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SUMMARY

Background: The presumed benefits of centralization and minimum case
numbers often guide health-policy decisions, but these benefits remain inad-
equately documented, particularly in oncology. In this study, we aim to measure
the effect of the type of treatment center and/or the number of patients treated
in it on the outcome of patients with Hodgkin’s lymphoma.

Methods: From 1988 to 2002, 8121 patients with newly diagnosed Hodgkin’s
lymphoma were treated in Germany in multicenter randomized and controlled
trials (RCTs) of the German Hodgkin Study Group (GHSG). Center-related effects
on progression-free survival (PFS) were assessed univariately with Kaplan-
Meier plots and log-rank tests, as well as with a multivariate Cox regression
model.

Results: The 500 participating centers in Germany included 52 university hos-
pitals, 304 non-university hospitals, and 144 medical practices specializing in
hematology and oncology. No significant differences in PFS were found be-
tween patients from centers with high or low case numbers (5-year-PFS:
78.7% and 78.6% for centers with fewer than 50 and more than 50 patients,
respectively) or from different types of centers [5-year-PFS: university hospital,
77.7%; non-university hospital, 79.4%; practice, 79.8%)]. Even after statistical
controls for the effect of other known and unknown prognostic factors and vali-
dation in further datasets, no center effects were found.

Conclusions: The type of center and the minimum number of patients treated in
a center have no impact on the treatment outcome of patients with Hodgkin’s
lymphoma in Germany. In all GHSG centers, regardless of type, the quality stan-
dards for successful treatment are apparently met on all levels of patient care.
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he past few decades have seen considerable

improvement in the treatment of Hogdkin's
lymphoma, with a corresponding improvement in
outcomes: this disease now ranks among the more
curable types of human cancer. Most patients now
achieve long-term tumor-free survival (1, 2). In view
of the low incidence of the disease (ca. 2—-3 cases per
100 000 patients per year), this success is due in
large part to the effective planning and performance
of multicenter randomized and controlled trials
(RCTs) to compare different chemo- and radiothera-
peutic strategies against one another for safety and
efficacy depending on the stage of disease. The Ger-
man Hodgkin Study Group (GHSG; www.ghsg.org)
has devoted itself to the improvement of diagnosis,
treatment, and aftercare for patients with Hodgkin's
disease for more than 25 years. It has treated more
than 15 000 patients in randomized trials and has
received national and international recognition for
its work in furthering the development of primary
treatment (3—11). Patients are treated in more than
500 centers of varying size, including university
hospitals, non-university hospitals, and medical
practices specializing in hematology and oncology.

Now that organized medicine is increasingly sub-
ject to economic controls and regulation, so-called
center effects have become a topic of interest for re-
search. The variables studied for possible effects on
outcome include characteristicss of the treating
physician, such as personal experience and qualifi-
cations, and characteristics of the treatment center
itself, such as size, equipment, and caseload. A major
question is whether the type and size of the treatment
center or the number of patients treated there with a
particular disease has any correlation with the
quality of care. Center effects and minimum case-
loads have long been an object of study in surgical
disciplines and in the care of premature neonates, but
data of this type are scarce in oncology.

The aim of this study is to identify any effect of
the type of treating oncological center, or of the
number of patients treated, on treatment outcomes in
Hodgkin's disease. This research project, including a
predefined plan for statistical analysis, was
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Database for this study
I S L S
1988-1994 early (3) Diihmke E; JCO 2001
HD5 intermediate (4) Sieber M; JCO 2002
HD6 advanced (5) Sieber M; Ann Oncol 2004
1994-1998 G3 HD7 early (6) Engert A; JCO 2007
HD8 intermediate (7) Engert A; JCO 2003
HD9 advanced (8) Diehl V; NEJM 2003
1998-2002 G4 HD10 early (9) Engert A, NEJM 2010
HD11 intermediate (10) Eich HT; JCO 2010
HD12 advanced (11) Borchmann P; JCO 2011

Database of 9150 patients with a new diagnosis of Hodgkin's lymphoma who were treated in three generations of prospective, randiomized clinical trials of the

German Hodgkin Study Group.

