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How Relevant is Secondary Leukaemia for Initial 
Treatment Selection in Hodgkin’s Disease? 

C.F. Hess, R.D. Kortmann, H. Schmidberger and M. Bamberg 

Specific tools of decision analysis, a set of mathematical rules for simplifying complex decisions, were applied to 
evaluate the impact of secondary leukaemia on the selection of initial treatment in Hodgkin’s disease (HD). For 
this purpose, a combined ‘expected utility’ considering survival, relapse free survival, and secondary leukaemia 
was determined for different treatment strategies. Our analysis revealed that considerations of secondary 
leukaemia for initial therapy should include the a priori estimation of all possible events which may occur after 
initial treatment, e.g. the probabilities of recurrence and success of salvage therapy. In early and intermediate 
stage HD, for example, the minimal risk of leukaemia after successful radiotherapy (RT) must be weighed against 
the increased risk after treatment failure and subsequent salvage therapy. Thus, the difference of expected risk of 
leukaemia between RT and combined modality treatment (CMT) is within 4% for HD, stage II B and near to 0% 
in stage III A. In advanced stage HD, the addition of RT to chemotherapy has no adverse effect on the expected 
utility of initial treatment. These conclusions are only marginally affected by reported differences in rates of 
recurrence, salvage success, and secondary leukaemia. Subjective quality of life considerations, such as the 
latency period between treatment and leukaemia and patients’ attitudes towards the occurrence of leukaemia, did 
not significantly affect expected utilities. In summary, our results strongly suggest that presently there is no sound 
basis for reducing the intensity of initial treatment in HD to avoid secondary leukaemia. 
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INTRODUCTION 
THE MAJOR late complications in cured patients with Hodgkin’s 
disease (HD) include secondary haematological disorders and 
solid cancer. Whereas the risk of second solid tumours seems to 
be equally influenced by chemotherapy and radiotherapy (RT), 
the incidence of leukaemia is clearly linked to the use of 
chemotherapy [l-lo]. A higher association with intensive ther- 
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apy, such as combined modality treatment (CMT) or salvage 
therapy for recurrence of HD has been suggested [2, 5, 10, 111. 

Currently, there is a great variation in the reported rates of 
secondary leukaemia in the literature (Table 1). Consequently, 
considerable controversy exists whether the potential induction 
of leukaemia should influence the selection of the initial treat- 
ment strategy. Some authors concluded from their results that 
the risk of secondary leukaemia is so high that less intensive 
therapy should be considered [2, 12, 13, 141. Other authors 
have recommended that the risk of leukaemia should be com- 
pletely ignored for initial treatment selection [3, 7, 15-171. In 
many publications, however, no specific recommendations were 
included [4, 5, 18, 191. In particular, there is no detailed analy- 
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Table 1. Leukaemia rate for patients having received radiotherapy (RT) alone, continued modality treatment 
(CM T) and salvage therapy for relapse of Hodgkin’s disease (HO) 

Cumulative rate (mean * standard 

Treatment 
deviations* or rates+ of secondary leukaemia) 

(minimum follow-up in years) References 

RT alone 

Chemotherapy alone 

CMT 

Salvage chemotherapy after 
recurrence of HD 

O-1.4% (1o)t 

1.3% (5), 1.8% (10) 
3.9 ? 1.3% (Q9.9 ?I 2.9% (lo)* 
0.2-22.8% (15)t 
2-3% (lO,MOPP), 3-6% (10,BCNU)t 
2.0% (10) 
6.3% (15) 
5.6% (10) 
1.4 r 2.3% (12)* 
3.5 f 2.7% (15)* 
2.3% (5) 
3.9 2 13% (5), 9.9 + 2.9% (lo)* 
3.1 2 0.9% (10),8.1 * 4.0 (20)* 
0.2-22.8% (15)t 
2.9% (10) 
2-S% (1O)t 
12.4% (10) 
0.9% (10) 
3.0% (10) 

0% (ABVD)- 10.5 2 5.2% (MOPP)* 

1.8 ? 1.0% (lo), 16 ? 8 (20)* 
2.9% (10) 
5-15% (1o)t 
4.7% (10) 

