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Breast-conserving Treatment or Mastectomy in Early 
Breast Cancer: a Clinical Decision Analysis with 

Special Reference to the Risk of Local R&rrence 
Lia C.G. Verhoef, Lukas J.A. Stalpers, Andre L.M. Verbeek, Theo Wobbes 

and Willem A. J. van Daal 

A clinical decision analysis was performed to judge the impact of local recurrences after breast-conserving 
treatment (BCT) on the (quality-adjusted) life expectancy of breast cancer patients. A life-long follow-up of two 
patient groups, one of which had undergone mastectomy and one BCT, was simulated by a Markov model of 
medical prognosis. Data used in the model originated from the literature. Since results in the source papers were 
not split according to stage, we performed two analyses: one with data from all source studies (T, and TJ and 
one with data from source studies, concerning only Tr patients. In both analyses, the conclusion was that BCT 
yields better quality-adjusted life expectancy than mastectomy. Sensitivity analysis, however, identified subgroups 
of patients who should preferably undergo mastectomy. These subgroups are: patients preferring mastectomy to 
BCT, patients with a high risk of local recurrence, young patients and patients at high age, if they also have a 
high local recurrence risk. For these groups, patient preferences should play a major role in recommending 
treatment. 
EurJ Cancer, Vol. 27, No. 9, pp. 1132-1137,199l. 

INTRODUCTION 
RANDOMBED TRIALS which employ modern radiotherapeutic 
and surgical treatment techniques do not show a difference in 
survival after mastectomy or breast-conserving treatment (BCT) 
for early breast cancer [l-l 11. BCT thus seems to be the 
treatment of choice, since it yields the same survival and is less 
mutilating than mastectomy. However, after mastectomy, most 
local recurrences occur within the first 3 years after initial 
treatment, whereas after BCT the local recurrence risk remains 
stable during a follow-up of 15-20 years [ 1, 131. Local recurrence 
rates up to 25% have been reported after 25 years of follow-up 
1141. 

About 15% of local recurrences is irresectable and the patient 
will eventually die from the disease [l, 15-231. The other 
patients can be treated by a salvage mastectomy and they have a 
good prognosis in comparison to patients who develop a local 
recurrence after mastectomy [24]. Thus, the higher local recur- 
rence rate will not readily affect survival of the whole group 
treated by BCT. Only one study demonstrated impaired survival 
after local recurrence following BCT [25]. 

Apart from survival, it is important to balance the psychologi- 
cal impact of local recurrence and salvage mastectomy against 
the benefit of a preserved breast. We performed a clinical 
decision analysis in order to integrate information from random- 
ised trials with data from retrospective series with a longer 
follow-up. In this way a balanced judgment about which therapy 
is to be preferred can be made. 
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Definitions 
METHODS 

A local recurrence is localised in the lumpectomy scar or in 
the ipsilateral breast. No distinction is made between a local 
recurrence and a second primary tumour. A regional recurrence 
is localised in the axilla, supraclavicular or parasternal nodes. 

Literature search 
Literature was obtained from the MEDLINE database, from 

regularly checking Current Contents and from references in 
papers and books. Inclusion criteria for papers were: results of 
randomised trials of total or radical mastectomy versus some 
form of tumorectomy with axillary dissection, followed by a 
radiation dose of at least 50 Gy to the tumour bed, reported 
according to the TNM classification and concerning T,.zNo.,Mo 
patients. In order to estimate the local recurrence risk beyond 
the follow-up period of the trials, we searched for retrospective 
series, which were included in the analysis if they provided an 
actuarial follow-up of at least 15 years and provided separate 
local and regional recurrence rates. Because no series were 
available in which all patients had undergone axillary dissection, 
we included papers reporting the results of BCT without axillary 
dissection. The search yielded 234 papers, among which were 
15 reports about 4 randomised trials [2-12, 26-291, and the rest 
were reviews, comments, and papers on retrospective series of 
breast cancer patients, treated by BCT. If we found more than 
one report about the same patient group, we utilised the report 
that provided the most detailed information. 

One of the four trials [26-291 did not meet our criteria. After 
selection, references [l, 3, 4, 7, 13-23,301 were used. 

