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TRANSPLANTATION

Association of transplant center and physician factors on mortality after
hematopoietic stem cell transplantation in the United States

Fausto R. Loberiza Jr, Mei-Jie Zhang, Stephanie J. Lee, John P. Klein, Charles F. LeMaistre, Derek S. Serna, Mary Eapen,
Christopher N. Bredeson, Mary M. Horowitz, and J. Douglas Rizzo

The effect of the organization and deliv-
ery of health care at medical centers,
referred to as “center effects,” with clini-
cal outcomes after hematopoietic stem
cell transplantation (HSCT) is not clear.
We examined the association between
center and treatment provider factors and
mortality after HSCT. We surveyed 163
(87% response rate) United States trans-
plantation centers that performed HLA-
identical sibling HSCT for leukemia or
autologous HSCT for lymphoma between
1998 and 2000 among patients at least 18
years old. One hundred thirteen (69%)

centers performed HLA-identical sibling
transplantations, whereas 162 (99%) per-
formed autologous transplantations. Fac-
tors associated with decreased 100-day
mortality in the allogeneic setting include
a higher patient-per-physician ratio
(P =.003) and centers where physicians
answer calls after office hours (P = .03).
Medical school affiliation was not associ-
ated with increased 100-day mortality ex-
cept in centers where students/residents
are present without fellows (P = .02). Cen-
ter effects were weaker in autologous
HSCT at 1 year. Differences in 100-day

mortality in patients receiving trans-
plants in centers with favorable versus
unfavorable factors were greater in alloge-
neic than autologous HSCT. Greater phy-
sician involvement in patient care is im-
portant in producing favorable outcomes
after HSCT. To more clearly establish the
role of the factors we identified, further
studies are recommended. (Blood. 2005;
105:2979-2987)

© 2005 by The American Society of Hematology

Introduction

High-dose chemotherapy with or without radiotherapy followed by
hematopoietic stem cell support is widely used to treat diverse
malignant and nonmalignant diseases.!* Hematopoietic stem cell
transplantation (HSCT) carries high risks of early morbidity and
mortality. Treatment-related mortality (TRM) ranges from 3% to
over 50%, a considerably higher risk than other complex medical
procedures.*> For example, after autologous HSCT, 1-year TRM
ranges from 5% to 15%, compared with 20% to 50% in allogeneic
HSCT. Most treatment-related deaths occur in the first year after
transplantation.

Although predictors of mortality are traditionally evaluated
using clinical parameters related to the patient, the disease, or the
treatment procedure, biologic paradigms do not completely explain
outcome variations between patients and across treatment centers.

Searching for factors related to the organization and delivery of
health®® when outcomes vary among patients with similar
disease biology and treatment provides opportunities to improve
treatment results. These center-dependent factors are referred to as
“center effects.”

Most studies on center effects in the medical and surgical
literature, including HSCT, have focused on the association
between procedure volume and survival.>!8 Too great a focus on
procedure volume, without exploration of other health care factors
involved in the delivery of care, may lead to erroneous conclusions
about how to improve quality of care and patient outcomes. We
therefore collected transplantation center and treatment provider
characteristics in the United States and examined their association
with survival outcome after HSCT for hematologic malignancies.
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Patients and methods

Data source

Data on transplantation centers were obtained from the International Bone
Marrow Transplant Registry (IBMTR) and the Autologous Blood and
Marrow Transplant Registry (ABMTR) Center Characteristics Survey for
the year 2001. The IBMTR is a voluntary working group of more than 400
transplantation centers worldwide and the ABMTR, of more than 250
transplantation centers in North and South America. Transplantation centers
contribute data on consecutive transplantations with yearly follow-up to a
Statistical Center at the Health Policy Institute of the Medical College of
Wisconsin (Milwaukee, WI). Compliance is monitored with on-site audits
and currently has an accuracy rate of 98%.

We surveyed the 187 IBMTR/ABMTR transplant centers that per-
formed HLA-identical sibling HSCT for acute lymphoblastic leukemia
(ALL), acute myeloid leukemia (AML), or chronic myeloid leukemia
(CML) or autologous HSCT for Hodgkin lymphoma (HL) or non-Hodgkin
lymphoma (NHL) from 1998 to 2000. The survey was limited to centers in
the United States because health care delivery systems differ markedly
among countries. Center characteristics (Table 1) for eligible transplant
centers were obtained using a survey questionnaire, which was completed
by the center’s medical director or designee. The Medical College of
Wisconsin Institutional Review Committee approved the study protocol and
survey questionnaire.

