
Abstract. Background: The search for biological markers to
predict malignant disease and its recurrence, or to monitor the
effectiveness of treatment is a continuous process in medicine.
Several years ago, urinary excretion of cGMP in urine was
found to be a sensitive predictor in the follow-up of ovarian
cancer and of monitoring treatment of cancer of the uterine
cervix. Patients and Methods: In the present study, 27 patients
with gynecological cancer, including cancer of the uterine
cervix (n=13), cancer of the uterine corpus (n=8) and cancer
of the ovaries (n=6), were monitored for 10 years. Blood and
urinary samples were taken before primary treatment (baseline
sample) and three months thereafter (three-month sample).
The serum levels of CEA, CA-125 and PIIINP and urine
excretion of cGMP and cAMP were determined. Creatinine
levels in serum and urine were employed to determine renal
clearance. Results: After 10 years’ observation of women with
cancer of the uterine cervix, seven patients showed no relapse
and cGMP levels in baseline samples and three-month samples
were 36.8±4.1 and 24.9±4.4 nmol cGMP/Ìmol creatinine
(mean±SEM, p<0.01), respectively. The levels in patients
(n=6) with relapse after 10 years’ observation were 32.8±4.0
(baseline sample) and 43.5±4.2 (three-month sample) nmol
cGMP/Ìmol creatinine (mean±SEM, p<0.02). Among the
patients treated for cancer of the uterine corpus (n=9), none
showed recurrent disease within the observation period of 10
years. The cGMP levels fell from 37.9±6.3 (baseline sample)
to 22.3±2.3 (three-month sample) nmol cGMP/Ìmol
creatinine (p<0.005). In the patients with ovarian cancer
(n=6), 4 patients relapsed during the observation period of 10
years. In these women the cGMP levels increased from
34.5±2.7 (baseline sample) to 46.3±4.7 nmol cGMP/Ìmol

creatinine whilst in both patients without relapse the levels
decreased from 31.8 (range: 26.5-37.1) to 27.3 (range: 25.7-
28.8) nmol cGMP/Ìmol creatinine, respectively. The changes
in levels of cAMP, CEA, CA-125 and PIINP did not show
statistically significant differences. Early changes in cGMP
levels appear to predict long-term prognosis in gynecological
cancers.

Two decades ago urine cGMP was proposed as a tumor
marker in cancer patients, including ovarian cancer (1). In a
follow-up study with monitoring of ovarian cancer during
chemotherapy, the levels of cGMP reflected response to
therapy, but also predicted a recurrence of the tumor
growth before any clinical signs (2). Later, the use of urine
cGMP was excluded as a marker for screening purposes.
However, after surgery and before administration of
cytotoxic drugs, urine cGMP levels appeared to be an
independent prognostic variable with respect to survival (3).
In a follow-up study on patients with epithelial ovarian
cancer, serial measurements of urine cGMP showed that
64% had a pre-chemotherapy cGMP level above the range
for controls (4). In these patients, a 96% correlation of
tumor regression witrh a fall in cGMP levels existed, and a
75% correlation of tumor progression with an increase in
cGMP levels. Marker-positive patients also demonstrated a
rise in marker before clinical recognition of disease
progression in 55%, whereas only 11% of marker-negative
patients showed such an elevation. Patients with evidence of
static disease had normal and stable marker levels. Finally,
the usefulness of urine cGMP as a cancer marker in ovarian
cancer was studied in two independent centers with serial
specimens from patients monitored up to 2 years after the
start of chemotherapy (5). The urine cGMP levels were
significantly higher in those patients with poorly
differentiated tumors. If the cGMP levels were elevated
during therapy, there was an 80-90% probability that the
patient was a non-responder. Using serial measurements, it
was possible to predict the recurrence of the tumor in 64%
of the patients prior to any other clinical signs (5).
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In patients (n=15) with uterine cervical cancer, urine
cGMP concentrations were elevated (6) and in a study
wherein the patients (n=12) were their own control with
urine sampling before and after treatment (7), the levels fell
significantly in patients with response to therapy, but
remained high in non-responders or in patients with relapse.
In vitro studies wherein the growing cells, derived from
cancer of the human uterine cervix, mimicked the expanding
tumor bulk in vivo showed a cell density-dependent increase
of extracellular cGMP levels (8, 9).