GHSG, German Hodgkin Study Group; HD, Hodgkin's disease; G2, 2™ trial generation; G3, 3" trial generation; G4, 4™ trial generation;
Ann Oncol, Annals of Oncology; JCO, Journal of Clinical Oncology; NEJM, New England Journal of Medicine

financially supported by German Cancer Aid (Deut-
sche Krebshilfe e.V.), reg. no. 109273.

Methods

9150 patients with Hodgkin's lymphoma were
treated in three successive generations of clinical
trials (G2, G3, and G4) under the auspices of the
GHSG from 1988 to 2002. The final evaluations of
these trials, after a median follow-up interval of 6.7
years, provided the database for the current study
(Table 1). The evaluations of later generations of
studies have not yet been completed, because not
enough time has yet elapsed for follow-up and be-
cause the event numbers are not yet high enough.
Depending on the stage of disease and the known
risk factors at initial diagnosis, the patients were
classified as having early, intermediate, or advanced
disease and were given treatment in trials HD4
through HD12. Upon inclusion in the trials, they
were randomized and treated accordingly. For a pa-
tient to qualify for inclusion in a trial, certain criteria
had to be fulfilled regardless of the type of center, in-
cluding written informed consent, histological con-
firmation of the diagnosis by biopsy, complete stag-
ing, adequate organ function, and the absence of ex-
clusion criteria that would hinder treatment accord-
ing to the protocol. Treatment usually consisted of
combination chemotherapy followed by radiother-
apy. The treatment strategies of trials HD4 to HD12
and the results of their final evaluations were de-
scribed in detail in the relevant publications for each
(3-11).

The 9150 patients treated in RCTs included 8121
who were treated in German centers and 1029 who
were treated in participating centers in other coun-
tries. Information on the type, size, site, and caseload
of each center were available from the GHSG data-

base, as were data on patient characteristics, treat-
ments, response rates, recurrence rates, causes of
death, and aftercare.

Three collectives were created, in order to:

® develop an analytical model for the study and

testing of center effects,

® validate the findings in the same population,

and

® check whether the results could be confirmed in

a subsequent generation of clinical trials that
involved different treatments and that were car-
ried out under different societal conditions.

Moreover, the patients treated in the second and
third trial generations (G2 and G3) were randomly
divided into two groups and served as the main col-
lective:

® for the initial testing of center effects (2223 pa-

tients, 532 with progression-free survival [PFS
events] and the collective);

® for validation (2216 patients, 512 PFS events).

® For a second validation under altered thera-

peutic conditions, patients from trial generation
G4 were analyzed (3682 patients, 509 PFS
events). The events in this collective were used
to test the generalizability and stability of the
findings under altered treatment conditions
(Figure 1).

The large number of PFS events in the collectives
(more than 500 in each) made it possible to include a
large number of predictive factors in the Cox regres-
sion model used for the main analysis.

The primary endpoint, progression-free survival
(PFS), is the most commonly applied measure of
therapeutic success in Hodgkin's disease. PFS is cal-
culated from the day of randomization and is defined
as the elapsed time to the first occurrence of any
critical event (progression, recurrence, or death from
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any cause). Patients who sustained no critical events
at all were censored after the date of the last avail-
able information about their tumor status. The
following variables for centers were analyzed:
® caseload (the number of patients recruited),
® type of center (university hospital, non-
university hospital, or hematology-oncology
practice), and
® a center effect for unobserved heterogeneity in
a shared-frailty model.
The center variables were tested in Cox regression
models with adjustment for relevant covariates at the
5% significance level.

Results

The 500 participating German centers included 52
university hospitals, 304 non-university hospitals,
and 144 hematology-oncology practices, corre-
sponding to 10%, 61%, and 29% of centers, respec-
tively. These German centers recruited 8121 patients
for the GHSG trials; of this total, the three types of
centers recruited 3412 (42%), 3842 (47%), and 867
(11%) patients, respectively.

A secular trend was found across trial generations,
in which a diminishing percentage of patients were
treated in university hospitals (G2: 58%, G3: 41%,
G4: 36%), while rising percentages were treated in
non-university hospitals (G2: 32%, G3: 52%, G4:
50%) and hematology-oncology practices (G2: 6%,
G3: 8%, G4: 15%). The median and range of the
number of patients treated per center was 50 (1-247)
for the overall collective, 103 (1-247) for university
hospitals, 33 (1-117) for non-university hospitals,
and 12 (1-47) for practices.

