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Quantitative serial serum measurements of human chorionic gonadotropin 
(hCG) and alpha-fetoprotein (AFP) levels using sensitive double-antibody radio- 
immunoassays were performed in  nine patients with germinal cell tumors before 
and during treatment. T h e  sera of eight of the nine were found to have a hCG 
marker and  five of the nine a n  AFP marker. T h e  sera of four patients were 
found to  have both. Serial serum levels of hCG, of AFP, or both were usetul 
for monitoring disease activity during therapy in  all nine patients. I n  two pa- 
tients tumor masses failed to  diminish during chemotherapy, but the tumor 
markers fell appropriately. At surgery one patient had a mature teratoma, the 
other a mature teratoma with a microscopic focus of a n  embryonal cell tumor. 
In one patient tumor reactivation was reflected by the emergence of only one 
of two previously elevated tumor markers. One patient had a rise in hCG, an- 
other a rise in  both markers coincident with recurrence of tumor. Serial measure- 
ments of AFP and hCG are  useful for following the response to therapy of 
germinal tumors, and can assist in making therapeutic decisions. 
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ERlAL OBJECTIVE MEASUREMENT OF TI'MOR 

L. 5 masses is a time-honored and usually re- 
liable method of assessing the effectiveness of 
cancer therapy. However, the quantitative 
measurement of tumor protein products re- 
leased or secreted into the blood stream should 
provide a more sensitive test of tumor activity. 
Human cliorionic gonadotropin (hCG) is pro- 
duced by trophoblastic gestational tumors and 
by gonadal tumors containing trophoblastic 
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e lement~.6<~ Measurement of changes in the 
concentration of this hormone in blood or 
urine has been of considerable benefit in fol- 
lowing the therapy of these tumors. Alpha- 
fetoprotein (AFP) is secreted by the majority 
of hepa tocellular carcinoma5 and many em- 
bryonal cell carcinomas and has been found 
useful for following patients with these dis- 
ea~e.~,~,9-12J5 Recently, techniques have been 
developed to measure these proteins by sen- 
sitive double antibody ratlioin~munoassays, 
greatly enhancing their value as reliectors of 
tumor activity. In  this report we provide evi- 
dence that the measurement of both !iCG and 
AFP by these techniques is more useful than 
the determination of either one alone for fol- 
lowing the response to therapy in testicular 
neoplasms and other germinal cell tumors, 
and that serial measurement of t h e  proteins 
can assist greatly in lnaking therapeutic de- 
cisions. 

PATIENTS AND METHODS 

Patients 
The  patients studied were nine white men 

with germinal cell tumors treated at the Na- 
tional Naval Medical Center. Light patients 
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had testicular tumors and one a malignant 
teratoma of the mediastinurn. Ages ranged 
from 21 to 46 years. Tumor histopathology 
was classified in accordance with Dixon and 
Moore5 and reviewed by a single pathologist 
prior to compiling this report. Five patients 
were treated for primary disease, four for 
recurrent disease. T w o  patients received 
vinblastine and bleomycin as their initial 
chemotherapy and six received vinblastine, 
bleomycin, and actinomycin-D. Two patients 
with disease in the retroperitoneum and lungs 
entered a pilot study designed to test the ef- 
fectiveness of a combination of chemotherapy 
and radiation therapy. One patient was 
treated with actinomycin-D followed by radia- 
tion therapy. In  three patients surgery was an 
integral part of therapy. Patient characteristics 
are summarized in Table 1. All nine patients 
responded to treatment. Six patients, at  the 
time of writing, are continuing therapy with 
no evidence of disease. Two  patients have 
relapsed. 

Methods 
hCG was measured by a double antibody ra- 

dioimmunoassay using an antibody generated 
against the beta subunit of hCG (hCG-B).* 
This assay has a sensitivity of 1.0 ng/ml and 
does not measure physiologic amounts of hu- 

e The reagents, both specific antiserum and purified 
hCG, weie provided by the Hormone Reference Cen- 
ter, National Institute of Child Health and Human 
Development and National Institute of Arthritis, 
Metabolic, and Digestive Diseases. 

man luteinizing hormone.16 Any value greater 
than 1.0 ng/ml is abnormal. 

Plasma AFP levels were determined by a 
specific double antibody radioimmunoassayli 
which has a sensitivity of 5 ng/ml. In  addition, 
plasma AFP was quantitated by electroim- 
munodiffusion for levels above 1,000 ng/ml.*4 
Both tests utilized the same rabbit antiserum 
to human AFP and dilutions of the same hu- 
man fetal serum pool as standards. Seruni 
values over 40 ng/nil are considered abnormal 
since the serum AFP concentration of 130 con- 
trols were below this level. 