[2, 3, 5, 13, 16, 17, 19, 24, 271 

Baccarini [3] 
Bjergaard [24] 
Devereux [ 151 
Hellman [5] 
Lavey [16] 
van Leuuwen [27] 
van Rijswijk [17] 
Valagussa [ 191 
Andrieu [2] 
Baccarini [3] 
Bjergaard [24] 
Cimino [4] 
Devereux [ 151 
Hancock [ 181 
Hellman [5] 
Henry-Amar [13] 
Lavey [16] 
van Rijswijk [17] 
Valagussa [19] 

Cimino [4] 
Hancock [ 181 
Hellman [5] 
van Rijswijk [17] 

sis available, considering both benefit and complications of the 
competing treatment strategies, in the various clinical settings. 
This should be of specific interest when choosing between RT 
alone or chemotherapy 2 RT in early or intermediate stage HD 
(e.g. HD, stage II B or III A). 

The goal of the present analysis was to examine quantitatively 
the expected therapeutic gain of different treatment strategies 
considering survival, relapse free survival and treatment-related 
leukaemia. For this purpose, specific tools of decision analysis, 
a set of mathematical rules for simplifying complex decisions, 
are applied [20-231. The following questions are assessed. 

(1) 

(2) 

(3) 

Can we make a rational choice between RT, chemotherapy 
and CMT in early or intermediate stage of HD, considering 
both survival and treatment-related leukaemia? 
How does this choice vary within the range of probabilities 
known from the literature (e.g, survival, recurrence rate, 
rate of leukaemia)? 
How is this choice altered, if the patient weighs the occur- 
rence of leukaemia less heavily than death after tumour 
recurrence? This more subjective aspect should be con- 
sidered since secondary leukaemia may occur late (3-11 
years) after initial therapy, and is not necessarily an inevi- 
tably fatal event [l, 7, 13, 15, 24-291. The preferences of 
the patients are difficult to quantify, but they can be of 
decisive importance in the choice which a patient and a 
doctor will have to make [30]. 

MATERIAL AND METHODS 
Expected risk of treatment-related leukaemia 

Patients with HD can be treated with curative intention by 
initial RT, chemotherapy or CMT. In the literature, various 

probabilities of treatment-related leukaemia have been reported, 
describing the proportion of patients that have experienced 
leukaemia during their course of the disease. Usually, these 
probabilities have been assessed retrospectively for patients 
having received RT alone, chemotherapy only, CMT or chemo- 
therapy for relapse of HD (Table 1). 

However, these figures do not indicate the expected risk of 
leukaemia after a specific initial therapy. If, for example, RT 
alone is initiated in a patient with HD stage II B, the expected 
risk of leukaemia should consider the possibility of recurrence- 
with subsequent salvage therapy and increased risk of leukaemia. 
Therefore, the probabilities of all possible events during the 
further course of the disease must be considered for the choice 
of the initial treatment (Figure 1). 

Depending on individual prognostic factors, such as stage, 
presence of B symptoms etc., patients will have different initial 
treatments and different courses of disease. A varying number 
of patients will be cured without any further treatment. Patients 
with tumour recurrence after primary treatment may undergo a 
salvage procedure. Patients eligible for salvage therapy may 
become free of disease or the tumour will persist and they will 
die. A certain proportion of surviving patients will experience 
leukaemia (Figure 1). 

In particular, the rates of recurrences with subsequent salvage 
therapy are of considerable importance. For HD stage II B, 
these events have been structured and visualised in a decision 
tree presented in Figure 1, including recurrence and survival 
rates at 7 and 10 years, respectively, which have been reported 
by the Stanford group [3 11. The leukaemia rates used in Figure 
1 are mean cumulative incidences at 10 years estimated by 
Hellman and colleagues [S]: 0,6 and 10% for cured patients after 
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Individual “utility” 

