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Abstract

Urate concentrations in serum and renal urate clearance were
prospectively evaluated in patients with small cell lung cancer
(SCLC). Serum urate and renal urate clearance were measured
before and during cytostatic treatment until disease progression
(PD) in 12 patients with the syndrome of inappropriate antidiure-
sis (SIAD) and in 8 patients without. Hypouricemia occurred in 4
SIAD patients before treatment and also when tumor regression
was obtained. Two normouricemic SIAD patients developed hy-
pouricemia when PD occurred. No patient without SIAD experi-
enced hypouricemia. Serum urate in patients with SIAD was
lower than in those without SIAD before cytostatic treatment but
not 3 months after the treatment. Hypouricemic patients had
higher urate clearance than normouricemic and it remained high-
er even after tumor regression. Serum urate was invalid as mark-
er of tumor regression or relapse. SIAD patients have higher
glomerular filtration rates than patients without SIAD, which
may influence the renal excretion of cytostatic drugs.

Key words: Small cell lung cancer; hypouricemia, syndrome of
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Hypouricemia is frequently found in patients with
hyponatremia due to the syndrome of inappropriate anti-
diuresis (SIAD), and it has been suggested that hypourice-
mia may be diagnostic for the occurrence of SIAD in
patients with hyponatremia (2). Passamonte (11) reported
a retrospective study in patients with small cell lung carci-
noma (SCLC) where 6 out of 8 patients with SIAD had
hypouricemia and the coexistence of hypouricemia and
hyponatremia predicted SIAD reliably (6/6 patients).
However, the concentration of serum urate alone was
found in a prospective study to have rather low sensitivity
and specificity for the diagnosis of SIAD, though SIAD

patients as a group had significantly lower serum urate
concentrations than other SCLC patients (9). It was pro-
posed that measurements of serum urate during antineo-
plastic therapy in SCLC patients with SIAD might add to
the clinical and radiological evaluation of tumor regres-
sion and relapse (9).

The purpose of the present study was to investigate
prospectively whether serum concentrations of urate or
the renal urate clearance could be a marker of tumor
regression or relapse in SCLC patients with SIAD. Con-
comitantly, the mechanism of the low serum urate con-
centration in SIAD patients could be elucidated in a clini-
cal setting together with the alterations in renal function
and body fluid compartments during cytostatic treatment
of the malignant disease.

Material and Methods

Patients. Patients with newly diagnosed and untreated
SCLC, admitted to the Finsen Institute or Bispebjerg
Hospital for cytostatic treatment, were eligible for the
study. Histologic classification was performed according
to the WHO classification (14) by pathologists at the
respective hospitals. Patients receiving drugs influencing
the salt-water balance and patients with neurological dis-
orders were not included.

Further criteria for inclusion were normal liver, cardiac
and renal functions, as evidenced by plasma concentra-
tions of liver enzymes, electrocardiography and serum
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Table 1

Median values of serum urate, renal urate clearance and 24-h urate excretion before cytostatic treatment, at remission and, for serum
urate, at progression of the malignant disease

Patient group Pretreatment At remission At disease
progression
p-sodium s-urate  Urate- 24-h p-sodium s-urate  Urate- 24-h p-sodium s-urate
{mmol/l) (mmol) clearance urate (mmo}) (mmoll) clearance urate (mmol/l) (mmol/l)
(mmol)  excretion (ml/min) excretion
(mmol) (mmol)
Hypouricemic
SIAD (n=4) 119 0.13 21.2 3.6 127 0.15 13.1 2.8 126 0.19
Normouricemic } *
SIAD (n=8) 130 0.21 8.8 2.7 133 0.26 9.3 3.0 125 0.19
Patients without }
SIAD (n=8) 142 0.28** 8.2 2.9 142 0.26 6.9 2.5 140 0.22

* p<0.05; **<0.02.

creatinine, and a urine free of protein and glucose. The 24-
h urine cortisol excretion should be normal. Informed
consent was obtained from all patients.

For inclusion of patients both with and without a possi-
ble SIAD, SCLC patients with plasma sodium below 136
mmol/l and a group of SCLC patients with plasma sodium
above 140 mmol/l were examined.

Treatment. Chemotherapy was given according to one
of three regimens in a controlled trial, consisting of either
a 6-drug alternating combination, a continuous 6-drug
combination or an alternating 9-drug chemotherapy as
described elsewhere (10). All 3 regimens included lomus-
tine, cyclophosphamide, methotrexate, vincristine, etopo-
side and doxorubicin while vindesine, cisplatin and he-
xamethylmelamine were added in the 9-drug regimen.

Response assessment was performed every 4 weeks
according to the WHO criteria (13) and, in case of treat-
ment cessation, the patients were followed until death.
The effect of treatment was defined as complete and
partial responses. Complete response (CR) is disappear-
ance of all known disease, while partial response (PR) is a
decrease in total tumor size of 50% or more without
appearance of new lesions or progression of any lesion.