The characteristics of patients in the main
analyzed group (2223 patients) are shown in Table 2,
broken down both by center caseload (< or > 50
patients from 1988 to 2002) and by type of center
(university hospital, non-university hospital, prac-
tice). The chosen cutoff value of 50 patients was the

Patients in centers
outside Germany: 1029 (11%)

All patients:

9150

Patients in German centers:
8121

G2/G3 G4
4439 patients 3682 patients
(1044 PFS events) (509 PFS events)

2223 patients 2216 patients

(512 PFS events)

(532 PFS events)
main evaluation group

median for center size. Not all demographic vari-
ables were evenly distributed. In centers with a
lower caseload (fewer than 50 patients from 1988 to
2002), the patients tended to be older; such centers
treated more patients in earlier stages of disease, and
they also treated relatively fewer patients in the
second generation of trials and relatively more in the
third. Moreover, hematology-oncology practices
treated more patients in early stages of disease than
did university or non-university hospitals.
Kaplan-Meier plots of progression-free survival
(PFS) are shown in Figure 2. After a median follow-
up interval of 6.7 years, there was no statistically
significant difference in PFS between patients
treated in centers with a lower or higher caseload
(5-year PFS 78.7% and 78.6% for centers treating
<50 and >50 patients, respectively; p = 0.614). Nor
was there any statistically significant difference in

Patient characteristics by caseload and type of center
characteristics < 50 patients 2 50 patients (1060 patients) (1000 patients) (163 patients)
(870 pts. total) (1353 pts. total)

Sex (percent female) 43% 44% 41% 47% 39%

Age (median) 38 years 35 years 35 years 37 years 36 years

Stage
early 22% 17% 18% 20% 26%
intermediate 38% 43% 43% 39% 40%
advanced 39% 39% 38% 41% 34%

B symptoms 39% 41% 40% 41% 36%

Generation G2 26% 47% 48% 31% 34%
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The data sets that
were analyzed.
G2, 2" trial
generation;
G3, 3" trial
generation;
G4, 4" trial
generation;
PFS, progression-
free survival.
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Kaplan-Meier plots of progression-free survival (PFS) by caseload and type of center.

Median follow-up, 6.7 years.

a) PFS by caseload (at 5 years). Centers with < 50 pts.: 78.7%, 95% confidence interval (Cl)
76%-81% (870 patients). Centers with > 50 pts.: 78.6%, 95% Cl 76%-81% (1353 patients).

b) PFS by type of center (at 5 years). University hospital: 77.7%, 95% Cl 75%—80% (1060
patients). Non-university hospital: 79.4%, 95% CI 77%—82% (1000 patients). Hematology-
oncology practice: 79.8%, 95% Cl 72%-85% (163 patients).

PFS from one type of center to another (5-year PFS
for university hospitals, 77.7%; for other hospitals,
79.4%; for practices, 79.8%; p = 0.655).

The putative effects of caseload and center type on
PFS were also tested in multivariate analyses with
relevant confounders. In this way, the influence of
unevenly distributed demographic variables was op-
timally accounted for. In a Cox regression model, the
following factors were found to be associated with a
significantly worse PFS, as expected: male sex,
higher age, more advanced stage of disease, presence
of B symptoms, and treatment in an earlier gener-
ation of trials (G2) or with a less up-to-date protocol
(without BEACOPP chemotherapy [bleomycin,
etoposide, adriamycin, cyclophosphamide, vincris-
tine, procarbazine, prednisone] or only with
radiotherapy). Even after adjustment for these fac-
tors, no independent center effect on outcome could
be detected: neither the center caseload nor the type
of center had any significant association with PFS.

To validate the findings, the same analyses were
carried out on further, independent data sets—the
second patient collective from G2 and G3 (2216 pa-
tients) and patients from G4 (3682 patients, Figure
1). The multivariate analysis did not reveal any sig-
nificant association of center type or caseload with
PFS in either of these two collectives, or in the group
of all G2 and G3 patients combined (4439 patients),
or in the overall patient group (G2 + G3 + G4, 8121
patients) .