Patient selection for outcome studies

Centers completing the survey registered a total of 20 446 patients, older
than 18 years and having transplants between 1998 and 2000 (14 817 [72%]
autologous HSCT; 3579 [18%] HLA-identical sibling HSCT; 2050 [10%]
alternative donor HSCT). From these, 2 study cohorts were created
focusing on the most common indications for HSCT. The allogeneic
transplant cohort consisted of 1426 patients with AML, ALL, or CML
receiving HLA-identical sibling transplants. The autologous cohort con-
sisted of 2859 patients with HL or NHL. All patients had at least 1 year of
potential follow-up. An additional 3 eligible allograft recipients and 22
autograft recipients were lost to follow-up and excluded from the study.

Table 1. Provider and treatment center factors examined
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Statistical analysis

Step 1: derivation of the patient clinical severity index. Prior to analysis
of potential center effects, we derived a clinical severity index (CSI) for
each patient to adjust for the preexisting risk of death based on demo-
graphic, disease, and treatment factors. The CSI is a numerically derived
quantification of how ‘sick’ a patient is at the time of transplantation and
can theoretically range from 0.01 to 1.0, with 1.0 signifying the highest
likelihood of death. Because of intrinsic differences in the risk of mortality
between allogeneic and autologous transplants, the CSI was derived
separately for the 2 procedures and at the 2 outcome time points (100 days
and 1 year after transplantation) using forward stepwise multivariate
logistic regression using patient-related (age, sex, race), disease-related
(disease type, disease stage at the time of transplantation, disease duration,
chemosensitivity for lymphoma), and transplant-related (type of graft, use
of total body irradiation, graft-versus-host disease [GVHD] prophylaxis for
allogeneic transplants, and year of transplant) factors as independent
variables (risk factors). Note that the absolute values of the derived CSI for
the autologous and allogeneic transplantation populations cannot be
compared because they result from 2 separate models. Similarly, it should
be noted that this score is calculated for the patients for this study and
cannot be generalized for use as a calculatable prognostic scoring system
for all patients. A normally distributed random “center effect” term was
included in the model.'?2! Independent variables with a P less than or equal
to .05 were included in the final model used to calculate each patient’s CSI.
Variables in the final model were age, disease type, disease stage, and
sensitivity of the disease to chemotherapy (for the autologous cohort).
Because the relationship between a unit increment in the derived CSI and
survival probability was nonlinear, we created a binary variable for the CSI
based on the population median. The median cutoff was chosen after
division of the CSI values into quartiles did not show significant differences
in survival between the first and second quartiles or between the third and
fourth quartiles. This also allowed ease in interpreting the results when
center characteristics were tested for interaction in step 2 of the analysis.
Patients with a CSI greater than the median were considered high-risk
patients, whereas patients with a CSI less than or equal to the median CSI
were considered low-risk patients.

A. Physician and health care provider characteristics

. Total number of physicians per center

. Ratio of physicians to total number of transplantations per year

. Academic appointments of physicians

. Physicians with peer-reviewed grants

. Physicians involved in laboratory research

. Medical trainees (medical students, training residents, and fellows)
. Average daily nurse-to-patient ratio in the transplant unit
ransplant unit activities and resources

. Average annual procedure in the last 3 y (1998, 1999, 2000)

B.

“ g No o s N =

[SRN\N]

autologous cohort)
4. Years of existence as a formal transplant program

. Total number and type of transplants (autologous, related donor, unrelated donor, cord blood, nonmyeloablative, or outpatient) regardless of disease
. Total number of patients with leukemia receiving transplants (for the allogeneic cohort) or total number of patients with lymphoma receiving transplants (for the

5. Infrastructure: hospital bed capacity, number of beds devoted to transplant patients, laminar flow and HEPA-filtered rooms, ability to manage critically ill patients on the
transplant units, unit pharmacist present, use of computerized order entry and electronic medical record-keeping, and on-site stem cell processing laboratory
6. Research activity: percentage of patients enrolled in approved clinical protocols, number of full time clinical research coordinators

~

. Support services: devoted psychologist/psychiatrist present, use of routine psychological screening, and initial contact provider for emergency or after hours calls

8. Follow-up procedures: presence of and frequency of systematic posttransplant follow-up, long-term follow-up program, frequency of routine follow-up within the first
year and after the first year of transplantation, formal immunization protocol, and formal protocol for screening of posttransplant complications.