Model 
We modeled a Markov process to describe the fate of patients 

undergoing either BCT or mastectomy [31]. The model is 
represented in Fig. 1. Five possible health outcomes or Markov 
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period of follow-up, OMR was modelled as: 

OM&,, = K’R,,, + AS&z,, , t, (11 

e9 in which t is the time in years from the diagnosis, and age is age 
at diagnosis. 

The yearly risk of local recurrence was computed by applying 
t-o formula (2) to the weighted average of the 8-year local recur- 

I rence rates given in the trial reports: 

yearly risk = 1 - [(l - R)IIX] (21 
t=1 

1 in which R is the cumulative risk at x years. The yearly risk in 
the 9th to 20th year of follow-up was calculated from the 

t-2 retrospective series by computing a weighted mean of the local 

; 
recurrence risks at 20 years [l, 14, 151, and transforming this 
value into a yearly risk according to formula { 1 } . The local 

I recurrence risk at 20 years as calculated by the model is lower 
1 

t-58 
than the risk reported by the retrospective series, because 
information of the older series with a higher risk was combined 
with the results of the newer trials, which reported a lower risk 

Fig. 1. Representation of the Markov model. in the first years. We assumed that the yearly local recurrence 
risk beyond 20 years would linearly decrease to zero in the 25th 

states were defined. Every year a patient can move from one year of follow-up. 
state to another with a certain transition probability. After BCT, The baseline values used in the analysis are estimates based 
a patient will be in the state “preserved breast”. She might on literature research. The baseline age at diagnosis is the 
develop a local recurrence, which will be treated by a salvage weighted mean of the mean age at entry as reported in the 
mastectomy (Markov state “salvage”). If the local recurrence is papers. The baseline analysis is performed with these estimates. 
irresectable, the patient moves to the state “irresectable”. From In order to account for the uncertainty of these estimates, the 
all states, it is possible to move to the final state “dead”. probabilities and utilities are varied between a low and a high 

After mastectomy, patients will live in the state “mastectomy”, estimate, the “plausible range”. Thus, the sensitivity of the 
until they move to the state “dead”, either from their cancer or decision to variations over this range can be assessed [34]. The 
from age-specific mortality. Metastatic disease is not modelled 
in a separate Markov state, since the endpoints of interest are 
the occurrence of local recurrence and death. 

Table 1. Characteristics of the trials 

The Markov model calculates the total amount of time that 
an individual is expected to spend in each health state after 

Mean Actuarial 

either treatment. Time spent in each Markov state is not of 
TNM- age at follow-up 

equal value. Every state is assigned a value between 0.00 and 
Study Treatment options n classification entry (yrs) 

1 .OO: a utility. A utility is referred to as a “ustate”. The numerical 
value of a utility depends on its relative value among all possible 

Milan [8, Quadrantectomy, 352 T,N,M, 50.9 13 

health states. If Markov states are valued in this way, the 
121 axillary dissection 

and irradiation 

t-0 
the breast cancer specific mortality risk (BCR) results. Since 
the reported follow-up in the NSABP-trial was only 8 years, it 
was possible to compute a mortality risk for only this time. The 
BCR in the 9th year was assumed to equal the arithmetic mean 
of the risks in the preceding years, and to decrease linearly in 
the subsequent years to zero in the 30th year of follow-up. TO 
compute the OMR for every plausible age at diagnosis after any 

resulting number is the expected number of quality adjusted Halsted mastectomy 349 50.1 

life years (QALYs) [32]. In order to obtain the unadjusted life 
expectancy, all Markov states are assigned the value 1, except 

Gustave- Tumorectomy, 88 T,N,,M, 51.4 10 

“udead”, which equals 0. 
Roussy axillary dissection 

14, 61 and irradiation 
51.8 

Transition probabilities and utilities 
Halsted mastectomy 91 

For every transition probability, a baseline value was com- NSABP Lumpectomy and 636 T,_,N,,M, 5lt 8 

puted. For the actuarial survival curves published in the reports [2> 31 axillary dissection* 

of the trials (Table 1) it is possible to estimate the overall 
Lumpectomy, 629 (T,,,, 4 cm) 

mortality risk (OMR) in every particular year of follow-up. The 
axillary dissection 
and irradiation 

yearly risks from three trials were combined to one value by Total mastectomy 590 
computing mean yearly risks, weighted for the number of 
patients. After subtracting the age-specific and sex-specific *This treatment arm was not considered in the analysis. 
mortality risk (ASR) [33] from these weighted mortality risks, tMean ages not given; this is an estimation. 
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low and high values that cons&te the boundaries of the 
plausible ranges are computed by calculating a 95% confidence 
interval of the values found in the literature. 

