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Abstract

Health care policies regarding hematopoietic stem cell transplantation (HCT) must address the need
for the procedure as well as the availability of stem cell sources: bone marrow, peripheral blood, or
umbilical cord blood (UCB). However, data with respect to the lifetime probability of undergoing
HCT are lacking.

This study was undertaken to estimate the latter probability in the United States (US), depending on
age, gender and race. We used data from the Center for International Blood and Marrow Transplant
Research, the US Surveillance, Epidemiology and End Results Program and the US Census Bureau
and calculated probabilities as cumulative incidences. Several scenarios were considered: assuming
current indications for autologous and allogeneic HCT, assuming universal donor availability, and

assuming broadening of HCT use in hematologic malignancies.

Incidences of diseases treated with HCT and of HCTSs performed increase with age, rising strongly
after age 40. Among individuals older than 40, incidences are higher for men than for women. The
lifetime probabilities of undergoing HCT range from 0.23% to 0.98% under the various scenarios.

We conclude that, given current indications, the lifetime probability of undergoing autologous or
allogeneic HCT is much higher than previously reported by others and could rise even higher with
increases in donor availability and HCT applicability.

INTRODUCTION

Hematopoietic stem cell transplantation (HCT) is an effective therapy for many life-threatening
malignant and non-malignant diseases. Depending on the situation, a patient’s own
(autologous) cells or (allogeneic) cells from a donor are used. Presently, cells for HCT can be

(1:c_)IA!ected from bone marrow, peripheral blood, or umbilical cord blood (UCB) [reviewed in
]
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In planning US health care policies, especially with regard to allocating resources for donor
registries and UCB banking, estimates of the probability that one will need an HCT during
one’s life are critical, but data regarding this probability are lacking.

The objective of this study was to calculate the lifetime probability of undergoing HCT in the
United States (US) under various scenarios and its dependence on age, gender and race. The
calculations in this study are pertinent to all sources of hematopoietic stem cells for
transplantation.

MATERIALS AND METHODS

Data Sources

Scenarios

HCT data were obtained from the Center for International Blood and Marrow Transplant
Research (CIBMTR) for patients up to age 70 years (generally the maximum transplant age),
who received an HCT for any indication in the US in 2001-2003. The organization of the
CIBMTR and its methods for data collection and management are described elsewhere [5].

Because reporting transplants to CIBMTR is voluntary, the database does not include all HCTs
performed. Currently there is no US database that includes all allogeneic or autologous HCTSs.
Based on data available from the National Marrow Donor Program (NMDP) which collects
data on most (>90%) unrelated donor transplants in the US, the Bone Marrow Transplant
Information Network (BMT Infonet) which attempts to survey all US transplant centers yearly,
and the U.S. Hospital Discharge Database from the Health Cost Utilization Project (HCUP),
we estimate that in the above mentioned years the CIBMTR collected transplant data on about
55% of autologous and 50% of allogeneic HCTs performed in the US. Therefore, CIBMTR
autologous and allogeneic HCT numbers were multiplied by 1.82 and 2, respectively, to
estimate total numbers of HCTSs in the U.S. These adjustment factors were applied uniformly
to all subgroups of patients reported to the CIBMTR and described in Table 1, assuming that
the cases reported to the CIBMTR are a random sample of all HCTs performed in the US. This
assumption appears to be justified by comparison with data collected by the organizations listed
above. The distribution of diseases and transplant types is also similar to the distribution in the
Europe-wide survey of transplant activig/ conducted yearly by the European Group for Blood
and Marrow Transplantation (EBMT) [°].

The incidences of malignancies commonly treated with HCT were obtained from the
Surveillance, Epidemiology and End Results (SEER) Program of the US National Cancer
Institute [7]. SEER data are derived from registries covering approximately 26% of the US
population and do not include non-malignant HCT indicationsy]. We used the SEER 13
database, which contains cases diagnosed from 1992 to 2002 [/]. Using publicly available
software (SEER*Stat, version 6.1.4), we calculated incidence rates per 100,000 persons up to
age 70 for the years 2000-2002. Considering children and adults separately (see Table 1), only
diagnoses that accounted for 5% or more of the HCTs in the CIBMTR database were included;
diseases for which transplants are rarely done were not considered. Disease incidences were
also calculated separately by age decades as described in Table 2.