C. Medical center characteristics

. Geographic location

. Medical school affiliation

. Center for Excellence designation insurers

. National Cancer Institute Cancer Center designation

. Accreditation by the Foundation for the Accreditation of Cellular Therapy

o h W N =

HEPA indicates high-efficiency particulate air (filter).
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Step 2: determining center factors associated with mortality. The
second part of the analysis fitted separate forward stepwise multivariate
logistic regression models to the 1426 allograft recipients and 2859
autograft recipients, using death probability within 100 days or within 1
year as the outcome of interest and considering center characteristics as
potential predictor variables. The derived CSI (high risk versus low risk)
was forced in the model building.

The transplant center characteristics tested can be categorized into 3
groups (Table 1): (1) physician and health care provider characteristics, (2)
transplant unit activities and resources, and (3) medical center characteris-
tics. Because of the exploratory nature of our study and the lack of previous
studies including most of the center characteristics we examined, we
decided to retain factors with a P less than or equal to .05. Interactions
between factors in the final model were tested. To further verify if the
variation in outcome can be explained by other unmeasured treatment
center factors aside from what we already examined and found significant
in the final model, we tested for a “fixed center effect term.” Empirical
estimates of the survival curves in the first 100 days were computed from
the logistic model and plotted. Because all patients included had the
potential of 1-year follow-up, survival at 100 days and at 1 year were
compared between any 2 groups (eg, low-risk patients with favorable center
factors versus low-risk patients with unfavorable center factors) using the
X2 test. All analyses were performed using SAS version 8.2 for Unix (SAS,
Cary, NC).

Results
Center characteristics

Of 187 centers, 163 (87%) responded, 6 (3%) refused to partici-
pate, and 18 (10%) were excluded because they no longer
participate in the IBMTR/ABMTR. Among those that completed
the survey, 113 (69%) performed HLA-identical sibling HSCT and
162 (99%) performed autologous HSCT. However, only 88 of the
113 responding allograft centers and 142 of the 162 responding
autograft centers had patients fulfilling the disease and age
eligibility requirements for the study.

Tables 2 and 3 show the characteristics of the transplant centers
in the United States that perform HLA-identical sibling HSCT for
leukemia or autologous HSCT for lymphoma that were included in
this study. The proportion of high- and low-risk patients (based on
CSI) was not associated with procedure volume.

Center and treatment provider factors in the allogeneic cohort

Table 4 shows results of the multivariate analyses of survival in the
allogeneic cohort. The median CSI was 0.21 (range, 0.07-0.54) and
0.22 (range, 0.06-0.56) at 100 days and 1 year, respectively. As
expected, high-risk (CSI > 0.21) patients were 3 times more likely
to die than low-risk (CSI = 0.21) patients within 100 days after
transplantation. Factors associated with lower mortality within 100
days after transplantation were (1) higher patient-per-physician
ratio, that is, patients undergoing transplantation in centers where
physicians cared for more than 20 patients per year were 33% less
likely to die than those with lower physician case loads, and (2)
patients undergoing transplantation in centers where physicians
answered after office hours or emergency calls were 28% less
likely to die than those in centers where calls were answered by
nurses or physician assistants. Affiliation of the transplantation
program with a medical school was not significantly associated
with 100-day survival except for centers with programs that had
rotating students and residents but not hematology-oncology or
HSCT fellows on the transplant service; 100-day mortality of
patients having transplantation in these centers was about twice
higher than in centers without medical school affiliations. At 1 year,
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only the clinical severity of patients and ratio of patients per
physician per year were significantly associated with mortality.

Figure 1 shows overall survival probabilities stratified by
factors associated with 100-day mortality. Low-risk patients under-
going transplantation in centers with one or more favorable factors
(> 20:1 patient-to-physician ratio, physicians answering after
office or emergency calls, and no medical school affiliation or a
medical school affiliation with rotating hematology-oncology or
HSCT fellows) had a 100-day survival probability of 87% (95%
confidence interval [CI], 84%-89%) versus 77% (95% CI, 69%-
85%) among low-risk patients receiving transplants in centers with
none of the favorable factors, a 10% difference in survival
probability. High-risk patients undergoing transplantation in cen-
ters with one or more favorable factors had a 100-day survival
probability of 68% (95% CI, 63%-72%) versus 53% (95% CI,
42%-64%) among high-risk patients receiving transplants in cen-
ters with none of the favorable factors, a 15% difference in survival
probability. The distributions of primary causes of death in centers
with favorable versus unfavorable center factors were not statisti-
cally different.

