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Reduced relative dose intensity of primary chemotherapy does not influence
prognosis of patients with Hodgkin lymphoma

Ludek Raida?, Tomas Papajik®, Zuzana Rusinakova?, Vit Prochazka?, Edgar Faber, Dana Cahova®, Pavel Tucek®, Karel Indrak?

Aims. A retrospective analysis of patients with Hodgkin lymphoma (HL) was performed to assess their outcome regard-
ing relative dose intensity (RDI) of chemotherapy administered in primary treatment.

Methods. A total of 194 patients were divided into three groups with different RDI of primary chemotherapy (100%, 90-
99% and < 90%). Reduced RDI in two groups (90-99% and < 90%) was caused by the delay of the interval between the
administration of some chemotherapeutic courses. The probability of complete remission (CR), disease relapse, event-
free survival (EFS) and overall survival (OS) as the basic parameters of patient outcome were statistically compared.
Results. Multivariate analysis showed here were no significant differences in probability of CR (HR 0.9, 95% ClI [0.75-
1.08], P=0.5), risk of relapse (HR 1.34, 95% CI [0.92-1.94], P=0.11) or death (HR 1.52, 95% Cl [0.94-2.5], P=0.13). There
were also no significant differences in probability of EFS (mean 13 vs. 10 vs. 12 years, P=0.17; HR 1.54, 95% CI [0.91-2.6],
P=0.22) or OS (mean 15 vs. 13 vs. 14 years, P=0.13; HR 1.52, 95% CI [0.93-2.5], P=0.13).

Conclusion. We found no significant impact of primary chemotherapy delay resulting in reduced RDI on outcome in

HL patients.
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INTRODUCTION

Over the last decades, the therapeutic outcome of
Hodgkin lymphoma (HL) patients has dramatically im-
proved. Combined chemotherapy has allowed the treat-
ment of a significant number of patients with advanced
disease. Nevertheless, about a half of those patients ei-
ther fail to achieve complete remission (CR) with primary
treatment or relapse. Intensified first-line chemothera-
peutic regimens have been designed and used to over-
come the risk of early malignant clone chemoresistance
development. Rapid tumor burden reduction along with
minimizing its regrowth during treatment might decrease
the probability of malignant cell mutations leading to
chemoresistance. The escalation of cytostatic doses and
the shortening of time interval between their adminis-
tration represent approaches to intensification based on
mathematical modelling'?. Examples of such intensified
chemotherapeutic regimens in the primary treatment of
HL are Stanford V and BEACOPP, particularly its es-
calated variant®*®. Unfortunately, the toxicity of intensive
approaches is relatively high and the associated complica-
tions can delay the administration of other chemothera-
peutic courses or lead to the reduction of cytostatic drug
dose. Nevertheless, delay in chemotherapy without re-
ducing scheduled doses is not unusual in patients treated
with standard protocols (e.g. ABVD, various hybrid or
alternative regimens) as well. The major reasons are infec-

tions resulting not only from neutropenia that is usually
less pronounced during standard therapy, but also from
the immunodeficiency of HL patients®. Thus, the rela-
tive dose intensity (RDI) of primary chemotherapy can
be reduced in a significant proportion of patients, even
those in the early stage of disease and treated with less
intensive protocols.

According to our knowledge there is no published
study evaluating the delay of primary chemotherapy
administration leading to the reduction of its RDI as a
significant violation of treatment protocol with potential
prognostic impact on patients suffering from HL.

PATIENTS AND METHODS

The main objective of the study was to compare the
outcome of HL patients with respect to the RDI of chemo-
therapy administered in primary treatment. The achieve-
ment of CR, the risk of disease relapse and the death
from any cause were assessed as the major endpoints of
outcome. The data of 194 patients diagnosed with HL and
treated in one centre between the years 1992 and 2005
were analysed; the median follow-up from diagnosis was 8
(range 1-17) years. All patients underwent chemotherapy
in primary treatment and the differences between them
including the use of various first-line chemotherapeutic
protocols were evident.
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Primary treatment

