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A Toxic Interaction Between Mitomycin C and
Tamoxifen Causing the Haemolytic Uraemic
Syndrome

A. Montes, T.]. Powles, M.E.R. O’Brien, S.E. Ashley, J. Luckit
and J. Treleaven

A comparison of patients receiving combination chemotherapy with mitomycin C, mitozantrone and methotrexate
(3M) with and without tamoxifen for treatment of primary breast cancer indicates an increased risk of anaemia
(P < 0.0001) and thrombocytopenia (P < 0.001), but not leucopenia for patients receiving tamoxifen with their
chemotherapy compared to those receiving the chemotherapy alone. Furthermore, 9 out of 94 patients receiving
tamoxifen with 3M developed progressive anaemia, thrombocytopenia and abnormal renal function as early
features of microangiopathic haemolytic anaemia, progressing on to various degrees of the haemolytic uraemic
syndrome (HUS). This is only rarely seen with patients receiving mitomycin C alone at higher doses than used in
the 3M combination and in the presence of active metastatic disease. This syndrome can be fatal and 1 of our 9
patients died. These observations indicate that there may be an interaction between tamoxifen and mitomycin C,
causing an increased incidence of anaemia, thrombocytopenia and an increased risk of HUS. The combination of
these two drugs should be avoided or carefully monitored.

Eur ¥ Cancer, Vol. 29A, No. 13, pp. 1854-1857, 1993.

INTRODUCTION
THE HAEMOLYTIC uraemic syndrome (HUS) is an acquired
syndrome consisting of intravascular haemolysis, thrombocyto-
penia (TCP) and acute renal failure with hypertension, neuro-
logical symptoms, pulmonary oedema and intolerance to blood
transfusions. It was originally described by Gasser and his co-

workers in 1955 as a fatal illness affecting five small children [1].
It seems probable that the major cause of the syndrome is
localised microangiopathy mainly in the glomerular capillaries,
this being primarily produced by an abnormal interaction
between platelets and the vascular endothelium, probably
mediated by abnormalities by prostacyclin production which
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normally limits platelet adherence to the vascular endothelium
[2]. A similar syndrome can occur in women postpartum [3] or
following treatment with oral contraceptives [4]. It also occurs
in patients with metastatic cancer who have received mitomycin
C in doses greater than 40 mg/m? [S, 6] and occasionally in
patients receiving tamoxifen [7] or medroxyprogesterone acetate
[8], with a mortality from the syndrome as high as 50% [6, 7].

Microangiopathic haemolytic anaemia (MAHA) was the term
proposed by Brain et al. to describe the blood film picture in
patients with the HUS, the main feature being evidence of red
cell fragmentation and TCP caused by an interaction between
red cells and diseased blood vessels. MAHA may develop in
patients suffering from disseminated mucin-secreting adeno-
carcinomas where contact between red cells and tumour emboli
may be involved in the pathogenesis. These patients generally
do not develop renal failure characteristic of the HUS [9].

The chemotherapy combination of mitomycin C, mitozan-
trone and methotrexate (3M) has low subjective toxicity and has
been used extensively in the treatment of metastatic breast
cancer [10]. Since 1990, we have used this combination in a
randomised trial for the presurgical treatment of primary breast
cancer. In order to achieve maximum response, we added
tamoxifen 20 mg/day to the chemotherapy combination.

In December 1991, a 33-year-old female with metastatic
breast cancer who had previously received 3M chemotherapy,
including five injections of 7 mg/m? of mitomycin C, relapsed
and, therefore, started tamoxifen 3 months after the last mitomy-
cin C injection. Twenty days after starting tamoxifen she
developed rapidly fatal acute renal failure. A postmortem exam-
ination showed renal changes similar to those described in the
HUS associated with mitomycin C [6]. We had not seen this
problem previously in patients on tamoxifen nor in over 600
patients treated with 3M alone, which raised the possibility of
an unexpected drug interaction.

We, therefore, compared 94 patients who received 3M chemo-
therapy with tamoxifen to 45 patients who received 3M alone for
the treatment of primary breast cancer.

PATIENTS AND METHODS

Between February 1990 and December 1991, 127 patients
with primary operable breast cancer were included in a random-
ised trial of neoadjuvant vs. adjuvant chemoendocrine therapy
for treatment of primary breast cancer using our standard 3M
regimen [mitomycin C 7 mg/m? intravenously (i.v.) every 42
days for four courses, mitozantrone 7 mg/m? and methotrexate
35 mg/m? i.v. (maximum dose 50 mg) every 21 days for eight
courses] with tamoxifen (20 mg orally od). At the time of this
analysis 94 of these patients have been followed up for at least 3
months postchemotherapy. At the same time, a separate group
of 45 patients with locally advanced primary breast cancer were
treated with our standard 3M chemotherapy without tamoxifen
and have similarly been screened for the presence of the syn-
drome. All patients had clinical records, including sequential
haematology and biochemistry, available for analysis and had a
blood film available for review.

