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other conditions; cyclic GMP: a potential marker for
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SUMMARY Cyclic guanosine 3',5' monophosphate (cyclic GMP) and cyclic adenosine 3',5'
monophosphate (cyclic AMP) have been determined in random urine specimens from 95 healthy
individuals, 60 patients with non-cancerous conditions, 52 patients with benign tumours, and 74
patients with malignant tumours. Concentrations of cyclic GMP have also been determined in a
number of other groups, including some undergoing cancer treatment. Ninety-three per cent of
cancer patients had raised urinary cyclic GMP concentrations compared to the reference range
for healthy subjects. For the non-cancerous and benign groups, 33% and 42% respectively had
raised concentrations. The urine cyclic AMP concentrations were similar in all groups.
Urine cyclic GMP appeared to rise early in the onset of malignant growth. Successful cancer

treatment was accompanied by a dramatic fall in the urine cyclic GMP concentrations, whereas if
the treatment was unsuccessful the level did not change. It is concluded that urine cyclic GMP
may have important applications in the monitoring of cancer treatment.

A number of studies have suggested that cyclic
guanosine 3',5' monophosphate is raised in cancer
tissue.'-' Furthermore, increased cyclic GMP con-
centrations have been detected in the urine of
cancer-bearing animals56 and cancer patients.7-"
For a number of reasons, this substance appeared to
be particularly attractive for use as an indicator of
tumour status. Firstly, its excretion is apparently not
modified by the kidney'2 and once excreted its activ-
ity in the urine is very stable.'3 Secondly, it is
excreted in the urine in quantities that far exceed the
detection limits for the chosen method of assay
(radioimmunoassay). Finally, as in vitro studies
indicate, this substance is directly involved with
growth regulation;'4 this makes it a suitable
biochemical parameter to measure in relation to
cancer.

In the present study, cyclic GMP was assayed in
single urine specimens taken from groups of healthy
individuals, and patients with cancerous and non-
cancerous disorders. The level of cyclic AMP was
also determined on the same specimens. Although
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no convincing evidence exists to suggest that cyclic
AMP alone might be useful as a general tumour
marker, it was felt that, in view of the intimate
association previously shown between cyclic GMP
and cyclic AMP from cellular in vitro studies,'4 a
similar association might exist in urine and extend
the usefulness of cyclic GMP as a tumour marker.

Material and methods

Single urine specimens were collected from patien'ts
and healthy individuals at random times between
09.00 h and 17.00 h. These groups were designated
"healthy", "non-cancerous", "benign" and "malig-
nant". The healthy group consisted of healthy vol-
unteers (73 women and 22 men) and had a mean
age of 36*8 yr (range 20-69 yr). The non-cancerous
group consisted of individuals (45 women and 15
men) suffering from a variety of non-cancerous dis-
orders; their mean age was 39-3 yr (range 18-75 yr).
Further details of the composition of this latter
group are given in Table 1. The benign group con-
sisted of 52 women with benign tumours (30 benign
breast lesions, 17 benign gynaecological lesions and
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Table 1 Urine cyclic GMP concentrations in patients with non-cancerous disorders

Group Urine cyclic GMP* Percentage increase compared with
(pinolig creatinine) healthy group

Median Range

Healthy (95) 0-31 0-090-66 -

Psoriasis (6) 0-36 0-280-64 0
Mild upper respiratory tract

infection (10) 049 0-31-1-00 10
Allergic disorders (6) 0-54 0-27-0-99 33
Miscellaneous infections (7) 0-64 0-240-96 43
Gastrointestinal disorders (7) 0-69 0-21-1-07 57
Bronchitis (5) 0-67 0-42-1-04 60
Severe upper respiratory tract

infections (9) 0-88 0-531-47 78

*AIl disease groups were significantly different from healthy group (p < 0.001) except for group of patients with psoriasis (p > 0-05).
In Tables 1-5, 1 ,umol/g creatinine 113 MmolImol creatinine.