The primary chemotherapeutic regimens were chosen
with respect to the stage of disease. The patients diag-
nosed in early stages of disease (Table 1) were treated with
two cycles of ABVD (Table 2). The majority of intermedi-
ate stages (Table 1) underwent treatment according to the
Stanford V protocol*. Two cycles of COPP/ABVD were
administered in six patients treated in the early 1990s. The
treatment with COPP was used in two elderly patients
suffering from the intermediate stage of HL (Table 2).
BEACOPP regimens were used in 83 patients (Table 2)
with advanced disease (Table 1). Less intensive hybrid

chemotherapy C(M)OPP/ABV and the time intensified
protocol Stanford V were previously administered in 26
patients (Table 2). An involved-field radiotherapy (RT) of
30 Gy was applied either as the standard part of combined
modality therapeutic protocols (all early stages, the inter-
mediate ones treated with two cycles of COPP/ABVD, all
intermediate and advanced stages with nodal bulk treated
with Stanford V) or as adjuvant treatment targeted to the
residual disease after first-line chemotherapy (intermedi-
ate stages without nodal bulk treated with Stanford V and
patients with advanced disease and suspected of residual
active HL) (Table 2). 4-6 weeks after the completion of

Table 1. The basic characteristics of HL patients by RDI.

RDI 100% (n=95)

RDI 90-99% (n=53)

RDI <90% (n=46) P

female / male 49 (52%) | 46 (48%) 28 (53%) ] 25 (47%) 24 (52%) ] 22 (48%) 0.98
age (median) 28 (18-72) years 28 (18-74) years 29 (19-71) years 0.92
histological subtype:
nodular sclerosis 62 (65%) 32 (60%) 26 (57%) 0.012
mixed cellularity 30 (32%) 21 (40%) 13 (28%) ’
other subtypes 3(3%) 0 7 (15%)
clinical stage:

1 5(5%) 4 (8%) 3(7%)

11 57 (60%) 32 (60%) 22 (48%) 0.033

111 26 (27%) 12 (23%) 8 (17%)

v 7 (8%) 5(9%) 13 (28%)
early stages 5(5%) 1(2%) 6 (13%)
intermediate stages 37 (39%) 21 (39%) 13 (28%) 0.19
advanced stages 53 (56%) 31 (59%) 27 (59%)
B symptoms 41 (43%) 26 (57%) 25 (47%) 0.33
nodal bulk (> 5 cm) 60 (63%) 21 (46%) 32 (60%) 0.13
ESR (median) 44 (2-130) mm/h 49 (2-135) mm/h 53 (4-132) mm/h 0.37
hemoglobin (median) 132 (93-171) g/L 124 (77-160) g/L 122 (88-165) g/L 0.016
albumin (median) 38.8 (26-50.8) g/L 39.8 (17.9-49.8) g/L 37.4 (21.7-46.3) g/L 0.045
WBC (median) 10.0 (4.3-23.1) x 10°/L 9.1(3.8-21.8) x 10°/L 8.35(3.3-20.0) x 10°/L 0.14
ALC (median) 1.55 (0.1-4.1) x 10°/L 1.45 (0-4.0) x 10°/L 1.21 (0.2-3.9) x 10°/L 0.088

Table 2. The primary treatment of HL patients by RDI.
RDI 100% (n=95) RDI 90-99% (n=53) RDI < 90% (n=46) P

chemotherapeutic regimen:
ABVD 2x 5(5%) 1(2%) 6 (11%)
COPP 8x 2 (2%) 0 0
C(M)OPP/ABYV 6x 7(7%) 3(6%) 3 (6%)
COPP/ABVD 2x 2 (2%) 3(6%) 1 (2%) 0.59
Stanford V 41 (43%) 22 (42%) 15 (28%)
BEACOPP (B) 8x 18 (19%) 13 (25%) 8 (15%)
BEACOPP (E) 8x 16 (17%) 9 (17%) 9 (17%)
BEACOPP (E+B) 4x + 4x 4 (4%) 2 (4%) 4 (8%)
RT in primary treatment 37 (39%) 15 (28%) 23 (50%) 0.54

ABVD - 28-day regimen with adriamycin, bleomycin, vinblastine, dacarbazine, COPP - 21-day regimen with cyclophosphamide, vincristine, pro-
carbazine, prednisone, C(M)OPP/ABY - 28-day hybrid regimens with cyclophosphamide (or mustargen), vincristine, procarbazine, prednisone,
adriamycin, bleomycin, vinblastine, COPP/ABVD - 56-day alternative regimen with cyclophosphamide, vincristine, procarbazine, prednisone,
adriamycin, bleomycin, vinblastine, dacarbazine, Stanford V - 12-week regimen with mustargen, adriamycin, etoposide, bleomycin, vincristine,
vinblastine, prednisone, BEACOPP (B) - 21-day baseline regimen with bleomycin, etoposide, adriamycin, cyclophosphamide, vincristine, pro-
carbazine, prednisone, BEACOPP (E) - 21-day regimen with bleomycin, vincristine, procarbazine, prednisone and the escalated doses of cyclo-