Examination program. All patients were examined be-
fore initiation of cytostatic treatment and, if remission
occurred, they were reexamined after 3 months with the
initial program.

SIAD was defined by the presence of hypoosmolality of
plasma (less than 280 mosm/kg), hyponatremia (less than
136 mmol/l) and inappropriately concentrated urine, i.e.
urine osmolality exceeding that of plasma. Patients with-
out SIAD all had normal plasma osmolality, normal plas-
ma sodium concentration, and a urine osmolality below
that of plasma.

Plasma and urine osmolalities were measured by freez-
ing point depression. Glomerular filtration rate (GFR) was

evaluated by inulin-clearance (reference limits: 57-162
ml/min in males and 58-146 ml/min in females).

The plasma volume was recorded as '*I-albumin space
and the extracellular volume (ECV) as inulin space.

The urate concentration in a 24-h urine sample and
morning urate concentration in serum were measured in
order to calculate the renal urate clearance and the 24-h
urate excretion (reference limits were for serum urate
0.20-0.45 mmol/l in males and 0.15-0.35 mmol/l in fe-
males; plasma sodium 136-146 mmol/l).

Serum urate and plasma sodium were recorded every 4
weeks in all patients until tumor progression.

Statistical analyses were made using Wilcoxon’s rank
sum test for paired data and Mann-Whitney’s rank sum
test for unpaired data (1). The correlation between con-
comitant observations were analyzed by Spearman’s non-
parametric correlation coefficient (3).

Results

Patient characteristics. Twelve patients with SIAD and
8 patients without the syndrome were included in the
study. There were 14 males and 6 females. Six patients
had extensive disease (spread beyond one hemithorax and
supraclavicular lymph nodes), 3 had a performance status
of 0, 14 of 1 and 3 a performance status of 2 (Zubrod scale,
15)

The median survival was 369 days (range 212-1006) for
patients without SIAD and 351 days (210-870) for SIAD
patients.

Remission of the malignant disease occurred within 3
months in 10 SIAD patients (5 PR, 5 CR) and in 4 patients
without SIAD (2 PR, 2 CR). One additional partial re-
sponse occurred after 3 months among the SIAD patients
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Table 2

Extracellular volume (ECV) and plasma volume (PV) before cytostatic treatment (Pretreatment) and after tumor
remission (At remission)

ECV (% of body weight)
median (range)

Patient group

PV (% of body weight)
median (range)

Pretreatment At remission Pretreatment At remission

Hypouricemic 21.9 (18.2-27.6) 19.4 (16.1-25.5) 5.3 (4.7-5.5) 4.8 (4.4-5.0)
SIAD n=4 n=4 n=4 n=4

Normouricemic 20.6 (16.9-28.2) 20.3 (15.8-27.0) 4.9 (4.1-7.0) 5.2(4.8-6.3)
SIAD n=8 n=6 n=8 n=6

Without SIAD 20.1 (13.0-28.5) 21.8 (19.6-23.4) 5.0 (4.0-6.1) 5.6 (5.0-6.4)
n=8 n=4 n=8 n=4

Serum urate
(mmol/})

0.35-

0.25

0.20

0.1564

0.104

0.0 59

0.00 T T ——- - T - .
PT R PD PT R PD

SIAD No SiAD

Figure. Serum urate concentration in 19 patients with small cell
cancer, 11 patients with and 8 without the syndrome of inappro-
priate antidiuresis (SIAD). Pretreatment (PT), time of tumor
remission (R), time of tumor progression (PD).

and 2 additional partial responses among the patients
without SIAD.

Serum urate. Results of serum urate concentrations
before treatment, at remission and relapse, are shown in
Table 1. Before treatment, hypouricemia was observed in
4 of the 12 SIAD patients, but was not found in the

patients without SIAD. At this initial examination serum
urate concentrations were lower in SIAD patients than in
patients without SIAD (p<0.02).

At the time of remission, hypouricemia was observed in
5 out of 11 responding patients with SIAD (1 CR, 4 PR)
and in none of 6 responding patients without the syn-
drome. No statistically significant difference in serum
urate concentration could be detected between the 2
groups of responding patients. One of the initially hypour-
icemic SIAD patients had normal serum urate at the time
of remission. Two initially normouricemic SIAD patients
developed hypouricemica at the time of remission (1 CR,
1 PR), and 2 additional patients had hypouricemia at the
time of disease progression.

All patients in the control group remained normourice-
mic during treatment and at disease progression. The
serum urate values for patients with and without SIAD
before treatment and at the time of tumor remission and
progression are shown in the Figure.