5 benign lesions which had arisen in other sites). The
benign nature of their lesions was confirmed by
histological examination of biopsy specimens. The
mean age of this latter group was 39*1 yr (range
32-69 yr). The malignant group consisted of indi-
viduals (68 women and 6 men) with a clinically
diagnosed and histologically proven cancer. The
mean age of this group was 56*5 yr (range 32-82 yr).
Although the mean age of the malignant group was
higher than that of the healthy group, two recent
studies"3 15 have shown that urine cyclic nucleotide
excretion is unaffected by age.
The composition of the malignant group was as

follows: 13 were women with an adenocarcinoma of
the ovary (stage I to IV FIGO classification); 13
were women with an adenocarcinoma of the ovary
(stages III/IV) who had undergone a laparotomy
one week before in which different amounts of
tumour had been removed, and in all these cases
tumour tissue still remained in the abdomen; 21
were women with localised or disseminated car-
cinoma of the breast; 15 were women with squam-
ous carcinoma of the cervix (stages II to IV, FIGO
classification); 12 were men and women with
advanced cancers arising in various other sites
(mainly adenocarcinomas of the stomach and large
bowel).
Apart from the 13 ovarian cancer patients who

had had a laparotomy, none of the other individuals
in the three major disease groups had received
treatment for their condition before collecting the
urine. Furthermore, none of the healthy group was
taking drugs other than oral contraceptives. For all
individuals, details of age and sex were noted, and
for the healthy group details of stage of menstrual
cycle and use of oral contraceptives were noted
where relevant.

In addition to these four major groups, urine
specimens were collected from a number of other
smaller groups of patients. One group consisted of

women who attended hospital as a consequence of a
positive (grade IV) cervical-smear test, subsequent
histological examination confirming the presence of
cervical intraepithelial neoplasia. A second group
consisted of women who had had an operation to
correct a prolapse. Urine specimens were collected
one day before and seven days after this operation.
The data from the preoperative specimens were
included also in the non-cancerous group. A third
sub-group consisted of 10 individuals from the
malignant group who had had all their tumour
removed surgically. These patients subsequently
provided another specimen of urine one to two
weeks after the operation. This group comprised five
patients with carcinoma of the cervix, three patients
with carcinoma of the breast and two patients with
carcinoma of the rectum. One other group consisted
of women with stage III or IV ovarian carcinoma
who had undergone cytotoxic therapy. Treatment of
this group of patients consisted of chemotherapy
with a combination of cyclophosphamide and ges-
tronol (Depostat) after incomplete surgical removal
of their tumours. These patients also received
Levamisole or a placebo as part of a double-blind
trial. The cytotoxic therapy was started one week
after the diagnostic laparotomy, and urine speci-
mens were collected one to seven months later
whilst the patients were still on cytotoxic therapy, at
which time the patients were classified as either hav-
ing complete clinical remission or no remission.

After collection, all specimens were stored at
-20°C. Cyclic AMP was assayed by a protein-
binding method as previously described.'6 Cyclic
GMP was assayed using a radioimmunoassay kit
supplied by the Radiochemical Centre, Amersham.
Creatinine was determined by the Jaffe reaction
using a method based on that described by Popper
et al.'7 All specimens were assayed for cyclic
nucleotides and creatinine in a blind fashion. Results
were expressed as micromoles of cyclic nucleotide
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excreted per gram of creatinine. All differences
between groups were analysed statistically using the
Mann-Whitney U test, except for the data given in
Table 4, which was analysed by the Wilcoxon paired
analysis.

Results

Preliminary inspection of the data from the healthy
group indicated that neither sex nor age nor the use
of oral contraceptives affected the range of urine
cyclic GMP or cyclic AMP concentrations. It was
found, however, that concentrations were affected
by the stage of the menstrual cycle. For weeks 1 and
2, the ranges for cvclic GMP and cyclic AMP were
0-11-0-36 /umoUg creatinine (median 0*20 ,umol/g
creatinine; 9 observations) and 1.0-2*7 Amol/g
creatinine (median 1-3 Amol/g creatinine; 9 obser-
vations) respectively. For weeks 3 and 4, the ranges
for cyclic GMP and cyclic AMP were 0*1 1-0*66
,umolg creatinine (median 039 AmolIg creatinine;
21 observations) and 1.3-4.7 Amol/g creatinine (2.8
,umoUg creatinine; 21 observations) respectively.
Although the values for weeks (1 and 2) and (3 and
4) are significantly different (cyclic GMP p < 0.02;
cyclic AMP p < 0.05), when the ranges for the two
groups are taken together they are very similar to
those ranges obtained for urine cyclic GMP and
cyclic AMP in post-menopausal women (cyclic
GMP 0-13-0-57 ,umol/g creatinine, cyclic AMP
0*85-4 7 ,tmol/g creatinine; 13 observations). It was
considered, therefore, that the contribution by this
factor to the overall cyclic nucleotide excretion was
not of sufficient importance and magnitude to neces-
sitate it being taken into account in the analysis of
the data from the other groups of patients.

