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Abstract— T he serum enzyme activities of gamma-glutamyl transpeptidase (GGT),
alkaline phosphatase (AP), serum glutamyl oxalate transaminase (sGOT) and
serum glutamyl pyruvate transaminase (sSGPT) were determined longitudinally in
51 patients with a disseminated non-seminomatous testicular tumor. Elevated
levels of one or more enzymes before chemotherapy were observed in 13 patients, all
with stage 111 disease. If, after two cycles of chemotherapy, the established tumor
markers alpha-fetoprotein (AFP), human chorionic-gonadotropin (HCG) and/ or
lactate dehydrogenase (LDH) were normalized, the initially increased enzyme
activities were declined to normal values as well. Peaking concentrations of one or
more of the tumor markers during induction chemotherapy, probably due to tumor
cell lysis, were found in 34 of 45 marker-positive patients (76%). In addition,
increases of one or more of the investigated enzyme activities were also noticed in 20
patients. In 76% of these patients the highest point of the tumor marker
concentration coincided well with that of the enzyme activities. Indications are
given that the peak activities were probably not caused by liver damage. Enzyme
elevations were also found in 3 out of 7 patients with progressive disease. The
behaviour of the enzyme activities of GGT, AP, sGOT and sGPT in patientswitha
disseminated non-seminomatous testicular tumor coincided with the known tumor
markers. It favors the hypothesis that these enzymes are synthesized in the tumor.
The mortality amongst stage III patients with or without initially raised GGT
levels differed significantly (P <0.02). Finally, it is concluded that in patients with
a non-seminomatous testicular tumor, sGOT,sGPT, GGT and AP cannot be used
to diagnose liver function.

INTRODUCTION dehydrogenase (LDH) have been approved as
DURING the last decade the prognostic value of markers of importance [1-9]. These markers are
biochemical data in cancer therapy has been used in early detection of tumor growth, staging
discerned more and more. For non-seminomatous and in following the effect of chemotherapy. In
testicular tumors alpha-fetoprotein (AFP), human 70-90% of the patients with a non-seminomatous
chorionic-gonadotropin (HCG) and serum lactate testicular tumor one or more of these markers are

elevated. A decrease of these tumor markers
during chemotherapy usually indicates complete
§To whom requests for reprints should be addressed at: reml.SSIOn.. The marker levels, hovxfever, a¥so
Laboratory of Immunochemistry, Department of Internal declined in about 50% of the patients with
Medicine, University Hospital, Oostersingel 59, 9713 EZ residual tumor [9]. Moreover, 10-30% of the
Groningen, The Netherlands. patients have normal initial levels of AFP, HCG
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or LDH [1,9, 10]. Therefore investigations for
more markers are requested. We recently demon-
strated that pregnancy-specific 8;-glycoprotein
(SP,), suggested as a potential marker [11, 12], is
not useful as far as detection of tumor relapse after
chemotherapy is concerned [13]. SP, may be a
valuable marker, in addition to HCG, to detect
choriocarcinomatous elements in non-semino-
matous testicular cancer [14]. Carcino-embryonic
antigen (CEA), alpha;-antitrypsin (o,AT) and
alpha,-macroglobulin (a,M) have been explored,
however, without success [15].

Previously, indications were given thatalkaline
phosphatase (AP) might be a marker for
seminomatous testicular cancer [16]. Yokosama et
al. reported the synthesis of gamma-glutamyl
transpeptidase (GGT) by a yolk sac tumor [17].
Furthermore, GGT and/or AP are known as
markers for several other human tumors, e.g.
ovarian carcinoma [18], renal carcinoma [19] and
malignant melanoma [20]. We therefore wondered
whether AP and GGT might be useful as tumor
markers in patients with a disseminated non-
seminomatous testicular tumor. In addition, we
investigated two other enzymes usually syn-
thesized in the liver, viz. serum glutamyl oxalate
transaminase (sGOT) and serum glutamyl
pyruvate transaminase (sGPT). In this study we
compared the course of these four enzymes and the
known tumor markers before, during and after
chemotherapy.

MATERIALS AND METHODS

Fifty-one patients with a non-seminomatous
testicular tumor were included in this study. They
were treated in the University Hospital of
Groningen between January 1979 and June 1982.
Sixteen patients had stage II and 35 stage III
disease. The classification and determination of
the stages have been published previously [13].
Liver metastases were excluded by means of CT
scanning, isotope liver scanning and echography.
Twenty-five stage I1I patients had lung metastases.
Thirty patients (59%) were serum positive for
AFP, 31 patients (61%) for HCG and 30 patients
(59%) for LDH. Six patients (12%) had none of
these tumor markers.