Center and treatment provider factors in the autologous cohort

Table 5 shows results of multivariate analyses for survival in the
autologous cohort. The median CSI was 0.27 (range, 0.13-0.62)
and 0.29 (range, 0.12-0.65) at 100 days and 1 year, respectively.
High-risk patients (CSI > 0.27) had a 2-fold higher risk of dying
compared to low risk patients (CSI = 0.27) both at 100 days and 1
year after autologous transplantation for lymphoma. Two center
factors were associated with a decreased risk of dying within 100
days after autologous transplantation. Patients receiving transplants
in centers with higher patient-per-physician ratios, that is, where
physicians cared for more than 12 patients per year, had a 26%
lower risk of mortality than patients receiving transplants in centers
with lower physician caseloads. Similar to the allograft setting,
medical school affiliation was not significantly associated with
100-day survival outcome except for centers with programs that
had rotating students and residents but no hematology-oncology or
HSCT fellows; 100-day mortality of patients undergoing transplan-
tation in these centers was 1.8 times higher than in centers without
medical school affiliations. At 1 year, only the clinical severity of
patients and ratio of patients per physician per year were signifi-
cantly associated with probability of mortality.

Figure 2 shows overall survival according to factors associated
with 100-day mortality in the autologous setting. Low-risk patients
undergoing transplantation in centers with one or more of the
favorable factors (> 12:1 patient-to-physician ratio and no medical
school affiliation or with medical school affiliation with rotating
hematology-oncology or HSCT fellows) had a 100-day survival
probability of 93% (95%, CI 90%-95%) versus 92% (95% CI,
89%-94%) among those receiving transplants in centers with
unfavorable factors. The 100-day probability of survival in high-
risk patients receiving transplants in centers with one or more
favorable factors was 88% (95% CI, 85%-90%) versus 84% (95%
CI, 81%-86) among those treated in centers with unfavorable
factors, a 4% difference in survival probability.

Further analysis showed that procedure volume was associated
with the ratio of patients per physician (r = 0.42 for allogeneic
HSCT and r = 0.48 for autologous HSCT), but not with center
experience (age of program). However, neither procedure volume
or center experience were significantly associated with survival
even after the removal of ratio of patients per physician in the
model. Additionally, adding a “fixed center effect term” in both
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Table 2. Characteristics of centers performing HLA-identical sibling transplantation for patients with acute or chronic leukemia in the
United States

Variables Center, no. (%) Patients, no. (%)

No. of centers and patients 88 1426
Procedure volume
Total no. of transplants/y

Median (range) 70 (11-> 400)
30 transplants or fewer/y 14 (16) 55 (4)
31-60 transplants/y 20 (28) 227 (16)
61-99 transplants/y 31 (35) 380 (27)
100 or more transplants/y 23 (26) 764 (54)
Total no. of allogeneic transplants/y
Median (range) 28 (1-> 200)
10 transplants or fewer/y 18 (20) 88 (6)
11-20 transplants/y 18 (20) 161 (11)
21-39 transplants/y 24 (28) 391 (27)
40 transplants or more/y 28 (32) 786 (55)
Type of transplants performed
Related transplantation 88 (100) 1426 (100)
Unrelated transplantation 62 (70) 1165 (82)
Cord blood transplantation 33 (38) 574 (40)
Nonmyeloablative transplantation 66 (75) 1104 (77)
Outpatient transplantation 48 (54) 918 (64)
Years of center experience
Median (range) 11 (1-33)
Fewerthan 8y 33 (38) 259 (18)
8-15y 30 (34) 497 (35)
More than 15y 25 (28) 670 (47)
Physician and health provider profile
Transplantation physicians/center, median (range) 4 (1-19)
Patient volume/y/MD
Median (range) 1:20 (1:3-1:48)
20 or fewer patients/1 MD 762 (53)
More than 20 patients/1 MD 664 (47)
Academic appointments of physicians
None 22 (25) 225 (16)
Some 9 (10) 202 (14)
All 57 (65) 999 (70)
Physicians with peer reviewed grants 51 (58) 970 (68)
Physicians involved in research 88 (100) 1426 (100)
Involved in laboratory research 60 (68) 1134 (80)
Involved in clinical research 88 (100) 1426 (100)
Medical school affiliations 68 (77) 1143 (77)
Medical students and/or residents 4 (6) 57 (6)
Hematology-oncology and/or BMT fellows 24 (35) 390 (35)
All of the above 40 (59) 696 (59)
Nurse-patient ratio
1:1/1:2 34 (39) 480 (34)
13 43 (49) 606 (42)
1:4 or greater 11 (12) 340 (24)
Transplant unit profile and resources
Hospital bed capacity
199 or fewer 8(9) 72 (5)
200-299 10 (11) 83 (6)
300-499 21 (24) 263 (18)
500 or more 49 (56) 1008 (71)
Have devoted beds for BMT patients 87 (99)
Median (range) 12 (1-70)
Laminar air-flow rooms
None 54 (61) 799 (56)
Some 18 (20) 357 (25)
Al 16 (18) 270 (19)
HEPA-filtered rooms
None 5(5) 66 (5)
Some 16 (18) 313 (22)

