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Summary
Hypothalamic/pituitary and adrenal (HPA) function
was assessed in ten patients who received intermittent
high-dose prednisolone and cytotoxic chemotherapy
for 5-40 months. Standard insulin hypoglycaemia
(IHT), thyrotrophin-releasing hormone and tetra-
cosactrin tests were performed 36 hr after the last
dose of prednisolone and subsequently 10 days-52
weeks after completion of all chemotherapy.

In the first tests there was evidence of impaired
hypothalamic-pituitary function judged by peak
adrenocorticotrophic hormone (ACTH), growth hor-
mone (GH) and thyrotrophin (TSH) responses, and
corresponding plasma corticosteroid responses were
sub-normal in five patients. In the final IHTs, seven
patients had persistently subnormal ACTH responses
but all the corresponding plasma corticosteroid re-
sponses returned to normal. Mean peak corticosteroid
responses to insulin and tetracosactrin and peak GH
responses were significantly greater than in the first
tests. Such chemotherapy regimens may have pro-
longed effects on hypothalamic/pituitary function but
the demonstration of normal corticosteroid responses
to hypoglycaemia and tetracosactrin indicates that
these patients' stress responses will be normal as
early as 10 days after treatment is stopped.

Introduction
Intermittent high-dose prednisolone and cyto-

toxic drug therapy is now widely used in the treat-
ment of myeloma (Alexanian et al., 1969) and
Hodgkin's disease (De Vita, Serpick and Carbone,
1970) with improvement in remission rates. Such
treatment regimens have recently been shown to
cause suppression of the hypothalamic-pituitary-
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adrenal (HPA) axis (Wilson et al., 1976; Naysmith
et al., 1976). Although this occurs particularly at the
hypothalamic-pituitary level, secondary adrenal
suppression has also been demonstrated. Full
recovery ofHPA function on cessation ofcontinuous
and intermittent corticosteroid therapy may take
many months (Graber et al., 1965; Malone, Grant
and Percy-Robb, 1970) and in this time additional
steroid therapy may be required during severe inter-
current illness.
The authors report the results of hypothalamic-

pituitary and adrenal function tests at different
times after completion of treatment in patients with
myeloma or lymphoma who received intermittent
high-dose prednisolone and cytotoxic chemotherapy.
Combined insulin-induced hypoglycaemia and thyro-
trophin-releasing hormone tests followed by intra-
venous tetracosactrin tests were performed twice in
each patient, the first series 36 hr after treatment
courses and the second series 10 days-52 weeks after
completion of all chemotherapy to observe initially
the degree of suppression and subsequent extent of
recovery of HPA function.

Patients studied
Myeloma patients

Seven patients with multiple myeloma were
studied (see Table 1). Patients 2 and 5 had IgA
myeloma and patients 1, 3, 4, 6 and 7 had the IgG
type. The mean duration of therapy was 20 months
(range 6-40). Patient 2 received 4-day courses of
prednisolone (120 mg/day) and the remainder
received 7-day courses (40-80 mg/day) along with
melphalan (6-10 mg/day). Before commencing
chemotherapy, patients 2, 3, 6 and 7 received radio-
therapy to the lumbar spine.

Lymphoma patients
Three patients with lymphoma were studied.
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TABLE 1. Peak plasma corticosteroid, ACTH and GH responses during two insulin hypoglycaemia tests, peak plasma TSH
responses to TRHtt and plasma corticosteroid responses to tetracosactrin with time intervals between investigations (1) and (2)

as indicated

Corticosteroids
Corticosteroids ACTH* GH** TSHt after

Treatment Interval (nmol/l) (ng/l) (mu/l) (mu/I) tetracosactrin
duration No. of between

Patient (months) courses tests (1) (2) (1) (2) (1) (2) (1) (2) (1) (2)

I F 12 9 10 days 520 740 13 27 10-7 62-3 <0-66 0 77 650 785
2 F 6 4 3 weeks 310 665 84 91 18-0 48-0 9 5 9 0 415 880
3 F 16 12 7 weeks 430 555 <15 28 8-6 39-8 4 9 5-7 500 700
4 M 14 10 13 weeks 415 690 89 58 49 7 36-7 19-7 6-3 645 880
5 M 23 19 48 weeks 645 740 86 168 11-9 37 0 7 0 9 3 780 875
6 M 28 18 52 weeks 655 835 <26 43 10 1 10 5 3-3 3-1 765 905
7 M 40 19 52 weeks 600 815 105 120 6-3 36-3 6-6 11-6 550 780
8 F 5 5 40 weeks 635 760 <25 79 14-8 70 7 15 5 8-2 640 1035
9 M 6 5 48 weeks 745 785 <25 302 31-0 74-3 2-0 5 8 790 950
10 M 6 6 52 weeks 325 995 20 26 53 0 >69-0 7-2 7-5 405 1010
* ACTH =adrenocorticotrophic hormone; **GH =growth hormone; tTSH=thyroid-stimulating hormone; ttTRH =thyro-
trophin-releasing hormone.

