LEUKEMIA IN TWINS: ANTENATAL AND POSTNATAL FACTORS
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Two factors emerged from a search for obstetric phenomena that might explain concordance of
leukemia in both members of a twin pair within days or months of each other: antenatal exposure to
ionizing radiation; and antenatal cojoined intrauterine circulation. In addition, antenatal tumor me-
tastasis and chromosomal changes, antenatal or postnatal, may be contributory. Continued observation
of reports should be carried out.

Most clinical reports regarding leukemia in twins have been concerned with MZ twins in the perinatal-
congenital period of life (Keith et al. 1970 and 1973, Keith and Brown 1971). Our prior communication
have sought obstetric phenomena that might explain concordance of leukemia, especially during
these early years. Two factors have emerged which may help explain the occurrence of this neoplastic
disease in both members of a twin pair within days or months of each other: antenatal exposure to
ionizing radiation; and antenatal cojoined intrauterine circulation. Two additional factors — ante-
natal direct materno-fetal metastasis, and antenatal or postnatal chromosomal changes — may be
contributory.

MATERIAL

Between July 1, 1971, and September 1, 1974, a total of six clinical reports were published regarding 16 twin
pairs with one or both members having leukemia. Table 1 lists these cases in the manner of our previous reports
(Keith et al. 1970 and 1973, Keith and Brown 1971). All recent cases were of MZ twins. Only one twin pair
was concordant; 15 of the 16 pairs were girls.

Table 2 summarizes certain features of the published clinical reports of leukemia in twins throughout the 46
years between 1928 and 1974, Data from our own prior publications and Table 1 are included. Unfortunantely,
it has not been possible to obtain clinical information from some surveys of large numbers of leukemic patients
published between 1960 and 1970 that include many members of twin pairs (Steinberg 1960, Jackson et al. 1969,
Fraumeni et al. 1971). In these instances, the method of reporting was nonclinical and the cases could not be
included here. It is our impression, however, that Table 1 and the tables published in 1970, 1971, and 1973
contain all the references to clinical reports in the generally available literature.

DISCUSSION

Exposure to lonizing Radiation

The oncogenic potential of antenatal roentgenograms is not always appreciated by physicians (Lee
1972). Alice Stewart (1971, 1973) has emphasized the carcinogenic and leukemogenic effects of an-
tenatal irradiation on the fetus. Her contention, supported by others (MacMahon 1962, Miller 1972,
Kemp 1973) is that leukemia is more frequent than other childhood neoplasms among children whose
mothers received antenatal irradiation. Stewart (1973, 1974) has postulated that the fetal reticulo-
endothelial tissue is so exquisitely sensitive to irradiation that minute doses are sufficient to convert
a mitotically competent cell into a cancer precursor (Stewart and Kneale 1971). Unfortunately, where
fetuses in urero are concerned, available data on the possible sequelae of small doses of radiation do
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Table 2. Age distribution of clinical reports of leukemia (1928-1974)

MZ pairs DZ pairs
Conc. Disc. Conc. Disc. U Total
Perinatal-Congenital 14 1 1 1 2 19
Age 2-7 6 13 3 5 6 33
Age 7-12 1 8 — 1 2 12
Age 12 and over 5 14 0 3 1 23
Total 26 36 4 10 11 87

not permit extrapolation to the lowest potentially harmful dose or the construction of reliable dose:
effect graphs (Marqulis 1973). According to Hutchinson (1972) and Miller (1972), preconceptual
irradiation of either parent increases the incidence of malignancy in future offspring. If this is cor-
rect, its occurrence would complicate any potential carcinogenic or leukemogenic effect of intrauterine
fetal irradiation.

Preliminary attempts have been made at establishing a safe threshold of irradiation for juvenile
cancers. Ardran (1972) has calculated the doubling dose for childhood leukemia or neoplasia from
fetal irradiation to be 1-4 rads. On the other hand, Lee (1972) considers as little as 0.3 rads during the
first trimester could be correlated with a high tumor incidence.

