
SELECTIVE TARGET IRRADIATION

Larger rad doses to target tissues can be delivered,
with higher specificity for the target tissue, than by

conventional radiation therapy. Saenger et al. (3) have
recently reviewed the general background for this
statement.

Graves'disease.In thetreatmentof Graves'disease
with Na'311, a thyroid gland that exhibits a 50% uptake
at 24 hr averages 2,370 rads/mCi (6). It is generally
agreed that an â€œidealâ€•dose to be delivered is 5,000â€”7,000
rads in the treatment ofGraves' disease (7).

Well-differentiated thyroid cancer. Blahd has recently
reviewed the radiation dose to target tissues in the
treatment of well-differentiated thyroid carcinomawith
Na'311 (2). Effective tumor uptake is achieved if there
is a concentration of 0.5% of the dose per gram of tumor
tissue with a biologic half-life of 4 days. The adminis
tration of 150 mCi 1-131 will deliver a tumor dose of
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approximately 25,000 rad, or five times the absorbed
dose that can be achieved by a typical course of external
radiation therapy. Moreover, this dose will be delivered
to every functional metastasis in the body regardless of
its size and location, and tumor tissue will receive several
hundred times the irradiation received by the rest of the
body.

Figure 1 is a graph of the radiation dose delivered in
one of our patients to two thyroid remnants after at
tempted total thyroidectomy for papillary and follicular
carcinoma of the thyroid. In our laboratory Koral et al.
(unpublished data) with a treatment dose of 170 mCi of
I- I 3 1 to this patient, delivered 30,800 rads to one rem
nant and I 2,400 rads to the other, as measured by daily
quantitative tomographic imaging (8).

Scott et al. (9) quantitated uptake of I- 13 1 in metas
tases in vivo and determined that, for a 100-mCi dose,
one patient received 69,000 rads in one lobe of the thy
roid gland, and another patient received 26,000 rads to
a metastasisin thetemporalbone.

Hematoproliferative disorders. Silberstein@has recently
reviewed the radionuclide therapy of hematologic dis
orders (4). In the treatment of polycythemia vera and
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The therapeutic approach of Internally administered radlopharmaceuticals of
fers the potential to outmodethe present approachesof conventionalradiation
therapyandchemotherapybecauseof three characteristics:

1. The therapeutic use of radiopharmaceuticals may deliver as much as orders
of magnitude larger rad doses than conventional radiation therapy to target tissues,
selectivelyIrradiatingthesetissuesInternallyin one radiationdose.

2. The therapeuticuse of radiopharmaceuticalsis followed by a lower mci
dence of leukemIaandothercancers.

3. The treatment is comparatively noninvasive and nontraumatic.
We can now make this rather strongstatement with fairly firm convictionbe

cause Na131l has been used sInce 1946 (33 years) to treat almost a millIon pa
tientsfor hyperthyroidism(a) andin approximately5000 patientsforwell-differen
tiated thyroidcancer (b); NaH2PO4(P-32) has been usedfor 35 years to treat ap
proximately25,000 patients' with polycythemiavera (3-5).
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Leukemia following treatment of thyroid cancer with
Na1311. Of 532 patients treated with 1-131 since 1947,
we have had one patient with known chronic lymphatic
leukemia at the time the first treatment dose was ad
ministered. In 1977, a man whose occult thyroid carci
noma (due to irradiation to the head, neck, or upper chest
as a child) was discovered during surgery for a para
thyroid adenoma causing hyperparathyroidism devel
oped granulocytic leukemia 1 yr after a 100-mCi treat
ment dose of I-i 31 . We have had no other patients with
leukemia in follow-ups during 32 yr. including two pa
tients given a total dose of more than 1 Ci. In view of our
33-yr experience, it is important to note that all cases of
leukemia following I-I 3 1 therapy have been detected
within 5 yr after the first treatment with 1-131 (16,17).

Pochin has experienced a 2% incidence of leukemia in
his treated patients (1 7). He gave repeated doses of 150
mCi, however, at 7- or 8-wk intervals.