The hazard ratios and 95% confidence intervals
for all tested variables of the patients in G2 and G3
(4439 patients) are shown in 7able 3. Because the
centers could theoretically have differed from one
another in further relevant ways, a further variable
for unobserved heterogeneity was estimated in a
shared-frailty model. 5-year PFS was found not to be
significantly associated with this variable either
(p =0.38), just as it was not associated with either
center type or center caseload.

Discussion

We analyzed the effect of the type and caseload of
oncological treatment centers on the outcome of
treatment for Hodgkin's lymphoma in clinical trials.
Even after statistical controls for certain prognosti-
cally unfavorable factors, no significant association
could be detected between center type (university
hospital, non-university hospital, or hematology-
oncology practice) or center caseload and 5-year
progression-free survival. Because of the large
sample size and the large number of PFS events,
these negative findings can be used to draw valid
inferences. In general, the data from the patient
collectives analyzed here, which were drawn from
prospective, randomized trials of the GHSG, are of
very high quality. Moreover, bias due to the in-
fluence of other interests (e.g., those of pharmaceuti-
cal companies) on data analysis and on the publi-
cation of trial findings can be ruled out (12, 13).

A large fraction of patients with Hodgkin's lym-
phoma in Germany are treated in an RCT of the
GHSG. These patients are presumably representative
of the entire collective of all treatable patients.
Nonetheless, patients who do not meet the inclusion
criteria for trial participation or for standard treat-
ment, e.g., because of age, poor organ function, or
severe accompanying disease, may have signifi-
cantly lower survival rates; thus, the use of trial pa-
tients implies some extent of positive selection (14).
An earlier analysis of patients with Hodgkin's dis-
ease revealed that those treated in GHSG trials had a
longer PFS than those treated outside GHSG trials,
even after known prognostic factors were controlled
for (15). There can also be differences within a pa-
tient collective in a given clinical trial: trial patients
who were not treated exactly according to protocol
may have a significantly shorter PFS (3).

In the present analysis, no center effects were
found. This implies that patients were, in general,
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treated properly and according to protocol, even in
centers with a lower caseload, and regardless of
center type (type of hospital or practice). This
encouraging finding about the treatment of a rare
disease is mainly attributable, in the authors’ opinion
as experienced clinicians, to the following quality-
assurance measures undertaken by the GHSG:

Detailed trial protocols are available, and phy-
sicians participating in the trials always have the
opportunity to obtain advice from experts at trial
headquarters with regard to treatment strategies, side
effects, or other problems.

A quality-assurance program for diagnostic
testing and for radiotherapy was established, with
reference assessment of imaging findings and devel-
opment and communication of radiotherapy plans.

Moreover, the highly qualified physicians at the
participating institutions remain in close contact
with the physicians at trial headquarters. Annual trial
meetings and courses, as well as international scien-
tific meetings organized by the GHSG, contribute to
the training of the participating oncologists and
radiation oncologists and enable them to exchange
information. The large number of treatment centers
is good for patients, who can often be treated near
their homes in accordance with established stan-
dards, or else receive outpatient follow-up near their
homes after a period of in-hospital care. Expert
qualifications aside, patient satisfaction has been
found to be very high in specialized hematology-
oncology practices in Germany, as long as the
treating physicians can easily gain access to, and col-
laborate with, the nearest hospital in case of an
emergency (16).

Center effects and minimum caseloads have long
been a major topic of health-care policy debates in
other branches of medicine, e.g., surgery, interven-
tional cardiology, and the care of premature neon-
ates; in oncology, however, data of this type are
scarce and mostly retrospective. Most of the existing
data concern mainly the period just after an
oncologic-surgical procedure; it has been shown in
this context that the intensity and detectability of
center effects rise with the procedure-associated risk
(17, 18). Center-dependent differences of up to 15%
in 100-day mortality have been documented for com-
plex hematological treatments such as allogeneic
stem-cell transplantation for leukemia, while differ-
ences of up to 4% have been found for autologous
stem-cell transplantation, a less dangerous procedure
(19). In addition to the caseload treated by a
physician or center, qualitative factors such as
around-the-clock availability of a physician for ur-
gent problems have been shown to affect patient sur-
vival significantly (19). There is also evidence that
the effects of known prognostic factors, e.g., age, de-
pend on individual centers' experience (20). Center
effects have not been well investigated to date for
hematologic diseases that have a first-line treatment
with curative intent (17). Only a single large-scale