The initial screen for the syndrome in both groups was
done by identifying those patients with the triad of anaemia
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(haemoglobin < 10 g/dl), TCP (platelets < 100 x 10%1) and
renal dysfunction (creatinine > 120 pmol/l). These patients’
records were then retrospectively analysed for other character-
istics of mitomycin C-induced HUS including hypertension,
neurological abnormalities and abnormal reactions to blood
transfusions. In 5 patients, clotting screen (prothrombin time,
partial thromboplastin time, fibrinogen) and in 4 patients bone
marrow was available for review.

The stage, histology, treatment of the primary disease, age and
menopausal status of the patients, together with the mitomycin C
dose, time to onset of the syndrome and the outcome, were
included in the analysis.

Similarly, the cumulative haematological toxicity of 3M with
tamoxifen was compared with 3M alone using the
Mann-Whitney test for detecting significant differences.

RESULTS
The patients’ characteristics for 94 patients who received 3M
chemotherapy with tamoxifen (3MT) compared to 45 patients
who received 3M alone as adjuvant or neoadjuvant therapy,
are shown in Table 1. The patients who received 3MT were
somewhat older (not significant, NS) and less likely to be
premenopausal (P < 0.01), had significantly smaller primary

Table 1. Characteristics of 94 patients with primary breast cancer
receiving mitomycin C, mitozantrone and methotrexate chemo-
therapy (3M) with tamoxifen (3MT) compared to 45 patients

who received only 3M
IMT iM
mn=94) (=45 Pvalue
Age
Median 56 47 NS
Range 31-71 33-69
T Stage
1 11 8
2 75 16
3 7 7 < 0.005
4 1 14
N Stage
0 78 28
1 16 15 < 0.05
2 2
Menopausal status
Pre 24 23 < 0.01
Peri S 4
Post 52 16
Surgical 13 2
Surgery
None 9 NS
Biopsy 0 4
WE 79 18
Mastectomy 15 14
Radiotherapy
Adjuvant 79 24 < 0.001
Chemotherapy
Adjuvant 44 22 NS
Neoadjuvant 50 23
Mitomycin C dose
Mean total dose 42.7 394
95% confidence interval 41.1-44.4 35.9-429 NS
S.D. 8.3 12.0

NS, not significant; S.D., standard deviation.
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tumours (P < 0.005) and axillary lymph node involvement 14 )
(P < 0.05) and were more likely to have had local radiotherapy T —s®— 3M + tamoxifen
than those who received 3M without tamoxifen (P < 0.001). . TE ---e-- 3M alone
There was no obvious difference in the mean total dose of 3§ ;\“- _____ . . .
mitomycin C (42.7 vs. 39.4 mg). However, the triad of progress- = - E —_— E ~~~~ $----- .- -
ive anaemia, TCP and renal dysfunction was found in 9/94 g 12f- i SN ;__ b
(9.6%) patients who received 3M with tamoxifen compared to S i\i LT f_ g
none of the 45 patients who received 3M alone. Tk i"_i
These 9 patients were marginally older (mean 63 years) than \§
the 85 unaffected 3MT patients (mean 57 years, NS) and ol M N TOper oper <opor =oqur-o0o
significantly older than the 45 3M patients (mean 47 years, I 2 3 4 5 6 7 8
P < 0.05). These 9 patients have been tabulated in Table 2 9
according to the severity of anaemia, TCP and abnormal renal ﬁ
function, indicating an association with other features of the 8 hE
syndrome such as hypertension, evidence of haemolysis and 7 —J':\‘
increased requirement for blood transfusion. Clotting screen Q :
was normal in 5 patients who were tested. = o ,\E .
All 9 patients had some degree of hypertension, which was s - = :\\\ i/- E__ _ ;\ . !
present in 4 patients prior to starting mitomycin C. Red blood B - T §<E' “““ *
cell fragments were identified in 6 patients. 8 patients required 4 NS NS NS NS NS, NS N SR\E
blood transfusion for progressive anaemia, 3 of whom had an 3 1| ;_ :1‘) “; E‘) < . é
adverse reaction including headache (3 patients) and pulmonary
oedema (1 patient). 1 patient developed transient quadrantan- 400~
opsia. 350 |~ i
With regard to prognosis, 1 patient has died from renal failure R AT .
and postmortem examination showed histological evidence of £ 0[P\ F/\ R H
HUS in the kidney, the other 8 patients are alive with no  ® 250/ “,”/E IRIEEEEE “. T
evidence of active breast cancer, although 3 have mild HUS and 5 E \ H E ) te
3 have residual renal dysfunction. 2001~ ﬁ/ \
The mean total dose of mitomycin C was 26.5 mg/m? (range 150{—
23.4 to 29.3 mg/m?), with no obvious correlation between the NS. <010| le <°'|°5 Nf ‘OIOO' <ﬁ)‘ <°°°'\
dose and the severity of the HUS. The mean time from the start 1005, 2 3 4 5 6 7 8
of 3M to the first identification of HUS was 10 months (range Course of 3M
7-12). . . L. i .. Fig. 1. Haematological toxicity. Mean value with 95% confidence
The cumulative haematological toxicity in patients receiving interval.

