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In order to evaluate the relationship of PGE2 to hypercalcemia in cancer patients, 101 patients were 
screened with a radioimmunoassay for plasma prostaglandin El (PGEl) (NL < 100 pg/ml). Of the 101 
patients, 31 were hypercalcemic. Mean PGEl (2SEM) of the 31 patients was 199 f 36 pg/ml. Among 
the 70 normocalcemic patients, mean rt S E M  PGE2 was  85 f 12 pg/ml (range = <25-225 pg/ml) 
(P < 0.001). Seventeen hypercalcemic patients were initially treated with saline and furosemide, then 
were prospectively screened for serum parathormone (IPTH) and PGE2. Fourteen of 17 patients were 
then treated empirically with indomethacin (25 mg bid . )  for 72 hours and the PCE2 assay was repeated. 
Prior to therapy with indomethacin (mean f SEM), Cat ‘ = 12.2 f 1.5 mg/dl (NL 8.4-10.6 mg/dl), 
PGE2 = 87.1 k 36.8 pg/ml, (range = <25-209 pg/ml), and iPTH = 406 f 266 pg/ml (NL < 400 pg/ 
ml) (range = <loo-825 pg/ml). PGE2 was elevated before treatment in 6/14 patients (breast, colon, 
renal, lung, neck tumors, and myeloma). Following treatment with indomethacin, PGE2 and calcium fell 
to normal levels in three patients (breast, colon, renal carcinomas). These results suggest: (1) A bimodal 
distribution of PGEs exists in hypercalcemic cancer patients. (2) There was some evidence of lack of 
whole molecule iPTH suppression in these patients. (3) Multiple stimuli of calcium mobilization may 
play an important etiologic role in a few hyercalcemic cancer patients and may explain the failure of 
indomethacin to control serum Ca++ in some patients with elevated PGE2. 
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YPERCALCEMIA in cancer patients is a common H cause of severe morbidity and an occasional cause 
of death. Control usually requires prolonged hospital- 
ization for vigorous hydration and various medications 
including steroids, mithramycin, or phosphate. Sus- 
pected or documented causes of hypercalcemia in 
cancer patients have included parathormone excess, 
either from a coexistent parathyroid adenoma’ or 
tumor secretion of parathorm~ne,’-’~ prostaglandin E2 
( PGE2),” 23 osteoclast-activating f a ~ t o r , ~ ’ . ~ ~  vasoactive 
intestinal ~ e p t i d e , ’ ~  vitamin D-like  sterol^,^' prolonged 
immobilization,2x*29 d e h y d r a t i ~ n , ~ ~  adrenal insufficiency 
from tumor metastases,29 . O o  hormonal therapy,29,”-33 
( e . g . ,  “tamoxifen flare”), and thiazide therapy.34 If  it 
were possible to determine a specific cause of the hy- 
percalcemia, i n  many circumstances patients could be 
treated more specifically, decreasing hospitalization 
time and providing substantial palliation. 
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Among the causes of hypercalcemia in  malignant 
diseases, overproduction of prostaglandins associated 
with tumors has been estimated to occur in approxi- 
mately one-third of affected patients with normal serum 
parathormone  concentration^.^^ Such a mechanism 
lends itself to specific, single pharmacologic inhibition 
by well-known available cyclooxygenase inhibitors, such 
as indomethacin and aspirin. We have previously stud- 
ied a population of hypercalcemic patients with malig- 
nant tumors22 and found a group with elevated pros- 
taglandin E2 when compared with normocalcemic cancer 
patients with and without bone metastases. In  this com- 
munication, we extend these observations and report a 
prospective study of prostaglandin E2, parathormone, 
and response to indomethacin therapy in  hypercalcemic 
patients with various malignancies. 

Materials and Methods 

Subjects 

PGE2 concentrations were determined in 101 patients 
with cancer who were being treated at the Division of 
Oncology, Hershey Medical Center. Seventy normo- 
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calcemic patients served as controls, the remaining 3 1 
were hypercalcemic. 

