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ABSTRACT

Reduced intensity conditioning (RIC) regimens have allowed
older patients and those with comorbidities to receive hema-
topoietic cell transplantation (HCT). We analyzed medical
costs from the beginning of conditioning to 100 days after HCT
for 484 patients and up to 2 years for 311 patients who
underwent a RIC HCT at two institutions from January 2008
to December 2010. Multiple linear regression was used to
analyze the association between clinical variables, center
effect, and costs. Patient and transplant characteristics were
comparable between the sites, although differences were
seen in pretransplant performance scores. Significant pre-
dictors for lower costs for the first 100 days included a dia-
gnosis of lymphoma/myeloma and use of human leukocyte
antigen-matched related donors. Grade II-IV acute graft-
versus-host disease (GVHD) was associated with higher costs.
The overall short-term costs between the two institutions

were comparable when adjusted for clinical variables (p 5
.43). Late costs between 100 days and 2 years after HCT
were available for one cohort (n 5 311); median costs
during this period were $39,000 and accounted for 39% of
costs during the first 2 years. Late costs were not associated
with any pretransplant variables, but were higher with
extensive chronic GVHD and death. After adjustment for
clinical characteristics, the overall costs of the RIC trans-
plants were similar between the two institutions despite
different management approaches (inpatient vs. outpatient
conditioning) andaccountingmethodologies. Useofunrelated/
alternative donors, transplant for diseases other than lym-
phoma or myeloma, and acute GVHD were predictors for
higher early costs, and extensive chronic GVHD and death
were associated with higher late costs. The Oncologist 2014;
19:639–644

Implications for Practice: This study from two large centers describes the profile and predictors of costs of reduced intensity
conditioning (RIC) hematopoietic cell transplantation. Results indicate comparable costs between two centers with different
practice patterns. Identification of optimum donors with favorable cost-benefit ratio and interventions to prevent complications
suchas graft-versus-hostdiseasemayyield clinical and financial benefits. A commitment to lowering costswhilepreservingquality
of care is essential in the current environment, especially for RIC transplants. These transplants are done mainly for the older
population, amajority of whommay be prone to insufficient coverage and declining reimbursements byMedicare.The study also
underscores the need for collection of resource utilization data in a prospective fashion with clinical studies.

INTRODUCTION

A major medical milestone was reached in January 2013 with
the performance of the 1 millionth stem cell transplant.
Improved supportive care including practices to decrease
organ toxicity and better infection control has increased
survival after this complicated medical procedure [1–3].
Availabilityof alternativedonors suchashaploidentical donors
or cord blood and the advent of nonmyeloablative (NMA)/
reduced-intensity conditioning (RIC) regimens for allogeneic
transplants have made this treatment available to manymore
patients irrespective of age, race/ethnicity, and comorbidities
[4, 5]. Although there are some differences in the intensity
of NMA (lowest) and RIC regimens (intermediate between

myeloablative and NMA), NMA regimens were included with
the RIC regimens in this analysis and hereafter are referred to
collectively as RIC for this article. The ability to use these
regimens to successfully transplant patients has likely im-
proved the dismal outcomes of hematological malignancies in
older patients treatedwith conventional chemotherapy [4, 6].
However, the newer transplant approaches have also raised
questions about whether resource utilization would be
different from conventional high-dose transplants because
of the underlying differences in age, comorbidities, and oc-
currence of post-transplant complications in patients who
undergo RIC transplants [7].
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Previous single-institution studies have compared the
costs of RIC transplants with those of myeloablative trans-
plants in patients transplanted before the year 2007, and only
a few have assessed long-term costs [8–11]. Our goal was to
use the clinical and financial data from two large academic
transplant centers performing hematopoietic cell transplan-
tation (HCT) to characterize the total costs and predictors of
costs of RIC transplants in the setting of different practice
patterns in a relatively contemporary cohort of patients. For
one cohort, we were also able to evaluate long-term costs to
assess the impact of the downstream effects of HCT.

