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TERMINAL TRANSFERASE: ITS EVOLVING
ROLE

EVENTUALLY, most patients with chronic myelocyt-
ic leukemia enter an aggressive phase of their illness,
termed ‘‘blast crisis,” that resembles acute leukemia
except in its refractoriness to conventional chemo-
therapy. However, about 30 per cent of patients with
leukemia in the blast-crisis phase achieve remission
with rather simple chemotherapy: vincristine and
prednisone. Considerable effort has been expended on
defining the clinical, morphologic, cytochemical and
cytogenetic characteristics of this subgroup of respon-
sive patients. Lymphoblastic morphology and the
finding of fewer than the normal diploid number of
chromosomes are the two features most likely to be as-
sociated with response to vincristine and prednisone.
However, these features do not invariably predict
responsiveness.

Marks et al. in this issue of the Fournal provide yet
another (and perhaps more reliable) means of iden-
tifying the subpopulation of patients with chronic my-
elocytic leukemia in blast crisis who are likely to re-
spond to vincristine and prednisone. The enzyme ter-
minal deoxynucleotidyl tranferase (TdT) is present in
the white blood cells of approximately 30 per cent of
such patients,!? and in contrast to original impres-
sions, its presence does not appear to depend on the
underlying morphology (lymphoblastic or myelo-
blastic). Sixty per cent of all patients (and 78 per cent
of those under the age of 50) with TdT-positive cells in
blast crisis responded to vincristine and prednisone
whereas none of the patient with TdT-negative leuke-
mia responded. This was a more reliable prediction of
response than lymphoblastic or myeloblastic mor-
phology. Unfortunately, this study leaves unanswered
the question of whether TdT positivity was correlated
with other objective laboratory tests such as cyto-
chemical staining or chromosomal analysis, both of
which are already available in many hospitals.

Despite the ability to predict hematologic response
to vincristine and prednisone in this study, the median
survival of responding patients (20 weeks) was only
modestly better than that of patients who did not re-
spond (12 weeks). The smallness of the benefit in sur-
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vival may have been due to a wide variety of different
treatment regimens employed after induction of
remission by vincristine and prednisone. The authors
suggest that the development of more effective con-
solidation and maintenance chemotherapy programs
may improve the survival of patients with TdT-posi-
tive chronic myelocytic leukemia in blast crisis. An in-
teresting corollary question is whether patients in
whom TdT-positive blast crisis will develop can be
identified early in their disease and whether chemo-
therapy with vincristine and prednisone can prevent
overt blast crisis or improve survival of these patients.
A few reports have already suggested that TdT activ-
ity is not present during the chronic phase of the dis-
ease. Another question raised by this study is why 40
per cent of TdT-positive cases fail to respond to vin-
cristine and prednisone. It is interesting to speculate
whether one of the two biochemical forms of TdT
identified in normal thymus? is only present in the re-
sponsive group and the other in the unresponsive
group.

Why is there so much current interest in terminal
transferase?®¢ This enzyme is a DNA polymerase that
adds deoxyribonucleoside monophosphates to pre-
formed DNA without a template.* A survey of normal
tissues in many species indicates that TdT is found
only in cortical thymus and a subpopulation of
bone-marrow lymphocytes.?> Recent studies suggest
that TdT expression in bone marrow is regulated by
thymic factors.” However, its biologic role is unknown
although it has been suggested that TdT may function
as a somatic mutagen.® An important consideration is
the fact that it is not found in carcinomas or in non-
neoplastic lymphoid states. At present, it can be
regarded as a biochemical marker of lymphoid tissue
(probably of early T-lymphocyte or null-cell origin).

In addition to being present in 30 per cent of cases
of chronic myelocytic leukemia in blast crisis, TdT is
found in 95 per cent of cases of untreated acute lym-
phoblastic leukemia,*® and these patients are usually
sensitive to conventional chemotherapy including vin-
cristine and prednisone. The enzyme level returns to
normal with successful therapy and becomes detect-
able again with relapse of the disease. In contrast, the
small group of patients with acute lymphoblastic leu-
kemia without TdT-positive cells are resistant to con-
ventional therapy. Two important clinical questions
remain to be answered: does the emergence of
resistance to conventional chemotherapy represent
the disappearance of TdT-positive cells? Can early or
late relapse be predicted from changes in the levels of
TdT or in the distribution of TdT in subpopulations
of bone-marrow cells?

TdT may also have a helpful role in the classifica-
tion of some lymphomas.$-'** Only T-cell lymphoblas-
tic lymphomas and some thymomas have high levels
of TdT. Occasional cases of other diffuse lymphomas
have elevated levels of this enzyme. In contrast, the
known B-cell disorders like chronic lymphocytic leu-
kemia and Burkitt’s lymphoma are TdT negative. So
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far, Hodgkin’s disease has also appeared to be TdT
negative.

Terminal transferase has already proved to be of
use in clarifying the classification of several types of
hematologic cancers. The paper in this issue of the
Journal now provides evidence that TdT is also a
prognostic factor in influencing treatment of the blast
crisis of chronic myelocytic leukemia. There is little
doubt that further studies of this enzyme in acute leu-
kemia, chronic myelocytic leukemia and lymphomas
will have additional important implications for the
practice of oncology.