Of the 3 1 hypercalcemic patients, 17 were prospec- 
tively evaluated for treatment with indomethacin ther- 
apy. All 17 patients had complete history and physical 
examination performed upon admission. Laboratory 
and diagnostic examinations were performed as nec- 
essary. Bone metastases were detected by Technetium 
MDP Scan, bone survey, or both. Patients were treated 
with 48 hours of aggressive saline and furosemide ther- 
apy. If the calcium level remained elevated, plasma for 
PGE2 and serum for immunoreactive parathormone 
(iPTH) were obtained. Patients were then treated with 
indomethacin, 25 mg b.i.d., for a period of 48-72 hours 
if there were no medical contraindications to therapy. 
Of the initial seventeen patients, 14 were treated with 
indomethacin. All treated patients except two had bone 
metastases on scan or radiograph. Plasma PGE2 deter- 
minations were repeated after the 48-72-hour period. 
If a patient's serum calcium responded, therapy with 
indomethacin was continued indefinitely, until death or 
until the serum calcium level rose again while the pa- 
tient was on therapy. Patients whose calcium level rose 
or remained stable on therapy were treated with other 
calcium-lowering agents (e.g. ,  mithramycin or ste- 
roids). Plasma for PGE2 determination was obtained 
following treatment with these agents in a limited num- 
ber of patients. All patients treated on this protocol gave 
informed consent. The protocol was reviewed and ap- 
proved by the Clinical Investigations Committee of the 
Hershey Medical Center, Pennsylvania State Univer- 
sity School of Medicine. 

Assays 

Serum calcium concentrations were determined using 
the cresolphthalein complexone reaction on the Tech- 
nicon SMA 12-60. The normal range for serum calcium 
in our laboratory is 8.4-10.6 mg/dl. 

Prostaglandin El levels were determined in plasma 
by radioimmunoassay as previously d e ~ c r i b e d . ~ ~  Blood 
was collected into prechilled heparinized tubes and the 
plasma obtained by centrifugation at 4 C within 15 
minutes of collection. The plasma was then stored fro- 
zen at -70 C until analyzed by radioimmunoassay. 
Radioimmunoassay was carried out following ethyl ac- 
etate extraction of prostaglandins from the plasma and 
following separation of the A, E, and F series prosta- 
glandins by silicic acid chromatography. Albumin-con- 
jugated antibodies specific to the E series prostaglandins 
raised in our laboratory were used in the assay. This 
PGE antiserum has 100% cross reactivity with PGE,, 
70% cross reactivity with PGE2, 88% reactivity with 
PGA,, 51% reactivity with PGA2, 14% reactivity with 

TABLE 1. Serum Calcium and PGE Data from Cancer Patients 
with and without Hypercalcemia (mean f SD) 

Serum Ca++ Plasma PGE 
(mddl )  (pn/ml) 

~~ ~_______ 

102 f 8 
85 f 12 

199 f 36 
High PGE group ( N  = 10) 424 f 64 
Low PGE group (N = 21) 12.3 + 0.34 8 9 k  8 

Normocalcemic (N  = 70) 

Hypercalcemic ( N  = 31) 

9.4 ? 0.07 
9.3 f 0.1 

12.3 k 0.29 
12.2 f 0.45 

with bone mets ( N  = 21) 

PGB,, 6% reactivity with PGFz, and less than 1% cross 
reactivity with other related prostaglandin components 
including the 13, 14 dihydro, 15 keto PGE metabolite. 
Tritium-labeled PGE was purchased from New En- 
gland Nuclear and the prostaglandin E standards were 
a generous gift from the Upjohn Company. Dextran- 
coated charcoal was used to separate the antibody 
bound from free trace. All calculations were performed 
using the Rodbard3' statistical program for logit trans- 
formation of B/Bo and results were expressed as pi- 
cograms PGE/ml blood (pg/ml). The normal range for 
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FIG. 1. Scattergram representation of plasma PGE concentrations 
of 101 evaluated patients, 31 of whom were hypercalcemic. 
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FIG. 2. Serum calcium and plasma PGE concentrations prior to and 
following therapy with indomethacin in three responding patients. 

plasma PGE in our laboratory as performed on normal 
subjects is 25-100 pg/ml with a methodologic coeffi- 
cient of variation of 16%. Data were analyzed statis- 
tically by analysis of variance. Significance between two 
groups was determined by the method of least signifi- 
cant differences. A P value of 0.05 or less was consid- 
ered to be significant. 

Immunoreactive parathormone (iPTH) was collected 
into a prechilled glass tube. The blood was allowed to 
clot, the serum obtained by centrifugation, and then 
stored frozen at -70 C until assayed. Specimens were 
sent to Riverside Laboratories, Riverside, California, 
where radioimmunoassay against a “whole molecule” 
parathormone was performed. Normal range for this 
assay is <400 pg/ml; however, suppressed values are 
usually <200 pg/ml. 