We calculated the probability of undergoing HCT, for people in the US, by age 70 years, under
4 different scenarios (* = under current indications):

1. when the HCT is autologous *;

2. when the HCT is allogeneic with universal donor availability *; For this scenario it
was assumed that there would be no restriction in the availability of an HLA-identical
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sibling (or comparable) donor Since in reality only 30% of allograft candidates have
an HLA-identical sibling [ 9], the actual number of such transplants was multiplied
by 3, to estimate the “unrestricted” number of allogeneic HCTs in a setting of universal
donor availability. Some patients without an HLA-identical sibling currently receive
allogeneic transplants from alternative donors; we did not include those numbers in
this calculation.

3. whenthe HCT is either autologous™* or allogeneic * with universal donor availability;
For this scenario, the HCT numbers under Scenarios 1) and 2) are combined. In
arriving at these combined numbers, we assumed that patients currently receiving
autologous transplants for diseases where allotransplants are generally preferred
would receive an allotransplant if a donor were available, such as transplantation for
leukemia. Consequently, numbers of autotransplants for acute and chronic leukemia
included in Scenario 1 were not included in the numbers for Scenario 3 since they
were already counted under Scenario 2 (in the multiplication by 3, assuming universal
donor availability);

4. when the HCT is either autologous or allogeneic AND there is universal donor
availability AND current indications are expanded so that 50% of the patients with
cancers treatable with HCT receive a transplant. In planning this scenario, we
compared the incidence of the cancers treatable with HCT with the estimated annual
number of HCTs performed. This indicated that 15-20% of adults younger than 70
years with these cancers received HCT. This varied according to specific indication.
For example the proportion of patients with leukemia receiving HCT was 10-15%.
The proportion of children with neuroblastoma receiving HCT was about 35% and
the proportion of adults (younger than 70) with multiple myeloma receiving HCT was
40-45%. Considering these percentages, we took 50% as an “upper limit” for Scenario
4 and calculated the numbers of HCTs that would be performed if half of the patients
with one of all the diseases treatable with HCT would receive a transplant. The “upper
limit” was not set at 100%, since under any envisioned circumstance a considerable
number of patients would receive therapies other than HCT for a variety of reasons
including having low risk disease or highly refractory disease, co-morbidities or
socio-economic factors.

Statistical Analysis

First, the average annual incidences of HCT per 100,000 people were computed by age decade
under each scenario. Incidences of SEER diagnoses per 100,000feople were normalized to
average mid-year US population between the years 2001-2003 [ ] Next, the probability of
receiving an HCT was calculated as a cumulative incidence under each scenario, usmg the
cumulatlve incidence estimator with death in the absence of HCT as a competing risk [

] To calculate the cumulative incidences, the proportion of individuals at a particular age
who are mathematically “at risk” to undergo an HCT (i.e. the proportion of individuals at that
age who are alive without an HCT), was approximated by the overall probability of being alive
at that age, utilizing data from the US life tables for 2002 [ ] It is not possible to obtain the
actual proportion of individuals in the overall population at risk at a given age; however, since
the proportion of patients actually receiving transplantation or being diagnosed with a
transplantable disease is very small, the proportion at risk is quite close to the proportion of
individuals alive at a given age. The yearly increment in the cumulative incidence estimate is
the proportion of individuals alive at the beginning of the year times the incidence of receiving
an HCT in the next year. Although the patient populations reported to the CIBMTR are adjusted
for under-reporting, individual patient-level data is not needed to perform this calculation.
Since these calculations are performed on group-level data, they are not available in standard
software packages. A SAS/IML program was written to perform the cumulative incidence
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calculations. Probabilities were also calculated for subgroups of patients defined by gender
and race. Race classifications for HCT recipients and for the population of patients with
hematological malignancies were made by CIBMTR and SEER respectively. Due to
differences in classification by CIBMTR and SEER databases, racial subgroup analysis for
incidences and lifetime probabilities was limited to Caucasians and African-Americans.