PATIENTS AND METHODS

Patients
Patients (n5484)whounderwenta first allogeneicHCTusing
RIC from January 1, 2008, through June 30, 2010, at the Fred
HutchinsonCancerResearchCenter (FHCRC;n5147)and the
Dana-Farber/Brigham and Women’s Cancer Center (DF/
BWCC; n5 337) were included. All patients who had a prior
HCT (autologous or allogeneic) were excluded because we
have recently reported in a separatepaper information about
cost profiles of second allogeneic HCT following a prior au-
tologous or allogeneic transplant in which 70% of the study
population received RIC regimens [12]. Patients who had
a subsequent HCT in the study time frame of 100 days for
FHCRC (n54)or 2 years forDF/BWCC (n524)hadassociated
costs included in the analysis. The study protocol was
approved by the institutional review boards of FHCRC and
DF/BWCC.

Conditioning, Graft-Versus-Host Disease Prophylaxis,
and Supportive Care
Themajority of patients at FHCRC receivedNMAdoses of total
body irradiation (TBI; 200–300 cGy) along with fludarabine for
their HCT. At DF/BWCC, 88% patients received fludarabine
and busulfan. Graft-versus-host disease (GVHD) prophylaxis
was primarily a combination of mycophenolate mofetil and
calcineurin inhibitor (tacrolimus or cyclosporine) at FHCRC;
tacrolimus and sirolimus with or without low-dose metho-
trexate (5 mg/m2 on days 1, 3, and 6) were used at DF/BWCC.
Antimicrobial prophylaxis and blood product and nutritional
support were provided per institutional guidelines.

Most RIC transplants at FHCRC were performed as
outpatients with hospital admission only for cell infusion (if
mandatedby insurance or for stemcell products arrivingwhen
the outpatient clinic was closed). At DF/BWCC, most patients
were admitted for the conditioning and cell infusion and were
discharged 48 hours after the infusion. At both sites, patients
were subsequently admitted to the hospital primarily for
management of febrile neutropenia, severe GVHD requiring
parenteral nutrition and intravenousmedications, severe pain
requiring intravenous narcotics, inability to maintain oral in-
take, or other complications. Approximately 80% patients
at DF/BWCC continued to receive all of their post-transplant
care at the institution [13].

Costs
Actualmedical costs and total hospital days from7days before
graft infusion (day 27) of the transplant to day 100 were

retrieved from the administrative database, reflecting the
perspective of the health care system. For FHCRC, costs were
calculated from medical charges and departmental ratio of
costs to charges. DF/BWCC costs were calculated using an
internal system that allocates costs to services based on
departmental input for resourceuse.Costs incurredbeforeday
27, including the pretransplant evaluation of the patient and
those of stem cell procurement, were not included. Similar
costs were captured for both the centers. For the subgroup of
patients at DF/BWCC that continued to be followed by
providers at the study site beyond the first 3 months, long-
term cost data for up to 2 years after HCT were obtained and
analyzed. Long-term costs were not analyzed from FHCRC
becausemost patients relied on local providers formonitoring
and treatment and returned to FHCRC mainly for consultative
care for chronic GVHD, and this would have biased the results.
Certain costs such as those for prescriptionmedications, direct
nonmedical costs (e.g., transportation, lodging), indirect costs
(e.g., time off work, caregiving time), and professional fees
were excluded. All costs were adjusted to 2010 U.S. dollars
using the medical care component of the consumer price
index [14].

Statistical Analysis
A descriptive analysis of the patient characteristics as well as
inpatient and outpatient costs for the first 100 days and
beyond (for DF/BWCC patients) was performed. Pretrans-
plant and post-transplant predictors of costs were identified
using multiple linear regression considering patient charac-
teristics (demographics, disease variables, cytomegalovirus
[CMV] status, Karnofsky performance score), transplant
characteristics (stem cell source, human leukocyte antigen
[HLA] matching, donor type, conditioning regimen), and
post-transplant complications (death, relapse, and acute
grade II-IV or chronic GVHD). Year of transplant and trans-
plant center were also included in the model for the short-
term costs.