Patients 9 and 10 with Hodgkin's disease received
intermittent chemotherapy with mustine, procarba-
zine and vinblastine in standard doses together with
prednisolone 40 mg/day in 14-day courses. Patient 8
with non-Hodgkin's lymphoma received predniso-
lone 40 mg/day in 14-day courses along with
procarbazine, vincristine and cyclophosphamide.
The mean duration of therapy was 6 months (range
5-6).

Methods
Standard insulin-induced hypoglycaemia tests,

IHT, (Landon, Wynn and James, 1963) were per-
formed 36 hr after the last dose of prednisolone and
at varying intervals from 10 days to 1 year after all
treatment had been stopped. Plasma samples were
obtained at zero, 20, 30 and 60 min after the intra-
venous administration of soluble insulin 015 units/
kg body weight and 200 ,ug of thyrotrophin-releasing
hormone (TRH). Plasma-corticosteroids were mea-
sured by fluorimetry (MRC Report, 1971), corti-
cotrophin (ACTH) by radio-immunoassay after
extraction of plasma with porous glass, using
natural human ACTH for iodination and standar-
dization (Ratcliffe and Edwards, 1971), thyrotrophin
(TSH) and growth-hormone (GH) by radio-
immunoassay (Toft et al., 1973; Hunter, 1972).
Plasmaglucose was determined by an automated
glucose-oxidase method (Morley, Dawson and Marks,
1968). After the 60-min plasma samples were taken,
250 jig tetracosactrin was given intravenously and
samples taken at +30 and +60 min thereafter to
determine plasma-corticosteroids.
At the times of assessment of HPA function there

was no evidence of primary or secondary disease of
the pituitary and adrenal glands. Skuil X-rays
showed normal pituitary fossae and abdominal

films showed no adrenal calcification. No patient's
serum contained antibodies against the steroid-
producing cells of the adrenal cortex.
Normal response criteria in the IHT were as

follows: for corticosteroids (Irvine and Barnes, 1972)
peak values >550 nmol/l; for ACTH (Staub et al.,
1973) a peak value >109 ng/l with an increment
above basal > 80 ng/l; for GH (Hartog, Gaafer and
Fraser, 1964) a peak value >18 mu./I; for TSH
(Hall et al., 1972) after intravenous TRH, a peak
value of >5 9 mu./l in men and 6-8 mu./l in women.
After insulin, plasma-glucose concentrations fell to
<2-2 nmol/l (40 mg/dl) in all patients. Normal
plasma corticosteroids after tetracosactrin (Angeli
et al., 1973) are >445 nmol/l (16 1 Vg/dl).
Results
Myeloma patients
Plasma ACTH responses were sub-normal in all

patients in the first IHT and sub-normal in all
except patients 5 and 7 in the second IHT indicating
hypothalamic-pituitary suppression (see Table 1).
Corresponding plasma corticosteroid responses were
sub-normal in patients 1, 2, 3 and 4 in the first IHT
but were all within the normal range in the second
tests. Plasma corticosteroid responses to tetraco-
sactrin were normal in all patients except in the first
test in patient 2, indicating definite adrenal sup-
pression in this patient; in the second tetracosactrin
tests, plasma corticosteroid responses were greater
than in the first tests, suggesting that a degree of
adrenal suppression had occurred in the remainder.
Plasma GH responses were sub-normal in the first

IHT in patients 1, 3, 4, 5 and 6 and returned to
normal in the second tests in all except patient 6.
Plasma TSH responses were sub-normal in patients

1, 3 and 6 in the first TRH test and were persistently
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sub-normal in these patients in the second test.
However, thyroid function judged clinically and by
total serum thyroxine, serum triiodothyronine and
effective thyroxine ratio remained normal in these
patients.