We believe that the bone marrow should be given a
year to recover between doses (18) whenever possible.
This observation, made in 1963, has now been upheld by
Rubin et al. (19) and Knospe et al. (20). Rubin's group,
utilizing Tc-99m SC bone-marrow scanning, indicates
that prolonged suppression of bone marrow occurs im
mediately following completion of segmented sequential
irradiation in patients with Hodgkin's disease and per
sists for I or 2 yr. They present new evidence that, if
doses in the 4000-rad range are fractionated, partial to
complete bone-marrow regeneration occurs at 2 yr in
85% of the exposed bone-marrow sites. Knospe et al. (20)
studied extensively irradiated patients with Fe-52
bone-marrow scanning from 0-73 mo after irradiation.
Marrow regeneration was observed in most patients after
intervals of 12 mo or longer. Blood-count cytopenias

were almost always restricted to the first year after ir
radiation.

Other malignancies. We have not analyzed the mci
dence ofother malignancies in our 532 patients treated
with I- I 3 1 for thyroid cancer, but we have looked for
tumors in other organs exposed to increased concentra
tions of I- I 3 1: choroid plexus, salivary glands, stomach,
kidneys, and bladder. The two patients with parotid

gland tumors developed them before the original diag
nosis of thyroid cancer. Massaferri et al. (21 ) noted a
3.5%incidenceofat leastoneothermalignancy.Three
individuals had two other malignancies. In over half the

cases ( I I individuals) the other malignancy clinically
preceded the thyroid cancer.

An increased frequency of malignant tumors of other
organs is reported to occur in patients with thyroid
cancer (22,23). Breast cancer is the most common such

neoplasm, but a number of other neoplasms, including
many in the head and neck structures, have been ob

served (2! ). Wyse (23) found that after a diagnosis of
thyroid cancer has been established, a patient suffers an
increased risk that a second primary neoplasm may de
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leukemia, a range has been established for the dose from
P-32 to bone marrow, liver, and spleen of from 20-50
rad/mCi injected. With few exceptions, P-32 has been
used primarily to suppress hyperproliferative or neo
plastic marrow cell lines, with the goal of control rather
than cure. Thus, marrow doses of approximately 80-200
rads have been utilized. This is within the range of the
estimated D0 for human marrow, i.e., the radiation dose
that will irreversibly inhibit cell division in 63% of cells
so treated (10).

LOW RISK OF CARCINOGENESIS

The therapeutic use of radiopharmaceuticals is fol
lowed by the lowest incidence of leukemia and other
cancers.

Treatment of hyperthyroidism with N&311. Becker has
recently made the summary statement in this Journal
(I) that â€œ.. . after 30 years of use in almost a million

hyperthyroid patients, I-I 31 is today considered to be the
most effective and efficient therapy available for the
definitive management of hyperthyroidism in adults.

There is reason for confidence in its safety, since studies
of large numbers of patients with long and almost com
plete follow-up have not shown any increase in leukemia
or thyroid cancer, and no obvious birth defects or genetic
changes have appeared in the offspring of patients
treated with 1-131â€•(11,12).

These same statements can be made for fewer num
bers of patients concerning the treatment of Graves'
disease in children (13,14) andâ€”with orders of magni
tude larger dosesâ€”concerning in the treatment of thy
roid cancer in children (15).

550 THE JOURNAL OF NUCLEAR MEDICINE



ADJUNCTIVE MEDICAL KNOWLEDGE

velop, with an attack rate of 1.4% per year.
Anaplastictransformation.Theconversionof a well

differentiated thyroid carcinoma to anaplastic cancer
has been noted in a small but important number of pa
tients. Because in many of the reported cases, the original
tumor had been irradiated, some speculate about the
possibility of a causal relationship between radiotherapy

and subsequent anaplastic transition of the tumor.
Mazzaferri et al., however, observed that only about half
of the reported patients in which differentiated tumors
ultimately gave rise to anaplastic cancers had a docu
mented history of previous irradiation (21).

Chemotherapy and conventional radiation therapy. The
â€œnormalâ€•incidence of leukemia and second tumors after
I-I 31 therapy is in sharpcontrastto the hazardsof
chemotherapy, especially combined with conventional
radiation therapy. Chabner, from the National Cancer
Institute, in an editorial (24) reviewedthe observations
that inovariancancerpatientsliving2 yr afterinitiation
of chemotherapy, the risk of developing acute leukemia
is increased by a factor of 67â€”17 1. Similarly in patients
with Hodgkin's disease the risk of developing a second
cancer 4 yr after nodal irradiation and chemotherapy is
increased by a factor of 21!