The utilities assigned to the health states and their plausible 
ranges are based on the utilities and their standard deviations as 
measured by De Haes et al. who performed a utility measurement 
among experts in the field of breast cancer [35] (Table 2). 

In the model, the utilities were incorporated in such a way, 
that “upreserved breast” 2 “umastectomy” z “usalvage” 2 
“uirresectable” 2 “udead”. This was achieved by defining all 
utilities, except “udead”, which always equals 0, in terms of 
differences between “upreserved breast” and the actual utility. 

Future life-years were not discounted in the baseline analysis. 
In order to account for time preference, we examined the effects 
of different discount rates d in the sensitivity analysis. The 
utility of future life-years was divided by (1 + 6)‘, where t is the 
elapsed time in years from the starting age [36,37]. 

Grouping of studies according to stage 
Because the Gustave-Roussy and the Milan trials consisted of 

TI patients, contrary to the NSABP study, in which nearly half 
of the patients were Tz patients, we performed two separate 
analyses. One was based on the data from the Gustave-Roussy 
and the Milan trials and one on the data of all three trials. It is 
thus possible to explore a possible shift in effect between T1 
patients and a mixture of T, and Tz patients. 

All calculations were performed by the software package 
DecisionMaker 6.1.01 [38]. 

RESULTS 
Baseline analyses 

According to the baseline analysis, a 50-year-old woman with 
early breast cancer (T, or small T,) has a life-expectancy of 
20.92 years after mastectomy and of 21.31 years after BCT. 
In terms of QALYs, the model predicts 19.81 QALYs after 
mastectomy and 20.23 QALYs after BCT, a benefit of 0.42 
QALYs for BCT. 

Table 2. Baseline values with plausible range 

Variable 
Baseline 

value 

Plausible range 

Low High 

Age 
All trials 
T, only 

Local recurrence risk at 20 years 
T, only 
All trials 

Proportion of operable relapses 
Probability to survive 10 years 

after salvage 
Probability to survive 5 years 

after inoperable relapse 
Duration of breast cancer 

mortality risk 
Duration of local recurrence risk 
Discount rate 
“upreserved breast” 
“umastectomy” 
“usalvage” 
“uirresectable” 

50.9* 
50.7* 

0.14 
0.19 
0.86 

0.56 

0.13 

30 
25 
0.00 
0.96 
0.95 
0.84 
0.61 

25.0 100.0 

0.06 0.21 
0.11 0.26 
0.60 1.00 

0.44 0.68 

0.00 0.26 

25 35 
20 30 
0.00 0.10 
0.82 1.00 
0.77 0.96 
0.50 0.95 
0.00 0.84 

*Weighted mean for the number of patients. 

Table 3. Effect of different local recurrence risks on life expectancy 

Breast-conserving therapy 

Mastectomy Low risk Baseline risk High risk 

All trials 20.92 22.12 21.31 20.54 

T, only 22.63 23.47 22.57 21.75 

If we know that this woman has a T, tumour, we can estimate 
her prognosis more accurately: life expectancy is 22.63 years 
after mastectomy and 22.57 years after BCT, a loss of 0.06 life- 
years or 22 days. In terms of QALYs, however, she can expect 
21.43 QALYs after mastectomy and 21.50 QALYs after BCT, a 
gain of 0.07 QALYs. The decision to perform BCT in this 
patient thus requires a tradeoff between quality of life and life 
quantity. 

On the basis of our baseline analysis we predict that the 
“average” patient with a small breast turnour will prefer BCT to 
mastectomy. 

Sensitivity analyses 
In order to study the effect of different patient characteristics 

on the stability of the conclusions, various sensitivity analyses 
were performed. 

The effects on life expectancy of different local recurrence 
risks after BCT are presented in Table 3. In both analyses, a 
high local recurrence risk results in a shorter life expectancy 
after BCT than after mastectomy. 

