
Background and Objectives. In general, elderly
patients with Hodgkin’s lymphoma (HL) have a less favor-
able prognosis than do younger ones. Inadequate thera-
py, often due to decreased tolerance to treatment, con-
tributes to the poor outcome. This study was undertaken
to evaluate potential clinical factors of importance for
prognosis with special reference to relative dose intensi-
ty (RDI) of chemotherapy (CT).

Design and Methods. Eighty-eight consecutive elder-
ly (>60 years) HL patients diagnosed between 1973-
1994 who received up-front CT±radiotherapy (RT) were
included (median age 72 years, range 60-92; median fol-
low-up time 78 months, range 49-206). The calculations
of RDI of CT were based on Hryniuk’s model.

Results. The 5-year overall (OS) and cause-specific
(CSS) survival was 39% and 51%, respectively, in patients
who received CT±RT. Nine of the 14 patients who only
received ≤1 cycle of CT died within 6 months from diag-
nosis without achieving complete remission (CR). How-
ever, the remaining 5 patients in this group survived 14-
97+ months. Patients with a RDI >65% had a significantly
better OS (p=0.029) and CSS (p=0.024) than those with
a RDI ≤ 65%. Patients who received ABVD-based CT with
a RDI >65% had a significantly better OS (p=0.0011)
than those who were treated with ABVD-based CT with a
RDI ≤ 65%, or MOPP-like therapy, irrespective of received
RDI.

Interpretation and Conclusions. Prognosis remains
heterogeneous and the significance of established prog-
nostic factors is limited in elderly HL patients. Patients
who received a low RDI of CT and those receiving non-
ABVD-based treatment fared worse. However, also elder-
ly patients can enjoy long-standing complete remission
following minimal treatment.
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In the Western world, a distinguishing epidemiological
feature of Hodgkin´s lymphoma (HL) is its bimodal age
distribution. One peak occurs in the third decade of life

and the second peak around the sixth decade.1,2 Since the
introduction of modern staging procedures and devel-
opments in both radiotherapy (RT) and chemotherapy
(CT) patients presenting within the first incidence peak
generally have a good prognosis. Older age (>50-60
years) has, however, been recognized for many years to
be an adverse prognostic factor for survival, both in pri-
mary HL and in relapse.3-11 Yet the causes (and their rel-
ative importance) of these less favorable survival rates
among older patients remain in part undetermined.
Related factors contributing, to a varying extent, to a
more dismal prognosis include: a) suboptimal therapy
often due to decreased tolerance to treatment; b) co-
morbid diseases/organ dysfunction; c) inadequate diag-
nostic and staging procedures; and d) accumulation of
certain clinical, biological, and other risk factors associ-
ated with a poor response to therapy.11-13 Many elderly
HL patients receive less intensive (schedule/dosing) up-
front CT because of treatment-related toxicity.11 Thus,
myelosuppression is known to be one of the major dose-
limiting toxicities during induction treatment in elderly
patients with both advanced HL and aggressive non-
Hodgkin’s lymphoma (NHL) leading to a large proportion
of patients who cannot receive scheduled CT.11,14-16 How-
ever, as extrapolated from treatment results in various
series of patients there seems to be a sub-population of
elderly HL patients who have undergone adequate diag-
nostic and staging procedures and also tolerate intensive
treatment. These patients appear to have a complete
remission rate and relapse-free and overall survival well
comparable to those of younger patients.17-19

In the present study the long-term outcome of con-
secutive elderly (>60 years) HL patients diagnosed dur-
ing a 20-year-period in a well-defined urban Swedish
population was studied. Potential factors of importance
for prognosis were evaluated. This retrospective analy-
sis specifically addressed the impact of type and calcu-
lated relative dose intensity (RDI) of CT in relation to
response and survival. The findings in this population-
representative cohort of patients show that the fraction
of elderly patients is larger than in most other reported
series.6,20-22 The great heterogeneity in outcome of the
elderly with HL is confirmed and the possibilities of opti-
mization of CT in this group are discussed.
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Design and Methods

