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SUMMARY

A review of 62 cases of leukemia in twins reveals most cases occurred in MZ twins, although diagnosis of
zygosity was at times admittedly questionable. Concordance was clearly highest in MZ twins of the perinatal-
congenital period. This tendency was not maintained at later stages of life.

The older concept of a human placental barrier has been greatly modified. Tracer substances have demon-
strated that leukemic cells pass the placental barrier. Materno-fetal transmission of leukemia is well known;
all forms of murine leukemia can be transmitted similarly from generation to generation. Certain requisites
effect the transmission of neoplastic-hematopoictic disease during pregnancy. Rare cases are reported of preg-
nant women with leukemia who bear children in whom clinical leukemia subsequently develops. The ma-
ternal diagnosis was made at the time of| or shortly after, delivery, suggesting an evolution of the maternal dis-
ease late in pregnancy.

That both partners of a pair of twins, either MZ or DZ, can become ill with leukemia within days or
months of each other, appears more than coincidental. Chromosomal defects, common environmental fac-
tors, and conjoined intrauterine circulations may be important in the transmission of leukemia from one twin
to another, a theory supported by the frequent concordance during the first year of life.

Reports of leukemia among twins have appeared as single cases or as collections
of cases for as long as 40 years (Siegel, 1928; Damashek et al, 1929; Pearson et al,
1963). Reviews of leukemia and textbooks of medicine and hematology mention
this association only tangentially or not at all (Denolin-Rubens, 1957; Steinberg,
1957, 1960).

Recent advances have made the diagnosis of twin zygosity more reliable than
formerly (Smith and Penrose, 1955; Cederldf et al, 1961; Nichols and Bilbro, 1966;
Jablon et al, 1967). Widespread application of chromosomal studies has opened
new avenues of investigation to students of both gemellology and leukemia. The
presence of abnormal chromosomes in patients with leukemia has been incorporated
into reports of leukemia among twins (Nowell and Hungerford, 1g60a, 1g60b; Pearson
et al, 196g; Kiossoglu et al, 1963, 1964; Goh and Swisher, 1965; Woodliff and
Dougan, 1965; Woodliff' et al, 1966; Dougan et al, 1966; Jacobs et al, 1966; Gunz
et al, 1966; Sandberg et al, 1966; Goh et al, 1967; Tokuhata et al, 1968). These
advances have incited interest in the occurrence of leukemia among twins (Nowell
and Hungerford, 1g60a, 1960b; Kiossoglu et al, 1963, 1964; MacMahon and Levy,
1964; Goh and Swisher, 1965; Woodliff and Dougan, 1965; Woodliff et al, 1966;
Dougan et al, 1966; Jacobs et al, 1966; Gunz et al, 1966; Sandberg et al, 1966;
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Iverson, 1966; Hewitt et al, 1966; Goh et al, 1967; Miller, 1967; Tokuhata et al,
1968). Data in early reports were often incomplete regarding zygosity (Cook, 1953),
diagnosis (Siegel, 1928), therapy (Guasch, 1954), and survival (Guasch, 1954;
Denolin-Rubens, 1g957). This deficiency is being overcome.

Miller (1967) has shown MZ twins to be among five groups in whom the proba-
bility of development of leukemia within a short time is 19, or greater. Other groups
are those with genetically transmitted diseases, such as Blum’s syndrome and
Fanconi’s syndrome, previous or excessive exposure to ionizing radiation, and pa-
tients with Downs’ syndrome (Folley, et al, 1952; MacMahon, 1962; Miller, 1963,
1g67; Fraumeni and Miller, 1967). Common to all these conditions is a distinctive
genetic or cytogenetic characteristic.

MacMahon and Levy (1964) attempted to estimate the concordance rate of
leukemia among twins. They concluded that the risk of leukemia among like-sexed
cotwins of leukemia patients was 1 : g.

Tabular Designations and Exclusions

We undertook an extensive review of world-wide reports of leukemia among twins.
Our survey was a careful one; exclusions are inevitable, but if so, are inadvertent except
for undocumented “ personal communication” cases which have sometimes been includ-
ed in large reviews of leukemia (Guasch, 1954) or leukemia among twins (Hitzig and
Rampini, 1959). We have not included these and others in our tables about which infor-
mation was too fragmentary for interpretation. Specific information regarding the cases
of leukemia among twins was sometimes incomplete (Steinberg, 1957, 1960; Thomas et al,
1959; Thomas and Ferrebee, 1960; Boggs et al, 1962; Hewitt et al, 1966). In other instances,
we adapted available information to our tables (Guasch, 1954; Iverson, 1966). Multiple
references to the same occurrence of leukemia in a set of twins, or varying aspects of a given
case of leukemia in a set of twins were sometimes reported in two or more communications;
the specific case is listed only once in our table, but all references are cited in the table
references.

Classification

MacMahon and Levy (1964) commented on the difficulty of establishing zygo-
sity by retrospective analysis of records alone. Most reported series on leukemia
among twins have used zygosity and concordance-discordance relations as major
aspects of their classification of cases (Guasch, 1954; Hitzig and Rampini, 1959;
Steinberg, 1960; Pearson et al, 1963; Iverson, 1966). This represents a source of
inherent bias in most reviews, including the present one.

Leukemia appears to occur at four periods in the lives of twins: (1) the perinatal-
congenital period; (2) early childhood; (3) late childhood, or {4) adulthood (Tables
I-IV). The concept of perinatal leukemia was first proposed by Matallaer and
Riley (1964) to include leukemia among premature, stillborn, and newborn infants.
This opinion was later supported and enlarged on by Stransky (1967). Miller’s “ con-
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genital leukemia ” (1954-1955) included perinatal cases and those occurring in the
first year of life. We have combined those cases occurring in the first year under
the title: Perinatal-Congenital. We have compiled 62 cases of leukemia among twins
from reports over the world publications?! in the following categories: Perinatal-
Congenital, 15; Early Childhood, 26; Late Childhood, 9; Adulthood, 12.