24-h urate excretion. Differences in serum urate con-
centrations at the initial examination were not related to
the 24-h urate excretion. The excretions were similar for
hypouricemic SIAD patients, normouricemic SIAD pa-
tients and patients without SIAD (Table 1).

Urate clearance. Urate clearance was higher in hypo-
uricemic patients than in patients with serum urate con-
centrations within reference limits at the initial examina-
tion (p<0.05). In spite of tumor remission (1 CR, 3 PR) the
urate clearance remained higher than in (p<0.01) com-
pared to normouricemic patients at reexamination though
not significantly (Table 1). There was a significant inverse
correlation between the values of serum urate and the
concomitant values of renal urate clearance (Spearman’s
correlation coefficient R=—0.6739; p<0.001).

Plasma- and extracellular volume. No significant
changes occurred in extracellular volume after tumor re-
gression in either of the patient groups. Similarly, the
plasma volumes remained constant (Table 2). Neither ex-
tracellular volume nor plasma volume of hypouricemic
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SIAD patients were significantly different from normouri-
cemic patients with or without SIAD (Table 2).

Glomerular filtration rate. Two out of 4 SIAD patients
with hypouricemica and one out of 8 SIAD patients with
normal serum urate had GFR above normal limits. The
median inulin clearance was for all SIAD patients 137
ml/min (range 74-177) and for patients without SIAD 99
ml/min (70-122) (p<<0.05) at the initial examination. Inulin
clearance was within normal limits in all patients at reex-
amination with a median of 130 ml/min (87-148) and 90
ml/min (86-123) in SIAD patients and in patients without
SIAD respectively.

Discussion

It has been reported that symptoms of inappropriate
antidiuresis normalize when objective tumor response is
achieved (4), but the presence of SIAD does not appear to
be valid as a marker of tumor response or relapse (5). It is
not known whether an associated hypouricemia might be
useful as tumor marker. @sterlind et al. (9) proposed that
measurements of serum urate in patients with SCLC and
SIAD might be more sensitive than clinical and radiologi-
cal evaluation during antineoplastic therapy. The present
study shows that measurements of serum urate concentra-
tions are not useful as tumor marker in patients with
SCLC due to lack of sensitivity and specificity. As a
marker it is definitely inferior to the conventional clinical
and radiological evaluation of tumor response. Serum
urate measurements were of only limited value in the
detection of PD, since only 2 out of 12 pretreatment
normouricemic patients developed decreased concentra-
tions when PD occurred.

SIAD in patients with concomitant hypouricemia was
described in 1971 by Mees et al. (7). In subsequent stud-
ies, STIAD was found to be common among patients with
SCLC (6), and Passamonte (11) reported that the co-
existence of hypouricemia and hyponatremia predicted
SIAD reliably (6/6 patients). This is supported by the
present prospective study as hypouricemia occurred in 4
patients with hyponatremia and SIAD while no patient
with hypouricemia was observed in the normonatremic
patient group. It was, however, not the purpose of the
study to evaluate this matter, and no hyponatremic pa-
tients without SIAD were included.

The present study confirms the finding of other authors
(6, 9) that SIAD patients in general have significantly
lower serum urate concentrations than SCLC patients
without the syndrome. However, the frequency of hy-
pouricemia among SIAD patients (33 %) was lower than
the 75% reported from a retrospective study by Passa-
monte (11).

Hypouricemia in patients with STAD may be caused by
decreased urate production, dilution due to water reten-
tion or enhanced renal clearance. Beck (2) did not find
low daily urate production in 3 hypouricemic (and hy-

ponatremic) patients. In the present study, the 24-h urate
excretion was found to be similar in hypouricemic and
normouricemic patients. According to the present data
the hypouricemia seems to result from an elevated urate
clearance, as also demonstrated by Mees (7) in experi-
mentally induced water retention.

Hypouricemia is not due to simple dilution of body fluid
compartments, but expansion of the extracellular fluid
compartment has been proven to reduce the tubular reab-
sorption of urate (6, 8). In the present study a significantly
higher renal urate clearance was found in hypouricemic
patients. The extracellular volume and plasma volume
were both initially higher in hypouricemic patients than in
normouricemic ones.

In conclusion, it is apparent that the serum urate con-
centration is invalid as a marker of tumor response or
relapse in patients with SCLLC. The study corroborates
that hypouricemia in SIAD is caused by an increased
renal clearance, while the production seems to be unaf-
fected. The patients with SCLC and SIAD have higher
glomerular filtration rates as a group than SCLC patients
without the syndrome, which may influence the renal
excretion of drugs, e.g. methotrexate.

Request for reprints: Dr Jens Benn Sgrensen, Dept. of Oncolo-
gy ONB, Finsen Institute, 49 Strandboulevarden, DK-2100 Co-
penhagen, Denmark.
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