RESULTS 

A summary of the results in the nine pa- 
tients studied is given in Table 2. Eight pa- 
tients had elevated hCG levels and five had 
elevated AFP levels. Four patients had both 
markers elevated. 

The  value of serial measurements of the 
markers during therapy can best be illustrated 
by describing the clinical courses for four of 
the nine patients. 

Case No. 2 
A 25-year-old man  was treated by orchiectomy 

a n d  retroperitoneal node dissection for a mixed 
embryonal cell carcinoma a n d  choriocarcinoma 
confined to the testis. Serum markers were not 
evaluated a t  the onset of disease. Twen ty  months 
after surgery he  was found to have a large abdomi- 
nal mass a n d  elevations of both serum AFP and  
hCG. Surgery was planned and  he was treated 

TABLE 1. Summary of Patient Characteristics 

Sites of 
Patient Age Histopnthology* disease+ Treatment 

1 46 E, c Uncertain Chemotherapy 
2 25 E, C Retroperitoneum Chemotherapy 

Surgery 
Radiation 

3 25 E Retroperitoneum Chemotherapy 
Lungs 

4 3.5 C Lungs Chemotherapy 
5 2 4 E, C Tietroperitoneum Chemotherapy 

Lungs 
6 21 E, S Iietroperitoneurn Chemotherapy 

Lungs 
Mediastinum Chemotherapy 7 3 3 E, T 

8 2 3 'r, c Retroperitoneuin Chemotherapy 

9 2 3 E, T, C, S Mediastinurn Surgery 

Radiation 

Radiation 

Surgery 

Radiation 

Radiation 
Chemotherapy 

E = Embryonal cell; C = Choriocarcinuma; S = Seininoinn; T = ~l'eratocarcinc,m~1. 
* At time of original diagnosis. 
+ At iiiitiation of the measurement of AFP and hCG. 
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preoperatively with combination chemotherapy in 
a n  attempt to reduce the tumor size. There was 
no objective diminishment of tumor size, but 
serum AFP and hCG levels fell dramatically (Fig. 
1). T w o  months after chemotherapy, surgical ex- 
ploration revealed a teratoma associated with 
lymphoid tissue. H e  received postoperative radio- 
therapy to the abdomen and mediastinurn and has 
had no evidence of disease recurrence. H e  is now 
being maintained on intermittent adjuvant chemo- 
therapy; both AFP and hCG have remained within 
normal limits. 

Case No. 3 
A 25-year-old man had a testicular embryonal 

carcinoma metastatic to the retroperitoneal lymph 
nodes. H e  was initially treated by orchiectomy, 
retroperitoneal node dissection, and para-aortic 
and mediastinal irradiation. After completion of 
the radiation therapy he was found to have pulmo- 
nary metastases and he was referred to the Hema- 
tology/Oncology Branch for chemotherapy. Serum 
AFP, top normal a t  the onset of chemotherapy, 
declined as the visible pulmonary metastases al- 
most completely regressed (Fig. 2 ) .  Serum hCG 
levels were not obtained prior to therapy and 
were normal when first performed. In  late January 
he  developed malignant ascites but the serum 
markers did not change until April. Soon there- 
after a left M a r  mass began to enlarge. Both 
markers continued to rise despite chemotherapy 
with several agents which had n o  objective effect 
on the tumor. T h e  patient died with extensive 
pulmonary disease. 

Case No. 5 
A 24-year-old man with a choriocarcinoma and 

embryonal cell carcinoma metastatic to retroperi- 
toneiim and lung entered the protocol designed to 
evaluate the effectiveness of radiation and chemo- 
therapy for testicular tumors in this stage. Shortly 
after initiation of therapy almost all of his pulmo- 
nary metastases regressed. T h e  serum AFP fell to 
normal and the hCG dropped more than 3 logs 
but did not reach normal (Fig. 3). At this time 
several persistent tumor masses and a possible new 
one were noted. T h e  serum hCG level then sud- 
denly rose but then fell to normal after whole 
lung irradiation and chemotherapy. T h e  serum 
AFP did not change. T h e  lungs remained normal 
for the next 4 months while he continued to re- 
ceive chemotherapy. Recently, he w a s  cliscovered 
to have recurrent pulmonary disease. 