U=l 

U=l 

U<l 

U=O 

U=l 

U<l 

U=l 

U<l 

U=O 

RT 

Cure 
, 74% alive, no leukaemia 

I-R(RT)=O.74 
No leukaemia 

Recurrence 
I-SAL(RT)=O.4 

No salvage 

Leukaemia 

10.4% death 

No leukaemia 
80.8% alive, no leukaemia 

Leukaemia 
5.2% alive + leukaemia 

No leukaemia 

No salvage 

Figure 1. Decision tree for the treatment of patients with HD, stages I to II B. The recurrence and survival rates are given at 7 and 10 years, 
respectively [31]. The used cumulative incidences (L) of leukaemia at 10 years after radiotherapy (RT) alone, combined modality treatment 

(CMT) and salvage therapy (SAL) are L(RT) = 0, &MT) = 0.06 and L(SAL) = 0.10, respectively [S]. U, ‘utility’. 

initial RT, initial CMT and after salvage therapy following 
recurrence of HD, respectively. The overall probability of each 
particular event can easily be calculated by multiplying the 
probabilities in each branch of the tree [21-231. From these data 
two conclusions can be drawn as follows. 

(1) 

(2) 

After initial RT, there is only a risk of leukaemia in the 
subgroup of patients who suffer from a recurrence and who 
are cured by salvage therapy. Consequently, for the total 
group with initial RT, the expected cumulative risk of 
leukaemia at 10 years is 0.26 X 0.6 X 0.1 = 1.56% 
(recurrence rate x cure rate after recurrence x leukaemia 
rate after salvage therapy). 
After initial CMT, all cured patients have a significant risk 
of developing leukaemia. However, the risk differs between 
the patients with and without recurrence. For the total group 
of patients initially receiving CMT, the expected cumulative 
risk of leukaemia at 10 years is 0.86 X 0.06 + 0.14 X 0.15 X 
0.1 = 5.2% + 0.2% = 5.4% (cure rate X leukaemia rate 
after CMT + recurrence rate x cure rate after salvage 
therapy x leukaemia rate after salvage therapy). 

Occurrence of leukaemia: subjective patient-oriented considerations 
Thus, in the particular situation shown in Figure 1, the 

expected cumulative risk of treatment-related leukaemia at 10 
years is 1.6% after initial RT and 5.4% after initial CMT. 
However, the clinical impact of these figures is also determined 
by the importance (‘utility’, U: 0 zz U 5 1) that is given by the 
individual patient to the occurrence of leukaemia (Figure l), as 
compared with successful treatment without leukaemia (U = 1) 
and to death following recurrence of HD (U = 0). As the latency 

period after initial treatment is greater for leukaemia than for 
death after recurrence of HD, U > 0 may be assumed. Taking 
into account, however, that acute non-lymphocytic leukaemia is 
almost always uncurable, U should be closer to 0 than to 1. In 
any case, different values may be attached by individual patients. 

With the quantiIication of utilities for a given patient, a 
rational decision can be made on the patient’s behalf without 
requiring that the patient possesses detailed knowledge of the 
probabilities for all possible outcomes. This analysis (decision 
analysis [20-231) does not reduce uncertainty, but does enable a 
decision maker to make rational choices between alternative 
strategies, each with uncertain outcomes. If the problem is 
appropriately described and the probabilities and weights are 
assigned as accurately as possible, then any finite difference in 
‘expected utility’ should tilt the decision in favour of the 
apparently better strategy [21-231. 

Consideration of survival and treatment-related leukaetnia: the 
concept of ‘expected utility’ fat initial treatment strategies 

In general, for competing therapies in HD, expected rates of 
survival or of recurrence free survival are considered. Expected 
survival rates (S) can be easily calculated from recurrence rates 
(R) and salvage rates (SAL): 

S=l-R+RxSAL. (1) 

For example, in Figure 1, for initial RT, survival is determined 
byS = 0.74 + 0.26 x 0.60 = 0.896. 