Frank L. MEvskens, Jr., M.D.
StePHEN E. Jones, M.D.

REFERENCES

University of Arizona
Health Science Center
Tucson, AZ 85724

1. Sarin PS, Anderson PN, Gallo RC: Terminal deoxynucleotidyl trans-
ferase activities in human blood leukocytes and lymphoblast cell lines:
high levels in lymphoblast cell lines and in blast cells of some patients
with chronic myelogenous leukemia in acute phase. Blood 47:11-20,
1976

2. Srivastava BJS, Khan SA, Minowada J, et al: Terminal deox-
ynucleotidyl transferase activity in blastic phase of chronic
myelogenous leukemia. Cancer Res 37:3612-3618, 1977

3. McCaffrey R, Harrison TA, Parkman R, et al: Terminal deox-
ynucleotidyl transferase in human leukemic cells and in normal human
thymocytes. N Engl J Med 292:775-780, 1975

4. Bollum FJ: Terminal deoxynucleotidy! transferase, The Enzymes. Vol.
10. Edited by PD Boyer. New York, Academic Press, 1974, pp 145-171

5. Gallo RC: Terminal transferase and leukemia. N Engl J Med 292:804-
805,1975

6. Murphy SB, Mauer AM: Terminal transferase and lymphoblastic
neoplasms. N Engl J Med 297:502-503, 1977

7. Pazmino NH, Ihle JN, Goldstein AL: Induction in vivo and in vitro of
terminal deoxynucleotidyl transferase by thymosin in bone marrow
cells for athymic mice. J Exp Med (in press)

8. Baltimore D: Is terminal deoxynucleotidyl transferase a somatic
mutagen in lymphocytes? Nature 248:409-411, 1974

9. Coleman MS, Greenwood MF, Hutton JJ, et al: Serial observations on
terminal deoxynucleotidyl transferase activity and lymphoblast surface
markers in acute lymphoblastic leukemia. Cancer Res 36:120-127, 1976

10. Donlon JA, Jaffe ES, Braylan RC: Terminal deoxynucleotidyl
transferase activity in malignant lymphomas. N Engl J Med 297:461-
464, 1977

SOUNDING BOARD
CREATIVE TENSION: FDA AND MEDICINE

SINCE joining the Food and Drug Administration, I
have been exposed to a remarkable array of cor-
respondence from well credentialed practicing physi-
cians. Some of them are my former students from
Stanford, others are former classmates at Harvard,
and still others seem not to require any help from
prior acquaintance. Many believe that the FDA is fail-
ing in its obligation to the medical profession in
several ways: by appearing to ignore the wisdom of
clinical experience in its decisions about drugs; by
denying American physicians a number of new
medicines readily available overseas and unduly
delaying those developed domestically; and by
regulating through edict rather than through educa-
tion.

Let me begin by observing that a certain amount of
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tension between medicine and government regulatory
activities seems unavoidable, appropriate and pos-
sibly even creative. I do not intend, by raising that
prospect, to justify continuous hostility. But there are
important respects in which the objectives of the two
groups differ, and may even be in productive opposi-
tion.

We therefore should probably not expect, or even
seek, to work in complete harmony, but surely we
should do everything we can to avoid frank hostility,
or outright misunderstanding. A first step in pre-
venting such negative outcomes is a process that Lin-
coln called ‘‘disenthrallment.”

For its part in the disenthralling process, I think the
FDA has to liberate itself from the notion, with which
it more than occasionally comforts itself and its
medical constituency, that it regulates drugs and
devices but not doctors. As much as we might wish
otherwise, to regulate technology is to regulate prac-
tice. I'he Agency has never been, and is not now, anx-
ious to exert direct regulatory control over the way in
which physicians and other health professionals work.
But like other regulatory agencies, FDA has turned an
important corner from policing the health-care system
against fraud, quackery and bad manufacturing prac-
tices, to functioning as a regulator in the transfer of
health technology. We have to be evaluated on the
basis of how well we perform that function, and in a
comprehensive way that counts loss of innovation as a
cost.

For its part, American medicine must shed the view
that regulation is something so fundamentally dis-
tasteful that it is best ignored. Let me hasten to say
that negative conclusions about regulation do not
bother me, if they are argued on the basis of a clear
understanding of the process. But my communica-
tions from practitioners reveal, I think, a real deficit in
the way in which medical education has dealt with the
subject.

SHORTCOMINGS OF MEDICAL EDUCATION

My first point is that medical schools ignore the in-
stitutional aspects of health, and that the regulatory
process is particularly neglected. For example, I can
find only a few medical schools in which the phar-
macology course includes an adequate examination
of the process for the approval of new drugs. I think
doctors ought to know much more than they do about
adverse drug reactions, how to report them, and how
to draw conclusions from the results, and that they
should be much more familiar than they are with the
basis for making risk-benefit assessments. The av-
erage physician in the United States will receive
over $4,000 worth of direct drug advertising this year;
it takes the drug industry less than a decade after
graduation to surpass the public investment in the
medical education of each doctor in the country. That
is reason enough to make us want the nation’s medical
schools to teach something of the social calculus of
balancing drug efficacy and risk.
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