All 67 (76) 1047 (73)
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Table 2. Continued
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Variables

Center, no. (%) Patients, no. (%)

Percentage of patients enrolled in IRB-approved clinical protocols
25% or less
26%-50%
More than 50%
Full-time clinical research coordinators
None
1FTE
2i=IE
3 FTE or more
Units able to manage critically ill patients
Computerized order entry
Electronic medical record-keeping
On-site stem cell processing laboratory
Unit pharmacist present
NClI-designated cancer center
Devoted psychologist/psychiatrist present
Routine psychological screening done
Initial contact person
Nurses/nurse practitioners/physician assistants
Residents
Hematology/oncology or BMT fellows
Attendings
Systematic follow-up of patients
Every 6 mo
Every year
Every other year
No systematic follow-up
Program has formal long-term follow-up program
Has formal posttransplant immunization protocol
Has formal protocol for screening posttransplant complications
Medical center characteristics
Geographic location
Urban
Suburban/rural
Center for Excellence designation
FACT accreditation
No
Yes, pending
Yes

17 (19) 177 (12)
21 (24) 283 (20)
50 (57) 966 (68)
9(10) 72 (5)

30 (34) 319 (22)
21 (24) 283 (20)
28 (32) 752 (53)
29 (33) 559 (39)
67 (76) 1130 (79)
51 (58) 984 (69)
84 (95) 1410 (99)
81 (92) 1360 (95)
28 (32)

54 (61) 824 (58)
75 (85) 1217 (85)
18 (20) 344 (24)
28 (32) 466 (33)
37 (42) 558 (39)

5 (6) 58 (4)

76 (86) 1234 (86)
21 (24) 422 (30)
40 (45) 608 (43)
15 (17) 204 (14)
12 (14) 192 (13)
66 (75) 1067 (75)
69 (78) 1104 (78)
45 (51) 733 (51)
70 (80) 1164 (82)
18 (20) 262 (18)
63 (72) 1187 (83)
13 (15) 196 (13)
23 (26) 290 (20)
52 (59) 940 (66)

BMT indicates bone marrow transplantation; IRB, institutional review board; FTE, full-time equivalent; FACT, Foundation for the Accreditation of Cellular Therapy.

the allograft and autograft models did not indicate that factors
other than CSI and the identified center factors were associated
with outcomes.

Discussion

Our data show that aside from the clinical severity of the patient’s
condition, center factors in the allogeneic and autologous HSCT
setting are associated with better 100-day mortality. In the alloge-
neic HSCT setting, a strong association was demonstrated between
physician caseload (more patients per physician) and better 100-
day mortality. The type of medical school affiliation and presence
of physicians answering after hours calls were weakly associated
with 100-day mortality. In the autologous HSCT setting, a weak
association was seen between caseload and medical school affilia-
tion and 100-day mortality. In both HSCT settings, physician
caseloads have a weak association with 1-year mortality. These
findings suggest that the most important center characteristic
affecting outcomes aside from clinical severity is the activity level
and role of transplantation physicians and senior trainees.

Although other reports®!® in the medical and surgical fields
have shown a direct relationship between procedure volume and
survival, it is unknown whether procedure volume directly affects
outcome (eg, by increasing experience of personnel) or whether
this is a surrogate for unmeasured factors that are associated with
both improved outcomes and larger volumes. This distinction has
policy implications. One can make a strong case for restricting
certain complex procedures to large-volume centers if volume per
se is the important parameter. However, if volume is a surrogate for
other factors that are more common in large versus small centers,
but which could be introduced to small centers, the appropriate
course of action would be to institute these factors at all centers.
Although our findings deserve further study, they suggest that there
are center characteristics that may be adopted by small-volume
centers that may improve survival outcomes.