These data at 2 and 4 yr after apparent freedom from
disease after conventional radiation therapy and che
motherapy are in striking contrast to our data at 33 yr
in patients freed of lung metastases from well-differen
tiated thyroid cancer by all criteria (chest radiograph
and I-i 31 lung scans) for as long as 27 yr after treatment
(25,26, Beierwaltes, WH, unpublished data).

New data on 103 patients with metastases from

well-differentiated thyroid carcinoma outside the neck

show that I-i 3 1 treatment doubles or triples the survival
time in those patients freed of their distant metastases
by this treatment.

Cady et al. (26) have also produced new encouraging
data on 600 patients with well-differentiated thyroid
carcinoma, diagnosed between I 93 1- 1960, with a 98%
followup for I 5-45 yr. He found that the recurrence rate
and death rate were significantly different in defined
high-risk and low-risk groups. Men <41 years of age and

women <5 1 years of age were placed in the low-risk
group, and older patients in the high-risk group. The
recurrence rate after surgery was 33% in the high-risk
group and I 1% in the low. The death rate was 27% in the
high-risk group and 4% in the low. The I- 13 1 cure rate
in patients with metastatic disease was 70% in the low
risk group and 10% in the high.

Thus after following patients for up to 33 yr after
I- 13 1 treatment of thyroid cancer, we see them freed of
their metastases by all criteria, and without the well
documented increased risk of leukemia and other tumors
observed in the treatment of other cancers with con
ventional radiation therapy and chemotherapy.

As an aside, however, it should be remembered that

in the National Cooperative Thyrotoxicosis Study, one
of the most interesting observations was that Graves'
disease itself was associated with an incidence of leuke
mia 50% more common than in the general population,
whether the hyperthyroidism is treated surgically or with
I-I 31(11). Thissameobservationhadbeenmadeearlier
by Ultman et al. concerning lymphomas (27), and in

some cases of the Cooperative Thyrotoxicosis Study it
appeared that the lymphoma had preceded the 1-131
therapy (Saenger, EL, personal communication).

P-32 in myeloproliferative disorders: Polycythemia
vera. Over a period of 40 yr (28), the unequivocal effi
cacy of P-32 in the treatment of polycythemia vera has
been well documented (4). It prolongs median survival
to 13â€”16 yr from onset, but in retrospective studies the
role of P-32 in leukemogenesis in polycythemia has been
suggested as well as the possibility of its increasing the
risk of transition from polycythemia vera to myeloid
metaplasia (4).

The Polycythemia Study Group (PVSG) has been
comparing the results, in a large group of patients, of
therapy with P-32 with the results of chlorambucil

treatment (both using phlebotomy as needed) and with
phlebotomy alone (4). This study group has reported
recently that their treatment of choice for polycythemia
vera is now P-32 plus phlebotomy as needed to maintain
normal hematocrit and platelet counts. They are no
longer treating patients in their study with chlorambucil
(an alkylating agent) because of the significantly in
creased incidence of acute leukemia in that group. After
follow-up of 4â€”10yr, Iheir latest available results showed
that acute leukemia developed in one of 134 patients
treated with phlebotomy alone, six of I 56 on P-32, and
15 of 141 on chlorambucil. Overall survival was about
equal with the P-32 plus phlebotomy and with phlebo

tomy alone, although the latter causes a higher incidence
of thrombotic events.

As a result of these findings, oncologists at the Uni
versity of Michigan were sufficiently impressed by the
higher rate of leukemia in the chlorambucil-treated

group to request the Division of Nuclear Medicine in
June of 1980 to resume the P-32 treatment of poly
cythemia vera as the routine treatment of choice.

INVASIVENESS AND INJURY

The radiopharmaceutical treatment is less invasive
and traumatic than conventional radiation therapy and
cancer chemotherapy.

On April 5, 1978, at the 69th Annual Meeting of the
American Association for Cancer Research in Wash
ington, DC, Zubrod said in his Presidential address that
â€œcombination chemotherapy has a number of serious
drawbacks: complexity, long duration of treatment,

expense, toxicity, and perhaps worst of all a growing
problem of induction of leukemia and other second tu
morsâ€• (29).
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The treatment of well-differentiated thyroid cancer
after surgery by having patients drink a few milliters of
waterthrougha paperstraw,with nomorethanminor
complications (2), is in striking contrast to the long du
ration and toxicity of chemotherapy and the weeks of
daily radiation treatments.