Case No. 7 
A 33-year-old man who originally Iiad testicular 

embryonal cell carcinoma with metastases to the 
retroperitoneum was treated with surgery ;ind 
chemotherapy and achieved remission status. He 
was referred to Hematology/Oncology Branch 18 
months after the initial diagnosis with apparent 
recurrent tumor in the right mediastinum and 
elevations of both serum AFP and hCG. As a result 
of combination chemotherapy the tumor markers 

TABLE 2. Summary of hCG and .qFP Elevations 

+ + 
+* + + + + + 
- 

* Became elevated later in course 

fell to normal (Fig. 4). but  the size of the tumor 
shadow remained unchanged in  x-ray examination. 
Thoracotomy revealed a mass which was primarily 
wel1-differentiated teratoma with a single micro- 
scopic focus of embryonal cell carcinoma. T h e  
patient received postoperative chemotherapy and 
has remained i n  complete remission which has 
been confirmed by continued normal levels of AFP 
and hCG. 
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VLB/ BLEOIACT-0 
IIIII 1-m 

10.0oo - 

1000 - 
- 
E \ -  

m c 

0 

L L  
CI 

- - a 

100 - 

lo 
J U L  OCT JAN APR 

74 
MONTHS 

FIG. 1. A 25-year-old man, originally diagnosed as 
having a mixed embryonal carcinoma and choriocar- 
cinoma tumor confined to the testis who presented 
20 months later with an abdominal mass. In this and 
subsequent figures A = hCG, 0 = AFP. That hCG 
was < 1 is arbitrarily shown. Abbreviations for chemo- 
therapy are: VLB, vinblastine; BLEO, bleomycin; 
Act-D, actinomycin-D; MTX, methotrcxate. 
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DISCUSSION 

It is apparent from this study that serial 
measurements of both AFP and hCG are use- 
ful and dependable parameters for following 
the response to therapy of germinal tumors. 
Furthermore, measuring both proteins is more 
helpful than the determination of either alone. 
Recent observations have indicated that single 
tumors are capable of producing more than 
one of these markers and that the cells of 
origin of these two proteins may be different.3 
Moreover, it is apparent that tumor regrowth 
following therapy may be reflected in emer- 
gence of only one of the two previously ele- 
vated protein tumor markers. This was ex- 
emplified in patient 5 where only the hCG 
marker correlated with disease activity during 
reactivation of disease. 

In  addition, the data obtained from the 
serial measurement of these proteins may be 
used to help make therapeutic decisions. This 
was demonstrated in patients 2 and 7 where 
chemotherapy failed to induce measurable tu- 
mor shrinkage, while the tumor markers were 
falling appropriately. With the hypothesis that 
the tumors might represent mature teratomas, 
we proceeded to surgery rather than admin- 
istering additional chemotherapy; and indeed, 
this was found to be the case. The  sequence 
of events suggests that the tumors did initially 
contain chemotheraw-resoonsive undifferenti- 

ated cells and these were the source of the 
protein markers. 

If measured at frequent intervals, the assays 
theoretically may be able to predict an ex- 
panding tumor burden prior to the appear- 
ance of objective disease. Experimentally, sup- 
port for the validity of this can be found in 
studies by Sell et al.13 who demonstrated that 
the tumor growth of the transplantable Morris 
hepatoma 7777 carried in Buffalo rats corre- 
lated directly with the quantity of serum AFP 
as determined by a radioimmunoassay. More- 
over, the presence of metastatic disease after 
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FIG. 3. A 24-year-old man who presented with pul- 
monary metastases from a mixed embrvonal car- 

I /  I cinoma and choriocarcinoma. 
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suigery could be predicted with the results of 
the assay prior to the appearance of the tumor 
by physical examination. 

The  hCG assay may also be useful for fol- 
lowing patients with other tumors; Braunstein 
et aI.,* using the technique emplojed in this 
study, recently showed that hCG may be pres- 
ent in a wide range of malignant neoplasms, 
including many nontrophoblastic varieties. In- 
deed, Goldstein et a1.,6 with a modification of 
the method, demonstrated the value of serial 
measurements for quantitating tumor burden 
in patients with various malignancie5 where 
the hormone was found to be present. 

A practical problem for the clinician may 
be that of obtaining access to these determina- 
tions in smaller communities. However, the 
technique of radioimmunoassay is now being 
used to measure serum proteins in many clini- 
cal laboratories, and hopefully the assays will 
soon be more widely available. At the present 
time they are being performed in a number 
of research and specialized clinical laboratories 
throughout the country. 
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FIG. 4. A 33-year-old man with a recurrent germinal 
cell tumor of the right mediastinum. 
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