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Summary: An attempt was made to achieve earlier
detection of busulphan lung (fibrosing alveolitis) and

to determine its incidence by means of serial studies during
life, including measurement of the gas transfer factor.
Twenty-three patients were investigated over an average

period of nearly two years of busulphan treatment. One
case of busulphan lung was detected and subsequently
confirmed at necropsy, but in the remainder there was no

clinical, radiological, or physiological evidence of fibrosing
alveolitis. It is concluded that the development of fibros-
ing alveolitis may be related to individual genetic or

immunological factors rather than to busulphan dosage.

Introduction

Busulphan is an alkylating agent introduced into clinical prac-

tice by Galton in 1953. It is the treatment of choice for
chronic myeloid leukaemia and is also useful in the manage-

ment of other myeloproliferative disorders such as

polycythaemia rubra vera and mvelosclerosis.
Bone marrow depression is the principal hazard of

busulphan therapy (Weatherall, Galton, and Kay, 1969), but
hyperpigmentation and amenorrhoea also occur (Kyle,
Schwartz, Oliner, and Dameshek, 1961). Though Oliner,
Schwartz, Rubio, and Dameshek (1961) first recognized fibros-
ing alveolitis as a complication of prolonged busulphan therapy,
only 10 clinical cases have been reported, and for most of
these the total dose of busulphan and the detailed results of
lung function tests were not recorded (Table I). Despite these
few clinical cases Heard and Cooke (1968) found histological
changes attributed to busulphan in the lungs of 6 out of 14
cases (43%) of chronic myeloid leukaemia coming to necropsy.
A diagnosis of pulmonary fibrosis had been made in only one

of these patients during life. Heard's work suggested to us

that more cases of busulphan lung might be diagnosed during
life if careful observation of patients receiving the drug were

maintained.
The purpose of the present report is to describe the results

of serial clinical, radiological, and physiological studies in a

group of patients treated with busulphan, with particular ref-
erence to the gas transfer factor.
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Patients and Methods

Twenty-three patients (12 males and 11 females) with an

average age of 51 years (range 15-77) were studied. The
haematological diagnoses included chronic myeloid leukaemia
(17 cases), polycythaemia rubra vera (3 cases), myelosclerosis
(2 cases), and thrombocythaemia (1 case).
The following investigations were carried out: (1) a clinical

history and examination; (2) a chest radiograph; (3) the sub-
divisions of lung volume including vital capacity (VC), func-
tional residual capacity (FRC), and residual volume (RV)-
FRC and RV were measured by a closed-circuit helium tech-
nique; (4) maximum voluntary ventilation at 80 respirations
per minute (MVV); (5) the forced expiratory volume in 1

second (FEV1); (6) arterial Pco2 by the rebreathing method;
and (7) transfer factor for carbon monoxide (TLCO) by the
single-breath technique. In 17 patients these investigations
were carried out on two separate occasions, after an average
of 14 and 21 months' treatment respectively.
The normal values for lung volumes were predicted from

the formula of Baldwin, Cournand, and Richards (1948). Nor-
mal values for the gas transfer factor were predicted from the
formula of Ogilvie, Forster, Blakemore, and Morton (1957).

Results

The clinical and radiological findings are presented in
Table II and the results of the physiological tests in Tables
III and IV. For convenience of discussion the patients
were divided into two groups. Group 1 comprised 17 show-
ing no significant impairment of gas transfer factor. Twelve
of these were studied on two separate occasions (Table V).
All 17 were symptom-free, and the chest radiograph was nor-

mal in every case. Group 2 comprised the following six
patients showing a low transfer factor on one or more

occasions:
Case 4 was the only patient in the whole series to develop

"busulphan lung." His gas transfer factor was reduced to 25% of
the predicted normal. He had received 1,000 mg. of busulphan
over a period of 19 months. Full details of this case are reported
elsewhere (Littler, Kay, Hasleton, and Heath, 1969).