Lymphoma patients
Plasma ACTH responses were markedly sub-

normal in the first IHT in these patients, indicating
hypothalamic-pituitary suppression and only one
patient (9) subsequently attained a normal response.
Plasma corticosteroid responses were normal except
in the first IHT in patient 10 and the following
tetracosactrin test in this patient was also sub-
normal, indicating adrenal suppression in addition.
The remainder of the tetracosactrin tests were
normal, but the plasma corticosteroid responses
were greater in the second tests.

Plasma GH responses were normal in all but the
first IHT in patient 8.
Plasma TSH responses in both TRH tests in

patient 9 were sub-normal but the patient remained
clinically and biochemically euthyroid. The TSH
responses in patients 8 and 10 were normal.

Discussion
The reduction of corticosteroid therapy in systemic

non-malignant disease is largely limited by the
presence or lack of an exacerbation of the underlying
disease; thereafter, the degree of suppression of
HPA function becomes the most important factor.
Abrupt cessation of steroid therapy in myeloma and
lymphoma does not apparently adversely influence
disease activity and has not been associated with the
development of acute features of pituitary-adrenal
insufficiency (Wilson et al., 1976; Naysmith et al.,
1976) but the demonstration of abnormal plasma
corticosteroid responses to insulin-induced hypo-
glycaemia indicates the likely requirement for addi-
tional steroid therapy during serious intercurrent
illness in these patients.
The pattern of recovery of HPA function in such

patients has not been previously reported and differs
from that observed in patients who experience long-
term suppression as a result of either Cushing's
syndrome or continuous steroid therapy. In these
patients (Graber et al., 1965), plasma ACTH levels
were sub-normal for 1 month and in most cases were
elevated for 2-5 months before returning to normal;
plasma corticosteroid levels did not return to normal
until 6 months and the corticosteroid responses to
exogenous ACTH did not return to normal until at
least 9 months.
We observed no consistent pattern of basal

plasma ACTH levels on cessation of intermittent

steroid therapy. Three patients had low basal
ACTH levels at least 40 weeks later and no patients
were found to have elevated basal levels. Although
no significant difference was observed between the
peak ACTH responses during the two IHTs (P> 0 1)
ACTH was undetectable in four patients undergoing
their first IHT but was detectable in all ten patients
during the later tests. Seven patients had impaired
plasma ACTH responses during IHTs performed up
to 1 year later, indicating prolonged partial anterior
pituitary suppression.

Further evidence of impaired anterior pituitary
function was found in the patients who had per-
sistently sub-normal plasma TSH responses to
exogenous TRH many months after stopping treat-
ment. Depression of such plasma TSH responses has
been observed following chemotherapy courses
(Naysmith et al., 1976) and in patients on long-term
steroid therapy (Otsuki, Dakoda and Baba, 1973)
but the time-course and pattern of recovery has not
been reported.
Prolonged suppression of GH secretion during

insulin hypoglycaemia was observed in only one
patient although it was frequently suppressed imme-
diately after treatment was stopped in the myeloma
patients who received at least nine courses. Peak
growth hormone levels during the second IHTs were
significantly higher than during the first (P<0-01).
GH secretion during IHTs performed immediately
after treatment courses in thirteen lymphoma
patients was normal (Thalassinos et al., 1976) and in
patients receiving continuous steroid therapy, GH
responses were sub-normal (Irvine and Barnes, 1972).
However, the time course of GH secretion during
hypoglycaemia may be too slow for its total output
to be assessed in 60 min (Daly et al., 1974) and this
could influence conclusions on the effect of drugs on
GH release during short IHTs.
Most important, however, from the clinical

standpoint was the demonstration of normal peak
plasma corticosteroid responses in the second IHTs
in all the patients, indicating normal stress responses
as early as 10 days after cessation of intermittent
steroid therapy. A significant difference was obser-
ved between the peak corticosteroid responses in the
two IHTs (P<0-01). Normal corticosteroid responses
to tetracosactrin correlated well with the responses
during the second IHTs, and a highly significant
difference between responses in the tetracosactrin
tests was apparent (P<0-001). These results suggest
that assessment of the functional integrity of the
HPA axis in patients who have completed high-dose
intermittent steroid and cytotoxic drug therapy
should be deferred until the second week off treat-
ment when it is likely that normal corticosteroid
responses to insulin and tetracosactrin will be
demonstrable.
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