Deutsches Arzteblatt International | Dtsch Arztebl Int 2012; 109(51-52): 893-9
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A) Effect of caseload on progression-free survival (PFS)

MEDICINE

Factor p Hazard ratio
(95% Cl)
Caseload continuous (per 100 pts.)* 0.176 0.93
(0.84-1.04)
Sex male <.0001 1.29
(1.14-1.46)
Age at diagnosis continuous (per year older) <.0001 1.03
(1.02-1.03)
Stage (German intermediate + advanced 0.0003 211
Hodgkin Study Group (1.40-3.17)
GHSG
[ ) only advanced <.0001 1.95
(1.64-2.31)
Treatment without BEACOPP <.0001 1.98
chemotherapy protocol (1.62-2.41)
radiotherapy only <.0001 3.12
(2.05-4.75)
B symptoms present 0.0003 1.32
(1.13-1.53)
Generation G2 0.200 1.10
(0.95-1.27)
Unobserved heterogeneity of centers (frailty) 0.380

B) Effect of type of center on progression-free survival (PFS)

Factor p Hazard ratio
(95% Cl)
Type of center non-university hospital 0.194 0.92
(0.81-1.05)
hematology-oncology practice |  0.283 1.16
(0.89-1.51)
Sex male <.0001 1.29
(1.14-1.47)
Age at diagnosis continuous (per year older) <.0001 1.03
(1.02-1.03]
Stage (German intermediate + advanced 0.0004 2.09
Hodgkin Study Group (1.39-3.14)
H
[GHSC) only advanced <.0001 1.95
(1.64-2.31)
Treatment without BEACOPP <.0001 1.98
chemotherapy protocol (1.62-2.41)
radiotherapy only <.0001 3.01
(2.03-4.73)
B symptoms present 0.0003 1.32
(1.14-1.53)
Generation G2 0.236 1.09
(0.94-1.26)
Unobserved heterogeneity of centers (frailty) 0.380

* The hazard ratio here denotes the ratio of risk per 100 additionally treated patients.

Multivariate analysis of G2 and G3 overall, with estimation of unobserved heterogeneity of centers;
testing of the effects of caseload (A) and type of center (B) on progression-free survival (PFS) with
relevant confounders. The factors expected to be associated with significantly worse PFS were male sex,

older age, advanced stage of disease, presence of B symptoms, treatment in an early trial generation (G2),

and less up-to-date type of treatment (without BEACOPP chemotherapy protocol, or

with radiotherapy only).

There was no independent prognostic effect of centers after adjustment for these factors; nor did unob-
served heterogeneity of the centers play any significant role in PFS.
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study has shown that, among patients with Hodgkin's
lymphoma treated in the USA from 1977 to 1982,
those treated in comprehensive cancer centers (2278
patients) lived significantly longer than those who
received so-called “community care” (3607
patients). This remained the case after controls for
other factors including disease stage, histology, and
age (21).

The findings reported here for Hodgkin's lympho-
ma are in contrast with the documented significant
effects of center size, caseload, and other factors on
the outcome of other diseases: for example, the
surgeon’s type of specialty training and level of ex-
pertise have been found to affect survival in ovarian
carcinoma (22, 23). The predictive value of “volume
data” is, however, subject to bias from multiple
sources, e.g., preselection of patient collectives (24).
Many of the studies that have been performed to de-
tect center effects are problematic in that the data
were retrospectively drawn from registries, with the
result that there can be little or no statistical control
for potential confounders (25). Even in retrospective
data sets concerning large numbers of patients, any
center effects that might be detected are hard to in-
terpret unless further characteristics of the centers
and patients are taken into account (26). A further
problem in the evaluation of minimum caseloads is
that a classification into arbitrarily defined high- and
low-caseload groups can easily be misleading, as the
result may well depend on the particular cutoff
values that are chosen (27, 28).

In summary, the findings reported here imply that
objectifiable center effects—in particular, effects of
caseload or center type—play no role in the outcome
of treatment for Hodgkin's lymphoma in appropri-
ately qualified GHSG centers in Germany.
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