Patients’ characteristics
Consecutive elderly (>60 years) patients with new-

ly diagnosed HL during the years 1973-1994 in the
Stockholm area were included in this study (n=147).
Elderly patients accounted for 26% of the total num-
ber of patients with primary HL (n=566; 16-95 years)
diagnosed in the same region during the study peri-
od. Fifty-four (37%) patients received up-front RT
alone, 88 (60%) received up-front multiagent CT±RT,
3 (2%) underwent surgery, and 2 (1%) patients
received no anti-tumor treatment at all. This study
is restricted to patients who received up-front
CT±RT. There were 40 men and 48 women with a
median age at diagnosis of 72 years (range 60-92
years). The median observation time at follow-up for
surviving patients was 78 months (range 49-206
months). Clinical characteristics in relation to the
chemotherapy given are shown in Table 1. The study
was approved by the Karolinska ethics committee.

Diagnostic and staging procedures
Diagnostic biopsies were reviewed to confirm the

diagnosis and classified according to the REAL
nomenclature (Table 1).23 When necessary, comple-
mentary immunostainings for CD15, CD30, CD20,
LN-1, CD79a, CD3, UCHL-1, and EMA (avidin-biotin-
peroxidase complex technique) were performed.24

Besides a thorough physical examination the fol-
lowing investigations were performed: chest X-ray,
computed tomographic scanning of the chest (when
clinically indicated) and abdomen. Computed tomo-
graphic scanning was introduced in the late 1970s
and eventually replaced liver and spleen scans and
lymphangiography. Bone marrow involvement was
assessed by bone marrow biopsies and aspirates.
Bulky disease was defined as a mediastinal mass
with a diameter exceeding 1/3 of the maximal medi-
astinal width or any tumor manifestation with a
diameter of >10 cm. Laboratory tests were per-
formed according to standard methods. The Ann
Arbor staging classification25 was used to describe
the extent of disease. For further details see previ-
ous reports.12,26-30

Treatment and response criteria
Details of treatment have been described previ-

ously.12,24,26,29 In short, patients with limited disease
(stage I-II/III) were given RT. Two patients were
included in a study open between 1974-1979
regarding the value of early splenectomy in inter-
mediate-stage patients aged 18-65 years and
received total nodal irradiation.27 During this peri-
od, patients with stage IIIB-IV disease were given
MOPP (mechlorethamine, vincristine, procarbazine,
and prednisone), COPP (cyclophosphamide, vin-
cristine, procarbazine, and prednisone) or CCNU-
OPP (1-(2-chloroethyl)3-cyclohexyl-1-nitrosourea
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Table 1. Patients’ characteristics;  N (%).

MOPP-like ABVD-based Other
chemotherapy chemotherapy chemotherapy

Number of patients 46 (100) 39 (100) 3 (100)

Sex

Male 22 (48) 16 (41) 2 (67)

Female 24 (52) 23 (59) 1 (33)

Age

60-69 years 17 (37) 16 (41) 1 (33)

70-79 years 18 (39) 17 (44) 1 (33)

80-89 years 10 (22) 6 (15) 0 (0)

90-years 1 (2) 0 (0) 1 (33)

Clinical stage

I 5 (11) 2 (5) 1 (33)

II 8 (17) 11 (29) 0 (0)

III 22 (48) 13 (33) 2 (67)

IV 11 (24) 13 (33) 0 (0)

B-symptoms

Yes 31 (67) 23 (59) 2 (67)

No 15 (33) 16 (41) 1 (33)

Bulky disease

Yes 1 (2) 1 (3) 0 (0)

No 45 (98) 38 (97) 3 (100)

Histopathology

LP 6 (13) 3 (7) 0 (0)

NS 7 (15) 8 (21) 0 (0)

MC 18 (39) 18 (47) 1 (33)

LD 9 (20) 3 (7) 2 (67)

Unclassified 6 (13) 7 (18) 0 (0)

Distribution of patients  according to IPS factors

1 5 (11) 3 (7) 0 (0)