All patients were treated with four cycles of
combination chemotherapy consisting of cis-
platinum, vinblastine and bleomycin according
to Einhorn and Donohue [21]. Complete
remission was defined as complete disappearance
of all evidence of tumor, including serum tumor
markers, for a period of at least 3 months. Forty-
four patients met these requirements. Seven had a
partial remission, including 6 patients who died
as a result of tumor progression. Blood samples

were collected before and during (1-3 times a
week) chemotherapy. AFP (normal levels <20
ug/1)and HCG (normal levels <4 ug/1) have been
determined as published before [9]. LDH (normal
levels <235 U/1), GGT (normal levels <65 U/1),
AP (normal levels <120 U/1), sGOT (normal
levels <40 U/1) and sGPT (normal levels
<30U/1) were determined with the SMAC
(Sequential Multiple Analyser plus Computer)
(Technicon, Perritown, NY, U.S.A)).

The statistical significances of different distri-
butions of discrete variables were determined by
the x? test.

RESULTS

Enzyme levels before and after the first two cycles
of chemotherapy

First we examined the activities of the enzymes
GGT, AP, sGOT and sGPT before chemo-
therapy. One or more of the enzyme activities were
elevated in 13 men with stage III disease (37%) and
in none with stage II disease. This difference
between the stages of disease is significant
(P <0.02). For the single enzyme activities only
the number of patients with an elevated GGT was
high enough for a significant difference (P <0.05).
Table 1 shows which of the investigated enzyme
activities and which tumor markers were
increased. In 9 patients the tumor markers as well
as the elevated enzyme activities normalized
within two cycles of chemotherapy, despite the
presence of vital tumor in one of them (case 7).
The other 4 patients had persistent tumor after
two cycles of chemotherapy, as was concluded
from the elevated marker levels. In 2 of the latter
patients (cases 6 and 11) the initially elevated
enzyme activities also remained high. Taking
these data together, the initially elevated enzymes
behave in a similar way as the known tumor
markers in these patients.

Peaking levels of tumor markers and enzymes
during chemotherapy

Considering the tumor markers in the whole
group of 51 patients, a temporary elevation was
found within the first 2 weeks of therapy in 34 of
the 45 marker-positive patients (76%), 20 of the 30
patients with AFP (67%), 16 of the 31 patients
with HCG (52%) and 21 of the 30 patients with
LDH (70%) as marker. This sudden increase in
marker level during the initial phase of therapy,
followed by a rapid decline of concentration,
should probably be attributed to tumor lysis
[22, 23].

Surprisingly, in 20 of the 51 patients (39%) a
temporary increase of one or more of the enzyme
activities in the first 2 weeks of therapy was found
as well (Table2). Two patients had stage Il disease
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Table 1. The patients with increased activities of GGT, AP, sGOT and/or sGPT before
chemotherapy (cases 1-13)
Established tumor markers Enzyme activities
Case AFP HCG LDH GGT AP sGOT  sGPT Deceased
1 + +/+ + + + + +
2 + + + +
3 + + + + +
4 + + + + +
5 + + + + +
6 +/+ +/+ +/+ +
7 + + + + +
8 +
9 + + +
10 + + + + + + +
11 +/+ +/+ +/+ +/+ +
12 +/+ + + + + +
13 + + + +
Thot 13 9 9 12 10 9 2 5 5

Elevated tumor markers and elevated enzyme activities are indicated with +. In those cases where the
activities or marker concentrations remained high after two cycles of chemotherapy, a second + is given.

All 13 patients had stage III disease.

Table 2. The patients with elevated peak activities of GGT, AP, sGOT and/or sGPT in the first 2 weeks of
therapy (cases 2-21)
Established tumor markers Enzyme activities Tumor stage
Case AFP HCG LDH GGT AP sGOT  sGPT II 111 Deceased
2 P P + P +
3 + + P P P P P +
4 P P P P P P P +
5 P P P P | +
6 P + + P + +
7 P P P P + +
8 P P P +
9 P P P P P +
10 P P P P P + P +
11 P P P P P + +
12 + P P P P + +
13 P + P P +
14 P +
15 P +
16 P + P +
17 P P P +
18 P P P P P +
19 P P P +
20 P P P +
21 P P P +
Mot 20 2 18 4
np 10 7 13 9 13 5 16

Peaks in tumor markers and/or enzyme activities are indicated with P. The tumor markers or enzyme activities which are
elevated without any peak during therapy are indicated with +. The line np gives the total number of peaks in each column.