Figure 1 compares urine cyclic GMP concentra-
tions in the different groups; 93%, 42%, and 33%
of the urines in the malignant, benign, and non-
cancerous groups respectively hlve cyclic GMP con-
centrations which are higher than those in the healthy
group; all disease groups are significantly different
from the healthy group (p < 0-001). Also, the
malignant group is significantly different from all the
other groups (p < 0-001). The median urine cyclic
GMP concentration for the malignant group is
nearly four times higher than the median value for
the healthy group and twice as high as the median
values for the non-cancerous and benign groups.

Figure 2 compares urine cyclic AMP concentra-
tions in the healthy group with those in the other
three groups. There are no significant differences (p
> 0.05) between groups. The ratio of cyclic AMP to
cyclic GMP was also calculated for all the urines and
the results are given in Fig. 3. As might be expected,
the picture is the converse to that described for
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Fig. 1 Urine cyclic GMP concentrations in healthy
individuals and in patients with non-cancerous conditions,
benign tumours, or malignant tumours.
In Figs. 1-3, 1 p,mollg creatinine 113 ,umollmol
creatinine.
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Fig. 2 Urine cyclic AMP concentrations in healthy
individuals and in patients with non-cancerous conditions,
benign tumours, or malignant tumours.

cyclic GMP-that is, the ratios for the malignant
group are significantly lower (p < 0-001) than the
ratios obtained for the other groups.
Table 1 presents a more detailed analysis of the

urine cyclic GMP concentrations in the non-
cancerous group in terms of the particular type of
disorder present. It was found that raised concentra-
tions of urine cyclic GMP were more frequently
associated with some disorders than with others. In
severe upper respiratory tract infections, for exam-
ple, the percentage of values which are higher than
those found in the healthy group approaches that
observed for the malignant group. For all the disor-
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Fig. 3 Urine cyclic AMP:cyclic GMP ratios in healthy
individuals and in patients with non-cancerous conditions,
benign tumours, or malignant tumours.

ders listed, except psoriasis, the cyclic GMP con-
centrations are significantly higher than those found
for the healthy group (p < 0.001).
Table 2 gives a more detailed analysis of the urine

cyclic GMP concentrations for the patients with
benign and malignant lesions of the breast. This was
carried out by selecting from the benign group those

patients in which the histology showed marked cellu-
lar hyperplasia, and by separating the malignant
groups into those in which the lesion was limited to
the breast and those in which there was metastatic
spread. By applying such criteria, a very interesting
picture emerged. In the benign group in which
marked hyperplasia was noted, the urine cyclic
GMP concentrations are significantly higher (0.01 >
p > 0.001) than in the group in which this was not
stated. Furthermore, in the marked hyperplasia
group, 67% of the specimens have a urine cyclic
GMP that is higher than the healthy reference
range, whereas the figure for the rest of the benign
group is only 20%. Statistical comparison of the
marked hyperplasia group with the limited malig-
nant group indicated that their cyclic GMP concen-
trations are very similar (p > 0-05). With the
development of the tumour and metastatic spread,
however, the amount of cyclic GMP excreted is
further significantly increased (0.025 > p > 0.01).

Table 3 compares the mean urine cyclic GMP
concentrations in cervical intraepithelial neoplasia
with those in a group of patients with clinical cervi-
cal cancer. Concentrations in the latter group are
significantly higher (0.01 > p > 0.001) than those in
the former, and also this increase is associated with
an increased frequency of raised concentrations.
Table 4 shows the effect on cyclic GMP of remov-

ing all macroscopic signs of the tumour surgically.
As a control, to show the effect of a surgical proce-
dure on cyclic GMP concentrations, data are given

Table 2 Urine cyclic GMP concentrations in women with benign and malignant breast tumours

Group Urine cyclic GMP p value Percentage increase
(pAmol/g creatinine) compared with healthy

group *
Median Range

Benign tumours (15) 0-61 0 240-85 > 0.001 20
Benign tumours- J
marked hyperplasia (15) 0-80 0 451-50 67

Malignant tumours- > 005
limited to breast (10) 0-73 0-501-40 } 70

Malignant tumours- > 0-01
metastatic spread beyond <0-0259
breast (11) 1-30 0-562-00 91

*Range for healthy group given in Table 1.