2 10 (22) 7 (18) 1 (33)

3 15 (33) 16 (41) 1 (33)

4 12 (26) 11 (29) 1 (33)

5 3 (6) 2 (5) 0 (0)

6 1 (2) 0 (0) 0 (0)

7 0 (0) 0 (0) 0 (0)

LP: lymphocyte predominance; NS: nodular sclerosis; MC: mixed cellularity; LD:
lymphocyte depletion;  IPS: International Prognostic Score.33



(CCNU), vincristine, procarbazine, and prednisone)
CT. From 1979, the planned curative treatment in
most elderly patients with stage IIB-IV disease was
3-4 full cycles of MOPP/ABVD (doxorubicin, bleo-
mycin, vinblastine, and dacarbazine), or ABVD alone
(6-8 cycles), with irradiation given to bulky dis-
ease.30 Doxorubicin (25 mg/m2) was sometimes sub-
stituted by mitoxantrone (5 mg/m2) in patients with
cardiac disease. Complete remission (CR) corre-
sponded to complete regression of all palpable or
histologically documented tumors and resolution of
all radiographic and biochemical abnormalities due
to HL for a minimum of three months.

Relative dose intensity of chemotherapy
The effects of dose intensity of CT were assessed

in relation to outcome by calculating the RDI based
on Hryniuk’s model.31-33 The following drugs and pro-
jected doses were used in the RDI calculations:
mechlorethamine 6 mg/m2 (maximum 10 mg/day)
days 1 and 8 (MOPP), cyclophosphamide 1000
mg/day days 1 and 10 (COPP), CCNU 80 mg/m2 day
1 (CCNU-OPP), doxorubicin 25 mg/m2 days 1 and 15
(ABVD), mechlorethamine 6 mg/m2 (maximum 10
mg/day) days 1 and 8 and doxorubicin 25 mg/m2

days 28 and 42 (MOPP/ABVD). For patients who
received MOPP/ABVD the RDI was based on the
mean value of the combined relative mechlore-
thamine and doxorubicin doses. The above alkylat-
ing agents and anthracyclines/anthracenedione were
chosen for the RDI calculations because of their well
documented anti-tumor effect associated with a
dose-limiting myelotoxicity.31,32 To calculate dose
intensity, the total milligrams administered were
divided by the total number of weeks of treatment.33

The calculated RDI values were based on the initial
two cycles of CT for each patient. Individuals who
received ≤ 1 cycle of CT (n=14) were excluded from
RDI calculations. Since the follow-up period was
dependent on duration of treatment, the analyses of
the prognostic impact of RDI were performed after
an observation period of 60 days from start of
administration of CT.34,35

Factors related to outcome
In patients with advanced disease (stage IIB-IV)

who were treated with CT±RT the following clinical
factors were assessed in relation to the end-points
of overall, cause-specific, and disease-free survival:
International Prognostic Score36 and its component
factors [age (≥ 45 vs <45 years), sex (male vs female),
stage (IV vs I-III), serum albumin (<40 g/L vs ≥ 40
g/L), hemoglobin (<105 g/L vs ≥105 g/L), white blood
cell (WBC) count (≥15×109/L vs <15×109/L), lym-
phocyte counts (<0.6×109 /L vs ≥0.6×109/L, or <8%
vs ≥8% of WBC counts)], histopathology, bone/bone
marrow involvement or not, and constitutional (B-
symptoms) symptoms or not. Serum albumin and
hemoglobin levels, age, WBC and lymphocyte counts

were also tested as continuous variables. The prog-
nostic power of each factor was assessed and com-
pared in a multivariate analysis. An analysis includ-
ing all patients irrespective of stage and treatment
was also performed with the same design as
described above.