It was not possible to defme a simple plausible range for 
mortality risk, because these risks are different each year. 
Instead, threshold values for mortality risk were computed. The 
threshold value of mortality is the extra yearly risk of mortality 
that causes the preference to switch from BCT to mastectomy. 
For T1 patients, the baseline analysis predicts a shorter life 
expectancy after BCT than after mastectomy. If the lo-year 
survival after BCT is augmented by 0.2%, or the lo-year survival 
after mastectomy lowered by 0.2%, the life expectancy after 
both treatments would be the same. The corresponding thres- 
hold values for both T1 and T2 patients are an extra lo-year 
survival after mastectomy of 1.2% and a diminished lo-year 
survival after BCT of 1.3%. This “lability” of preference is 
expected, since the baseline mortality risks are virtually equal, 
thus a small weight on one side of the balance can cause a switch 
from one side to the other. 

In Table 4, the effects of varying different variables over their 
plausible ranges are displayed. Local recurrence risk, age, the 
proportion of operable relapses and the probability to survive 
10 years after salvage, the durations of both local recurrence 
and breast cancer specific mortality risk, “upreserved breast” 
and “usalvage” can alter the decision. 

Figure 2 illustrates the interaction of age with local recurrence 
risk, both for T, patients only and for all trials. The area above 
the curve represents ages at which, in combination with a certain 
local recurrence risk, mastectomy is preferred. This figure is 
based on quality-adjusted life expectancy. The combination 
of young age and higher local recurrence risk reinforces the 
preference for mastectomy. The different curves denote differ- 
ent values of “umastectomy”. The lower the utility of mastec- 
tomy, the smaller the area that represents a preference for 
mastectomy. It is remarkable, that when “umastectomy” is 
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Table 4. Sensitivity analysis 

Benefit of BCT in 
QALYs 

Variable Value All trials T, only 

Age 

Local recurrence risk at 
20 years+ 

Proportion of operable 
relapses 

Probability to survive 10 
years after salvage 

Probability to survive 5 
years after inoperable 
relapse 

Duration of breast 
cancer mortality risk 

Duration of local 
recurrence risk 

Discount rate 

“upreserved breast” 

“umastectomy” 

“usalvage” 

“uirresectable“ 

25 
50 
75 

100 

0.11 
0.19* 
0.26 

0.6 
0.86* 
1.0 

0.44 
0.56* 
0.68 

0.00 
0.13* 
0.26 

25 
30 * 
35 

20 
25 * 
30 

o.oo* 
0.05 
0.10 

0.82 
0.96* 
1.00 

0.77 
0.95* 
0.96 

0.50 
0.84’ 
0.95 

0.00 
0.61* 
0.84 

-0.47 
0.41 
0.25 
0.02 

0.06 1.31 
0.14* 0.42 
0.21 -0.43 

0.02 
0.42 
0.64 

0.12 
0.42 
0.77 

0.39 
0.42 
0.44 

0.25 
0.42 
0.54 

0.54 
0.42 
0.35 

0.42 
0.30 
0.21 

0.36 
0.42 
0.44 

3.79 
0.42 
0.17 

-0.17 
0.42 
0.61 

0.39 
0.42 
0.43 

-1.13 
0.05 
0.20 
0.02 

1.04 
0.07 

-0.84 

-0.23 
0.07 
0.22 

-0.14 
0.07 
0.31 

0.05 
0.07 
0.08 

-0.03 
0.07 
0.14 

0.15 
0.07 

-0.01 

0.07 
0.17 
0.15 

0.08 
0.07 
0.06 

3.83 
0.07 

-0.21 

-0.41 
0.07 
0.21 

0.04 
0.07 
0.08 

*Baseline value. 
tFirst column denotes the risk for all trials, second column for T, 
patients only. 

high, not only at young, but also at old age a threshold is found. 
Because local recurrence risk diminishes in time, the maximal 
gain from BCT is achieved after some time. The probability to 
move to states with low utility, like “salvage” or “irresectable” 
will have become very small, but the difference in utility between 
“umastectomy” and “upreserved breast” remains constant. At 
old age, life expectancy is short, and people will not reach this 
period of maximal gain from BCT. In Fig. 3, the relation 
between age at diagnosis, local recurrence risk and “usalvage” 
is displayed. For young age and high local recurrence risk the 
preference is very sensitive to diminishing “usalvage”. 