For many years CA-125 has been the marker of choice
for ovarian cancer, but more recently, additional biomarkers
have been employed (10). Amino terminal propeptide of
type III procollagen (PIIINP) is a marker which has been
shown to have prognostic value in several gynecological
malignancies, especially in ovarian cancer (11). CEA is
mostly positive in gastrointestinal cancers, but has proven
to be of some prognostic importance for cervical carcinomas
(12). Tumor markers with optimal sensitivity and specificity
are still lacking in diagnostics of gynecological cancer. In the
present study we investigated the changes in urine cGMP
and cAMP levels and in serum of other markers (CA-125,
CEA, PIIINP) before and 3 months after primary therapy,
and the patients were observed for 10 years in order to
detect any relapse.

Patients and ªethods

Patients. Women with gynecological cancers were included when
admitted to the University Hospital of Tromso for primary
treatment. The group of patients with squamous cell carcinoma
of the uterine cervix comprised 13 patients with a mean and
median age of 50.5 and 54 years, respectively (range: 35-68 years).
Staging according to FIGO showed four patients in stage I, six
patients in stage II and three patients in stage III with grade II
(n=12) or grade III (n=1). Relapse was diagnosed in four
patients after three months and additionally three patients after
10 years. The patients (n=8) with cancer of the uterine corpus
had a mean and median age of 59.2 and 61 years, respectively
(range 43-73 years). Staging showed FIGO stage I (n=6), stage
II (n=2) and stage III (n=1), grade I (n=4), grade II (n=4) and
grade III (n=1). No recurrent disease was diagnosed within the
observation period of 10 years. The patients (n=6) with ovarian
cancer were characterized by a mean and median age of 65.2 and
65 years, respectively (range 59-74 years). Staging according to
FIGO showed three patients in stage I, three patients in stage III
and all (n=6) with grade II. After three months, three patients
showed relapse and after 10 years additionally one patient showed
recurrent disease. All the participants gave their informed
consent. The patients were included in a control program of
follow-up by an experienced gynecologist at the local hospital or
at the University Hospital.

Blood sampling. The blood samples were obtained as a part of the
routine investigation, prior to primary treatment (baseline
sample=sample 1) and three months (three month sample=sample
2) thereafter. 

Urine collection. Urine was collected for 24 h to determine
creatinine clearance and levels of cyclic nucleotides. The urinary
samples were obtained prior to primary treatment (baseline
sample=sample 1) and 3 months (three month sample=sample 2)
thereafter. The specimen was immediately frozen and stored at
–22ÆC until analysis.

Analysis of cyclic nucleotides. The concentrations of cGMP and
cAMP were determined in duplicate by radioimmunoassay RIA
(13). The urines were thawed, mixed with trichloroacetic acid to
achieve the final concentration of 0.5% (v/v) and then neutralized
with CaCO3. Antiserum against cGMP, [3H]-cGMP and non-
radioactive cGMP, [3H]-cAMP were purchased from Amersham
International (Buckinghamshire, UK). Non-radioactive cAMP was
obtained from Sigma Chemical Co (St. Louis, MO, USA).
Antiserum against cAMP was raised in our own laboratory and
tested with affinity and specificity as described elsewhere (14). The
24-h cGMP excretion was related to that of creatinine in order to
correct for dilution of urine and any changes in renal function. 

Analysis of CEA, CA-125 and PIIINP in serum. The assays were
performed according the manufacturer’s recommendations. The
levels of CEA and CA-125 were determined with chemiluminescent
immunoassays (Bayer, Lerverkusen, Germany) and PIINP levels
were determined with RIA kits (Orion Diagnostics, Turku, Finland). 