Cases 11 and 21 had a low transfer factor on both occasions
they were studied. These two men had severe chronic airways
obstruction with an FEV1% of less than 50. Both were cigarette
smokers and Case 21 had been a boiler scaler for 20 years. (Table
VI compares the mean gas transfer factor and FEV1% of these
two patients with those in group 1.) Neither of these patients

TABLE I.-Review of the Clinical Cases Reported in the Literature

Author No. of Duration of
Cases Busulphan

Treatment

Pulmonary
Symptoms Pulmonary Signs

I.
Oliner et al. (1961)
Kyle et al. (1961)

Leake et al. (1963)
Bates and Christie (1964)

Ward et al. (1965)
Smalley and Wall (1966)
Burns et al. (1970)

139 Months }Dry cough, dyspnoca
13 Months Dyspnoea

14 Months Cough
72 Months

36 Months Dry cough, dyspnoea

48 Months Dry cough
48 Months }Cough, dyspnoea72 Monthsf

120 Months Dry cough, dyspnoea
(intermittent)

Diffuse crepitations

Crepitations

Crepitations

Crepitations

Pulmonary
Function Tests Chest Radiograph

"Reduced diffusion Diffuse mottled densities
capacity" (1 case)

"Alveolar capillary Diffuse infiltrations
block"

"Slight diffusion defect" Nodular fibrosis
(1 case)

Transfer factor 600, Diffuse infiltrations
normal

"Normal" Clear
"Restrictive pattern" I Diffuse infiltrations

(1 case) Patch consolidation
"Restrictive disease and Mild diffuse pulmonary

a diffusion defect" fibrosis
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TABLE II.--Clinicol and Radiological Findings in the 23 Patients Studied

Duration of
Busulphan
Therapy
(Months)

*

Total Dose of
Busulphan (mg.)

1st Visit 2nd Visit

Dyspnoea, cough, fever Basal crej

Cough, sputum, wheeze aInsp. and

Cough Inspirator

-I
Cough, sputum, wheeze Overinflat

wheeze

_

- Clear
Clear

- Clear
ps., cyanosis Widespread infiltrations
- Clear
- Clear
- Clear
- Clear
- Clear
- Clear
exp. rhonchi "Bronchitic"

Clear
ry rhonchi Clear

Clear
Clear
Clear
Clear
Clear

- Clear
Clear

ted chest, "Bronchitic"

Clear
- Clear

C.M.L. = Chronic myeloid leukaemia. P.R.V. = Polycythaemia rubra vera. My. = Myelosclerosis. Th. = Thrombocythaemia.

TABLE III.-Physiological Findings for the 23 Patients in Groups 1 and 2 (Mean and Range of Values Shown).

RV (1.) TLC (1.)

243 (055-3-9 ) 5-2 (285-665)
2-10 (1*5 -4 05) 5-5 (3-85-7-1 )

1-81 (1 1 -2-55) 4-34 (3 45-5 55)
2-44 (1-65-4-0 ) 4-80 (3-65-7-6 )

MVV (1./min.)
L_

86 (42-162)
95 (70-160)

44 (40-60 )
51 (40-62 )

Transfer Factor
FEV ,(Oz) PCO, (mm. Hg) (ml./mm.

Hg!min.)

75 (67-83)
70 (66-83)

60 (40-71)
59 (39-71)

38-3 (32-43)
37-7 (32-41)

38 (32-47)
41 (40-45)

28-6 (16-1-47-6,
27-2 (16-7-39-5)

14-0 ( 6-4-19-7)
13-3 ( 89-17-3)

TABLE IV.-Transfer Factor (% Predicted Normal) and Haemoglobin Levels
(g./100 ml.) in the 23 Patients

Case No.

1

2
3
5
6
7
8
9
10
12
13
15
17 .
19
20 .
22 .
23

4
11
14 .
16
18 .
21

Transfer Factor Haemoglobin
(% Predicted) (g./100 ml.)

l1st Visit 2nd Visit F

Group 1

. . 96

. . 84

. . 85

. . 86

.. 158
92
79

.. 101

.. 146
122
99
89
110

.. 102

. . 95
93

.. 113

78

137
71
78

121
121
75
71
101
98
118
107

1st Visit 2nd Visit

12 8
11*7
7-6

11*6
13-8
13-4
13 1
11*7
14-7
11*2
11*3
10-5
14-8
15*1
15.1
11.9
14 2

11 5

13-7
14-9
12-5

14-1
14-5
8-6
8-8

12-8
14-8
14-0
11 3

Group 2
* 25 11-7 -

44 47 -16-3 15-1
76 67 10-6 10-5
76 62 13-1 12-3
80 43 12-8 8-0
50 66 10-2 10-4

TABLE V.- Transfer Factor and Haemoglobin Levels Related to Busulphan
Therapy for Patients in Group 1