Given that the distribution of costs is highly skewed, the
logarithm of costs was used for multivariate analysis. Results
arepresentedas“costmultipliers,”whichare the ratiosofcosts
for patients with specific characteristics or complications
comparedwith thosewithout. Forexample, a costmultiplierof
1.5 for unrelated donor (URD) corresponds to a 50% increase
in costs of patients who received URD HCT as compared with
other donor sources.

RESULTS

Clinical Characteristics
Patient characteristics are listed in Table 1. Although there
were no significant differences between the FHCRC and DF/
BWCC cohort in terms of age or disease distribution, graft
source, donor type, HLA matching, and CMV serostatus, the
pretransplant performance scores were higher at FHCRC, with
63% versus 47% patients at DF/BWCC with a Karnofsky
performance score$90 (p5 .006).

Short-Term Costs
Median costs for the first 100 days in 2010 dollars at FHCRC
and DF/BWCC were $129,000 (interquartile range [IQR]
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$84,000–$171,000) and $96,000 (IQR $74,000–$152,000),
respectively (p 5 .0002; Table 2). The proportion of cost
attributable to hospitalization was 42% for FHCRC and
87% for DF/BWCC. Costs for the initial transplant days (day
27 to day 2), especially the inpatient costs, were higher for
DF/BWCC because of the hospital admission for condition-
ing (supplemental online Table 1) Significant pretransplant
predictors for costs included use of mismatched donors (68%
increase in costs; p, .0001), unrelated donors (52% increase
in costs; p , .0001), or cord blood as a source of stem cells
(100% increase in costs; p , .0001) compared with matched
related donors and transplantation for nonmalignant hema-
tological disorders (55% increase in costs; p5 .01). Among the
post-transplant complications, grade II–IV acute GVHD (37%
increase in costs; p, .0001) was associated with higher costs.

The overall short-term costs between the two institutions
were comparable when adjusted for pre- and post-transplant
variables (p5 .43).Table 3 summarizes the predictors of short-
term costs.

Long-Term Costs
This analysis included 311 patients from DF/BWCC who con-
tinued to receive the majority of their care at the transplant
center itself.Mediancostsbetweenday1100and2yearswere
$39,000 (IQR $19,000–$101,000). Most patients remained
outpatient, with a median number of hospital days after the
first 100 days of 0 (range 0–146 days).Median outpatient days
were similar in patients with or without chronic GVHD (34 vs.
37; p 5 .19). Thirty-nine percent of the total costs accrued
through 2 years occurred after day 1100. Unlike with short-
term costs, none of the pretransplant variables showed a
significant associationwith long-term costs. Chronic extensive
GVHD (45% increase in costs; p 5 .02) and death after day
100 (181% increase in costs; p, .0001) were associated with
higher costs in this time frame (Table 4).

DISCUSSION

In the current health care environment, it is important to
maximize health outcomes while trying to contain costs. The
first step in decreasing costs is to understand the drivers of
costs, especially themodifiable ones. Our results show that for
the RIC transplants, patient factors such as age, performance
score, or CMV status were not associated with costs, similar
to myeloablative transplants. Instead, underlying disease
emerged as a significant predictor of costs, with transplants

Table 1. Baseline characteristics

Variable

FHCRC
(n5 147)
n (%)

DF/BWCC
(n5 337)
n (%) p value

Age (yrs)

,55 32 (22) 101 (30) .06

55–64 60 (41) 143 (42)

$65 55 (37) 93 (28)

Disease

Leukemia/MDS 120 (82) 247 (73) .08

Lymphoma/MM 19 (13) 73 (22)

Other 8 (5) 17 (5)