Statistics. Statistical analysis was performed using GraphPad InStat
ver. 5.1 (GraphPad Software, San Diego, CA, USA). Descriptive
statistics are presented as mean±SEM if not stated otherwise.
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Table I. Urine cGMP and cAMPin patients (n=13) with cancer of the uterine
cervix before (baseline sample=sample 1) and three months after primary
treatment (three month sample=sample 2). Urine cyclic nucleotides (nmol/l)
were related to urine creatinine (Ìmol/l). The changes in cyclic nucleotide
levels are related to the clinical diagnosis three months and 10 years after
primary treatment.The levels are presented as the mean value±SEM. 

cGMP (nmol/Ìmol) No relapse Relapse 

3 month follow-up (n=9) (n=4) *
Sample 1 33.8±3.7 37.5±4.2
Sample 2 27.3±3.8 (p>0.05b) 47.4±5.1

10 year follow-up (n=7) (n=6)
Sample 1 36.8±4.1 32.8±4.0 (p>0.05a)
Sample 2 24.9±4.4 43.5±4.2 

(p<0.01b) (p<0.005a, p<0.02b)

cAMP (nmol/Ìmol) No relapse Relapse 

3 month follow-up (n=9) (n=4)*
Sample 1 16.8±3.0 23.5±3.6
Sample 2 18.0±3.1 (p>0.05b) 23.2±4.3

10 year follow-up (n=7) (n=6)
Sample 1 16.8±3.6 21.3±3.2 (p>0.05a)
Sample 2 17.3±3.3 22.4±3.8 

(p>0.05b) (p>0.05a, p>0.05b)

*Number in the relapse group after three months’ observation
considered too low for statistical analysis. aNo relapse versus relapse;
bSample 1 versus sample 2.



Results 

Cancer of the uterine cervix. Clinical status revealed that four
of the patients showed relapse after three months while two
more patients had relapsed 10 years after primary treatment.
Table I shows the values of urinary cGMP excretion. In each
of the four patients with relapse after three months, cGMP
excretion showed an increase. When the observation time
was extended to 10 years, no significant difference in cGMP
levels was observed before treatment, whereas significantly
lower levels were seen in patients without relapse in post-
treatment samples (Table I). In contrast, there were no
changes in the excretion of cAMP before and after treatment
or between the groups (Table I). With respect to relapse
status after 10 years, the CEA levels were significantly lower
post-treatment in both groups, but without any statistical
differences between them (Table II). Neither the levels of
CA-125 nor PIIINP showed any differences (Table II).

Cancer of the uterine corpus. None of these patients showed
any recurrent malignant disease after three months or 10
years. The urine levels of cGMP levels fell from 37.9±6.3 to
22.3±2.3 nmol cGMP/Ìmol creatinine (p<0.005), whereas
the cAMP levels were unchanged at 16.6±4.0 and 15.6±3.5
nmol cAMP/ Ìmol creatinine (p>0.05), respectively. No
significant differences were obtained for CEA (1.1±0.2
ng/ml and 1.3±0.1 ng/ml, p>0.05), CA-125 (28.4±5.2
units/ml and 24.4±8.1 units/ml, p>0.05) and PIIINP
(3.7±0.5 ng/ml and 4.2±0.4 ng/ml, p>0.05). 

Ovarian cancer. After three months’ observation, three
patients showed residual disease/relapse. After 10 years’
observation, one more patient had verified relapse. In this
group (n=4) the cGMP levels were higher post-treatment
for all patients (Table III), whereas the levels were lower in
the two patients without relapse. In the two patients without
relapse after 10 years, the cAMP values levels were higher
post-treatment, whereas the four patients with relapse
showed no consistent changes in cAMP levels (Table III).

When the CEA values were related to clinical outcome
after 10 years, the level increased from baseline to 3 months
in patients without relapse, whereas the levels, being much
higher before treatment, were unaltered in the four patients
with relapse (Table IV). The levels of CA-125 fell after
treatment in both groups, but apparently much more in the
patients without relapse (Table IV). The levels of PIINP
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Table II. CEA, CA-125 and PIIINP in serum of patients (n=13) with cancer
of the uterine cervix, before (baseline sample=sample 1) and three months
after primary treatment (three month sample=sample 2). The changes in
levels are related to the clinical diagnosis three months and 10 years after
primary treatment. The levels are presented as the mean value±SEM. 