RESULTS

Numbers of transplants under Scenarios 1-4

Table 1 depicts the average annual total of US HCTs under each scenario and the distribution
of HCTs by gender, race and transplant indication (plus the respective percentages of the total).
A comparison of the numbers of autologous HCTs (Scenario 1) and allogeneic HCTs (Scenario
2) shows that the latter would exceed the former, if donor limitations did not exist. As expected,
the highest HCT numbers are found when current indications are expanded (Scenario 4).

Distribution by gender is similar under all 4 scenarios, with more male than female HCT
recipients. The distribution by race is also similar under all 4 scenarios. For autologous HCT,
the two most common indications in children are neuroblastoma and central nervous system
tumors, while in adults they are multiple myeloma and lymphoma. For allogeneic HCT
(Scenario 2) and for HCT in general (Scenario 3) leukemia is the most common indication in
both age groups.

When current indications are expanded to include a larger proportion of individuals with
malignancies considered treatable by HCT (Scenario 4), the most common cancers treatable
with HCT are leukemia for children and lymphoma for adults.

Incidences of HCT, by age decade

Table 3 shows the incidences of HCT by age. Incidences are considerably higher in the 51—
7t decades than in the 151-3" decades of life, under all 4 scenarios. This “age effect” is observed
for men and women of both racial groups. Table 3 shows that the higher transplant numbers
for men versus women in Table 1 derive mainly from gender differences in disease incidences
in the 517t age decades.

Cumulative probabilities of receiving an HCT, by age decade

Fig.1 shows that when the incidence rates in Table 3 are used to calculate cumulative
probabilities by age, there is a sharp increase in probability of HCT after age 40. Presently, for
an average person in the US, the lifetime probabilities of receiving an HCT are 0.23%, 0.25%,
0.46%, or 0.98%, under Scenarios 1, 2, 3 and 4, respectively. Table 4 shows that when the
cumulative probabilities of Fig.1 are stratified by gender and race, the differences between the
incidences for men and women, as shown in Table 3 for the 5-7t age decade, translate into
comparable differences between cumulative probabilities in Table 4 (with the exception of
African-American men and women under Scenario 1).

It should be noted that in Table 3 and Table 4, in a few cases, the HCT incidences, and the
corresponding cumulative probabilities, for the total population are higher than for each
subgroup. This is due to the higher application of HCT among individuals who are not identified
as Caucasian or African-American.

DISCUSSION

Whether autologous or allogeneic stem cells are used for an HCT depends on the underlying
disease and the planned treatment strategy. When an immune anti-cancer effect is wanted, or
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when an inherited bone marrow defect in the patient needs correction, or when a cancer-free
autologous graft can not be harvested from the patient, an allogeneic transplant becomes the
primary choice. Performing an allogeneic HCT depends upon finding a suitable donor, ideally
an HLA-identical relatlve Such a donor is unfortunately only available for about a third of
patients in the US [ ] The next best option is an HLA-identical or minimally HLA-
mismatched unrelated donor transplant, using cells collected from a healthy adult volunteer
donor or previously collected and stored UCB cells made available for public use. In some
centers UCB transplantation is now the preferred ch0|ce for unrelated donor HCT in children
who do not have an HLA-identical related donor [ ] During the years selected for this study,
about 25% of allogeneic HCTSs performed used adult or cord blood unrelated donors [CIBMTR
data]. Despite these alternative sources of grafts, more than half of patients in need of
transplantation still do not have an available donor.