TABLE 2. Mean Serum Calcium, PGE and Parathormone Data in 
17 Hypercalcernic Patients Evaluated prior to 

Calcium-Lowerinn Theraov 

Normal Values 

Mean serum 
Ca” f SD = 12.2 ? 1.5 mg/dl 8.0-10.6 rng/dl 

Mean PGE 2 SD = 87.1 f 36.8 pg/ml <I00 pg/ml 
Mean PTH ? SD = 406 f 266 pg/ml <200-400 pg/rnl 

Results 

In  the total group of 31 hypercalcemic cancer pa- 
tients, mean PGE2 concentrations ( P  < 0.01) were 
higher than for normocalcemic cancer patients (Table 
I ) .  When the data were further analyzed, hypercal- 
cemic patients appeared to separate into two groups, 
which we arbitrarily divided into “high” and “low” 
PGE, groups at a PGE2 plasma concentration of 150 
pg/ml (Fig. 1). The low PGE, group had mean con- 
centrations identical to those of normocalcemic pa- 
tients. Patients who were normocalcemic with bone 
metastases had PGE, concentrations no different from 
those normocalcemic patients without bone metastases. 

Seventeen of these hypercalcemic patients were ini- 
tially evaluated with whole molecule iPTH and PGE, 
concentrations. Fourteen patients were empirically 
treated with indomethacin for 48-72 hours, and PGE2 
levels were repeated following treatment. Three patients 
were not treated because of their inability to take oral 
medication or renal failure contraindicating the use of 
indomethacin. Pretreatment calcium, PGE, and iPTH 
data are listed in Table 2. Mean PGE2 concentration 
in this group was the same as in a comparable group 
of normocalcemic cancer patients and were within the 
established normal limits of the assay. All patients had 
bone metastases except two, a patient with colon car- 
cinoma and a patient with lymphoma. Calcium and 
PGEz concentration prior to and following therapy with 
indomethacin are depicted in Figures 2 and 3. Of 14 
studied patients, three responded to indomethacin ther- 
apy. All three patients had PGE, concentrations above 
the assay normal limits (< lo0  pg/ml) and all PGE, 
concentrations fell to within normal limits during the 
three-day therapeutic indomethacin trial period. Mean 
PGE, concentrations of these three patients were 137 
t- 10.4 pg/ml and 83.3 f 10.2 pg/ml prior to and fol- 
lowing therapy, respectively. None of the responding 
patients had PGE, concentrations that we considered 
in the “high” PGE2 group. Of 11  indomethacin non- 
responders, ten had PGE, concentrations within assay 
normal limits. Most PGE2 concentrations within this 
group were within the normal limits (Fig. 3) ,  which 
dropped further with indomethacin therapy. Three pa- 
tients had an elevation in PGE, concentrations follow- 
ing treatment with indomethacin. Although 50 mg/day 
is considered an adequate cyclooxygenase suppressive 
dose, perhaps, for these patients, this dose was inade- 
quate. Another explanation may be the lack of patient 
compliance, although all patients were hospitalized. 

Listed in Table 3 are the 17 patients’ tumor types, 
which were assayed for PGE, and treated for hyper- 
calcemia (14 of 17 treated with indomethacin). Initial 
elevations of PGE, above the laboratory normal range 
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were found in seven patients, three of whom responded 
to indomethacin, two of whom were not treated with 
indomethacin, and two of whom did dot respond to 
treatment. The two patients who had elevated PGE2 
concentrations but did not respond to indomethacin 
therapy also had elevations of whole molecule iPTH. 

Most of the evaluated patients (14/17) had inappro- 
priately high whole molecule iPTH concentrations 
(above suppressed levels) for the degree of elevation of 
serum calcium. The iPTH was above the laboratory 
normal range in approximately one-half (8 /  17) of the 
patients. Evaluation by tumor types reveals no predom- 
inant tumor associated with high iPTH concentrations. 

Discussion 

This preliminary study suggests marked derangement 
in calcium homeostatic mechanisms in hypercalcemic 
patients with malignant disease. PGE2 elevations i n  7 /  
17 (41 %) patients did not necessarily parallel responses 
to indomethacin therapy (3/5 treated patients with el- 
evated PGE2 responded). Thus, we surmise that pros- 
taglandins, at least PGE2, may be predominantly or 
solely responsible for the elevation in  calcium in ap- 
proximately 20% of those affected. Because of small 
numbers of patients with heterogeneous tumors, the 
data do not allow a prediction as to which patients may 
be most likely to respond to a cyclooxygenase inhibitor. 