CEA (ng/ml) No relapse Relapse 

3 month follow-up (n=9) (n=4)*
Sample 1 2.7±0.4 2.3±0.4
Sample 2 1.8±0.4 (p<0.02b) 1.7±0.2

10 year follow-up (n=7) (n=6)
Sample 1 3.0±0.4 2.0±0.3 (p>0.05a)
Sample 2 1.9±0.5 (p<0.05b) 1.6±0.2 (p>0.05a, 

p<0.05b)

CA-125 (units/ml) No relapse Relapse 

3 month follow-up (n=9) (n=4)*
Sample 1 17.8±4.8 24.3±5.3 
Sample 2 18.7±6.9 (p>0.05b) 30.5±11.8 

10 year follow-up (n=7) (n=6)
Sample 1 24.3±5.3 30.5±11.8 (p>0.05a)
Sample 2 17.3±8.5 (p>0.05b) 28.2±8.3 

(p>0.05a, p>0.05b)

PIINP (ng/ml) No relapse Relapse 

3 month follow-up (n=9) (n=4) *
Sample 1 2.5±0.3 4.2±1.1 
Sample 2 2.5±0.2 (p>0.05b) 4.5±1.0 

10 year follow-up (n=7) (n=6)
Sample 1 2.7±0.4 3.4±0.9 (p>0.05a)
Sample 2 2.3±0.3 (p>0.05b) 3.9±0.8 (p>0.05a, 

p>0.05b)

*Number in the relapse group after three months’ observation
considered too low for statistical analysis. aNo relapse versus relapse;
bSample 1 versus sample 2.

Table III. Urine cGMP and cAMPin patients (n=6) with ovarian cancer
before (baseline sample=sample 1) and three months after primary treatment
(three month sample=sample 2). Urine cyclic nucleotides (nmol/l) were
related to urine creatinine (Ìmol/l). The changes in cyclic nucleotide levels
are related to the clinical diagnosis three months and 10 years after primary
treatment. The levels are presented as the mean value (range).

cGMP (nmol/Ìmol) No relapse Relapse 

3 month follow-up (n=3)* (n=3)*
Sample 1 31.4 (26.5-37.1) 35.8 (30.6-41.9)
Sample 2 35.8 (25.7-53.0) 44.1 (36.7-55.5)

10 year follow-up (n=2)* (n=4)*
Sample 1 31.8 (26.5-37.1) 34.5 (30.6-41.9)
Sample 2 27.3 (25.7-28.8) 46.3 (36.7-55.5) 

cAMP (nmol/Ìmol) No relapse Relapse 

3 month follow-up (n=3)* (n=3) *
Sample 1 12.8 (10.3-17.5) 16.5 (8.4-31.0)
Sample 2 14.9 (5.4-21.1) 18.6 (13.0-25.6)

10 year follow-up (n=2)* (n=4)*
Sample 1 14.2 (10.8-17.5) 15.0 (8.4-31.0)
Sample 2 19.7 (18.3-21.1) 15.3 (5.4-25.6)

*Numbers considered too low for statistical analysis. 



increased in both patients without relapse after an
observation period of 10 years. In the group with relapse,
no consistent pattern was seen. 

Discussion

Cyclic GMP as a tumor marker has been thoroughly studied
in two main groups of malignancies: gynecological cancers (1-
7) and leukemias (15-18). Cellular cGMP efflux is a general
mechanism for cellular elimination of this signal molecule
(19), together with hydrolysis by cyclic nucleotide
phosphodiesterases (20). Member 5 of the superfamily of
multidrug resistance proteins (MRP) has been shown to be
involved the transport of cGMP (21-23). However, the
contribution from MRP4 has not been settled (23-27). There
is no general agreement on whether these proteins are high
affinity or low affinity transporters for cGMP (21, 23, 25-27).
With reference to the increased cGMP levels observed in
leukemia (15-18), it is intriguing that expression of MRP5, but
not MRP4 is correlated to prognosis of acute leukemia (28).

In the present study of gynecological cancers, urine and
serum samples were obtained before (baseline sample) and

three months (three month sample) after primary treatment
to elucidate the possibility that changes in levels of cGMP,
cAMP, CEA, CA-125 and PIINP could predict the clinical
outcome after three months and 10 years. A fall in cGMP
levels from the baseline sample to the three-month sample
was found in patients with cancer of the uterine cervix with no
signs of relapse after 10 years’ observation. In agreement with
previous reports (6, 7), it appears that cGMP levels in urine
may predict relapse. The group of patients with ovarian cancer
was too small for statistical analysis, but the results were
consistent with previous studies (3-5) wherein the value of
serial measurements of cGMP in urine have been thoroughly
documented. The idea that cGMP and cAMP mediated
opposing effects was forwarded (29), but no significant
changes in cAMP have been found in urine from patients with
malignant diseases (30). The present results support the view
that cGMP, but not cAMP, may be a useful tumor marker. 