3M with or without tamoxifen is summarised in Fig. 1 which
shows a progressively greater fall in the mean haemoglobin
(P < 0.0001) and platelet counts (P < 0.001) but not white
count for patients receiving 3M with tamoxifen compared to 3M
alone.

Table 2. Chinical and investigative characteristics of 9 patients with the triad of anaemia, thrombocytopenia and abnormal

renal function
Patient
1 2 3 4 5 6 7 8 9

Anaemia (WHO grade) 4 4 3 2 3 2 2 1 1
Thrombocytopenia (WHO grade) 3 3 2 2 1 2 1 2 2
Renal toxicity (WHO grade) 4 2 2 1 1 1 1 1 1
Hypertension Mod Mod Mod Mild* Mild Mod Mild* Mild* Mild*
RBC fragments Yes Yes Yes Yes Yes Yes No No No
Clotting screen Norm Norm Norm ND Norm Norm ND ND ND
Blood transfusion (units) 15 15 5 9 2 4 5 0 1

Adverse reaction + + + 0 0 0 0 0 0
Neurological abnormalities 0 + + 1] 0 0 0 0 0
Bone marrow Norm  Norm  Norm — —_ — — — Norm
Mitomycin C dose (mg/m?) 29.3 25.5 27.0 26.6 28.1 23 4 27.7 25.2 25.8
Persistent abnormal renal function + + +
HUS status at present + + +

Died of HUS +

*Hypertensive prechemotherapy. Norm = normal, Med = moderate, ND = not done.
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Table 3. Haematological woxicity (WHO grade) 3 months after completion of treatment with
3M only (45 patients, 46 treatments) or with continued tamoxifen 3MT) (94 patients)

Anaemia (P < 0.001) Leucopenia (P < 0.01) Thrombocytopenia
(P < 0.601)
M 3M + TAM M 3M + TAM 3M 3M + TAM
(n = 46) (n = 94) (n = 46) (n =94) (n = 46) n =94
WHO grade

0 31 27 19 27 39 52
(67.4%) (28.7%) (41.3%) (28.7%) (84.8%) (55.3%)

1 13 46 18 26 3 12
(28.3%) (48.9%) (39.1%) (27.7%) (6.5%) (12.8%)

2 2 14 9 23 2 16
(4.3%) (14.9%) (19.6%) (24.5%) (4.3%) (17.0%)

3 0 6 0 13 2 12
(6.4%) (13.8%) (4.3%) (12.8%)

4 0 1 0 5 0 2
(1.1%) (5.3%) (2.1%)

> 1 2 21 9 41 4 30
(4.3%) (22.3%) (19.6%) (43.6%) (8.7%) (31.9%)

Any 15 67 27 67 7 42
(32.6%) (71.3%) (58.7%) (71.3%) (15.2%) (44.7%)

TAM, tamoxifen.

Assessment of the blood counts 3 months after completion of
3M chemotherapy indicates a continued myelotoxic effect of 3M
which is greater for those patients who also received tamoxifen
(Table 3). Anaemia persisted in 33% and TCP in 15% of patients
having received 3M compared to 71% (P < 0.0001) and 45%
(P < 0.001) of patients having received 3M and tamoxifen.
There was also a similar but smaller decrease in the incidence of
leucopenia in patients having received 3M (59%) compared to
3M with tamoxifen (71%) (P < 0.01).

DISCUSSION

These retrospective, non-randomised data indicate that the
addition of tamoxifen to 3M combination chemotherapy may
increase the risk of developing MAHA and HUS, causing the
appearance of progressive anaemia, TCP and renal dysfunction
with one treatment-reiated death. This high incidence at the low
total dose of mitomycin C may in part be a result of our screen,
which may account for the relative mildness of the syndrome
which in some cases went unnoticed [5, 6). The absence of
features of this syndrome in patients receiving 3M alone indicates
a possible drug interaction between tamoxifen and one of the
cytotoxic drugs, presumably mitomycin C. Furthermore, the
progressively greater fall in haemoglobin and platelet count but
not white cell count with tamoxifen would seem to indicate a
more specific effect such as MAHA rather than a non-specific
enhancement of bone marrow toxicity.

A possible explanation for this interaction may involve a
combination of subclinical endothelial damage induced by mito-
mycin C and a thrombotic effect on platelets caused by tamox-
ifen. This would allow a possible precipitation of the syndrome
by tamoxifen after previous exposure to mitomycin C which may
have occurred in our initial metastatic patient. All 9 of our study
patients had no evidence of metastases at the time of development
of the syndrome, which would indicate that the pathogenesis
relates to the treatment rather than any tumour activity.

In conclusion, we have identified a possible serious interaction
between tamoxifen and mitomycin C which may cause haemo-

lytic anaemia, TCP and renal dysfunction progressing on to the
potentially fatal HUS. We recommend that patients on or having
recently received mitomycin C and tamoxifen should be screened
for hypertension, renal dysfunction, haemolytic anaemia and
TCP. We advise that tamoxifen should not be used in combi-
nation with or shortly after treatment with mitomycin C unless
carefully monitored. In our primary medical treatment pro-
gramme we have stopped using mitomycin C.
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