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Isoamylase levels in bone marrow transplant patients are affected
by total body irradiation and not by graft-versus-hostdisease
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Abstract. The mean total serum amylase levels in patients
was 3.2 f0.5 Vkatll ( f SE) before total body irradiation
(TBI) prior to bone marrow transplantation of which50%
was due to pancreaticisoamylase and 50% salivary isoamylase, Total serum amylase increased to a maximum of
100.3 f 12.3 pkatAonthefirstdayafterTBIandmostofthis
increase was due to an increase in salivary isoamylase
(90.0 f 12.1 Vkat/l).In associationwiththis,allpatientshad
clinical symptoms of parotitis. An increase in pancreatic
isoamylase was found in 27% of the patients; however,
none of them had clinicalsymptoms of pancreatitis. Serum
amylase levels returned to normal within 5 days after TBI
but then decreased to subnormal values, remaining below
the normal range for 3 weeks. Pancreatic isoamylase returned topre-irradiationlevels1.5 monthsafterTB1,while
salivary isoamylase remained low for the rest of the observation time.TBI of 7.5 Gyat 26 cGy/mingave significantly
lower salivary amylase at 2 days after TBI compared with
10 Gy at 4 cGylmin: 32 f4 versus 76 f 13 pkat/l ( P < 0.05).
At 2.5 and 6 months after TBI significantly higher total
amylase levels were recorded for patients treated with
7.5 Gy of TBI compared with 10 Gy: 2.5 f0.4 and 2.7 k 0.3
versus 2.0 f 0.5 and 0.8 f 0.3 pkat/l, respectively ( P < 0.01,
P < 0.05, respectively). Acute or chronicGVHD did not affect acinar cells in this investigation.
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Total bodyirradiation(TB1) inducestissuedamage inmany
organs, including the pancreas and salivary glands, leading
to increased serum amylase levels. These levels, however,
,are found to return tonormal within 1 week [I, 81.
Symptoms such as nausea, vomiting and dryness of the
mouth are also common in patients after TBI [l, 8,9] and
may persist for up to 6months. These symptoms may,
among other things, reflect damage to the pancreatic and
~
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salivaryglands. Acute graft-versus-host disease (aGVHD)
has been shown to affect exocrine pancreatic ducts but not
exocrine or endocrine cells [5]. To our knowledge, serum
amylase levelshave not beenstudied with regard tochronic
GVHD (cGVHD). We therefore followed the activities of
total amylase,salivaryand pancreatic isoamylases in serum
from 30 bone marrow transplant patients at various time intervals up to 1year afterTB1.
Materials and methods
Scrum amylase, pancreatic and salivary isoamylascs wcrc measured
before TBI and at various timcs up to 1 ycar after TBI in 3Oconsccutive patients subjected to allogenic bone marrow transplantation.
The avcrage age of the patients was 31 years (rangc 2-58), Nine patients sulfcred from acute lymphocytic Icukacmia: ten had chronic
myelocytic leukacmia. six had acute myelocytic Icukacmia. two had
myeloma, one had a neurobhstoma. one a myelodysplastic syndrome and one myelofibrosis. As conditioning thcrapy before transplantation, 27 patients rcccivcd cyclophosphamide ( I 20 mukg over
2 days), two patients received melphalan (140 mglm') and one patient busulphan (16 mg/kg). Eight patients receiving T-cell-depleted
marrow were givenTBl delivered by a linear accelerator at a total of
7.5 Gy. with 7 Gy toward the lungs at a dose rate of 26 cGylmin. The
other 22 patients received 10 Gy of TBI.with 9 Gy toward the lungs
at a mean dose rate of 4 cGy/min. As prophylaxis against GVHD,
21 patients received cyclosporin A and methotrexate. eight patients
received T-cell-depleted bone marrow, and one patient received no
prophylaxis since he received bone marrow from his HLA-identical
twin brother. A description of the treatment has been published in
detail previously [12].
Serum amylase activities were determined using a Phadebas
amylase test (reference range 1.5-6 pkatfl). Pancreatic and salivary
isoamylase were measured with a Phadebas is0 amylase test usingsalivary inhibitor from wheat (Pharmacia. Uppsala. Sweden, reference
range 0.6-3.3 pkat/l for pancreatic isoamylase and 0.4-4.0 pkat/l for
salivary isoarnylase).

Results

Pre-irradiation samples were available from 20 of the
30 patients. The mean serum amylase was 3.2 f0.5 pkat/l
(mean f SE), the mean pancreatic isoamylase was

