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Human chorionic gonadotropin (hCG) and elevated levels of alpha-fetoprotein 
(aFP) were present in  the plasma of three patients with metastatic testi- 
cular teratocarcinoma. Initial chemotherapy resulted i n  the disappearance of 
the hCG and a decrease in  the aFP levels in  all three patients. T w o  of the 
patients had persistently elevated levels of aFP with undetectable hCG, while 
the aFP in the third patient decreased to and remained in  the normal range 
despite reemergence of high plasma levels of hCG. T h e  discordant behavior 
of these two proteins indicates that their cells of origin are probably different. 
When both hCG and aFP are present in  the blood of patients with testic- 
ular tumors, each should be followed in  order to determine the adequacy 
of therapy. 

HE PRODUCTION OF HUMAN CHORIONIC GO- T nadotropin (hCG) by trophoblastic tu- 
mors of the testis and the value of following 
changes in concentrations of the hormone in 
blood or urine during therapy is well estab- 
lished.6 Recently, several groups of investiga- 
tors have demonstrated the presence of alpha- 
fetoprotein (aFP) in the blood of patients 
with testicular teratocarcinomas containing 
embryonal element~.1~5~7-~~12 The  presence and 
discordant behavior of these two tumor mark- 
ers during chemotherapy in three patients 
with testicular teratocarcinoma is the basis of 
this report. 

MATERIALS AND METHODS 

Urinary gonadotropin determination: Total 
urinary gonadotropins were measured by the 
mouse uterine weight bioassay.10 The  upper 
limit of normal for males is 200 mouse uterine 
units (MUU)/24 hours. 

hCG determination: hCG was measured by 
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a double antibody radioimmunoassay using an 
antibody generated against the beta subunit 
of hCG (hCG-fj).13 This assay has a sensitivity 
of 5 m IU of hCG/ml of plasma relative to 
the Second International Standard for hCG, 
and does not measure physiologic amounts of 
human luteinizing hormone.13 

aFP determinations: Plasma aFP levels 
were determined by a specific double antibody 
radioimmunoassay which has a sensitivity oi 
4 ng/ml.l4 In addition, plasma aFP was 
quantitated by electroimmunodiffusionll for 
levels above 1,000 ng/ml. The  values obtained 
by the two methods agreed closely. Both tests 
utilized the same rabbit antiserum to human 
aFP and dilutions of the same human fetal 
serum pool as standards. 

CASE REPORT 

Case 1. D.R., a 21-year-old man, first noted 
a left testicular mass in July 1968. In  January 
1969, increased urinary gonadotropin excre- 
tion was found, and a left orchiectomy was 
performed with removal of a teratocarcinoma 
composed of embryonal, choriocarcinomatous, 
and rhabdomyosarcomatous elements. Pulmo- 
nary metastases were found postoperatively, 
and he was transferred to the N.I.H. The ex- 
cretion of urinary gonadotropin was 200,000 
MUU/24 hours, and a lymphangiogram dem- 
onstrated periaortic node involvement. Three 
courses of chemotherapy with Actinomycin D 
(ActD) resulted in a fall of urinary gonadotro- 
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pins to the normal range. Because of the per- 
sistence of pulmonary metastases, a fourth 
course of ActD and a course of mithramycin 
therapy were given. Continued growth of the 
metastases prompted further therapy with Cy- 
toxan (Ctx), vincristine (Vcr), ActD, alternat- 
ing courses of Vcr plus Ctx and ActD, “triple 
therapy”-(ActD, methotrexate, Mtx, and 
chlorambuci1)-Mtx, and radiotherapy. De- 
spite the therapy, the disease progressed with 
metastases appearing in the brain, subcutane- 
ous tissues, mediastinurn, and spinal cord, and 
he died on March 7, 1972. His urinary gonad- 
otropins remained in normal range from 
April 1969 until January 1970, when levels of 
2,000 MUU/24 hours were noted. A moderate 
toxic hepatitis was present throughout the pa- 
tient’s course. 