In a further attempt to derive a dose:effect relation, Newcombe and McGregor (1971) reanalyzed
Stewart’s data, utilizing Woolf’s Chi-square method. Their results at 0.2 rads to 0.25 rads conform
closely to those of Stewart’s and Kneale’s (1970), making the existence of a safe radiation threshold
unlikely. Whether the actual risk of subsequent neoplasm after intrauterine irradiation is increased
by 509 as suggested by Ardran (1972) or 1009, as postulated by Lee (1972) is not the crucial con-
sideration, but rather what is crucial is whether irradiation is capable of influencing the subsequent
development of leukemia and cancers in childhood.

The solution might be to dispense with any or all antenatal irradiation, but this is not realistic. The
physician may not be aware that the patient is pregnant. In the presence of trauma or certain types
of renal disease, the taking of roentgenograms may be mandatory. Short of the ability to do this
without irradiation, the risk of irradiation will continue.

The single area of hope in reducing unnecessary irradiation is in lessening the use of roentgenograms
for the diagnosis of uncomplicated multiple gestation. High quality ultrasonography can provide
necessary diagnostic information without the potential of later adverse effects.

Cojoined Intrauterine Circulation

In the last few years, the importance of communicating vascular pathways on the surface of monocho-
rionic placentas has received modest attention, primarily by pathologists who were concerned with its
hemodynamic effects (Benirschke and Driscoll 1967, Altshuler and McAdams 1972, Scott and Fer-
guson-Smith 1973). These communicating vascular channels apparently facilitate the free passage
of a variety of biologic elements. For example, MZ twins whose mothers took thalidomide have an
almost universal concordance of deformities whereas this is not the case among DZ twins (Jorgensen
et al. 1970). Similarly, Carvalho (1969) has described minor congenital abnormalities and dermato-
glyphics possibly related to leukemia and probably shared by way of cojoined circulation.

Clarkson and Boyse (1971) suggest that many cases of concordant leukemia in MZ twins represent
only one occurrence of leukemia, not two. They base their hypothesis on what is probably the
inevitable result of these placental blood vessel anastomoses-hematopoietic chimerism (Owen 1945), in
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which hematopoietic stem cells from each twin are exchanged with similar cells of the cotwin, causing
permanent cross-colonization (Clarkson and Boyse 1971). Thus, the initial leukemic transformation
of a single hematopoietic stem cell in one MZ twin would invariably affect the other, providing such
transformation took place early in pregnancy. Such circumstances may explain the higher degrees
of concordance observed during the perinatal-congenital period of life (Keith et al. 1970, 1973), but
do not clarify the often prolonged delay in the appearance of concordant disease which occurs in
later life (Clarkson and Boyse 1971). In point of fact, these delays are probably better explained by
variations in the autonomy or growth potential of malignant cells. Since doubling times of leukemic
cell populations in vivo are not known with certainty, the degree of concordance among MZ twins
may be related to a scatter phenomenon in the length of latent periods.

Conceivably, a longer latent period might be observed if leukemic transformation does not take place
until shortly before parturition. Compression of the fetus and its cord during passage of the first
twin through the birth canal would not only account for hemodynamic changes suggestive of the twin
transfusion syndrome (Klebe and Ingomar 1972) but also provide a protective effect in the longer
interval between the onset of disease in concordant cotwins, or in the establishment of factors favoring
discordance.

Direct Metastasis

Since the observation that the human placenta is not an absolute barrier, a number of biologic sub-
stances have been shown to pass from the mother to the child or from the child to the mother. Pro-
bably best known are passage of fetal red blood cells to the mother and maternal immunoglobulin
to the fetus.

In the field of malignant diseases, passage of cellular material is theoretically increased during preg-
nancy, but in reality such occurrences are rare (Diamondopolous and Hertig 1963). In over 100 years,
only 12 instances of metastasis of maternal tumors to the fetus have been reported (Stephenson et al.
1971). Stephenson and his coworkers (1971) postulate fetal rejection of circulating maternal or pla-
cental tumor cells, contending that those 12 cases represent instances of immunologic tolerance.
With regard to leukemia, Rigby (1964) demonstrated the passage of leukemic cells across the pla-
centa from mother to fetus, and Cramblett (1958) and Bernard et al. (1964) documented the transmis-
sion of maternal leukemia to the fetus in utero.