Likewise in the P-32 treatment of polycythemia vera,
the P-32 can occasionally be given in a single oral or in
travenous dose. Radiation sickness (including gas
trointestinal symptoms) has not been described with the
P-32 doses used to treat hematologic disease (4).

Future progress with radiopharmaceutical therapy?
Because the radiopharmaceuticals can deliver to the
target tissue, selectively and noninvasively, radiation
doses sometimes orders of magnitude higher than can
conventional radiation therapy, and can compete fa
vorably with chemotherapy, all without the rising high
incidence of leukemia and second tumors, they have the
potential to outmode conventional modern radiation
therapy and chemotherapy if we in nuclear medicine can
develop new radiolabeled compounds for the treatment
of other cancers using our present 33- to 40-yr experience
with the treatment of well-differentiated thyroid cancer.
What are our prospects of developing these new ra
diotherapeutic compounds to expand the nuclear mcd

icine approach to therapy? Our laboratory has been
working on this approach ever since December 7, 1951,
when we started our first treatment, eventually suc
cessful, of a metastatic malignant melanoma with I-
13 1-labeled immunoglobulins derived from rabbits im

munized to a crude saline extract of the patient's own
malignant cells. Our current probable success is with a
new radioiodinated adrenal medulla imaging agent de
veloped in our laboratories (30,31 , Beierwaltes, un
published data).

1-131-labeled meta-iodobenzylguanidine and the
adrenal medulla. After a I3-yr effort to develop a ra
dioiodine-labeled analog of dopamine for the diagnosis
and therapy of adrenal medullary tissues, our radio
pharmaceutical group at the University of Michigan is
evaluating the new agent meta-[1311]iodobenzylguani
dine (30,31 , Beierwaltes, WH, unpublished data) for the
treatment of adrenal medullary hyperplasia to prevent
(a) the 25-32% death rate of pheochromocytoma in the

MEN ha syndrome (32), or (b) the risk of Addisonian
crises from bilateral total adrenalectomy. Present cal
culations in a patient with metastases from adrenal
medullary carcinoma to the brain, skull, axial skeleton,
and abdomen show that we will be able to deliver 5000
rads/ I00 mCi of I- I 3 1 M IBG in a fashion similar to the
treatment of well-differentiated thyroid carcinoma with
Na'311. We administered a 100 mCi treatment dose,

February 15, 1981, hopingtoparallel the resultsof 532
well-differentiated thyroid carcinomas treated with
Na'3'

Radiolabeled inhibitors for enzymes present in a rich

concentration in cancers. We first achieved diagnostic
imaging of the adrenal cortex in the dog with 1-123-
labeled SKF I 2, 185, a reversible enzyme inhibitor of I 1
@3hydroxylase(33).Diagnostictrialsin humancarcinoid
have begun with para-iodophenylalanine, an irreversible
inhibitor of tryptophan hydroxylase, a rate-limiting
enzyme that converts tryptophan to serotonin in carci
noid. Para-iodophenylalanine showed a higher diagnostic
uptake in the mouse mastocytoma model of carcinoid
than did 5-iodo- and 6-iodo-tryptophan and para-io
doamphetamine (Mangner, T, unpublished data). We
have demonstrated that ornithine decarboxylase activity
is increased in most cancers (34) by a factor of 150â€”300,
as compared with the tissue of origin, but histaminase
is increased strikingly only in medullary thyroid cancer
and small-celled cancer of the lung (35,36).

Radioiodinated antibodies and Fab fragments. Press
man and Keighley first labeled antibodies with radio
active isotopes in 1949 (37). We are credited with the

first treatment of a human cancer with radioiodinated
antibodies (38-40). In the 1-131-antibody treatment of
a malignant melanoma, referred to earlier, the patient
was given the radioimmunoglobulin in a continuous in
travenous drip, and was free of his disease by all criteria
in May, 1952 (40). After failure to repeat this success
in I I consecutive patients, I concluded that a cancer
specific antigen was necessary. In 1971, Quinones,
Mizejewski, and I published the first photoscan detection
of a human carcinoma (choriocarcinoma) growing in a
hamster's cheek pouch, using radioiodinated polyclonal
immune IgG to human chorionic gonadotropic hormone
(hCG) (41). Three years later, Goldenberg et al. (42)
and 1-loffer (43) published the use of this model for
photoscan detection of carcinoma of the colon using
radioiodinated immune lgG to CEA antigen. Golden
berg and DeLand (44) then used affinity-purified
polyclonal antibodies to achieve diagnostic detection of
a wide variety of human neoplasms. They originated the
descriptive term â€œradioimmunodetection.â€•

Since then there has been a veritable explosion in the
use of radioiodinated antibodies to achieve diagnostic
location of cancer. An entire issue of Cancer Research
was devoted to the publications of a wide variety of
presentations on this subject in a symposium held by

Goldenberg and DeLand in Lexington, Kentucky, July
I 9â€”21, I 979. Order et al. reviewed their promising early
results in therapy of neoplasms with 1-131-labeled
anti-CEA polyclonal immune lgG in that issue (45).