Statistical methods
Cause-specific survival was defined as the time

from diagnosis to death from HL or death judged to
be related to treatment of the disease (infections,
certain second malignancies [non-Hodgkin´s lym-
phoma n=1, myelodysplastic syndrome n=1] and car-
diovascular events).30 Overall survival was defined as
the time from diagnosis to death, irrespective of
cause. In the RDI analysis (see above), cause-specif-
ic and overall survival were calculated from the first
day of treatment +60 days.34,35 In patients with com-
plete remission, disease-free survival was defined as
the time from last day of treatment to relapse or
death from HL or death related to treatment of the
disease (see above). Survival curves were construct-
ed by the Kaplan-Meier procedure.37 Differences in
prognostic prediction of categorical factors with
regard to overall and cause-specific survival were
calculated by Gehan’s Wilcoxon test.38 Cox regression
analyses were used for univariate analyses of con-
tinuous factors and for multivariate analyses.39

Results

Outcome
The CR rate was 49% (43/88). The 5-year overall

and cause-specific survival rates were 39% and 51%,
respectively. Nine of the 14 patients who received
≤ 1 cycle of CT died within 6 months from diagno-
sis without achieving CR. However, the remaining 5
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Figure 1. Overall  survival in relation  to relative dose inten-
sity of chemotherapy (n=59).



patients in this group survived 14-97+ months. Two
of these patients (overall survival 83 and 97+
months) received additional RT. An additional 15
(17%) patients had to be excluded from the RDI cal-
culations (see below) due to lack of detailed infor-
mation regarding the CT they had received. The
impact of RDI in the final study cohort (n=59) was
investigated as follows: the patients were arbitrari-
ly divided into three groups (each consisting of 1/3
of the patients) with low (range 27-64%), interme-
diate (65-80%), and high (81-112%) RDI values.
Patients with intermediate and high RDI values did
not differ with regard to response to treatment and
clinical outcome and were thus grouped together
and compared to those with low RDI values, i.e. RDI
>65% vs ≤ 65%. Patients with RDI >65% had a sig-
nificantly better overall (p=0.029 Figure 1) and
cause-specific (p=0.024) survival than those with
RDI ≤ 65%. When tested in multivariate analysis,
RDI added significant prognostic information to that
achieved by the remaining factors under study (see
below). In addition, RDI >65% predicted a higher CR
rate when tested as described above (χ2 test,
p=0.024). Twenty-nine percent of patients with RDI
>65% as compared to 50% of patients with RDI
≤ 65% died within 24 months after the 60-day fol-
low-up period. A majority (92%) of patients treated
with ABVD-based (MOPP/ABVD or ABVD) CT had a
RDI value >65% while the corresponding figure for
patients treated with MOPP-like (MOPP, COPP, or
CCNU-OPP) therapy was 24% (p<0.001). Patients
who received ABVD-based CT with a RDI >65% had
a significantly better overall survival (p=0.0011) than
those who were treated with ABVD-based CT with a
RDI ≤ 65%, or MOPP-like therapy, irrespective of RDI
value (Figure 2). RDI or type of CT did not predict dis-
ease-free survival. Outcomes in relation to RDI
analyses were also examined according to year of
diagnosis, which was not found to have any influ-
ence on the results.

Predictors of outcome at diagnosis
In univariate analysis, only low albumin was asso-

ciated with inferior overall survival (p<0.001) when
the IPS cut-off values were applied.33 When the fac-
tors were tested as continuous variables with the
same design as described above in a Cox propor-
tional hazards regression analysis, low albumin
(p=0.028) and increasing age (p<0.001) predicted
an inferior overall survival. Patients aged 60-69
years at diagnosis had a significantly better overall
survival than did patients ≥70 years (p=0.002) which
is shown graphically in Figure 3. None of these fac-
tors was associated with disease-free survival.

Treatment and prognosis at relapse
Six of 43 (14%) patients achieving complete

remission (age: 63-82 years; stage: IIIA-IVB) relapsed
during the observation period (median time to

relapse: 16 months; range 6-30 months). One patient
had rapidly progressive disease and survived only 2
weeks after relapse. Five patients received rescue
treatment: CT (n=4; MOPP or mitoguazone, ifos-
famide, methotrexate, etoposide [MIME]) or RT
(n=1). The survival times in these five patients were
3-51+ (3; 10; 11; 45; and 51+) months from estab-
lished relapse. Three died from HL or infections
judged to be related to treatment of the disease
while one patient died of a cerebral hemorrhage.