Our study evaluated 2 types of HSCT that have different
degrees of medical sophistication and risk. The lack of association
between procedure volume (total number of transplants per year,
allogeneic or autologous transplants) and center experience (num-
ber of years centers have been performing HSCT) with survival in
our study contrasts with published reports in the general medicine
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Table 3. Characteristics of centers performing autologous transplantation for patients with lymphoma in the United States

Variables Centers, no. (%) Patients, no. (%)
No. of centers 142 2859
Procedure volume
Total no. of transplants/y
Median (range) 33 (2-> 400)
15 or fewer transplants/y 40 (28) 206 (7)
16-35 transplants/y 33 (23) 347 (12)
36-80 transplants/y 34 (24) 680 (24)
80 or more transplants/y 35 (25) 1626 (57)
Total no. of autologous transplants/y
Median (range) 25 (1-225)
10 or fewer transplants/y 35 (25) 115 (4)
11-20 transplants/y 32 (22) 228 (8)
21-39 transplants/y 39 (27) 525 (18)
40 or more transplants/y 36 (26) 1991 (70)
Type of transplants performed
Outpatient transplantation 78 (55) 1916 (67)
Center experience
Years of experience
Median (range) 10 (2-25)
Fewerthan 8y 43 (30) 379 (13)
8-15y 70 (49) 1423 (50)
More than 15y 29 (21) 1057 (37)
Physician and health provider profile
Transplantation physicians/center, median (range) 4(1-19)
Patient volume/y/MD
Median (range) 1:12 (1:3-1:48)
12 patients or fewer/1 MD 71 (50) 646 (23)
More than 12 patients/1 MD 72 (50) 2213 (77)
Academic appointments of physicians
None 62 (44) 868 (30)
Some 14 (10) 339 (12)
All 65 (46) 1652 (58)
Physicians with peer reviewed grants 57 (40) 1611 (56)
Physicians involved in research 137 (96) 2836 (99)
Involved in laboratory research 69 (50) 1829 (64)
Involved in clinical research 137 (100) 2836 (100)
Medical school affiliations 92 (65) 2158 (75)
Medical students and/or residents 13 (14) 138 (6)
Hematology-oncology and/or BMT fellows 24 (26) 669 (31)
Al of the above 55 (60) 1351 (63)
Nurse-patient ratio
1:1/1:2 64 (45) 919 (32)
1:3 57 (40) 1472 (51)
1:4 or greater 21 (15) 468 (17)

Transplant unit profile and resources
Hospital bed capacity

199 or fewer 19 (13) 188 (7)
200-299 14 (10) 116 (4)
300-499 42 (30) 627 (22)
500 or more 67 (47) 1928 (67)
Have devoted beds for BMT patients
Median (range) 7 (1-70)
Laminar air-flow rooms
None 99 (70) 1887 (66)
Some 21 (15) 474 (16)
All 22 (15) 498 (18)
HEPA-filtered rooms
None 21 (15) 329 (11)
Some 20 (14) 565 (20)
All 101 (71) 1965 (69)
Percentage of patients enrolled in IRB-approved clinical protocols
25% or less 36 (25) 493 (17)
26%-50% 31 (22) 679 (24)

More than 50% 75 (53) 687 (59)
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Table 3. Continued
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Variables

Centers, no. (%) Patients, no. (%)

Full-time clinical research coordinators
None
1FTE
2FTE
3 FTE or more
Units able to manage critically ill patients
Computerized order entry
Electronic medical record-keeping
On-site stem cell processing laboratory
Unit pharmacist present
NCl-designated cancer center
Devoted psychologist/psychiatrist present
Routine psychological screening done
Initial contact person
Nurses/nurse practitioners/physician assistants
Residents
Hematology/oncology or BMT fellows
Attendings
Systematic follow-up of patients done
Every 6 mo
Every year
Every other year
No systematic follow-up
Program has formal long-term follow-up program
Has formal posttransplant immunization protocol
Has formal protocol for screening posttransplant complications
Medical center characteristics
Geographic location
Urban
Suburban/rural
Center for Excellence designation
FACT accreditation
No
Yes, pending
Yes

23 (16) 205 (7)
67 (47) 800 (28)
26 (18) 612 (21)
26 (18) 1242 (43)
38 (27) 940 (331)
100 (70) 2240 (78)
74 (52) 1911 (67)
107 (75) 2593 (91)
121 (85) 2633 (92)
30 (21) 1153 (52)
84 (59) 1663 (58)
117 (82) 2531 (88)
31 (22) 756 (27)
1(<1) 3(<1)
35 (25) 1089 (38)
75 (53) 1011 (35)
122 (86) 2434 (85)
45 (32) 709 (25)
57 (40) 1293 (45)
20 (14) 432 (15)
20 (14) 425 (15)
87 (61) 1694 (59)
105 (74) 2275 (80)
56 (39) 1310 (46)
107 (75) 2317 (81)
35 (25) 542 (19)
93 (65) 2433 (85)
33 (23) 333 (12)
40 (28) 761 (27)
69 (49) 1765 (62)

setting. The reason for this is unclear, but one possible explanation
could be the relatively small and homogenous subset of stem cell
transplantation population we used to examine the relationship
between procedure volume/experience and survival.