phosphamide, adriamycin and etoposide
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chemotherapeutic protocol a therapeutic response in
those patients considered for adjuvant RT was assessed
either by computed tomography (CT) combined with gal-
lium scintigraphy, magnetic resonance imaging (MRI)
(ref.”) or more recently by 18F-flourodeoxyglucose posi-
tron emission tomography-computed tomography (FDG-
PET-CT). The patients without any evidence of active
tumour were considered to have achieved complete re-
mission (CR) of disease and they were further observed
without adjuvant RT. Involved field RT was administered
if there had been any suspicion of residual active disease.
A definitive response to the first-line treatment was evalu-
ated at least 8 weeks after the completion of RT regardless
if primarily planned or adjuvant.

Relative dose intensity of chemotherapy

All patients received the total doses of cytostatics
strictly according to the scheduled protocol but interrup-
tions and delays in chemotherapy treatment were found
in 99 (51% of them). Despite the appropriate dose density
(DD:; defined as the drug dose per square meter) of che-
motherapy according to the protocol, the delay of treat-
ment led to the reduction in dose intensity (DI; defined
as the drug dose per square meter per day). The RDI was
calculated as the quota of real DI administered to the
patient in primary treatment and scheduled DI according
to the chemotherapeutic protocol. The median of reduced
RDI in those 99 patients was 89% (range 43-99%) and
became the cut-off level for dividing them into two groups.
Thus, all 194 patients were divided into three cohorts: 95
(49%) with an RDI of 100%, 53 (27%) with an RDI of
90-99% and 46 (24%) with an RDI < 90%.

Statistical analysis

Those three cohorts were statistically compared. The
differences in non-metric parameters (gender, histological
subtypes, disease clinical stage, the manifestation of B
symptoms, lymph node bulk, the use of various chemo-
therapeutic protocols and RT in primary treatment) were
analyzed by the chi-square test. Age, initial erythrocyte
sedimentation rate (ESR), albumin and hemoglobin lev-
els, white blood cells (WBC) and absolute lymphocyte
count (ALC) as the metric parameters were compared us-
ing the Kruskal-Wallis test. The therapeutic response was
compared between the three RDI groups using the evalua-
tion of CR numbers, the incidence of relapses and deaths

using univariate analysis (chi-square test). The probability
of CR achievement, the risk of disease relapse and death
were analyzed by the Cox proportional hazards model?® as
the method of multivariate analysis. The basic characteris-
tics of disease (Table 1) and primary treatment (Table 2)
found to be significantly different in the three compared
RDI groups were included besides RDI as the variables
into that analysis. The Kaplan-Meier curves’ of event-free
survival (EFS; assessed in patients who achieved CR with
primary treatment and defined as the period between the
confirmation of remission and disease relapse or death
from any cause) and overall survival (OS; defined as the
period between the time of HL diagnosis and death from
any cause) were calculated and constructed. The differ-
ences between the three variables were compared using
the log-rank test in univariate analysis and Cox propor-
tional hazards model in multivariate one.

RESULTS

There were statistically significant differences between
the three RDI groups in histological subtypes of HL
(P=0.012), clinical stage of disease (P=0.033), hemoglobin
(P=0.016) and albumin (P=0.045) levels (Table 1). Other
histological subtypes than nodular sclerosis and mixed
cellularity classical HL as well as the advanced clinical
stages III and IV were more frequently observed among
the patients with RDI < 90% (Table 1). Nevertheless, no
differences between the groups were found in numbers
of patients with early, intermediate and advanced disease
(Table 1). Tendency to higher initial hemoglobin levels
was found in the group with RDI 100% compared to
patients treated with RDI 90-99% and < 90% (Table 1).
Significantly lower albumin levels were measured in pa-
tients who underwent primary chemotherapy with RDI <
90% (Table 1). On the other hand, no differences between
the RDI groups were found for patient gender and age,
manifestation of B symptoms, nodal bulk, ESR, WBC,
ALC (Table 1), chemotherapeutic protocols and RT used
in the primary treatment of HL (Table 2). Histological
subtypes, clinical stage, hemoglobin and albumin levels as
significantly different parameters in the three RDI groups
became the other variables included in the multivariate
analysis.

Table 3. The therapeutic outcome of HL patients by RDI.