First Visit Second Visit

Duration of busulphan (months) .. 14 (1-39) 21 (2-51)
Dose of busulphan (mg.) .. .. 9965 (9-5,908) 1,355 (154-6,748)
Transfer factor (% normal) .. 105 (158-76) 95 (137-62)
Haemoglobin (g./100 ml.) .. .. 13-93(163-10-2) 13-43 (15-1-8-0)

TABLE VI.-Findings in Two Patients (Cases 11 and 21) with Chronic Airways
Obstruction Compared with Patients in Group 1

_~~~~~~

Case 11 Case 21 Group 1 (Mean)

F.E.V.,(%) .. 39.5 44 73
Transfer factor (% normal).. .. 45 5 55 10l

developed symptomatic or radiological evidence of fibrosing
alveolitis, and lung function test, showed no deterioration between
the first and second visits despite continued busulphan therapy.

Cases 14, 16, and 18 showed a reduction in transfer factor to
below the normal range on their second visits as compared with
their first. In two (Cases 16 and 18) the haemoglobin level had
fallen at the second visit. In Case 14 the haemoglobin level was
low at both visits.

Discussion

Fibrosing alveolitis is a rare but serious complication of
busulphan therapy. Measurement of the gas transfer factor is
probably the most reliable method for the early detection of
fibrosing alveolitis during life. In our 23 patients receiving
busulphan the transfer factor was impaired (less than 70% of
predicted normal) in six, and in one of these a diagnosis
of busulphan lung was established at necropsy. Two patients
(Cases 11 and 21) had a low transfer factor at both visits and
each showed clinical and physiological signs of obstructive
airways disease without radiological evidence of fibrosing
alveolitis or any deterioration in transfer factor with con-
tinued busulphan treatment. In the remaining three patients
(Cases 14, 16, and 18) the transfer factor had fallen into the
abnormal range at the second visit, while a further three
(Cases 7, 13, and 15) showed a significant fall in transfer
factor to the lower limit of the normal range. In four
of these six patients a commensurate fall in the haemoglobin
level occurred between the first and second visits, and a fifth
patient (Case 14) was anaemic on both occasions. In none of
these patients was there any clinical, spirometric, or

radiological evidence of fibrosing alveolitis. Bates and Christie
(1964) drew attention to the fact that the transfer factor may
be low in the presence of anaemia, and an appropriate cor-
rection formula for this is now being evolved by Cotes (per-
sonal communication, 1970).
Two patients (Cases 6 and 10) had a transfer factor above

130°% of their predicted normal, and one of these was a
young woman taking the oral contraceptive pill. Cotes,
Dabbs, McDonald, Davies, and Hall (1970) pointed out that 2

Case No. Age Sex Haematological
Disorders
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Respiratory
Symptoms

Respiratory
sign

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

22
23

52
57
15
61
30
25
77
64
61
33
73
43
60
66
49
48
60
61
34
49
63

49
40

F.
F.
M.
M.
F.
M.
M.
F.
M.
F.
M.
M.
M.
F.
F.

[F.F.
IM.

F.
M.

M.
M.

Chest Radiograph

C.M.L.
C.M.L.
C.M.L.
C.M.L.
C.M.L.
C.M.L.
P.R.V.
C.M.L.
C.M.L.
C.M.L.
P.R.V.
P.R.V.
My.
C.M.L.
C.M.L.
Th.
C.M.L.
C.M.L.
C.M.L.
C.M.L.
C.M.L.

C.M.L.
My.

13
13
8
19
60
51
6

47
25
38
11
6

13
9
7
18
36
2

30
11
17

10
6

748
235
612

1,000
4,704
420
140

5,908
2,361
2,688
728

9
224
224
84
128
712
84

874
616

1,232

682
153

739

1,040
154

6,748

3,192
728
93
504
560
564
140

1,128
252

1,154
736

1,904

850
_

VC (1.)

Group 1:
1st visit .
2nd visit .

Group 2:
1st visit
2nd visit

q3 13 (2 05-4 8)
.. j3-43 (2- 2-5-1)

2-31 (1 7-3-4)
. 2-41 (1 7-3*4)

FRC (1.)