For additional consideration of secondary leukaemia, the 
branches with leukaemia are weighed by the incidence (L) and 
the individual ‘utility’ (v) of leukaemia. Consequently, the 
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‘expected utility’ (EU) of each initial treatment can be calculated 

by 

EU(RT) = (l-R(RT)) + R(RT) x SAL(RT) 

x (l-L(.SAL) +L(SAL) x v) (24 

and 

EU(CMT) = (l-R(CMT)) 

x (l-L(CMT)+L(CMT)x v) 

+ R(CMT) x SAL(CMT) 

x (l-L(.SAL)+L(SAL)x v). (2b) 

In Figure 1, we have assumed L(RT) = 0 and L(CMT) = 0.06 
for cured patients after initial RT and after CMT, respectively, 
and L(SAL) = 0.1 for patients successfully treated after tumour 
recurrence (see Table 1). 

For the data shown in Figure 1 (HD, stage II B), for example, 
expected utilities for initial RT and for initial CMT are 0.880 and 
0.827, respectively, if the occurrence of leukaemia is weighted as 
heavily as death tumour recurrence (II = 0). If a patient assigns 
an intermediate ‘utility’ value, U = 0.5, to the occurrence of 
leukaemia, the resulting figures are 0.888 and 0.854. 

For U = 1, E U is identical to survival (S in equation 1). 

Different treatment results in the literature: how do they affect 
expected utilities of competing treatments? 

It is obvious from the decision tree in Figure 1 that changes of 
the recurrence and salvage rates should influence the expected 
utilities of competing therapies. If, for example, the recurrence 
rate after initial RT increases, there is a decrease in survival, but 

(a) 

also an increase in the risk of treatment-related leukaemia. It is 
also clear from Figure 1 that varying rates of leukaemia and 
different attachments of utility values affect expected utilities. 

Quantitative evaluation of the relationship between these 
issues is important, since considerable differences between 
treatment results have been reported in the literature for a 
variety of clinial settings. The consequences of different data in 
the literature can easily be demonstrated by appropriate analysis 
of equation 2 (see Results). 

RESULTS 
Impact of diffwent recurrence rates on the expected utilities 

In Figure 2a, expected utilities are calculated for varying 
recurrence rates, with and without consideration of treatment 
related leukaemia. For the calculation of the utility lines in 
Figure 2a, the same rates for successful salvage therapy and for 
secondary leukaemia are used as in Figure 1 [5, 3 11. The upper 
lines in the diagrams represent a situation in which the induction 
of leukaemia is completely disregarded (U = 1 in Figure 1). For 
the lower line, it is assumed that the occurrence of leukaemia is 
weighted as heavily as death after tumour recurrence (U = 0 in 
Figure 1). 

It is obvious from Figure 2 that the consideration of treatment- 
related leukaemia has a considerably different impact on the 
expected utility for initial radiotherapy and initial combined 
modality treatment. For initial RT, the lines are divergent. This 
means that with increasing recurrence rates, consideration of 
leukaemia becomes more important. This is due to the increasing 
rates of leukaemia after successful salvage chemotherapy (see 
Figure 1). For initial CMT, the lines are convergent. Therefore, 
with increasing recurrence rates, there is a minor effect on 
expected utility. The reason for this phenomenon is that, in this 
group, leukaemia is mainly caused by the initial treatment, and 

(b) 

30 

s 

s g 0.4 - DO Combined modality 

rz trcabnent 

0.2 - 

I 
I I I I I I I I I I 0 20 40 60 

0 10 20 30 40 50 60 70 80 90 100 
Probability of recurrence following RT 

Probability of recurrence following therapy (%) [R(RT)I (B) 

Figure 2. Consideration of secondary leukaemia for initial treatment selection in early and intermediate stage HD. The quantitative 
evaluations are based on the same probabilities of successful salvage therapy and the same cumulative incidences of secondary leukaemia as 
in Figure 1. Expected utilities are determined for U = 1 (consideration of survival only) and for U = 0 (occurrence of leukaemia weighed as 
heavily as death after tumour recurrence). (a) With increasing recurrence rate after initial therapy, the difference between the expected utilities 
for U = 1 and U = 0 become more prominent for initial RT alone and less prominent for initial CMT. (b) ‘Decision lines’ which separate the 
areas in which RT alone and CMT should be preferred (with and without consideration of secondary leukaemia). For each particular pair 
[R(RT),R(CMT)] which is located above the decision line, the expected utility is greater for RT (‘do RT’). For each pair below the decision 
line, the expected utility is greater for CMT (‘do CMT’). If the recurrence rate following RT is less than 50% (e.g. early or intermediate stage 
HD) consideration of secondary leukaemia results in an increase of the ‘RT area’. With increasing recurrence rates, the decision lines are 

converging and crossing at (55,26%). 
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that most 
leukaemia 