CEA is an oncofetal antigen normally produced in the
gastrointestinal tract and increased levels are observed in
patients with malignancies in this organ. However, cancers
of the ovaries and uterus are also associated with elevated
CEA levels (12). In patients (n=122) with squamous cell
carcinoma of the uterine cervix, the sensitivity and
specificity of CEA determined prior to treatment were
46.3% and 63.1%, respectively (31). In the present study,
the changes in CEA levels from the first to the second
sample could not predict the clinical outcome after 10 years
in any of the groups with gynecological cancers. 

Since the introduction of CA-125, a high molecular
weight glycoprotein, as a serum biomarker (32), it has been
approved for monitoring recurrence of ovarian cancer (10).
However, its usefulness has been questioned since
significant elevations in CA-125 occur in 50 to 85% of the
patients, and elevated CA-125 levels occur in a variety of
both benign and malignant conditions (10). In the present
study, the change in CA-125 levels did not show any
statistical changes in the patients with cancers of the uterine
cervix or corpus, and the small number of patients with
ovarian cancers makes it impossible to conclude.

Amino terminal propeptide of type III procollagen
(PIIINP) is a more recent marker which has been shown to
have prognostic value in several gynecological malignancies
(11). PIIINP a product of collagen metabolism is secreted
into extracellular fluid when proliferation of fibroblast is
increased. The changes in PIINP levels, from the baseline
values to those three months after treatment, could not
predict relapses. 

The changes in values of CEA, CA-125 and PIINP from
the baseline sample to the three-month sample did not
predict long-term prognosis. However, serial measurements
of these and other biomarkers have been established in
clinical practice as a supplementary tool in the follow-up of
these patients. 
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Table IV. CEA, CA-125 and PIIINP in serum of patients (n=6) with
ovarian cancer, before (baseline sample=sample 1) and three months
after primary treatment (three month sample=sample 2). The changes in
levels are related to the clinical diagnosis three months and 10 years after
primary treatment. The levels are presented as mean value (range).

CEA (ng/ml) No relapse Relapse 

3 month follow-up (n=3)* (n=3)*
Sample 1 1.7 (0.7-3.1) 2.3 (0.8-4.8)
Sample 2 2.5 (0.9-3.9) 1.9 (0.8-3.5)

10 year follow-up (n=2)* (n=4)*
Sample 1 1.1 (0.7-1.4) 2.5 (0.8-4.8)
Sample 2 1.8 (0.9-2.6) 2.4 (0.8-3.9)

CA-125 (units/ml) No relapse Relapse

3 month follow-up (n=3)* (n=3)*
Sample 1 182 (14-490) 110 (24-200)
Sample 2 63 (8-140) 55 (25-95) 

10 year follow-up (n=2)* (n=4)*
Sample 1 250 (14-490) 94 (24-200)
Sample 2 75 (8-140) 51 (25-95)

PIINP (ng/ml) No relapse Relapse

3 month follow-up (n=3)* (n=3)*
Sample 1 3.5 (2.7-4.7) 11.4 (5.3-15.1)
Sample 2 3.7 (3.2-4.3) 7.4 (7.0-19.9)

10 year follow-up (n=2)* (n=4)*
Sample 1 3.0 (2.7-3.2) 9.7 (4.7-15.1)
Sample 2 3.8 (3.2-4.3) 9.4 (3.6-19.9)

*Number considered too low for statistical analysis.



The present work supports the earlier findings that
cGMP levels in urine may be useful in monitoring the effect
of treatment in gynecological malignancies. The possibility
exists that malignant cells try to escape the growth inhibitory
effect of cGMP (33, 34) by an overexpression of cGMP
transporters, as seen for leukemia (28). However, the
increase in extracellular cGMP levels may simply represent
overflow due to elevated activity of soluble guanylate cyclase
secondary to increased nitric oxide synthase (NOS) activity
in gynecologic cancers (35). The present observation that
changes in extracellular cGMP levels shortly after treatment
of gynecological cancers predict long-term prognosis
indicates that nitric oxide pathways play an important role
in the pathogenesis of these malignancies. With this
background, the prognostic value of cGMP in extracellular
fluids deserves further attention. 
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