Table 3 Urine cyclic GMP concentrations in women with cervical intraepithelial neoplasia and clinical cervical cancer

Group Urine cyclic GMP p value Percentage increase
(.mol/g creatinine) compared with healthy

group
Median Range

Cervical intraepithelial
neoplasia (10) 0-62 0-25-1-33

>
30

Clinical cervical > 0° °1
cancer (15) 0-93 0-514-77 J <0013

*Range for healthy group given in Table 1.
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Table 4 Effect ofsurgical treatment on urine cyclic GMP
concentrations in prolapse and cancer patients

Urine cyclic GMP (pmol/g creatinine)

Prolapse Cancer

Presurgery Postsurgery Presurgery Postsurgery

0 43 0-44 1.18 0-92
0-42 0-39 1-06 0.71
0-71 0-60 470 077
0-46 0 43 0 93 0 74
0 47 0-46 1-30 0-42
0.43 0-41 1.32 1-14
0.36 0.38 0.77 0.52
0-38 0 39 1-40 0-43
0 47 0-41 1-84 0-60
052 0-41 1 52 056

Median 0 45 0-41 1-31 0 72

pvalue* > 0-05 <0-01

*Wilcoxon's paired analysis.

before and after a prolapse operation. As can be
seen, the latter type of surgical procedure appeared
to have no effect on cyclic GMP. In every cancer

patient investigated in this way, the cyclic GMP con-
centration is less after removal of the tumour and
this change is very significant (p < 0.01).
Urine cyclic GMP concentrations associated with

the cytotoxic treatment of two different patient
groups are illustrated in Table 5. Data from a pre-
cytotoxic group of patients are also presented for
comparison. When treatment is associated with clin-
ical remission, the cyclic GMP concentrations are
significantly lower (p < 0.001) than those in the
precytotoxic group. Concurrent with this change,
the frequency of raised concentrations decreases
from 100 to 15%. Conversely, if patients do not
exhibit remission, the urine cyclic GMP concentra-
tions are not significantly lower (p > 0.05) than
those in the precytotoxic group.

Discussion

While this work was in progress, a number of other

preliminary studies reported that urine cyclic GMP
concentrations can be raised in human cancer.7 9-1

The results from our study confirm and extend these
previous findings. There is, however, considerable
disagreement among all the studies as to the fre-
quency of raised concentrations; some studies, like
ours, have found increased concentrations in the
majority of cancer patients investigated,7"I whereas
others have reported a frequency of raised urine
cyclic GMP as low as 10-30%?. 10 Detailed examin-
ation of the latter studies, in the light of the results
from the present investigation, suggests reasons for
these lower frequencies.

In one study,9 in which a 10% frequency of raised
urine cyclic GMP was reported, the control group

was composed of healthy volunteers and women

with benign tumours of the breast. As the present
study has clearly shown that urine cyclic GMP con-

centrations may be raised in benign conditions, it
might be anticipated that any comparison made
using a control group containing such individuals
would give a lower frequency of raised urine cyclic
GMP in the cancer group. If our malignant group is
compared with our benign group, only 28% of the
values in the former group are raised. In another
study,'0 in which a 25 to 55% frequency of raised
urine cyclic GMP was reported, 84% of the cancer
patients were receiving chemotherapy; furthermore,
this study gives no indication as to the effectiveness
of the chemotherapy. Our study has shown that
when chemotherapy is effective, urine cyclic GMP
concentrations are substantially lower than when it
is not. Successful chemotherapy in some patients,
therefore, could account for this lower frequency of
raised urine cyclic GMP previously observed.'0
As yet, the reason for the increase in urine cyclic

GMP is unknown. It could be speculated that this
additional cyclic GMP arises directly from the
cancer tissue through natural leakage into the
extracellular fluid. Certainly, a number of studies on
tumour biopsy specimens have reported raised tis-
sue concentrations of cyclic GMP.'-4 Alternatively,