Graft source

PBSC 120 (82) 286 (85) .33

BM 12 (8) 16 (5)

Cord 15 (10) 35 (10)

Year of transplant

2008 52 (35) 97 (29) .02

2009 60 (41) 116 (34)

2010 35 (24) 124 (37)

Donor type

Related 70 (48) 150 (45) .53

Unrelated 77 (52) 187 (55)

HLA match

Matched 119 (81) 277 (82) .74

Mismatch 28 (19) 60 (18)

CMVa

Negative donor and recipient 41 (30) 109 (32) .58

Positive donor or recipient 97 (70) 228 (68)

KPS pretransplantb

$90 84 (63) 149 (47) .006

80–,90 33 (25) 117 (37)

,80 16 (12) 54 (17)
aMissing for 9 patients.
bMissing for 31 patients.
Abbreviations: BM, bone marrow; CMV, cytomegalovirus; DF/BWCC,
Dana-Farber/Brigham and Women’s Cancer Center; FHCRC, Fred
HutchinsonCancerResearchCenter;HLA,humanleukocyteantigen;KPS,
Karnofsky performance score; MDS, myelodysplastic syndrome; MM,
multiple myeloma; PBSC, peripheral blood stem cell.

Table 2. Costs from days27 to 100 and days 101 to 730

FHCRC DF/BWCC

Variable

Days27
to 100
(n5 147)

Days27
to 100
(n5 337)

Days
101–730
(n5 311)

Total costs, $1,000s

Median (IQR) 129 (84–171) 96 (74–152) 39 (19–101)

Mean (SD) 142 (72) 126 (102) 89 (130)

Inpatient costs,
$1,000s

Median (IQR) 33 (7–88) 79 (60–126) 0 (0–49)

Mean (SD) 60 (71) 109 (100) 55 (120)

Outpatient costs,
$1,000s

Median (IQR) 82 (60–104) 14 (7–23) 24 (13–42)

Mean (SD) 82 (35) 17 (15) 34 (37)

Inpatient days

Median (range) 11 (0–102) 9 (0–108) 0 (0–146)

Mean (SD) 16 (18) 18 (17) 14 (26)

Outpatient days

Median (range) 63 (1–103) 20 (0–69) 36 (0–285)

Mean (SD) 62 (22) 24 (13) 72 (72)

Abbreviations: DF/BWCC, Dana-Farber/Brigham and Women’s Cancer
Center; FHCRC, Fred Hutchinson Cancer Research Center; IQR,
interquartile range.
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done for lymphoma/myelomabeing less expensive than those
for leukemia/myelodysplastic syndrome or nonmalignant
conditions [15–18]. Similarities were again noted with
myeloablative cost analyses in that use of donors other than
matched related donors and post-transplant complications
such as GVHD were associated with higher short-term costs
[16, 19].

Although donor type may not appear to be as modifiable
a factor, a recent Center for International Blood and Marrow

Transplant Research (CIBMTR) analysis found comparable to
superior outcomes with the use of an older matched related
donor over a younger matched unrelated donor for older HCT
recipients [20]. Use of unrelated donors in our study was as-
sociated with 50% higher costs than matched related donors,
indicating that the approach to selecting donors suggested by
the CIBMTR study may result in cost savings too. An ongoing
cost-effectiveness analysis accompanying Blood and Marrow
Transplant Clinical Trial Network study (BMT CTN) 1101 may
also help to discern whether haploidentical or cord blood
donors are more cost-effective.