When we computed the ratio of annual procedures to physi-
cians, representing an index of average caseload or physician
experience or both, we found a decreased risk of 100-day and

1-year mortality associated with higher caseloads. This ratio may
be identical for a large center with many physicians caring for
many patients and a small center with fewer physicians and
patients. It may also be similar for a center with one predominant
full-time clinician among several clinicians attending “part-time”
and a center of similar size where each attending is on service for 1
month. However, this ratio must also be distinguished from the

Table 4. Center factors associated with 100-day and 1-year mortality after HLA-identical sibling transplantation among patients with acute

or chronic leukemia

100-d mortality 1-y mortality odds

Variables No. odds ratio (95% Cl) P ratio (95% CI) P

Clinical severity index

Lesser or equal to median (low risk) 905 1.00 1.00

Greater than median (high risk) 521 3.16 (2.44-4.11) < .001 4.21 (3.21-5.32) < .001
Physician-patient case load/y

20 patients or fewer/MD 762 1.00 1.00

More than 20 patients/MD 664 0.67 (0.51-0.88) .003 0.78 (0.63-0.98) .03
Initial contact for after office or emergency calls

Non-MDs (nurses, nurse practitioners, or physician assistants) 402 1.00 NS NS

MDs (residents, fellows, attendings) 1024 0.72 (0.54-0.96) .03 NS NS
Medical school affiliation

Nonmedical schools 283 1.00

Medical schools with students and/or residents 57 2.35 (1.17-4.74) .02 NS NS

Medical schools with fellows 390 1.43 (0.92-2.22) 1 NS NS

Medical schools with students, residents, and fellows 696 1.43 (0.98-2.09) .06 NS NS

NS indicates not significant.
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Figure 1. Overall survival probabilities with allogeneic transplantation. Probabil-
ity of survival within 100 days among patients with leukemia who underwent
HLA-identical sibling transplantation according to clinical severity and center factors.

average number of patients cared for by a physician at each center
per unit time. Our present analysis focused on centers as the unit of
analysis, whereas the latter measure is a complicated summary
figure that requires carefully designed prospective data collection
at the physician level. Such data should not only be able to evaluate
physicians’ case load and attentiveness to actual patient care, but
also their seniority, specific experience with transplantation issues
(as opposed to general oncology care), and their level of clinical
versus research commitment. These data would also allow a more
refined analysis of the contribution of physician-provided care to
patient outcomes. There may exist a U-shaped curve in which
neither too few nor too many patients are optimal.

We also found a protective effect of having physicians answer
after hours or emergency calls from patients who underwent
HLA-identical sibling transplantation, suggesting that posttreat-
ment complications are better recognized and managed by more
experienced personnel. Similarly, both nursing and attending
physician staff caseload have been found to be associated with
mortality after invasive procedures.!8222¢ Although our study was
not able to detect a relationship between nurse-to-patient staffing
and outcome, it should be noted that most of the centers in this
study had 1:3 or higher nurse-to-patient ratios, limiting power to
evaluate lesser staffing resources.

A higher 100-day mortality was seen in both allogeneic and
autologous settings if transplant procedures were performed in
centers affiliated with medical schools with rotating student or
residents but not rotating hematology-oncology or HSCT fellows.
This finding could be consistent with the belief that large-volume
centers, more often affiliated with medical schools, attract sicker
patients, and thus have inferior outcomes. However, we failed to
detect any significant associations between patient disease severity
and center factors, suggesting that the HSCT centers in this study
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Figure 2. Overall survival probabilities with autologous transplantation. Prob-
ability of survival within 100 days among patients with lymphoma who underwent
autologous transplantation according to clinical severity and center factors.

had relatively equal chances of treating sicker patients, albeit
among the limited number of diseases and transplant types
included in the analysis. Our findings are contrary to those reported
by Allison and colleagues in the setting of acute myocardial
infarction, where hospitals with medical school affiliations demon-
strated superior outcomes compared with minor teaching and
nonteaching institutions.?” Possible reasons for the discrepancy
include the type of procedure studied (management of a relatively
common condition such as myocardial infarction versus a more
complex and uncommon situation preceding and following HSCT),
differences in the criteria for categorizing institutions, and consid-
eration of the roles of different trainees (students, residents, and
fellows). If our findings are confirmed in the HSCT setting, it is
possible that (1) the involvement of inexperienced students and
residents in patient management can result in deleterious effects if
not accompanied by close supervision from more experience
physicians; (2) the presence of students and residents decreases the
time or focus devoted to actual patient care by the attending
physicians as they also try to teach; (3) the absence of trainees may
be associated with better outcomes because their responsibilities
are assumed by physician extenders who provide more consistent
care; or (4) a combination of all of these.