1). 

patients with recurrent disease do not experience 
because of unsuccessful salvage therapy (see Figure 

In Figure 2b recurrence rates after initial radiotherapy and 
after CMT that result in identical expected utilities are arranged 
on a decision line, for U = 0 (leukaemia considered) and U = 1 
(leukaemia disregarded). As an example, for U = 1 recurrence 
rates of 0.26 and 0.14, after radiotherapy and CMT, lead to 
identical expected utilities of 0.88. All pairs of recurrence rates 
above the decision lines should favour initial RT and all pairs 
below should favour CMT. The details of the calculations for 
the determination of the decision lines are given in the Appendix. 

For U = 0, the decision line is helow the line for U = 1, and 
the region for RT is enlarged. As discussed above, this effect is 
most prominent for low rates of recurrence. From this analysis, it 
is obvious that patients with HD stage III A cannot substantially 
benefit from initial RT in terms of treatment-related leukaemia, 
since recurrence rates after RT alone are higher than 30% [S]. 
For patients with HD, stage II A/B, there may be a benefit for 
patients with initial RT. However, compared with survival, this 
benefit is within 4% (Figure 2a). 

Impact of different salvage rates on the expected utilities 
For Figure 2, salvage rates of 0.6 and 0.15 are assumed after 

initial RT and CMT, respectively. For RT, these figures are in 
the upper range of the reported data, and for CMT in the lower 
range [S]. If the salvage rate after RT was actually lower and if 
the salvage rate after CMT was actually higher, divergence of 
the curves after initial RT and convergence of the curves after 
initial CMT become less prominent. Thus, the consideration 
of leukaemia would become even less important. The same 
conclusion can obviously be drawn, if the occurrence of leu- 
kaemia is weighed less heavily (e.g. U = 0.5). 

Impact of the leukaemia rate on the expected utilities 
The conclusions drawn from Figures 1 and 2 are based on 

mean cumulative incidences at 10 years which have been 
reported by Helhnan and colleagues: 0, 6 and 10% after RT 
alone, CMT, and salvage therapy, respectively [S]. However, in 
the literature, different rates have been reported for very similar 
clinical and therapeutic situations (Table 1). For CMT, for 
example, most figures are in the range between 2 and 10%. 

In Figure 3, it is demonstrated how differences in this range 
may result in different conclusions on the appropriate initial 
therapy. Expected utilities are presented for different assump- 
tions on the rate of treatment related leukaemia. For the 
calculation of the ‘utility lines’ in Figure 3, survival rates of 85 
and 90%, recurrence rates of 30 and 15% and salvage rates of SO 
and 33% are assumed for initial RT and CMT, respectively. 
These figures have been reported for the treatment of HD, 
pathological stage III A [S, 81. In addition, it is assumed in 
Figure 3 that the rate of leukaemia after salvage therapy is twice 
the rate after CMT [S]. Treatment-related leukaemia is weighted 
as heavily as death after tumour recurrence. 

For the assumptions made in Figure 3, initial RT is found to 
be superior to CMT, if treatment-related leukaemia exceeds a 
rate of 7.5% after CMT or 15% after treatment for tumour 
relapse. However, such a rate is only rarely reported (Table 1). 
Even for a 10% rate of leukaemia, the benefit in favour of RT is 
minimal. 