Table 3. Predictors for short-term costs (days27 to 100)

Variable
Cost
multiplier 95% CI p value

Pretransplant factors

Age (yrs)

,55 1.0

55–64 0.98 0.84–1.14 .76

$65 0.97 0.81–1.15 .69

Disease

Leukemia/MDS 1.0

Lymphoma/MM 0.83 0.7–1.0 .01

Other 1.55 1.1–2.2 .01

Graft source

PBSC 1.0

BM 1.22 0.9–1.64 .2

Cord 2.08 1.6–2.7 ,.0001

Year of transplant

Per year 0.94 0.9–1.0 .13

Donor type

Related 1.0

Unrelated 1.52 1.4–1.8 ,.0001

HLA match

Matched 1.0

Mismatch 1.68 1.4–2.1 ,.0001

CMV

Negative donor and
recipient

1.0

Positive donor or
recipient

1.13 1.0–1.3 .07

KPS pretransplant

$90 1.0

80–,90 1.09 0.95–1.2 .23

,80 1.09 0.9–1.3 .35

Transplant center

FHCRC 1.0

DF/BWCC 0.93 0.8–1.1 .43

Post-transplant complications through day 100

Death 1.08 0.9–1.3 .49

Relapse 1.15 0.99–1.34 .07

Acute II-IV GVHD 1.36 1.2–1.6 ,.0001

Abbreviations: BM, bone marrow; CI, confidence interval; CMV,
cytomegalovirus; DF/BWCC, Dana-Farber/Brigham and Women’s
Cancer Center; FHCRC, FredHutchinson Cancer Research Center; GVHD,
graft-versus-hostdisease;HLA,human leukocyteantigen;KPS,Karnofsky
performance score; MDS, myelodysplastic syndrome; MM, multiple
myeloma; PBSC, peripheral blood stem cell.

Table 4. Predictors for long-term costs (days 101–730);

DF/BWCC only

Variable
Cost
multiplier 95% CI p value

Pretransplant factors

Age

,55 1.0

55-64 1.06 0.75–1.49 .74

$65 0.89 0.60–1.33 .58

Disease

Leukemia/MDS 1.0

Lymphoma/MM 0.98 0.7–1.4 .92

Other 1.46 0.6–3.4 .38

Graft source

PBSC 1.0

BM 0.85 0.4–1.9 .68

Cord 0.75 0.4–1.5 .40

Year of transplant

Per year 1.01 0.8–1.2 .94

Donor type

Related 1.0

Unrelated 1.3 0.9–1.8 .15

HLA match

Matched 1.0

Mismatch 1.29 0.7–2.3 .38

CMV

Negative donor and
recipient

1.0

Positive donor or
recipient

1.07 0.8–1.5 .66

KPS pretransplant

$90 1.0

80–,90 0.78 0.6–1.1 .11

,80 0.86 0.6–1.3 .49

Post-transplant complications from days 101–730

Death 2.81 2.07–3.83 ,.0001

Relapse 1.10 0.77–1.58 .60

Chronic extensive GVHD 1.45 1.06–1.99 .02

Abbreviations: BM, bone marrow; CI, confidence interval; CMV,
cytomegalovirus; DF/BWCC, Dana-Farber/Brigham and Women’s
Cancer Center; GVHD, graft-versus-host disease; HLA, human
leukocyte antigen; KPS, Karnofsky performance score; MDS,
myelodysplastic syndrome; MM, multiple myeloma; PBSC, peripheral
blood stem cell.
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Another interesting finding in our study was that after
100 days, there was no association between the pretrans-
plant variables with costs. Instead, the post-transplant com-
plication of chronic GVHD emerged as a predictor for higher
costs unlike in prior studies. This is likely due to the need for
increased follow-up, use of expensive therapies such as
extracorporeal photopheresis, and associated late complica-
tions, althoughwedidnothave the financial details toevaluate
these hypotheses. The occurrence of death being associated
with higher costs has been reported by other investigators
[17, 21].

Our study also describes the pattern of costs over time. In
the myeloablative setting, 84% of 1-year costs were sustained
within the first 100 days as opposed to 68% for the RIC
transplants in this study [17].Theshiftofcostsbeyond100days
may be due to complications such as GVHD occurring later
in the NMA/RIC transplants [22] and higher comorbidities in
this population, although we could not substantiate these
hypotheses in our study. Petersen et al. have reported pre-
viously that even though the NMA transplant itself was done
as an outpatient procedure, complications accounted for a
median of 44 days of inpatient stay in the first year post-HCT
in their cohort [23].