Discussion

Age has long since been recognized as an impor-
tant predictor of prognosis in patients with both
localized and advanced HL.40 Thus, both overall sur-
vival and time to treatment failure decrease with
increasing age. In addition, improvement in outcome
following therapeutic achievements introduced dur-
ing the last decades has been mainly confined to
younger patients.8,19,41–47 In contrast, disease-free
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Figure 2. Overall survival in relation to type and relative
dose intensity of chemotherapy (n=59).

Figure 3. Overall survival in relation to age in patients treat-
ed with chemotherapy (n=88).



survival following achievement of a CR may not dif-
fer significantly dependent on age.4,46 The age-relat-
ed decline in overall survival has not been totally
consistent and in some reports it has been stated
that elderly patients do as well as younger patients
provided adequate therapy is given.11 Discrepancies
in treatment results of elderly patients obtained in
different series are most probably explained by dif-
ferences in the patients selected.

An estimation of the fraction of elderly patients in
clinical cohorts of HL patients is one way to eluci-
date the degree of patient selection. In the present
report 26% of all patients collected during the study
period were above the age of 60 years. This is in con-
trast to most other major clinical series in which the
reported fraction of elderly patients varies between
3-20%6,20-22 with an occasional exception.6 Howev-
er, we have previously observed diagnostic and oth-
er errors introduced by registry-based patient iden-
tification48 which is why, in this study, we refrained
from seeking additional elderly patients reported as
HL to the local (and Swedish) cancer registry during
the same study period. Thus, we regard this cohort
of patients collected after the introduction of effec-
tive, wide-field megavoltage radiation and combi-
nation CT, in an urban Swedish population as a pop-
ulation-representative series of elderly people with
HL. Based on a long-term follow-up certain obser-
vations of clinical relevance have been made with a
special focus on patients receiving CT. The recorded
remission and survival rates are in good accordance
with the results of previous reports.4,6,46 Only 14% of
patients relapsed following CT with long-term sur-
vival observed in a few patients following rescue
treatment. This corroborates the notion that age may
not be a significant factor predicting freedom from
first and second relapse.

A restricted number of studies focused on dose
intensity in relation to prognosis in HL have been
published previously.6,49-53 These studies have often
been limited to younger HL patients, mainly treated
with MOPP-like therapy. Therefore, one major aim of
the present study was to elucidate the prognostic
impact of type and intensity of CT in the elderly. As
described above, the RDI calculations in this study
were based on the initial two cycles for each patient.
The specific design used was considered to be ade-
quate since the follow-up period was dependent on
duration of treatment.34,35 The period of 60 days was
chosen because of distributional reasons with
respect to length of treatment and survival time, the
design permitting the RDI to be evaluated in as many
patients as possible. Not surprisingly, patients with
RDI >65% had significantly better overall and cause-
specific survival than remaining patients. Impor-
tantly, ABVD-based CT was associated with a better
overall survival than was MOPP-like CT. This is part-
ly explained by the fact that significantly more
patients treated with ABVD-based therapy had a RDI