Cases 2-13 are the same as in Table 1.

(2/16 = 13%) and 18 stage I11 disease (18/35 =51%).
This difference between both stages of disease is
significant (P <0.02). For the peaks of the marker
concentrations no significant differences between
the two stages of disease were found. T'welve of the
13 patients with increased enzyme activities before
chemotherapy (cases 2-13) are also in this group
of 20. It should be noticed that the enzyme
activities do not fluctuate together in every case.

Seventeen of these 20 patients have tumor
marker producing cells. Table 2 shows that these
tumor markers have peaks in the first 2 weeks of
chemotherapy as well. In 13 of these 17 patients
(76%) the day of the highest concentration of the
markers coincided well with the day of the highest
enzyme activities. Figures 1 and 2 are illustrations
of this. Figure 3 gives a divergent course of the
markers and AP. If the rise in enzyme activities is
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Fig. 1. Profiles of elevated enzyme activities (U/1) and tumor

marker (ug/1) in one patient (case 20). The arrow indicates the

start of chemotherapy. No elevated values were found during
further therapy.
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Fig. 2. Profiles of elevated enzyme activities and tumor
markers in one patient (case 5) (explanation as in Fig. 1). The
LDH profile has been omatted to keep a surveyable figure.

caused by liver damage as a consequence of
therapy, one mightexpecta repeat at every cycle of
drug administration. However, if the peaks are
due to tumor cell death, a repeat has to be expected
only occasionally, namely in cases of rest tumor. It
was found that in 2 patients (cases 5 and 18) the
activities of GGT and AP increased temporarily
above normal values in the second cycle only.
sGPT peaks were found in 3 patients (cases 14-16)
in the second and third cycles but not in the
fourth. An example is given in Fig. 4. No further
peaks in enzyme activities were found. Also, peaks
of AFP were found in the further treatments with
chemotherapy in 6 patients (20%). For LDH no
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Fig. 3. Profiles of elevated enzyme activities and tumor
markers in one patient (case 13) (explanation as in Fig. 1).
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Fig. 4. Profile of sGPT in one patient (case 15) (explanation
as in Fig. 1).

clear elevations were found in the last 3 cycles,
probably since the activity had reached the
normal range in most cases after one course. Only
once was a clear reaction of the HCG concentra-
tion seen during further treatment. Hence there is
a striking similarity between the course of the
enzyme activities and the course of the tumor
marker concentrations during chemotherapy.

Marker and enzyme levels in case of tumor
progression

We next examined the level of enzyme activities
during progressive tumor growth. As indicated in
Table 1, 5 patients with initially elevated enzyme
activities died. In 3 of the patients (cases 6, 7 and
11) GGT and AP activities and also the tumor
markers increased later on and remained high
(Fig. 5). In cases 1 and 12 only the HCG level
increased.

In the group of 30 patients in whom increased
enzyme activities were never found, 2 cases of
tumor progression occurred. One patient had
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only an elevation of HCG at the end. In the other
patient no increases of enzyme activities or tumor
markers have been found.

Further aspects of the elevated enzyme activities

It is known that lung cancer cells are able to
synthesize GGT and AP [24]. We wondered
whether the observed GGT and AP elevations
could be attributed to lung metastases. Nine of 11
patients with GGT elevations and 9 of 13 patients
with AP elevations had lung metastases. These
distributions are not significantly different from
the group of stage III patients without lung
metastases. Hence a direct relationship between
the increased activities of the enzymes and lung
metastases cannot be proven.

A striking phenomenon is that in 9 of 11 cases
(82%) of GGT elevation the course of the enzyme
activity is very similar to that of AP (Fig. 2). LDH
is also elevated in these 9 patients; however, the
fluctuations are less similar.

Eight of 9 patients with peaks in GGT activity
during chemotherapy had an initially elevated
GGT, whereas it was observed for sGPT that only
4 of 16 patients and for sGOT that none of 5
patients with rises during therapy showed initial
elevations. This latter enzyme is always increased
together with sGPT.

It should be noticed that the mortality of
patients with an initially increased GGT activity
was significantly higher than the other stage III
patients (P <0.02). Five of 10 patients died
compared to 1 patient with progressive tumor
growth and 1 deceased patient amongst the other
25 patients. For the other enzyme activities a
similar phenomenon was not found.

8

9 110 1

Profiles of elevated enzyme activities and tumor markers in one patient (case 6) (explanation as in Fig. 1).