Chromosomal Changes

The most consistent chromosomal abnormality observed in patients with leukemia is the appearance
of the Philadelphia (Ph!) chromosome in association with chronic myelogenous leukemia (CM)
(Baserga and Castoldi 1973). The exact relation between chromosomal aberrations and neoplasia
is not presently clear (Bloom et al. 1970). We have evidence that: (1) somatic cells with altered karyo-
types possess an increased sensitivity to the effects of oncogenic viruses, and (2) there is a greater like-
lihood of neoplastic diseases in populations having induced chromosomal aberrations (Wald et al.
1961, Holland et al. 1962, Lashof and Stewart 1965, Jackson et al. 1968, Bloom 1972).

It remains questionable whether the appearance of chromosomal changes in leukemia among twins
is disease-related. Relatively few publications on leukemia among twins have included information
regarding chromosomal abnormalities (Keith et al. 1973). This is unfortunate because adequate ana-
lysis of both members of the twin pair may be needed to fill gaps in our present knowledge.

It is conceivable that the relative frequency of chromosome abnormalities in preleukemic conditions
can be used as a diagnostic tool.

While Nowell (1971) and Humbert et al. (1971) observed a greater risk of clinical leukemia among
preleukemic patients having demonstrable chromosomal abnormalities, we have been unable to find
such studies among twin pairs.
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CONCLUSIONS

LOUIS KEITH ET AL.

Each of the following, acting alone or in conjunction, may be contributory in the etiopathogenesis
of leukemia in twins: exposure to ionizing radiation; cojoined intrauterine circulation; direct metas-

tasis of maternal tumors to the fetus, and chromosomal abnormalities.

Further study among leu-

kemic twins and careful analyses of both members of the twin pair is needed to clarify the uncertainty

presently recognized.
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ADDENDUM

Gedda and Brenci (1973) have added a new aimension to the study of C/D with their work on chronogenetics.
Simply put, they state that the appearance of genetically determined events is time related, and that the inheri-
tance of the time of occurrence of an event is genetically related. As stated previously (Keith et al. 1973), con-
cordance of leukemia among MZ twins appears to be due to some process other than mere concidence alone.
Gedda and Brenci (1973) note that isochronic concordance of disease is practically nonexistent in random in-
dividuals, while such temporal simultaneity represents the rule with MZ twins. They contend it would be
inconsistent to explain qualitative concordance but not the chronological concordance as a result of sharing
a common heredity, i.e., the twin genome contains the information determining biological time, which in turn
totally characterizes the individual, being the single endogenous factor mixing with cosmic time responsible
for any function or disease of an organism (Gedda and Brenci 1973).

Chronogenetics defines the age of onset of disease as the time when a potentially disease-producing gene ceases
to supply normal information. Such loss of gene stability is concordant in MZ twins (Gedda and Brenci 1971).
The construction of a time table of the effects, e.g., on parents and child, of biological time and the occurrence
of various pathological processes, e.g., the onset of childhoed leukemias, would obviously be a giant achievement
for preventive medicine.

Two of our fundamental concepts have gained support in a recent article by Gross (1974): the now widely
accepted cause and effect relationship between ionizing radiation and leukemia, and direct metastases of leuke-
mogenic structures from mother to fetus. Gross (1974) contends the transmitting structures are viruses. As
a result of his experiments with mice, he could explain the familial incidence of cancer as a consequence of
‘“ verticle transmission >’ from mother to embryo of oncogenic viruses (Gross 1974). While this has never been
proven in humans, it is not unreasonable to ask if a similar process does not exist. It this were the case, the
viruses and their host, whose total existence was governed by hereditary biological time (Gedda and Brenci
1973), would coexist symbiotically until a particular chronogenetic event altered this balanced state and allowed,
in this example, for leukemogenesis. Since MZ twins have identical hereditary biological time tables, and hypo-
thetically, assuming both could harbor latent carcinogenic viruses via their shared intrauterine circulations,
the statistically significant C/D ratios of MZ twins and the relative degree of simultaneity in disease evolution
is clarified. Thus, in a characteristically tedious fashion, information concerning ante and postnatal factors
affecting leukemia in twins is accumulating. Our broad concepts (Keith et al. 1973) are generally being suppor-
ted, expanded and refined.
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