Some patients may, contrary to our assumptions, prefer 
mastectomy to BCT, because they feel safer when their breast is 
completely removed. We performed a threshold analysis with 

25 35 45 55 65 75 85 95 25 35 45 55 65 75 85 95 

Age at dlagnosls 

Fig. 2. Threshold analysis of quality-adjusted lie expectancy for 
varying ages at diagnosis and local recurrence rates after breast 
conserving treatment (BCT) in the choice between mastectomy (M) 
and BCT. The limes denote combinations of age and recurrence risks 
for which the quality adjusted life expectancy are equal following 
BCT or M. Every line represents another value of “umastectomy”: 
-s-s- “umastectomy” = 0.96, ----- = 0.92, a*** = 0.90. The solid line 
represents the baseline utility (0.95). (a) Analysis for all trials, (b) T, 
patients only. If a certain point, representing a combiiation of age 
and local recurrence risk is located below the line, BCT is the 
preferred treatment; if it is above the line, M is the preferred 

treatment. 

“umastectomy” in which the condition “umastectomy” 5 “upre- 
served breast” did not apply. If “umastectomy” equals 0.97 or 
more (at a baseline value of “upreserved breast” of 0.96), 
mastectomy is the preferred treatment for all trials. For the Ti 
patients, mastectomy is the preferred treatment, when “umas- 
tectomy” equals 0.95 or more. 

DISCUSSION 
Treatment effects in patients with early breast cancer are 

difficult to evaluate because the time frame of the disease is very 
long. To predict the eventual effect of the primary treatment on 
survival, a life-long follow-up is needed, because of the pro- 
longed risk of recurrence. With a Markov model, it is possible 
to simulate such a life-long follow-up. The value of the Markov 
analysis presented here is that we were able to highlight the 
effect of a factor that has caused concern: the continuous 
occurrence of local relapses after BCT during a long time. 

In order to design a manageable model, we created only 
separate Markov states for health states, that were directly 
related to the questions posed. Possible side-effects of radio- 
therapy or complications of mastectomy were not incorporated 
in the analysis. Side-effects of radiotherapy, other than fibrosis of 

0.25 

0.23 

0.21 
0 19 
017 

015 

0 13 
0.11 

25 35 45 55 65 75 85 9: 25 35 45 55 65 75 85 95 

Age at diagnosis 

Fig. 3. Threshold analysis of quality-adjusted life expectancy for 
varying ages at diagnosis and local recurrence rates after breast 
conserving treatment (BCT) in the choice between mastectomy (M) 
and BCT. The lines denote combinations of age and recurrence risks 
for which the quality adjusted life expectancy are equal following 
BCT or M. Every line represents another value of “usalvage”: ***a. = 
0.95, ----- 0.65, -.-.- = 0.50. The solid line represents the baseline 
utility (0.84). (a) Analysis for aB trials. (b) T, patients only. If a 
certain point, representing a combination of age and local recurrence 
risk is located below the line, BCT is the preferred treatment;if it is 

above the line, M is the preferred treatment. 
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the breast, have become very rare with modern radiotherapeutic 
techniques. The main consequence of breast fibrosis is a poor 
cosmetic result. By assuming a lower utility value for life with 
preserved breast, it is possible to account for this possibility in 
the sensitivity analysis. 

The occurrence of lymphoedema depends on the treatment 
of the axilla, which is essentially independent from the treatment 
of the breast. Thus, we cannot expect a difference between 
patients treated by mastectomy or by BCT in this respect. 

Complications of mastectomy, such as seroma or complicated 
wound healing are, in the view of the time-frame of the analysis, 
considered negligible. Operative mortality after mastectomy is 
assumed to be equal to operative mortality after lumpectomy 
and irradiation. 

A remarkable observation in the analysis is that conservative 
therapy is supported more strongly, when Tz patients are 
included. This is entirely due to the study by Fisher et al., who 
observed a (non-significant) gain in survival after BCT, as 
compared to mastectomy [3]. Since the model copies the pub- 
lished survival curves exactly, this gain in life-expectancy is 
reproduced, and results in a stabler preference for breast con- 
serving therapy. We did not find an explanation for this obser- 
vation in Fisher’s report. It might be due to a random variation 
in treatment outcomes, and the gain in life expectancy of 
lumpectomy and irradiation compared to mastectomy may well 
vanish when the follow-up becomes longer. 