Most important, we found that the inpatient costs at
FHCRC for comparable hospital days were higher than those
at DF/BWCC in univariate analysis likely because of different
accounting methodologies. However, the overall short-term
costs were comparable between two large academic centers
after adjustment for patient-, transplant-, and disease-
related variables despite the different practices ofoutpatient
(FHCRC) versus inpatient (DF/BWCC) conditioning for HCT.
Rizzo et al. have shown cost savings with an outpatient
transplant program, but this was prior to the common use of
RIC regimens [24]. Myeloablative and RIC transplants have
inherent differences in population and treatment character-
istics that could explain our inability to detect differences
in inpatient versus outpatient RIC approaches. A possible
reason for the costs of outpatient transplants at FHCRC being
comparable to inpatient chemotherapy-only conditioning
regimens at DF/BWCC could be the use of TBI even as a single
fraction that may increase costs of the nonmyeloablative
regimens used at FHCRC. Our results do indicate that for
individual centers, cost-cutting efforts should be directed
toward identifying site-specific cost drivers and addressing
those rather than trying to shift from one practice pattern to
another to help save costs.

A fewcaveats toourconclusions shouldbenoted.The long-
term cost data were available only from the DF/BWCC cohort
and may still be an underestimate for the total costs as some
medical care may have been received outside the institution.
Previous HCT cost studies fromDF/BWCC found that the costs
sustainedoutside the institutionwere,4%of total healthcare
utilization [9]. Although complete long-term data could be
captured using a claims-based database for analysis, data col-
lection is expensive and the perspective is that of the insurer
rather than the health care system [18]. Institution-level data,
asused inour study, provideamoredetailedassessmentof the
patient- and transplant-relatedvariablesaspredictors forcosts
than can be discerned through a claims database.We did not

have uniform data on comorbidities from both sites; hence,
this variable was not included in the models, and Karnofsky
performance score was used as a surrogate for pretransplant
clinical status. Although the inclusion of two large academic
transplant centersmakes the results somewhat generalizable,
they are still applicablemainly to low-dose TBI with orwithout
fludarabine and fludarabine plus busulfan regimens reflecting
the practice patterns at the two sites.

CONCLUSION
Despite these limitations, our study, which used detailed
clinical and cost data from two different institutions to
evaluate a recent cohort of allogeneic transplant patients,
demonstrates that the predictors of short-term costs of RIC
transplants are similar to those ofmyeloablative transplants,
although the costs may be shifted disproportionately after
100 days of HCT. These results suggest the need for a formal
cost-effectiveness analysis between myeloablative and RIC
regimens if it is found that the ultimate outcomes of the two
approaches are equivalent. This question of clinical effec-
tiveness is being evaluated in a randomized prospective
fashion by the BMT CTN 0901 study. Our results also suggest
that comparable costs can occur between two centers with
very different practice patterns, indicating that the success
of interventions to reduce costs depends very much on the
local environment and how much it has already evolved to
minimize costs. On a broader level, identification of pre-
ventive strategies for transplant-related complications can
yield favorable clinical and financial benefits. A commitment
to lowering costs while preserving quality of care is essential
in the current health care environment, especially for RIC
transplants that are done mainly in the older population. A
majority of these patients are Medicare beneficiaries and
thus vulnerable to various federal budget cuts that can
directly impact the reimbursements to the transplant center,
hence the need to optimize costs at the institutional level.
Finally, as has been mentioned by previous investigators,
collection of costs/resource utilization data in a prospective
fashionwith clinical studieshas thebest chanceofputting the
results into perspective, balancing costs and clinical efficacy
to help guide decision making for these interventions.
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