Our polyclonal lgG antibody to HCG was 99% im
mune-nonspecific, but this antibody, purified, has been
used successfully for diagnostic location of lung cancer
in man (46).

We are thoroughly excited by this finding because
monoclonal antibodies are 99% immune-specific and we
have started diagnostic and therapeutic trials with a

radioiodinated monoclonal antibody to the beta subunit
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ofhCG (Khazaeli, M, unpublished data). We find that
most cancers have hCG on the cell surface and in the
cytoplasm (47,48).

Radioiodine-labeled monoclonal antibodies have al
ready successfully located tumors in animals (49).

Obviously, there will be great competition among a
large number of investigators, with the benefit to the
patient, to develop the most effective diagnostic and
therapeutic radioiodinated monoclonal antibody (and
Fab fragment) for a wide variety of cancers.

In summary, we have attempted to document our
opening statement that the radionuclide approach to the
treatment of cancer has the potential to outmode most
modern radiation therapy and cancer chemotherapy.
1981 promises to be an exciting year for the prospects
of radionuclide therapy.

FOOTNOTE

S Wasserman LR, personal communication, I /6/8 1 : There is an

occurrence of about 1,000 new cases of polycythemia vera each year.
For about 20 years, phlebotomyand Na32Pwere used to treat all cases,
or about 20,000 patients. During the past I5 years, P-32 has been used
to treat about one third of these patients, or about 4,985, for a total of
â€”@25,000 patients.

REFERENCES

1. BECKERDV: The role of radioiodine treatment in childhood
hyperthyroidism.J Nucl Med 20: 890-894, 1979

2. BLAHDWH: Treatmentofmalignantthyroiddisease.Semin
NucI Med 9: 95-99, 1979

3. SAENGER EL, KEREIAKES JG, SODD VJ, et al: Radioth
erapeuticagents:Properties,dosimetry,and radiobiologic
considerations.SeminNucl Med 9: 72-84, 1979

4. SILBERSTE1N EB: Radionuclide therapy of hematologic
disorders.Semin Nuc! Med 9: 100- 107, 1979

5. WASSERMANLR: The treatmentof polycythemiavera.
SeminHematol13:57-78,1976

6. SNYDER WS, FORD MR. WARNER GG, et al: â€œSâ€•,absorbed
doseper cumulated activity for selective radionuclides and
organs. NM/MIRD Pamphlet Number II, New York, So
cietyof Nuclear Medicine, I 975

7. BECKERDV: Current statusof radioiodinetreatmentof hy
perthyroidism. Thyroid Today 2: 1-5, 1979

8. KEYESJW,JR,ORLANDEAN, HEETDERKSWJ,etal:The
Humongotronâ€”a scintillation-camera transaxial tomograph.
JNuclMed 18:381â€”387,1977

9. SCorr JS, HALNAN KE, SHIMMINS J, et al: Measurement
of dose to thyroid carcinoma metastases from radio-iodine
therapy. BrJ Radiol 43: 256-262, 1970

10. SENN iS, MCCULLOCH EA: Radiation sensitivity of human
bonemarrow cells measuredby a cell culture method. Blood
35:56-60,1970

I I. SAENGEREL, THOMAS GE, TOMPKINS EA: Incidenceof
leukemiafollowing treatmentof hyperthyroidism.Preliminary
report of the Cooperative Thyrotoxicosis Follow-up Study.
JAMA 205:855-862,1968

12. DOBYNSBM, SHELINEGE, WORKMANJB,etal:Malig
nant and benign neoplasmsof the thyroid in patients treated
for hyperthyroidism: A report of the Cooperative Thyrotox
icosis Therapy Follow-up Study. J C/in Endocrinol Metab 38:
976-998,1974