The differences found in the analysis were usually small and 
the choice between mastectomy and BCT can be characterised 
as a toss-up [39]. Because of its less mutilating character, BCT 
is to be preferred to mastectomy. 

However, we identified some subgroups of patients who are 
possibly better off with a mastectomy. These patients are: (1) 
those who prefer mastectomy to BCT; (2) patients with a high 
local recurrence risk; (3) young women. In these patients 
conservative therapy can eventually result in a shorter (quality- 
adjusted) life expectancy because they are at risk for a very long 
time. If a young patient also has a high local recurrence risk, 
mastectomy deserves serious consideration; and (4) women of 
old age with a high local recurrence risk. Their life-expectancy 
is too short to accrue enough extra QALYs from the preserved 
breast to compensate for the shorter life-expectancy and the loss 
of utility associated with local recurrence. 

We did not specify what constitutes a high local recurrence 
risk; many prognostic factors have been mentioned in the 
literature of which extensive ductal carcinoma in situ, involved 
resections margins and invasion of lymphatic vessels are the 
most prominent. Young age may also be an indicator of a higher 
than average local recurrence risk [40-421. In interpreting the 
results of this analysis, the clinician should use his/her clinical 
judgment of which patient has a low, moderate or high local 
recurrence risk, taking into account the treatment results in 
his/her own hospital. 

We believe that it is an important observation that even when 
a life-long follow-up is simulated, both treatments yield a 
virtually equal life expectancy at a baseline local recurrence risk 
of 14% for T1 patients and 19% for both T1 and Tz patients. 
This risk is partially based on the results of older series and 
evidence cumulates, that with newer treatment techniques and 
sufficient radiation doses the local recurrence risk will be lower 
for patients treated nowadays [3, 4, 121. However, we also 
showed, that a high local recurrence rate is able to affect survival, 
thus emphasising the importance of maintaining a good local 
control rate. 
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Double-blind Randomised Trial of the Antiemetic 
Efficacy and Safety of Ondansetron and 

Metoclopramide in Advanced Breast Cancer Patients 
Treated with Epirubicin and Cyclophosphamide 

Norbert W. Marschner, Matthias Adler, Gerd A. Nagel, Dietmar Christmann, 
Edgar Fenzl and Bahrat Upadhyaya 

Ondansetron was compared with metoclopramide for antiemetic efficacy in a randomised double-blind trial 
in 122 patients with advanced breast cancer. All patients were treated with epirubicin (> 50 mg/m*) and 
cyclophosphamide (> 500 mg/m*). 50 patients receiving ondansetron and 60 with metoclopramide were considered 
evaluable. Ondansetron was at least as effective as metoclopramide in the control of vomiting and nausea. The 
percentage of patients with complete plus major control was 72% (59-85%) vs. 61% (48-74%) on day 1 (P = 0.230) 
and 79% (67-91%) vs. 66% (S-78%) on days 2-3 after chemotherapy (P = 0.122). Over the 3-day study period, 
nausea was absent or mild in 60% of the patients treated with ondansetron, compared to 45% given metoclopramide 
(P = 0.064). No major drug-related side-effects were reported. 1 patient receiving ondansetron experienced 
gastrointestinal disturbance and headache. Episodes of diarrhoea, fever, hyperkinetic syndrome, fatigue, 
restlessness and migraine with vomiting were reported by 5 patients treated with metoclopramide. None of the 
changes in the biochemical or haematological parameters was attributed to the antiemetic treatments. 
EurJ Cancer, Vol. 27, No. 9, pp. 1137-1140,199l. 

INTRODUCTION Nausea and vomiting, however, are well known side-effects 
CYCLOPHOSPHAMIDE-CONTAINING combinations have contrib- 
uted significantly in the treatment of patients with disseminated 

of chemotherapy. Over 80% of patients receiving the combi- 
nation 5-fluorouracil, 

breast cancer [I]. 
doxorubicin and cyclophosphamide 

(FAC) [2] or cyclophosphamide, methotrexate and S-fluorouracil 