97
16

12
141

T

correlation between the duration of dryness of the mouth
and the duration of depressed salivary isoamylase was
seen (below reference range 0.4 pkat/l, r = 74, P < 0.001,
n = 18).There was also a correlation between the duration
of total parenteral nutrition and the duration of depressed
pancreatic isoamylase (below reference range 0.6 pkat/l,
r = 0.63, P < 0.005, n = 20).
At 3 and 4 weeks during aGVHD there was no difference in patients with or without GVHD. As an
example, total amylase at 4 weeks was 2.1 1.2 in 11 patients with aGVHD grade 1-11 compared with 1.6 f 0.7 in
nine patients with no aGVHD. There were no differences
observed between five patients who developed cGVHD and nine patients without cGVHD at 3-12 months. However, patients with cCVHD tended to have higher total
amylase levels compared with patients without cGVHD
(2.5 f0.5 compared with 1.9 f 0.3, respectively), and the
total amylase levels were due to an equal distribution between pancreatic and salivary isoamylase (n. s.). In two patients, one with and one without cGVHD, serum amylase
was analysed after 1year.Total serum amylase was3.6 and
1.0 pkat/l (pancreatic isoamylase, 2.9 and 0.8 pkat/l; salivary isoamylase, 0.7 and 0.2 pkatll), the higher values in
the patient with cGVHD.
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Fig.l. Pancreatic isoarnylase levels in bone marrow transplant patientsduring the first year followingTI31. Verticallines indicateSEM.
Reference range is.indicated by the two horizontal lines

1.6 f 0.2 pkat/l and salivary isoamylase 1.6 f 0.4 pkat/l.
After TBI the serum amylase increased to a maximum of
100.3k 12.3 pkat/l after 1 day (n = 23, Figs. 1,2). Most of
this increase was due to an increase in salivary isoamylase
(90.0 f 12.1 ykatfl). An increase in pancreatic isoamylase
was seen in eight (27%) of the patients (mean
27.1 f 8.8 pkatfl).
Serum amylase activities returned to normal within
5 days as did the activities of both isoamylases.The serum
amylase activity then continued to fall, reaching subnormal levels 2 weeks after TBI ( n = 24). and remained below
pre-irradiation levels for the rest of the observation time.
However, after 3 weeks the reference level was reached
and at 1.5 months after TBI the highest serum amylase
value post-TBI was reached (2.2 f0.4 pkat/l, n = 17).
Pancreatic isoamylase remained below pre-irradiation
levels for4 weeks, but then returned to normal 1.5 months
after TBI (n = 17). The decrease in pancreatic isoamylase
during the first month was not more pronounced in the patients who had high pancreatic isoamylase after TBI.
Salivary isoamylase remained below pre-irradiation levels for the rest of the observation time. However, in
13 patients salivary isoamylase increased above the lower
boundary of the reference range (0.4 pkat/l) after a mean
of 3.3 months.
Patients receiving7.5 Gy ofTBI had significantly lower
totalandsalivary isoamylase levelsatday 2comparedtopatients receiving 10 Gy of TBI: 32 f 5 and 31 f 5 compared
with77 f 13and76 k 13(P< 0.05, P < 0.05,respectivelyfor
total and salivary isoamylase). At 2.5 months post-TBI,
total amylase levels were significantly higher: 2.5 f 0.4 for
patients given 7.5 Gy of TBI compared with 2 k 0.5
(P<O.Ol) for patients treated with 10Gy of TBI. At
6 months the corresponding figures were 2.7 f 0 . 3 and 0.8
f0.3 for 7.5 Gy and 10 Gy of TBI, respectively ( P c 0.05).
All patients had clinical symptoms of parotitis within
12 h after TBI which persisted for 2 4 4 8 h. No patients
had clinical symptoms of pancreatitis even though 27% of
them had increased pancreatic isoamylase. However, intestinal symptoms such as nausea, vomiting and diarrhoea
were seen in all patients and necessitated total parenteral
nutrition for a mean of 3.8 weeks (range 2-8 weeks). A

Discussion
The hyperamylasaemia seen in this study most probably
reflects an acute TBI-induced damage to the cells of the
salivary glands and the exocrine pancreatic tissue. Serum
110 1
100

40
30
20

I II II I L

nr2O

23

20

23

lo

20

21

25

24

18

20 17

20

14

13

7

2

Fig.2. Salivary isoamylase levels in bone marrow transplant patients
during the first year following TBI. Vertirollines indicate SEM. Reference range is indicated by the two Iiorizonml fines