The pronounced modulation in survival outcomes in the alloge-
neic compared to the autologous setting is an indication that “center
effect” is more evident as the complexity of the treatment increases.
This mirrors findings in surgical oncology, where volume-outcome
relationships are consistently seen in high-risk surgical procedures,
but are otherwise conflicting in lower-risk surgery.'” Our study
findings also suggest that the “center effects”” we evaluated operate
as an early rather than long-term influence after HSCT. This may be
explained by the fact that centers are often only directly responsible

Table 5. Center factors associated with 100-day and 1-year mortality after autologous transplantation among patients with lymphoma

100-d mortality 1-y mortality

Variables No. odds ratio (95% Cl) P odds ratio (95% Cl) P

Clinical severity index

Lesser or equal to median (low risk) 1136 1.00 1.00

Greater than median (high risk) 1723 2.02 (1.56-2.61) < .001 2.09 (1.77-2.47) < .001
Physician-patient case load/y

12 or fewer patients/MD 646 1.00 1.00

More than 12 patients/MD 2213 0.74 (0.57-0.98) .03 0.82 (0.67-0.99) 04
Medical school affiliation

Nonmedical schools 764 1.00

Medical schools with students and/or residents 138 1.79 (1.08-2.95) .02 NS NS

Medical schools with fellows 669 1.27 (0.91-1.77) .16 NS NS

Medical schools with students, residents, and fellows 1288 1.08 (0.81-1.45) .60 NS NS
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for the early care of patients and thereafter care is transferred back
to the referring oncologist.

On the other hand, our study failed to show an association
between factors that would be expected to correlate with superior
outcomes, such as Foundation for the Accreditation of Cellular
Therapy (FACT) accreditation, National Cancer Institute (NCI)
Cancer Center designation, or Center for Excellence designation.
The current study should encourage further exploration of factors
necessary for high-quality care including confirmation of those
found in this study. Additional outcomes, such as patient satisfac-
tion and measures of morbidity, should also be addressed.

Our study has several limitations. First, the final sample used in
the multivariate analysis of the allograft cohort included only 88 of
the 113 centers surveyed. The median procedure volume of the 113
centers was 50 transplants per year; the sample studied had larger
annual volumes. However, 39% of the centers included in the study
performed fewer than 60 transplants per year. We feel there was
ample representation of the small-volume centers. Additionally,
prior experience suggests centers not registering to the IBMTR are
more likely to be nonacademic centers, implying that they are
likely to be doing more autologous transplants, are not involved in
research, and do not have trainees. Procedure volume and center
experience are probably the same as those registering to the
IBMTR/ABMTR. Second, the characteristics of the centers were
retrospectively collected. Because the questionnaire was sent in
2001, respondents may not have had an accurate recollection of
their center’s clinical practice in 1998 to 2000. However, it seems
unlikely that the center factors we examined drastically changed
within the relatively short interval studied. Third, the outcomes we
studied did not include disease recurrence or disease-free survival.

TRANSPLANT CENTER CHARACTERISTICS AND MORTALITY 2987

We feel these outcomes are more likely determined by disease
biology and are not primarily affected by center factors, but to the
extent that they influence overall survival, they could be masking
center effects. However, we compared the relapse rates across
center by procedure volume and found no statistically significant
differences. Fourth, our findings may not be applicable in pediatric
HSCT where procedure volume is generally lower. Lastly, our
derived CSI may not have adjusted completely for the patient,
disease, and transplant-related factors known to affect transplant
outcome. However, the factors included in the CSI are consistent
with other studies reporting outcomes adjusted for patient
characteristics.

Despite the exploratory nature of our study and the lack of
complete understanding of the processes involved as to how the
various center factors we identified contribute to better survival, it
appears that the greater involvement of properly trained physicians
is associated with better early outcomes, particularly in the
allogeneic HSCT and autologous HSCT for high-risk patients, and
should be encouraged. We recommend that further studies, prefer-
ably prospective in design, be done to establish a more definite role
for the factors we identified as affecting mortality after HSCT.
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