value exceeding 65% than did patients treated with
MOPP-like therapy. These findings corroborate the
results of a previously published study showing that
the myelosuppression associated with MOPP-like CT
necessitates greater reductions in the prescribed
doses than those required for ABVD.54 In addition,
the overall survival was significantly better in
patients who received up-front ABVD-based treat-
ment with a RDI >65% than in patients given the
same CT with a RDI ≤ 65% and patients treated with
MOPP-like therapy, irrespective of received RDI,
again favoring ABVD-based CT. It should be borne in
mind that the RDI analysis performed in this study
was retrospective in design and the results should
therefore be considered exploratory and not conclu-
sive in nature. As for any positive dose-response rela-
tionship, it is hard to distinguish cause from effect,
i.e., patients complying and receiving full doses do
well, or patients who are doing well comply and
receive full doses.54 However, in strong further sup-
port for the present findings is an only recently pub-
lished study by Weekes et al. showing a significant-
ly improved survival of elderly (>60 years) patients
receiving a doxorubicin-containing regimen in com-
parison to those receiving chlorambucil-based
MOPP-like CT.55 No analysis of the potential impact
of RDI of CT on outcome was performed in that
study. It is noteworthy that also in elderly patients
long-term disease-free survival can be observed fol-
lowing very brief CT as exemplified by 5 patients who
survived 14-97+ months.26 Granulocyte colony-stim-
ulating factor (G-CSF) was only available for a small
number of patients in this series and since G-CSF
support has not improved response or survival rates
in elderly patients given similar combination CT for
aggressive NHL,14-16 G-CSF treated patients were not
analyzed separately.

Overall, there is a great need to explore biological
mechanisms, focusing on age-related changes in
pharmacokinetics in relation to multiagent CT, and
to gain knowledge in order to be able to explain bet-
ter the variations in toxicity and response to thera-
peutic modalities associated with aging.56,57 The
well-established clinical prognostic factors in
younger patients (<65 years) with advanced dis-
ease36 were found to be of limited value in predict-
ing outcome in this restricted cohort of elderly
patients. This was not unexpected and is in good
accordance with several previous efforts over the
years to identify patient- and disease-related factors
of potential help in predicting prognosis and to
choose treatment strategy in the elderly with HL.36,58-

63 Thus, in the above cited study by Weekes et al.,
event-free survival was not predicted by gender,
stage, performance status, lactic dehydrogenase,
number of extranodal sites, B symptoms, size of the
largest mass, or histologic subtype.56 In the present
study, low albumin and increasing age were the only
factors which independently predicted an inferior
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overall survival. Thus, patients 60-69 years of age
treated with CT±RT survived significantly better than
patients ≥70 years. This finding could not solely be
explained by attribution of suboptimal treatment in
the oldest group since there was no pronounced dif-
ference in the RDI values between the two groups
(mean RDI 77% vs 71%; p>0.05). Other so far
unidentified clinical and biological risk factors may
further contribute to the poor outcome associated
with increasing age.11-13 In a small cohort of elder-
ly HL patients, we previously observed that long
familial life-span of two previous generations pre-
dicted superior survival.64 However parental longevi-
ty did not predict superior survival in the present
series of elderly  patients with HL.65 In conclusion,
the present results confirm the lack of apt and clin-
ically useful prognostic factors and illustrate the
great heterogeneity in outcome of the elderly with
HL. Many factors contribute to a decreased RDI
which is strongly associated with a dismal progno-
sis in this population of patients. ABVD-based CT
appears superior to MOPP variants.54 Long-term sur-
vival can be achieved even following minimal CT.
When interpreting therapeutic studies of HL in the
elderly, one should be aware of the fact that differ-
ences in patient selection may be very pronounced.
This may be related to type of hospital or health care
system, or to geographic and many other factors. In
addition, it is well-known that in a rather large pro-
portion of elderly patients (10-20%), HL is diagnosed
post-mortem.5,66 Some of these patients might have
benefited from a correct diagnosis and a potential-
ly curative treatment.
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What is already known on this topic
Optimal treatment of elderly patients with Hodgk-

in's lymphoma is not well established. Whether or not
those patients benefit from treatments given in
younger patients with a curative intent is still a mat-
ter of discussion, and many groups have tried to design
specific treatments for elderly patients, with often low-
er doses of chemotherapy or anthracyclines.

What this study adds
This study indicates that classical ABVD or ABVD-

like treatment delivered at full dose intensity provides
good results in elderly patients. MOPP treatment
appears to be inferior to ABVD in this population.

Caveats 
This study on relative dose intensity is retrospective,

and by nature, cannot formally establish the benefit of
full-dose treatment over other approaches. However,
it is difficult to plan randomized trials to test such a
hypothesis in this category of patients.
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