-99% <90%

RDI 100% (n=95) RD(LS?;)W Rl();=42§)/ P HR 95% CI Pon
CR 87 (92%) 49 (93%) 40 (87%) 0.62 0.9 0.75-1.08 0.5
relapses 15 (17%) 15 (31%) 10 (25%) 0.18 1.34 0.92-1.94 0.11
deaths 8 (8%) 5(9%) 10 (22%) 0.075 1.52 0.93-2.5 0.13
EFS 13 years * 10 years * 12 years * 0.17 1.54 0.91-2.6 0.22
(mean) 95% CI [12-14] 95% CI [8-12] 95% CI [10-14]
OS 15 years * 13 years * 14 years * 0.13 1.52 0.93-2.5 0.13
(mean) 95% CI[14-16] 95% CI[12-14] 95% CI [12-15]

* median was not achieved, UVA - univariate analysis, MVA - multivariate analysis
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Fig. 1. The Kaplan-Meier curves of event-free survival by RDI.

A total of 176 of 194 patients (91%) achieved the CR
of HL with the first-line therapy. Of those, forty (23%)
relapsed and 23 patients (12%) died during the follow-up
period. There were no significant differences between the
RDI groups in rates and probability of CR, relapses and
deaths including EFS and OS according to both univariate
and multivariate analyses (Table 3, Fig. 1, 2).

DISCUSSION AND CONCLUSION

The dose intensity of primary chemotherapy is as-
sumed to play an important role in tumor control and
elimination'?. Nevertheless, despite the use of growth
factors to shorten the neutropenic period and severity of
anemia, primary chemotherapy has to be delayed or re-
duced in a significant number of patients. In particular ac-
tive infections can contribute to the violation of primary
chemotherapeutic protocol administration. Several studies
evaluating the RDI of chemotherapy used in the primary
treatment of HL have already been published. Swedish
authors analyzed the impact of primary chemotherapy
RDI on the OS and case-specific survival (CSS) of 88
elderly (> 60 years old) patients. The cut-off of RDI was
65%. The patients with RDI > 65% had significantly better
OS and CSS than those with RDI < 65% (ref.!"). However,
the RDI < 65% may be considered as significant violation
of primary chemotherapy that is considered to decrease
its therapeutic efficacy. Undoubtedly, those results are
valuable for seeking an optimal therapeutic approach to
the limited group of elderly HL patients. Nevertheless,
the reduction of primary chemotherapy RDI > 35% is
unusual in the majority of patients diagnosed with HL. In
their study, Owadally et al. analyzed 380 patients suffering
from advanced HL and treated with ABVD. They were
divided into three primary chemotherapy RDI groups (>
97%, 86-97% and < 86%). Multivariate analysis showed
no significant influence of RDI on progression-free sur-
vival (PFS) or OS (ref.'?). Lower RDIs in those two stud-
ies were not only the results of chemotherapy delay but
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Fig. 2. The Kaplan-Meier curves of overall survival by RDI.

also, in contrast to our present study, the reduction of
cytostatic doses. Chemotherapy intensification has usu-
ally been based on the Skipper model'? resulting in the
design of protocols with cytostatic dose escalation and
the shortening of interval between their administration.
Nevertheless, according to mathematical modelling pub-
lished by Hasenclever et al., dose escalation should be
more important for HL patient outcome than the shorten-
ing of treatment duration®. Lagarde et al. supported that
hypothesis in a relatively small study more than twenty
years ago. He assessed the outcome of 95 HL patients
in clinical stages I-IITA and treated with CVPP chemo-
therapy (cyclophosphamide, vinblastine, procarbazine
and prednisone) followed by extended-field RT regarding
to the DI and DD of the used cytostatics. Better disease-
free survival (DFS) correlated with higher DD but not DI
(ref.B). Fourteen years later Diehl et al. also confirmed
the validity of mathematical modellling in a randomized
study comparing the primary treatment of advanced stage
HL with COPP/ABVD, baseline and escalated BEACOPP
regimen™.

The aim of the present study was to analyze the im-
pact of primary chemotherapy delay resulting in reduced
RDI on the outcome of various HL patients treated ac-
cording to appropriate disease stage adjusted protocols.
A half of the patients in the study underwent primary
treatment with reduced cytostatics RDI (< 100%) because
of the chemotherapy delay. The RDI median of 89% in
that group became the cut-off for further analysis. Using
the approach of dividing the patients with HL into three
groups according to the RDI of primary chemotherapy
(RDI 100%, RDI 90-99% and RDI < 90%), there was no
confirmed influence of primary chemotherapy dose inten-
sity on numbers of CR, relapses and deaths measured as
probability, EFS and OS by either univariate or multivari-
ate analysis. Despite the heterogenous cohort of patients,
our results support some previously published observa-
tions concerning reduction in chemotherapy RDI in the
primary treatment of HL.
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