The fact that we implicate PGE2 in the etiology of 
hypercalcemia in 20% of our patients is not remarkable. 
It has been clear for some time that prostaglandins can 
play a significant etiologic role in the hypercalcemia of 
cancer patients."-23 Seyberth et a/. found that among 
hypercalcemic patients whose iPTH levels were sup- 
pressed, a urinary PGE2 metabolite was elevated. In 
addition, concentrations of measured calcium dropped 
along with those of the urinary metabolite when patients 
were treated with a cyclooxygenase inhibitor, aspirin, 
or ind~methacin. '~ Our experience with three patients 
corroborates this observation, using our measurements 
of plasma PGE2. 

Two patients with elevated PGE2 levels did not re- 
spond to indomethacin treatment. Although PGE2 lev- 
els dropped to normal levels, serum calcium did not. 
iPTH levels were not suppressed in these patients but 
were within the normal limits. In  the three responding 
patients, iPTH levels were normal in  one, elevated in 
one, and suppressed in one. 

Difficulties in interpreting prostaglandin data may 
lead to problems in determining their true role in the 
etiology of hypercalcemia. Assays and antibodies vary. 
Differences in the urinary assay employed by Seyberth 
et al. 23 from our plasma assay may make comparison 
of studies difficult. We must wonder whether random 
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FIG. 3. Serum calcium and plasma PGE concentrations prior to and 
following therapy with indomethacin in 1 1 nonresponding patients. 

plasma PGE2 assay from venous blood may not reflect 
the true status of tumor prostaglandin production in 
our patients. PGEs are inactivated by 60-90% after one 
passage through the pulmonary circulation of dog, cat, 
and rabbit, as well as synthesized by normal lung pa- 
r e n ~ h y m a . ~ ~  Current work suggests prostacycline (PG12) 
as a potent in vitro bone resorbing s~bstance.~ '  

Immunoreactive parathomone data reported here are 
surprising in that there is little suppression of the whole 
molecule measured. Stewart et ~ 1 . ~ '  recently showed 
iPTH suppression in all hypercalcemic cancer patients 
evaluated with four region-specific assays. Urinary 

TABLE 3. Relation of Tumor Type to Elevated PGE and Response 
to lndomethacin in 17 Hypercalcemic Patients 

Total Elevated Response to indomethacin 
no. PGE (response/number tested) 

Breast 
Colon 
SQ lung 
Adeno lung 
Myeloma 
Renal cell CA 
Head and neck 
Lymphoma 

TOTAL 

7 
2 
2 
1 
1 
2 
1 
1 

17 
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cyclic AMP was activated in approximately 80% of the 
patients. They suspect an immunologically distinct fac- 
tor that mimics parathormone activity in  the proximal 
tubule but not in the distal tubule. Perhaps the antibody 
used in our assay was less specific and cross-reacted 
with an antigenically distinct hormone. Other investi- 
gators have implicated the ectopic production of 
parathormone as causal in hypercalcemia of malig- 
nancy7-l4and the whole problem may be related to the 
type and specificity of parathormone antibody ~ s e d . ~ ~ , ~ ~  

It is conceivable that some of our patients may have 
had a coexistent parathyroid adenoma. We did not con- 
duct extensive investigations to rule out this possibility, 
but recent published reports have estimated the inci- 
dence of coexistent primary hyperparathyroidism with 
other malignancies to be 10-30%.’-6 

Two patients with plasma prostaglandin concentra- 
tions above the normal limits did not respond to the 
cyclooxygenase inhibitor. iPTH concentrations in  these 
two patients were in the high range of normal. Although 
it is difficult to make conclusions from single assay re- 
sults, we suspect multiple, simultaneous humoral de- 
rangements may be present in some patients; perhaps 
the tumor synthesizes multiple ectopic peptides, which 
are hormonally active. 

Future studies may be able to incorporate techniques 
that can identify abnormal or “prohormone” parathor- 
mone molecules. Improved understanding of prosta- 
glandin activity and metabolism, and measurements of 
6-keto-PGE, the major metabolite of prostacycline, may 
further explain the role of prostaglandins in cancer pa- 
tients. Recent advances in the understanding of vitamin- 
D metabolism, particularly with the 1-25-(OH)2 vita- 
min D, assay44 have emphasized the importance of vi- 
tamin D in calcium homeostasis. Further studies of ac- 
tive vitamin D metabolites are necessary to determine 
whether these sterols have an active role in the etiology 
of hypercalcemia in patients with malignant disease. 
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