DISCUSSION 
Within the past decades, wide-field RT and combination 

chemotherapy have become accepted approaches for the treat- 

I I I I I I I I I 
0 ; 4 6 8 10 12 14 16 18 20 

Cumulative incidence of leukaemia after CMT (%) 

Figure 3. Expected utilities of initial RT alone and CMT in HD, 
stage III A, for varying rates of secondary leukaemia (at 10 years). 
For the calculation of the ‘utility lines’, survival rates of 85 and 90%, 
recurrence rates of 30 and 15%, and salvage rates of 50 and 33% are 
assumed for initial RT and CMT, respectively. If the leukaemia rate 

after CMT exceeds 7.5%, there is limited benefit for initial RT. 

ment of Hodgkin’s disease. Because of the effectiveness of these 
two main treatment modalities, most patients diagnosed with 
Hodgkin’s disease today enjoy a high probability of cure and, as 
they are generally young, a long life expectancy after treatment. 
Therefore, treatment decisions are increasingly influenced by 
the expected late sequelae of treatment, as well as the expected 
efficacy of particular treatment regimens [S, 8, 25, 32-341. 

It is well accepted that the most serious complication of 
therapy of Hodgkin’s disease is the risk of developing secondary 
leukaemia [4, 5, 13, 25, 281. This risk is clearly linked to treat- 
ment with chemotherapy (particularly with alkylating agents), 
with a latency period between treatment and leukaemia between 
3 and 11 years [l-19, 24-28, 351. In addition, association with 
intensity of treatment has been suggested [l, 2, 5, 8, 13, 141. 
Consequently, some authors have recommended that less inten- 
sive therapy in HD should be considered [2, 12-141. In particu- 
lar, considerable efforts have been undertaken to delineate the 
subset of patients that can be safely treated by RT alone [36, 371. 

However, our analysis revealed, that the expected risk of 
secondary leukaemia after initial therapy for HD (e.g. RT alone) 
cannot be directly derived from the reported data in the literature, 
because the published rates of leukaemia have been retrospectively 
assessed for patients having received RT only, chemotherapy only, 
CMT or chemotherapy for relapse. Considerations of treatment- 
related leukaemia for initial therapy however, should include the a 
priori estimation of all possible events which may occur during the 
subsequent life of each patient. 

After initial RT for HD, stage II B, for example, the minimal 
risk of leukaemia after successful initial RT must be weighed 
against the increased risk after treatment failure [14, 301. This 
risk is not negligible, because about 30% of patients may recur, 
and 60% of these patients may be cured by salvage therapy 
[31]. In contrast, secondary leukaemia may occur in a higher 
proportion of patients successfully treated with initial CMT. 
After CMT, leukaemia is mainly caused by the initial treatment, 
and most patients with recurrent disease in this group do not 
experience leukaemia because of unsuccessful salvage therapy 
[S, 31, 381. 

Therefore, the analysis of expected risk of leukaemia for 
competing initial therapies is complex, and the expected rates of 
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recurrence as well as of successful salvage therapy must be 
considered [21-231. For this purpose, specific tools of decision 
analysis, a set of mathematical rules for simplifying complex 
decisions, were used. In the present quantitative approach, 
‘expected utilities’ were determined for each treatment consider- 
ing both, survival and secondary leukaemia. This approach may 
provide insights not available from clinical studies or expert 
opinion [20-231. Since physicians have the responsibility of 
maximising the patient’s probability of a successful outcome, 
the selection of therapy remains a ‘probability issue’ [36]. 

In contrast to other recommendations [2, 12-141, our analysis 
suggests that consideration of treatment-related leukaemia 
should not have a decisive impact on the selection of the initial 
treatment strategy in HD. In particular, it has been shown that- 
for all practical purposes-the intensity of initial treatment has 
only a minor influence on the expected risk of leukaemia in early 
or intermediate stage HD. For HD, stage III A, for example, 
the expected risk is similar after initial RT and CMT. For HD, 
stage PS I/II B, differences of the expected risks of leukaemia 
between initial RT and CMT are within 4%. For the analysis of 
survival, such a difference is within the statistical variability of 
most reported studies. 