13. SAFAAM, SCHUMACHEROP. RODRIGUEZ-ANTUNEZA:
Long-term follow-up results in children and adolescents
treated with radioactive iodine (@3II) for hyperthyroidism. N
EnglJMed292: 167-171,1975

14. FREITAS iF, SWANSON DP, GROSS MD, et al: Iodine-13l:
Optimal therapy for hyperthyroidism in children and ado
lescents? J Nucl Med 20: 847â€”850,1979

15. SARKAR SD, BEIERWALTESWH, GILL SP, et al: Subse
quent fertility and birth histories ofchildren and adolescents
treatedwith â€˜@â€˜ifor thyroid cancer.J Nuci Med 17:460-464,
I976

16. BRINCKERH, HANSEN H5, ANDERSEN AP: Induction of
leukaemia by â€˜@â€˜ltreatment of thyroid carcinoma. Br J
Cancer 28: 232-237, 1973

17. POCHINEE:Theoccurrenceofleukemiafollowingradioio
dine therapy, in Pitt-Rivers. In Advances in Thyroid Re
search, New York, Pergammon, 1961,pp 392-397

18. HAYNIE TP, BEIERWALTESWH: Hematologic changes
observedfollowing II3I therapy for thyroid carcinoma.J Nuci
Med4:85-9l,1963

19. RUBIN P. LANDMAN 5, MAYER E, et al: Bonemarrow re
generation and extension after extended field irradiation in
Hodgkin's disease. Cancer 32: 699-7 11, 1973

20. KNOSPEWH, RAYUDUVMS, CARDELLOM, etal:Bone
marrow scanning with 52Iron (52Fe). Regeneration and cx
tension of marrow after ablative dosesof radiotherapy. Cancer
37:1432-1442,1976

21. MAZZAFERRI EL, YOUNG RL, OERTELJE, et al: Papillary
thyroid carcinoma: The impact of therapy in 576 patients.
Medicine56:171â€”196,1977

22. SHIMAOKA K, TAKEUCHI5, PICKRENJW: Carcinoma of
thyroid associated with other primary malignant tumors.
Cancer20:1000-1005,1967

23. WYSEEP, HILL CS, IBANEZML, et al:Othermalignant
neoplasmsassociatedwith carcinoma of the thyroid: Thyroid
carcinoma multiplex. Cancer 24: 701-708, 1969

24. CHABNERBA:Secondneoplasmâ€”acomplicationofcancer
chemotherapy.N EngiJ Med 297:213-215,1977(edito
rial)

25. BEIERWALTESWH: The treatment of thyroid carcinoma
with radioactive iodine. Semin Nucl Med 8: 79-94, 1978

26. CADYB,SEDGWICKCE, MEISSNERWA, etal:Riskfactor
analysisin differentiated thyroid cancer.Cancer43: 810â€”820,
I 979

27. ULTMANN JE, HYMAN GA, CALDER B: The occurrence
oflymphomain patientswith long-standinghyperthyroidism.
Blood21:282-297,1963

28. LAWRENCEJH: Nuclear physicsand therapy: Preliminary
report on a new method for the treatment of leukemia and
polycythemia. Radiology 35: 51-60, 1940

29. ZUBROD CG: Selective toxicity of anticancer drugs: Presi
dential address.Cancer Res 38: 4377-4384, 1978

30. WIELAND DM, Wu J-L, BROWN LE, et al: Radiolabeled
adrenergic neuron-blocking agents: Adrenomedullary imaging
with 1131I] iodobenzylguanidine. J Nuci Med 21: 349â€”353,
I980

31. WIELAND DM, BROWN LE, ROGERSWL, et al: Imaging
the primate adrenal medullae with [1231]and [â€˜@â€˜l]meta
iodobenzylguanidine. J NucI Med 22: 358-364, 1981

32. CARNEYJA,SIZEMOREGW, SHEPSSG:Adrenalmedul
lary disease in multiple endocrine neoplasia, type 2. Pheo
chromocytoma and its precursors. Am J Clin Pathol 66:
279-290,1976

33. BEIERWALTESWH, WIELAND DM, MOSLEY ST. et al:
Imaging the adrenal glands with radiolabeled inhibitors of
enzymes:Concisecommunication. J Nuci Med 19: 200-203,
1978

Volume 22, Number 6 553



WILLIAM H. BEIERWALTES

42. GOLDENBERGDM, PRESTONDF, PRIMUSFJ,etal:Pho
toscanlocalizationof GW-39 tumorsin hamstersusingra
diolabeledanticarcinoembryonic antigen immunoglobulin G.
CancerRes 34: 1-9, 1974