YS

amylase normalized within 5 days after TBI. Our findings
are in agreement with earlier studies by Barrett et al. [ l ]
and Junglee et al. [8].However, these studies were discontinued after 1 week while in the present study serum amylases were followed for up to 6 months after TBI in most
patients. The serum amylase levels continued to decrease
and reached subnormal levels and remained low until
4 weeks after TBI. This reduction represents further evidence of long-term tissue damage caused by TBI.
The higher contribution of salivary isoamylase to the
acute increase in total serum amylase and the following
prolonged depression of the salivary isoamylase after TBI
are probably due to more severe radiation damage to the
salivary glands than to the pancreas. Our data suggest that
the total dose of irradiation is more important than the
dose rate. Patients receiving 7.5 Gy at a fast dose rate,
26cGy/min, compared to 1 0 G y at a slow dose rate,
4 cGy/min, have less serious acute damage and faster recovery as measured by salivary and total amylase.
Dryness of the mouth after BMT may be linked to salivary gland insufficiency caused by irradiation [7]. The
higher amylase levels in patients with cGVHD compared
with patients without GVHD could be explained by an
immunological attack with continuous leakage of amylase. Alternatively, these patients may have a low salivary
and pancreatic juice production, which might give a relatively higher amount of amylase to the serum.
No clinical symptoms of acute irradiation damage to
the pancreas were detected. However, symptoms which
may be linked to subsequent pancreatic exocrine insufficiency. such as nausea, vomiting and diarrhoea were seen
in all patients. There are several other reasons for these
symptoms after BMT, including damage to the gastrointestinal tract by chemotherapy, irradiation. infections and
GVHD. However, among our patients a GVHD did not
cause any damage to the pancreas as measured by amylase. Foulis et al. have shown that aGVHD induces ductal
changes in the human pancreas, which is concordant with
our findings [5].
Using the dog as an experimental model, Nacchiero et
al. [ 1 I ] suggested that pancreatic secretory insufficiency
after TBI may play a role in the post-irradiation gastrointestinal symptornatology. This was supported by Corring
et al. [3] who showed a depressed pancreatic function in
dogs after irradiation, and Michel et al. [lo] detected
marked histological changes and exocrine insufficiency in
dogs succumbing t o cachexia after irradiation. Our finding
that gastrointestinal symptoms persist as long as the depression in pancreatic isoamylase levels, supports these
findings. It has been proposed by several investigators
that salivary amylase may contribute to the intestinal digestion of starch especially during pancreatic diseases
where pancreatic isoamylase levels are diminished [4, 6,
131. We have previously reported a homeostatic regulation of serum amylase [2] where the salivary isoamylase
increased when the pancreatic isoamylase decreased and
vice versa. However, after TBI, both salivary and pancre-

atic isoamylases are depressed and, therefore, no compensatory mechanism can be expected.
A reduction in food intake can also lead to diminished
amylase release [14].This can partly explain the low levels
during the first month after TBI when the patients were
maintained on total parenteral nutrition. One would
therefore expect an increase in both pancreatic and salivary isoamylase levels when oral nutrition was reinstated.
This did not happen, however.
To conclude, the correlation between the early gastrointestinal symptoms and depressed pancreatic
isoamylase levels makes it possible that the decrease in
exocrine pancreatic function is one cause of the symptomatology of the intestinal syndrome after irradiation.
Therefore, substitution with digestive enzymes may be of
value after TBI in reducing gastrointestinal symptoms.

References
1. Barrett A, Jacobs J, Kohn J, Raymond J, Powles R L (1982)

Changes in serum amylase and its isoenzymes after whole body
irradiation. Br Med J 295: 170-171
2. Brattstrom C, Tyden G, Tollemar J, Bergstrom K, Groth CG
(1987) Serum amylasehoamylase ratio as a determinant of pancreatic graft exocrine function. Transplant Proc 5: 3876-3879
3. Corring T, Daburon J. Guegneau A-M, Roger A. Tricaud Y
(1975) Effect de I'irradiation aigue sur la secretion du pancreas
exocrine chez le porc. Strahlentherapie 149 417-425
4. Editorial (1987) Role of salivary amylase in gastric and intestinal
digestion of starch. Dig Dis Sci 1 0 1155-1 157
5. Foulis AK, Farquharson MA, Sale G E (1989) The pancrcas
in acute graft versus host diseasc i n man. Histopathology 14:
121-1 28
6. Fried M. Abrahamson S, Mcyer H (1987) Passage of salivary
amylase through thc stomach in humans. Dig Dis Sci 1 0
1097-1 I03
7. Hcimdahl A, Johnson KH. Daniclsson B. Lannqvist B, Sundclin P, Ringddn 0 (1985) Oral condition of paticnts with Icukcmia and severe aplastic ancmia. Oral Surg 60: 498-504
8. Junglec D, Katrak A. Mohiuddin J, Blacklock H. Prentice HG,
Dandona P (1986) Salivary amylase and pancreatic enzymes in
serum after total body irradiation. Clin Chem 32: 609-610
9. Kashima HK. Kirkham WR. Andrews JR (1965) Postirradia-

tion sialadenitis. Am J Roentgenol Rad Therapy Nuclear Med
9 4 271-291
10. Michel C. Calvo W.Raghavachar A , Fliedner TM (1986) Histo-

chemical studies on the effects of lethal total body X-irradiation
on the pancreas of dogs rescued by autologous bone marrow
transplantation. Cell Med Biol32: 519-526
11. Nacchiero M, Pieroni P, Dreiling D A (1976) X-radiation and
pancreatic secretion in the dog. Clin Res 24: 12A
12. Ringden 0, Backman L. Lonnqvist B, Heimdahl A, Lindholm A, Bolme P. Gahrton G (1986) A randomized trial comparing use of cyclosporin and methotrexate for graft-versus-host
disease prophylaxis in bone marrow transplant recipients with
haematological malignancies. Bone Marrow Transplant 1: 41-51
13. Skude G. Ihse I (1976) Salivary amylase in duodenal aspirates.
Scand J Gastroenterol 11: 17-20
14. Sodicoff M, Pratt NE, Trepper P. Sholley MM, Hoffenberg S
(1977) Effect of X-irradiation and the resultant inanition on
amylase content of the rat parotid gland. Arch Oral Biol 22:
261-267