It is well known that a variety of solid tumours may occur 
after various treatment schedules in HD, at varying time points 
after therapy, and with varying cure rates after secondary 
treatment [l, 3-6, 8, 11, 12, 16, 19, 25, 27, 28, 35, 391. 
Therefore, a decision analytical approach to the impact of 
secondary solid tumours on initial treatment selection in HD 
would require a large body of detailed data, which is presently 
not available in the literature. It has been suggested, however, 
that the potential development of secondary solid tumours 
should be of minor importance for initial treatment selection in 
HD, because these tumours seemed to be equally related to 
initial chemotherapy and RT [ 111. A decision analytical approach 
to the importance of non-fatal side effects of HD, such as 
treatment-related infertility, would necessitate reliable infor- 
mation about subjective preferences of individual patients which 
are equally not available at the present time [ 5, 8, 401. 

The expected utility of competing initial treatment 
strategies-considering both survival and treatment-related 
leukaemia-can be derived from our results for a variety of 
clinical situations. In early or intermediate stage HD disease, 
the expected utility may be slightly greater for initial RT than 
for initial chemotherapy or CMT regimens, if the recurrence 
rate after RT is below 30%. For chemotherapy in intermediate 
stage HD, one can similarly conclude from our results, that the 
substitution of MOPP by ABVD-which is apparently less 
leukaemogenic-should only affect the expected utility signifi- 
cantly if the recurrence rate after ABVD is low. In advanced 
stages of HD, the addition of RT to chemotherapy and the 
extent of RT should not have adverse effects on the expected 
risk of treatment-related leukaemia, since this risk is significantly 
determined by salvage therapy, which is frequently needed after 
any form of treatment [6, 16-18, 24, 26, 281. 

In addition, our analysis demonstrates that the conclusions 
drawn on initial treatment selection are only marginally affected 
by differences in rates of recurrence or treatment-related leu- 
kaemia which have been reported by different institutions. 
Similarly, neither potential risk factors of secondary leukaemia 
such as age, more advanced stages and splenectomy, nor the 
latency period between treatment and leukaemia nor patients’ 
attitudes to the occurrence of leukaemia should be of final 

importance for the selection of initial treatment 
[l, 3, 4, 10, 13,24, 26, 27,291. 

In summary, our results suggest that in the treatment of HD 
even small gains in survival outweigh in importance the risk of 
treatment-related leukaemia. At present, there is no sound basis 
for reducing the intensity of treatment to avoid secondary 
haematologic disorders [6, 7, 15, 26, 28, 301. Controversies 
about the incidence of treatment-related leukaemia after differ- 
ent treatment modalities are of scientific interest, but of limited 
practical importance for the selection of initial treatment. 
Further investigations are necessary, however, to evaluate the 
impact of non-fatal, but more frequent side-effects, such as 
chemotherapy-related infertility [5, 8, 20, 33, 37,401. 
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APPENDIX 
The decision lines in Figure 2 can easily be calculated from 
equations 1 and 2. 

For U = 1 survival only is considered. Assuming salvage 
ratesSAL = 0.6andSAL(CMT) = 0.15, identical survival 
(S) for RT and CMT is achieved, if 

S(RT) = S(CMT) or if l-R(RT) + 0.6 x R(RT) 
= l-R(CMT) + 0.15 x R(CMT). 

From this equation the ‘decision line’ 

R(CMT) = 0.40/O% x R(RT) can be determined. 

For U = 0 the occurrence of leukaemia is weighted as heavily 
as death after recurrence of HD. If cumulative risks of leukaemia 
of 0, 0.06 and 0.10 are assumed after initial RT, initial CMT, 
and after salvage therapy, respectively, the following expected 
utilities for inital RT and CMT can be calcualated from equation 
2: 

and 

EU(RT) = l-R(RT) + 0.6 x 0.9 x R(RT) 

= 1 - 0.46 x R(RT) 

EU(CMT) = (l-R(CMT))(l-0.06) 
+ 0.15 x 0.9 x R(CMT) 
= 0.94 - 0.80 R(CMT). 

Obviously, in this case, 

EU(RT) = EU(CMT) 

if 

R(CMT) = 0.46/0.80 x R(RT) - 0.06. 