2-54 (1 7-3 65)
3-09 (2- 74- 7)

2-36 (1-85-3-95)
316 (2-1 -55)
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TABLE VII.-Transfer Factor and Necropsy Findings Related to Busulphan

Therapy in the Five Patients who Died

Case Total Duration Total D Fae of Transfer Necropsy Findings
N. of Busulphan Busulp

os Factor NerpyFnigNo. (Months) han mg.) (% Normal)

3 8 612 85 No fibrosing alveolitis
5 60 4,704 86 No fibrosing alveolitis
4 .. 19 1,000 25 "Busulphan lung"
9 .. 25 2,361 101 No necropsy.

Antemortem chest
radiograph-clear

1 13 748 96 No necropsy.
Antemortem chest
radiograph-clear

to 3 % of normal people have an unusually high transfer
factor, and A. Seaton (personal communication, 1970) found
high transfer factors in women taking the contraceptive pill.

Five patients (Cases 1, 3, 4, 5, and 9) have died since the
study was begun. One death (Case 4) resulted from fibrosing

160-

,140.

120 .

0 100 * e.
-80 . . a
o
t60

-~40-
® case of bus ulphan lung20

0
0 1,000 2 XO 3,C00 4,0 5,000 6,000 7,01)
Total dose of busulphan (mq.)

Relationship between transfer factor and total busulphan
dosage.

alveolitis due to "busulphan lung." The other four patients
died after a myeloblastic crisis, and in two of these no
histological abnormality of the lung was found at necropsy. In
the other two cases permission for necropsy was refused, but

antemortem chest radiographs and physiological studies were
normal. Two of these patients had received a much larger
dose of busulphan than the patient who developed fibrosing
alveolitis (Table VII), and a further six patients who are alive
and well also received a dose in excess of 1,000 mg. (see
Table II). The lack of any relationship between busulphan
dosage and transfer factor is illustrated in the Chart. Hence
the development of fibrosing alveolitis may be related to the
genetic or immunological constitution of the patient rather
than to the dose or duration of busulphan therapy.
The preliminary results of this study suggest that lung

damage, detectable during life, is a relatively uncommon
complication of busulphan treatment, occurring in only 1 out
of 23 patients closely studied over an average period of nearly
two years.

We are indebted to Dr. David Weatherall for his constant en-
couragement and for allowing us to study so many patients under
his care. We would also like to thank Dr. J. Forshaw, Dr. P.
Robb, Dr. J. Meecham, Dr. J. Campbell, Dr. J. Carmichael, and
Professor Donald Heath and his department for their help with
various aspects of this work. We are grateful to Miss S. Williams
and Mrs. M. Deakin for technical assistance.
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Interference of Iron with the Absorption of Tetracyclines in Man

P. J. NEUVONEN,* M.D.; G. GOTHONI,t M.D.; R. HACKMAN4 M.SC.; K. af BJORKSTEN,§ M.SC.

British Medical Journal, 1970, 4, 532-534

Summary: Ferrous sulphate administered together with
tetracycline and three of its derivatives-oxytetra-

cycline, methacycline, and doxycycline-was found
seriously to impair the absorption of these antibiotics.
Thus even small doses of iron taken simultaneously should
be avoided during tetracycline treatment.

Introduction

Most tetracycline derivatives are rapidly but incompletely
absorbed from the gastrointestinal tract. As these substances
are generally considered to be bacteriostatic, their plasma

*Instructor in Department of Pharmacology, University of Helsinki,
Helsinki 17, Finland.

. Medical Director, Medica Ltd., Helsinki.
Head of Pharmacological Department, Medica Ltd., Helsinki.
Head of Bacteriological Department, Medica Ltd., Helsinki.

levels during therapy should never be allowed to fall below
the minimum inhibitory concentration. Thus it is of great
importance to avoid situations that may impair absorption and
lead to therapeutically inadequate plasma concentrations.
Milk, antacids, and bivalent and trivalent cations are known to
reduce the absorption of tetracyclines (Waisbren and Hueckel,
1950; Dearborn et al., 1957; Rosenblatt et al., 1966), possibly
by formation of chelates (Albert and Rees, 1956).

Since it is not uncommon for patients on tetracyclines also
to receive preparations containing iron, we considered it valu-
able to study the effect of iron given simultaneously on the
absorption of various tetracyclines.

Methods

The subjects were healthy medical students- aged 20-24,
weighing 60-80 kg., who volunteered for the experiment. Each


