. The reasons for this age difference are not clear from the available data, but given that younger age is generally a good prognostic indicator in AML, the finding makes the lack of improvement for patients of minority racial and ethnic background especially troubling. Additionally, the lack of major change in median age at presentation between the earlier and later time periods rules out differences in change of median age at presentation as an explanation for the differences observed.
Therapy for both AML and ALL relies on intensive chemotherapeutic regimens that require multiple agents and several courses of therapy to achieve a lasting remission.28,29 Allogeneic HSCT is often used for poor prognosis disease or relapse for both AML and ALL.28,29
Recently, more intensive regimens based on pediatric protocols have come into favor for treating adult ALL,30 with preliminary data suggesting that these regimens can be used in patients up to at least 40 to 45 years old.31,32 However, the use of pediatric protocols in adult ALL is a new phenomenon and relatively few patients over 25 years old would have been likely to have been treated on pediatric protocols during the periods examined. Thus, the effects of the introduction of pediatric protocols would be much stronger in populations with a younger median age at diagnosis. Furthermore, the addition of tyrosine kinase inhibitors to chemotherapeutic regimens has improved survival in patients with Philadelphia chromosome-positive ALL, a group of patients with a previously very poor prognosis.33 However, the optimal use of these medications in ALL has not yet been established and, as with the use of more intensive chemotherapy, the full effects of the use of tyrosine kinase inhibitors in ALL have yet to be seen.
The larger increase in survival in ALL initially observed in patients from minority groups was unexpected given the relative lack of increase in survival for minority patients with acute leukemia overall.7 Additionally, several recent publications described poorer survival among AA and Hispanic children with ALL as compared to white or API children.34,35 As the age-standardized results demonstrate, much of the apparent relative increase in survival for non-API minorities compared to nHw could be attributed to lower age at diagnosis. A decrease in the survival disparity between nHw and other races was observed for younger patients, but was less for older patients; the disparity worsened for older Hispanics, in whom, in contrast to all other racial and ethnic groups, no increase in survival was observed.
In contrast to ALL, few changes have been made in the treatment of AML, for which the use of cytarabine and an anthracycline has been the standard of care for induction treatment since the mid-20 century, when AML became one of the first diseases for which there was effective chemotherapy.36 However, improvements in supportive care, more intensive chemotherapeutic regimens, and HSCT have led to improved survival in AML, also at a population level.26 One subtype of AML, APL, can be treated with several specific agents including all trans retinoic acid37 and arsenic trioxide,38 treatments introduced in the late 1990s and early 21 century. APL has a much better prognosis than other forms of AML. However, it is a rare malignancy and thus has only a minor effect on overall survival in patients with AML. However, even when cases of APL were excluded from the analysis, no qualitative difference in the previously described pattern was observed, although survival was lower within each subgroup (Tables 4B and 5B).
As for multiple myeloma, in cases of AML survival was better for most patients of minority ethnic or racial background in the 1990s but worse in the 2000s. This suggests that biology is not a major factor, i.e. that the differences are not simply due to a more resistant disease state in people of minority ethnic groups. A relative lack of matched donors and, therefore, fewer opportunities for allogeneic HSCT may account for some of the differences observed. However, HSCT has been used for the treatment of AML since the 1980s and the first effects of this difference should, therefore, be observable in the earlier time period.
Outcomes of patients with leukemia may vary depending on the volume of care at the center at which the patient is treated.39 Recent work has suggested that people of lower socio-economic status, who include a larger than average number of minorities, may be seen more often at low volume and non-teaching centers, possibly compromising their care.40 Additionally, lack of insurance and other socio-economic factors may increase the risk of treatment delays or lead to sub-optimal treatment,41 especially in the consolidation phase of treatment. Our results show that the majority of the worsening disparity for AML can be attributed to lack of progress or even worsening in survival of younger patients (15-54 years old) with AML. This is also the group of patients most likely to be uninsured, especially patients in early adulthood.42 Previous work has demonstrated relatively low survival for patients aged 15-24 with AML.43 This supports the hypothesis that lack of health insurance and thus access to timely and expert care may be a major contributor to the disparity observed. Notably, people of minority ethnic or racial background, especially AA and Hispanics, are less likely to have private insurance and more likely to be completely uninsured compared to nHw.44 Additionally, rates of insurance of non-US born people who are not US citizens have dropped significantly since 1999.45 This difference may partially explain why survival has not improved in patients of AA or Hispanic ethnic background, especially among the Hispanic population.
It is notable that survival did not improve for patients of Hispanic ethnicity in any age category. This finding is particularly notable for patients in the 55-74 age group with AML and in those over 45 years old with ALL, since the survival of such patients improved in every other racial and ethnic group. Several factors may account for this finding. Reporting of race and ethnicity in SEER has been verified as highly reliable with respect to race and moderately to highly reliable with respect to ethnicity.46 Hispanic patients are more likely to be misclassified as non-Hispanic than vice versa so that the total number of patients classified as Hispanic may be lower than the true value, resulting in larger standard errors for this group of patients. Additionally, people of Hispanic origin are relatively likely to be immigrants to the United States compared to people of other ethnic backgrounds.47 Recent changes in immigration law have increased the barriers for immigrants needing health care for acute illness48 and the increase in barriers may have negated improvement in standards of care, resulting in no net change in survival for this group.
When considering our results, some limitations must be kept in mind. First, life tables were not available for Hispanic ethnicity or API race (or any subpopulation within the general category of API). Thus, relative survival could be slightly biased. In particular, API, especially API women, may have a slightly longer life expectancy than whites, leading to a slight overestimate of relative survival in this population. Because the SEER database does not contain information on chemotherapy or HSCT, we cannot directly assess the effects of differences in treatment on survival in the various ethnic groups. Furthermore, because the bone marrow registry does not have data prior to 2003, we cannot be certain that the rate of transplantation among minorities relative to that of whites has changed between the earlier and later time periods. Similarly, there are relatively few data available concerning socio-economic status in the SEER database, so that it is not possible to make definitive statements with respect to the influence of lower socio-economic status on outcome. Finally, the data from the bone marrow registry do not perfectly match those in the SEER database, i.e. the data are collected from the general US population rather than only the SEER population, and data for specific minority groups are not available.
In summary, our results demonstrate a decrease in the discrepancy in survival of patients with ALL between nHw and other racial or ethnic groups due to greater improvements in the latter groups. Nevertheless, substantial disparity persists in age-adjusted 5-year relative survival. Survival has substantially increased for younger patients with AML, but the increase was much less pronounced for patients in minority groups. These results demonstrate an urgent need to improve access to treatment and improve care for patients of minority ethnic and racial background in order to avoid unnecessary loss of life due to potentially curable leukemias.
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