Autopsy: Metastatic deposits were identified 
in the lung, abdominal and mediastinal 
lymph nodes, jejunum, brain and spinal cord. 
Histologically, they were composed of em- 
bryonal cell and mature teratoid elements 
without foci of choriocarcinoma. The  liver 
demonstrated generalized irregular septa1 fib- 
rosis with regenerating nodules and a single 
small metastasis. 

Case 2. C.W., a 28-year-old man, noted left 
testicular swelling in November 1968. A left 
radical orchiectomy and subsequent explora- 
tory laparotomy, in January 1969, demon- 
strated a teratocarcinoma with embryonal, 
seminomatous, and choriocarcinomatous ele- 
ments, and retroperitoneal metastases. A posi- 
tive immunologic pregnancy test and the de- 
velopment of gynecomastia, in March 1969, 
prompted admission to the N.I.H. Initial uri- 
nary gonadotropin titers were greater than 
20,000 but less than 50,000 MUU/24 hours. 
Two courses of ActD chemotherapy resulted 
in a fall in his urinary gonadotropin titer to 
the normal range (May 1969). After two subse- 
quent courses of ActD therapy, he was dis- 
charged and followed at another institution 
from July 1969 to December 1970. During 
that 18-month period, he developed a large 
epigastric retroperitoneal mass that grew de- 
spite further therapy with a combination of 
ActD, chlorambucil, and Mtx; radiotherapy to 
the lesion; and finally, mithramycin. A lapa- 
rotomy in November 1970, revealed a well-dif- 
ferentiated retroperitoneal cystic lesion con- 
taining teratoid elements. He died in Decem- 
ber 1970, and no  autopsy was performed. His 
last urinary gonadotropin titer (April 1970) 
was still in the normal range and, during the 
courses of chemotherapy, only mild liver tox- 
icity was noted. 

Case 3. J.J., a 19-year-old man, noted right 
testicular enlarpement in October 1967. In  

January 1968, after a positive Gravindex test, 
he underwent a right orchiectomy. The  tumor 
was a teratocarcinoma with primarily em- 
bryonal elements and foci of syncytiotro- 
phoblastic cells. At admission to the N.I.H. in 
February 1968, urinary gonadotropin excre- 
tion was greater than 5,000 but less than 
20,000 MUU/24 hours. Lymphangiography 
demonstrated periaortic and iliac node in- 
volvement, and a biopsy of a left supraclavicu- 
lar node revealed metastatic choriocarcinoma. 
Three courses of ActD decreased gonadotro- 
pin excretion, which reached normal levels on 
March 20, 1968. After a fourth course of 
ActD, severe liver toxicity was noted. Because 
of recurrent elevations of urinary gonadotro- 
pin titers in May 1968, another course of 
ActD was given and again the urinary gonado- 
tropin excretion reached the normal range. 
Further elevations of urinary gonadotropins 
prompted four more courses of ActD therapy, 
from September to December 1968, with a 
good response. In February 1969, gonadotro- 
pin excretion increased, and it persisted until 
July 1969, despite multiple courses of ActD 
and Ctx plus Vcr alternating with ActD. 
Three courses of mithramycin therapy did re- 
sult in a rapid decrease in gonadotropin excre- 
tion from a peak of greater than 50,000 but 
less than 200,000 MUU/24 hours (August 28, 
1969) to the normal range by September 28, 
1969. From October 1969, until his death in 
May 1971, the patient received chemotherapy 
with mithramycin, bleomycin, or methotrex- 
ate every 3 to 4 weeks for persistent elevation 
in urinary gonadotropins and the develop- 
ment of multiple large abdominal lymph node 
metastases. Liver function tests were persist- 
ently abnormal throughout the patient’s hos- 
pitalization. 

Autopsy: Massive deposits of tumor were 
found in the retroperitoneal, intraperitoneal, 
and thoracic lymph nodes. The  tumor was 
composed of embryonal and syncytiotro- 
phoblastic elements along with cellular 
connective tissue stroma, bronchial mucosa, 
and cartilage. The  liver exhibited extensive 
periportal fibrosis and nodular regenerative 
zones in the paranchyma consistent with 
chemotherapy-induced hepatotoxicity. 