Finally, no relation between elevated enzyme
activities and histology was observed.

DISCUSSION

The results presented in this paper are
suggestive for the hypothesis that non-semino-
matous testicular tumors are able to produce in
addition to LDH several enzymes which usually
are predominantly synthesized in the liver. These
enzymes are GGT, AP, sGOT and sGPT. The
hypothesis is based on our observations that the
serum levels of these enzymes behave similarly to
the known tumor markers. Firstly, 37% of the
patients with stage III disease have an elevated
activity of one or more of the enzymes. After two
cycles of chemotherapy, when tumor markers
were normalized, these enzyme activities were
decreased to normal values as well. Secondly,
temporary increases in the enzyme activities after
the first administration of chemotherapeutics
were found in 51% of the patients with stage I1I
disease. A similar phenomenon was found for the
known tumor markers. Thirdly, in some cases of
tumor progression after chemotherapy, elevations
were found for enzyme activities as well as for
tumor markers.

In our opinion the elevated serum enzyme
activities cannot be due to synthesis in the liver. In
our group of patients no liver metastases were
found. Also, liver damage, for instance by
chemotherapy, is not a plausible explanation
since: (1) in 13 patients increased enzyme activities
were found before chemotherapy; (2) the sudden
rise in enzyme activity within the 2 weeks after the
start of chemotherapy is not equally divided over
both stages of disease (P <0.02); (3) these rises in
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activity were not often found in the second to
fourth cycles of chemotherapy; (4) in some cases
tumor progression coincided with elevated
enzyme activities; (5) in the literature no studies
concerning high incidence of liver toxicity have
been reported for the drugs used in our study; (6)
to our knowledge none of the patients with
increased enzyme activities is or was an alcoholic;
(7) during the period of this study none of the
patients received drugs that might induce the
GGT activity.

It should be emphasized that based on ourdata,
GGT, AP, sGOT and sGPT cannot be used to
diagnose liver function in patients with a non-
seminomatous testicular tumor.

As mentioned above, the temporary rise in
tumor marker concentration during therapy is
supposed to be due to tumor cell lysis [22, 23]. We
hypothesize that the same holds true for the
enzyme activities. In this respect some phenomena
are striking. The fact that the course of the enzyme
GGT activity is very similar to that of AP suggests
that these enzymes are synthesized in the same
cells. The same can be hypothesized for sGOT and
sGPT.

Since most of the elevations of these latter
enzymes were found during chemotherapy, we
suggest that sGOT and sGPT are not usually
secreted from the tumor cells, in contrast to GGT,
AP and the tumor markers. During chemotherapy
the cancer cells will disintegrate, resulting in a
release of cell content.

Yokosama and co-workers [17] gave indications
for the production of GGT in a yolk sac tumor.
Moreover, Benham et al. [25] found that 7 of their
8 cell lines of testicular teratocarcinoma synthesize
high amounts of AP. It has been reported that
even the normal testicle produces AP, although

the amounts are very low [26]. The synthesis by
testicular germ cell tumors of proteins pre-
dominantly produced by the liver is not
unexpected. The production of AFP and LDH by
these tumors are examples of the same pheno-
menon. Probably the ability for synthesis is due to
the common embryonic origin. Germ cells as well
as liver cells are derived from the yolk sac.

Finally, one may wonder whether the enzymes
may be useful as tumor markers for non-
seminomatous testicular tumors. For this purpose
those cases in which the increased enzyme
activities give more information than the markers
AFP, HCG and LDH are important. This was
found in only 1 of 51 patients. Here the absence of
the common tumor markers was accompanied by
the presence of an initially elevated GGT activity
(Table 1, case 8). In this patient the decrease of
GGT activity to a normal value indeed seemed to
be accompanied by the disappearance of tumor.
However, as shown above, the normalization of
increased enzyme activities does not imply a
warranty for tumor regression (cases 7, 10 and 12).
Putting these data together, we conclude that the
enzyme activities of GGT, AP, sGOT or sGPT
may have only a limited value in diagnosis of
patients with non-seminomatous testicular
tumors. Maybe isoenzyme patterns of GGT and
AP will improve the usefulness of these enzymes
since the determinations are probably more
sensitive. Extra enzyme bands might also be found
in cases in which no elevations of enzyme activity
have been noticed (e.g. high normal levels).
Furthermore, isoenzyme profiles could further
prove that part of the (increased) enzyme activities
are due to synthesis in the tumor. To this end the
isoenzyme patterns of GGT and AP are currently
under investigation in our laboratory.
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