Table 5 Effect ofcytotoxic treatment on urine cyclic GMP concentrations in ovarian cancer patients

Group Tumour Urine cyclic GMP Percentage increase
detected (pmollg creatinine) compared with healthy

group'
Median Range

I. Precytotoxic treatment (13) + 1-33 0-74-4 00 100
II. Mid cytotoxics
No remission (11) + 1-34 0-802-33 100

III. Mid cytotoxics
Complete remission (20) - 0-51 0-15-0 81 15

I v II p > 005.
I v III p < 0-001.
*Range for healthy group given in Table 1.
Each group studied contains different patients.
Specimen of urine collected on day clinical observation made.
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the cyclic GMP may leak from the tumour tissue as a
result of cell death. Tumour necrosis is a common
finding in cancer.
The cellular concentration of cyclic GMP is con-

trolled by the activity of two enzymes, guanylate
cyclase and phosphodiesterase. The former controls its
production and the latter its breakdown. Therefore,
if the increased amounts of cyclic GMP originate in
the tumour, then changes in either one or both of
these enzymes could account for the increased pro-
duction. Raised activity of guanylate cyclase2 and
depressed activity of phosphodiesterase4 "I have
been demonstrated in tumours. In view of the wide-
spread distribution of these two enzymes throughout
the body, however, it seems unlikely that the tumour
is the only source of the cyclic GMP. Futhermore,
the increase in the urine cyclic GMP did not appear
to be strictly correlated with the total tumour bur-
den. Even though concentrations were, on average,
lower in localised tumours than in disseminated
tumours, a patient with a large tumour burden did
not necessarily have a higher cyclic GMP concentra-
tion than a patient with a smaller tumour burden.

It is very probable that the tumour produces sub-
stances which can also generally affect the level of
cyclic GMP in the body, either by affecting its pro-
duction in other tissues or by affecting its metabol-
ism in the extracellular fluid. A previous study has
shown that the activity of blood phosphodiesterase
is considerably suppressed in cancer patients as

compared to normal individuals.'9 Since cyclic GMP
excretion is reportedly not modified by the kidney,'2
such a reduction in enzyme activity could lead to
increased concentrations at excretion.

Urinary concentrations of cyclic AMP were unaf-
fected by the presence of cancer and this finding is in
agreement with the majority of previous reports.9- II

One previous study7 has reported a significant
decrease in the excretion of cyclic AMP in malig-
nancy, but the magnitude of this change is small, and
one wonders at the relevance of such a change in
view of the many factors which are known to affect
cyclic AMP excretion.

Raised urine cyclic GMP concentrations were not
just restricted to malignancy. Such changes were

observed, but to a more limited extent, in the urine
of some of the patients with benign growths and in
the urine of some of the individuals with non-

cancerous conditions. This was especially noticeable
in patients with severe disease of the respiratory
tract, and in patients with benign lumps of the breast
that histologically showed marked cellular hyper-
plasia. Other studies have also reported raised urine
cyclic GMP in some patients with liver disease.9 11

Hence, the measurement of urine cyclic GMP has
little value as a positive test for confirming the pres-

ence of cancer in a previously undiagnosed patient.
Urine cyclic GMP measurements, however, do

seem to have potential for monitoring the response
of cancer patients to treatment, assuming the
absence of certain other diseases. In patients given
treatment resulting in the tumour burden being con-
siderably reduced, urine cyclic GMP concentrations
either fell (Table 4) or, if a pretreatment value was
not available, were generally within the healthy
reference range (Table 5). Conversely, if no clinical
remission was detected, urine cyclic GMP concen-
trations remained raised. As we have also detected
raised concentrations in patients with histologically
confirmed cancer of the breast and cervix when total
tumour burdens are apparently very low, this sug-
gests that urine cyclic GMP may be very useful in
the early detection of recurrences which would be
more difficult to confirm by more conventional pro-
cedures. Studies are currently being carried out to
evaluate the potential of urine cyclic GMP as a
marker for monitoring tumour status in cancer
patients receiving long-term chemotherapy. The
interim results from these suggest that a recurrence
can be detected prior to any clinical signs in the
majority of patients. The details of this study are to
be the subject of a future report.

The authors wish to thank the North of England
Cancer Research Campaign for financial support for
the project.
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