43. HOFFER P, LATHROP K, BECKERMAN C, et al: Use of
I 3)1-CEA antibody as a tumor scanning agent. J Nucl Med
15: 323â€”327,1974

44. GOLDENBERGDM, DELAND F, KIM E, et al: Use of ra
diolabeled antibodies to carcinoembryonic antigen for the
detection and localization of diverse cancers by external
photoscanning.N Englf Med 298:1384-1388,1978

45. ORDERSE, KLEIN iL, ETTINGER D, et al: Useof isotopic
immunoglobulinin therapy. Cancer Res 40: 3001-3007,
I980

46. KIM EE, DELAND FH, DOMSTADPA, et al: Radioimmu
nodetection of lung cancers using radiolabeled antibodies to
carcinoembryonic antigen (CEA), alpha-fetoprotein (AFP)
and human chorionic gonadotropin (HCG). J NucI Med 21:
P54, 1980 (abst)

47. MCMANUS LM, NAUGHTON MA, MARTINEZ-HER
NANDEZ A: Human chorionic gonadotropin in human neo

plastic cells. Cancer Res 36: 3476â€”3479, 1976
48. ODELL W, WOLFSEN A, Y0SHIM0TO Y, et al: Ectopic

peptide synthesis: A Universal concomitant of neoplasia.
TransAssocAm Phy 90:204-227,1977

49. BALLOU G, LEVINE TR, HAKALA iR, et al: Tumor location
detected with radioactively labeled monoclonal antibody and
external scintigraphy. Science 206: 844â€”847,1979

34. THOMPSON RW, TOBESMC, GILDERSLEEVEDL, et al:
Increasedpolyaminebiosyntheticenzymeactivities in human
thyroid carcinoma. C/in Res 1981 (abst)

35. THOMPSONRW, TOBESMC, GILDERSLEEVEDL, etal:
Histaminase: A specific marker of medullary carcinoma of
the thyroid. C/in Res 1981(abst)

36. BAYLIN SB, WEISBURGERWR, EGGLESTONiC, et al:
Variable content of histaminase, L-dopa decarboxylaseand
calcitoninin small-cellcarcinomaof the lung. Biologicand
clinical implications. N Engi J Med 299: 105, 1978

37. PRESSMAND, KEIGHLEYG:Thezoneofactivityofanti
bodiesasdeterminedby the useof radioactivetracers;the zone
of activity of nephritoxic antikidney serum. J Immunol 59:
141-146,1948

38. VIAL AB, CALLAHAN W: The effect of sometagged anti
bodies in human melanoblastoma. Cancer 10: 999-1003,

I 957
39. MAHALEY N5, JR: Immunological co.nsiderationsand the

malignant glioma problem. C/in Neurosurg I 5: 178, 1968
40. BEIERWALTESWH: Radioiodine-labeled compounds pre

viouslyor currentlyusedfor tumourlocalizationwith radio
activeagents.JAEA AdvisoryGroupon TumorLocalization
with Radioactive Agents, Vienna, Dec 9-14, 1974, IAEA
MG-50/2, 47-56, 1974

41. QUIN0NEs J, MIZEJEWSKI G, BEIERWALTESWH: Cho
riocarcinoma scanning using radiolabeled antibody to cho
rionicgonadotrophin.J Nucl Med I 2: 69-75, 1971

The Missouri Valley Chapter will hold its annual Fall meeting in Kansas City, Missouri, September 25-27, 1981.

Drs. E. William Allen and Robert Henkin and Mr. William O'Neill have been invited to speak on â€œThePractical Use of
Nuclear Medicine Computers in Patient Care,â€•which is the theme of Saturday's program. Co-program chairmen are
David F. Preston, M.D., Kansas University Medical Center and James Fletcher, M.D., VA Hospital, St. Louis.

Contributed papers on any nuclear medicine subject will be presented Sunday morning. Submit abstracts to:

James Fletcher
Director of Nuclear Medicine

VAHospital
John Cochran Division 115JC

St. Louis, MO 61325

Deadline for submittedabstractsIsAugust 1, 1981.

Young Investigator and/or Technologist Awards will be presented for the best scientific papers.

Application has been made for AMA Category 1 and VOICE CEU credit.
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