RESULTS 

T h e  plasma levels of hCG and aFP during 
portions of each patient’s clinical course are 
shown in Figs. 1 through 3. As can be seen, 
the hCG levels in patients D. R. and C. W. re- 
sponded rapidly to the ActD chemotherapy, 
falling to undetectable levels. Although aFP 
levels decreased, they did not reach the nor- 
mal rance (30 ng/ml) and, in D. R., they rose 
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FIG. 1. Changes in plasma hCG (0) and aFP (0) 

levels in patient D.R. The  horizontal bar represents 
the lower limit of sensitivity for hCG (5 mIU/ml) and 
upper limit of normal for aFP (30 ng/ml). 

Upper l imit  of 
normal  

preterminally despite persistently undetecta- 
ble levels of hCG. Patient J. J. had a rapid in- 
itial fall in his hCG and aFP levels, both 
reaching normal limits. The  plasma aFP 
levels remained low throughout the rest of his 
clinical course, while the hCG levels rose and 
remained elevated until death despite almost 
continuous therapy. 

DISCUSSION 

Circulating levels of hCG have been de- 
tected in a wide range of neoplasms both 
with and without recognizable trophoblastic 
elements3 whereas aFP occurs primarily in 
hepatocellular carcinoma and ovarian or tes- 
ticular germinal tumor~1.~~7-~,12 The  produc- 
tion of both proteins by the same neoplasm 
has not been reported previously. I t  is of in- 
terest, therefore, that in the three patients 
described, circulating hCG and aFP were 
found. 

The  cell types responsible for hCG produc- 
tion in most testicular neoplasms are pri- 
marily the trophoblastic elements, although 
hCG production has been demonstrated in 
association with tumors of embryonal cell ele- 
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FIG. 2. Changes in plasma hCG (0) and aFP ( 0 )  

levels in patient C.W. 

CTX + VCRIAcIin-D 
Aclinomycin -0 1 1 1 1  I I l l  

I 
I I II 

FIG. 3. Changes in plasma hCG (0) and aFP ( 0 )  
levels in patient J.J. 
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ments without recognizable trophoblastic tis- 
sue.384 aFP production by gonadal neoplasms 
has been reported only in tumors containing 
embryonal e l e m e n t ~ . I ~ ~ ~ ~ - ~ ~ ~ ~  Indeed, aFP pro- 
duction has not been found in  patients with 
gestational choriocarcinoma or testicular cho- 
riocarcinomas in which embryonal elements 
are not present.2*I2 One would expect that in 
tumors composed of trophoblastic and em- 
bryonal elements, differential rates of destruc- 
tion of the cell types by Chemotherapy might 
lead to a difference in the behavior of their 
specific marker proteins. 

The  discordant behavior of hCG and aFP 
suggests three explanations: 1. that hCG and 
aFP are synthesized by different cell lines; 2. 
that the synthesis of one of the two proteins is 
more sensitive to chemotherapy than the other 
(the fact that levels of hCG and aFP move in 
different directions during therapy makes this 

less likely); and 3. that the elevated levels of 
aFP are not related to the tumor but to liver 
disease. Although hepatic injury and subse- 
quent regeneration has been associated with 
mildly elevated circulating aFP levels,2 
plasma aFP was markedly increased prior to 
chemotherapy in all three patients, and the 
patient with the most severe hepatic dysfunc- 
tion, J. J., had persistently low levels of aFP 
during therapy. We conclude, therefore, that 
the most plausible explanation is that the 
hCG and aFP are synthesized by different cell 
lines present in the tumor. 

This dual cell theory suggests that when 
both hCG and aFP are present, their discor- 
dant behavior necessitates serial determina- 
tions of both in order to monitor the response 
of each cell type, with continuation of therapy 
until both regress to undetectable or normal 
levels, respectively. 
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