The average annual number of HCTS, either autologous or allogeneic, which we calculated for
the US (about 17,000 under Scenario 3, assuming universal donor availability, Table 1), is
similar or higher than the average annual number of other generally accepted medical
procedures in the US, e.g., kidney transplantation, with an average of about 15,000 per year
[ ] and surgery for cleft palate / cleft lip, with an average of about 5,000 per year [ ]

When calculating the lifetime probabilities, several assumptions were made that deserve
discussion. Under Scenario 1, CIBMTR data indicate that the lifetime probability of
undergoing an autologous HCT in the US is about 1:400 if the indications for autologous HCT
do not change much during the next 70 years. This, of course, may not be true. Advances in
HCT technology may lead to its use for new indications, new pharmaceutical developments
may replace HCT for some diseases, or both may occur; the effect of these advancements could
increase, decrease or leave unchanged the lifetime probabilities estimated in this study. Under
Scenarios 2 and 3, the lifetime probabilities are 1:400 and 1:200, respectively, for undergoing
allogeneic HCT or either autologous or allogeneic HCT. Those probabilities are partly
speculative, because of the assumption of universal donor availability. However, these
probabilities may be realized with increased numbers of donors and/or UCB units and/or
strategies to accommodate greater degrees of donor-recipient HLA disparity. A bank with
sufficient allogeneic UCB units could provide suitable transplants for most US patients in need,
because of the possibility of using UCBs with 1 or 2 HLA mlsmatches E ] and when strategies
become available to overcome limitations of low cell numbers [ ]. The size required for
such a donor bank is discussed elsewhere [ ] and must take into account dlfferences if any,
in outcome with varying degrees of HLA matching and varying cell doses [ ]

Under Scenario 4, the calculated probability of almost 1:100 is based on the speculation that
many changes in current practice will enable more widespread use of HCT in the future in
patients with diseases where efficacy has already been demonstrated. A comparison of the
probabilities under Scenarios 3 and 4 shows how much a change in scenario can affect the
lifetime probability of undergoing an HCT. At the moment about 17% of patients who are
diagnosed with diseases potentially treatable with HCT actually undergo HCT (as outlined in
the Materials and Methods section), in contrast to the 50% we empirically selected as an “upper
limit”. Itis unlikely that the percentage would be higher than this since patients may not require
transplantation, may be treated with other therapies, may have comorbidities that would
preclude transplantation or may have socio-economic barriers to transplantation. The usage of
HCT is limited by consideration of the risk to benefit ratio of this therapy, which carries
significant treatment-related mortality, versus other (less aggressive) therapies [4]. Major
improvements in safety and efficacy of HCT are required to realize Scenario 4. It is of interest
that during the study period, we estimated that 40-45% of patients diagnosed with multiple
myeloma up to age 70 years received HCT (>95% autologous HCT). During this time, there
was general consensus that autotransplant was the preferred therapy (though more recent
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studies have brought this into question) and that the procedure could be safely done even in
older patients.

Regardless of scenario or transplant practice, yearly HCT rates would increase if uninsured
Americans, which included 11% of children and 15% of non-elderly adults in 2003 [25], had
full access to health care. Unequal access to health care may account for some of the
discrepancy between the proportion of HCTs received by African-Americans (9%, Table 1,
Scenario 3) and their representation of about 13% in the US population [26].

As stated in the Materials and Methods section, our adjustment for under-reporting assumed
that transplants reported to the CIBMTR are a simple random sample of patients receiving
transplant. There may be inherent differences in the types of patients treated by centers
reporting versus not reporting to the CIBMTR, which would result in a biased adjustment for
under-reporting. However, inspection of data reported to NMDP, BMTInfoNet and the EBMT,
suggest that CIBMTR is representative. A similar bias could occur from the use of group-level
data from SEER.

In conclusion, whatever the future developments in HCT practice, our results show that the
lifetime probability of undergoing HCT is much higher than the probabilities previously
reported by others [27‘29], which ranged from 1:2700to 1:200,000. These results are important
for planning donor registries, UCB banks and health insurance policies.
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---A-- scenario 1
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Fig. 1. Cumulative probabilities that an HCT has been received by a specific age, under 4 scenarios
For a description of the 4 scenarios, see the Materials and Methods section. The values under
Scenario 3 do not always equal the total of the values under Scenario 1 plus Scenario 2. For

an explanation, see the Materials and Methods section.
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