In our tables, early childhood extends from about 2 to 7 years (MacMahon and
Levy’s cut-off for high risk, 1964), and late childhood from 7 through 12 years. All
other cases have been considered within Adulthood. Two cases occurring in teen-
agers have been placed in this group, in accordance with clinical practice. The cases
are listed in each table in reverse chronological order.

Except for those instances about which writers admitted that the diagnosis of
zygosity was in question (Cook, 1953; Sandberg et al, 1966; Iverson, 1966), most
cases occurred in MZ twins. There were 39 cases of leukemia in MZ twins, 13 cases
in DZ twins and 10 cases in whom zygosity was in doubt. Tab. V lists the number
of concordant and discordant cases in the MZ and DZ groups.

Among 39 sets of twins with a reasonably assured diagnosis of monozygosity,
there were 21 instances of concordance for leukemia and 18 instances of discordance.
When grouped according to the stages of life, concordance-discordance ratios were
10:1 in the perinatal-congenital period and 6:6 in early childhood. Discordance
became more prevalent in the late childhood where the ratio was 1:5; this pattern
was continued in adulthood with a concordance-discordance ratio of 4:6. When
DZ twins were examined, the ratios were 1:1 in the perinatal-congenital period,
3:5 in early childhood, and o:1 and o:2 in late childhood and adulthood respectively.

Of the twin pairs, 32 were male, 22 female, and 7 male-female; in 1 case the sex
was not stated.

We hesitate to draw conclusions from these compilations. Cases of concordance
of any neoplasm in twins are reported more frequently than are discordant cases.
Because unreported cases may exist, a source of error becomes constant.

The Problem of Lymphoma among Twins

Although the simultaneous occurrence of leukemia and pregnancy has been not-
ed frequently, the possibility that maternal leukemic cells could cross the placenta
and affect the fetus had long been denied (Erf, 1947). The older concept of a human
placental barrier has been modified greatly. Investigations of erythroblastosis fetalis
have shown clearly that fetal cells pass the placenta into the mother’s circulation

! AppenpbuM: Since the completion of this manuscript two additional instances of leukemia in twins were
reported. In the case reported by Bauke (Cancer, 24: 643, 196g) MZ adult male twins were described. The af-
fected twin had chronic myelocytic leukemia with typical Philadelphia chromosome abnormality. His normal
cotwin was free of disease and chromosomal abnormalities 814 years later. Kosenow and Pfeiffer (Deutsch. Med.
Wschr., 94: 1170, 1969) described 7-year-old discordant MZ female twins one of whom had chronic myeloid
leukemia and also exhibited the Philadelphia chromosome in the bone marrow. Her identical cotwin was free
of disease or chromosomal abnormalities.
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Tab. V
) MZa DZe» . b
Stage of life No. of cases C D C D Sex ratio (M : F)
Perinatal-Congenital 15 10 1 1 I 5:9; 1 set MF
Early Childhood 26 6 6 3 5 15 :6; 1 set not stated;
4 sets MF
Late Childhood 9 1 5 — 1 4 :4; 1 set MF
Adulthood 12 4 6 — 2 8 :3; 1 set MF

2 10 cases of doubtful zygosity excluded.
b Include all cases.

(Chown, 1954 ; Bromberg et al, 1956; Creger and Steele; 1957; Zipursky et al, 1959).
Desai and Creger (1963) and others (Cohen and Zuelzer, 1964; Cohen, 1965) have
shown that maternal erythrocytes may pass the placenta into the fetal circulation. This
observation opened the possibility of consideration that leukemia cells from a preg-
nant patient may enter the bloodstream of her fetus. By the use of tracer substances,
Rigby et al (1964) demonstrated that leukemic cells also passed the placental barrier.
Leukemic cells had previously been observed at autopsy by Bierman et al (1956)
to have infiltrated the myometrium and lymphatics in the uterus of a pregnant leu-
kemic patient. The maternal side of the previously delivered placenta in the same
case was likewise affected.

The materno-fetal transmission of leukemia in lower animals is well known. Bittner
(1936) was the first to show that breast cancer could be transmitted to offspring
by way of the milk of the affected mother; later, Gross (1951) demonstrated that
cell-free extracts given to mice in the suckling stage were capable of transmitting
lymphocytic leukemia to all offspring of an affected mother. Brown and associates
(Brown, 1961; Schwartz et al, 1963; Brown and Schwartz, 1966; Brown et al, 1967)
subsequently showed that all forms of murine leukemia can be transmitted simi-
larly from generation to generation.

Diamondopolos and Hertig (1963) stated four requisites for the successful trans-
mission of neoplastic-hematopoietic diseases during pregnancy: (1) the hereditary
pattern for transmission as excellent as is generally available in man and second
only to that shared by identical twins; (2) immune intolerance during intrauterine
and early extrauterine life; (3) the ability of maternal cells that reach the fetus to
remain intact with a better chance of survival; (4) a relatively long period of expo-
sure to the oncogenic agent (assuming that one exists) during the nine months of
gestation. -

On rare occasions, pregnant women with leukemia bear children in whom clin-
ical leukemia subsequently develops. Guasch (1954) suggested that this happened

2, Acta Genet. Med., Gemellol. (1971) 20, 1 17
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in his cases attributed to Piney and Debré and their coworkers; but details were not
given. Cramblett et al reported the first well documented instance in 1958. The in-
fant was nine months old at the time that acute lymphatic leukemia developed. Al-
though the maternal diagnosis was not made until the eighth postpartum day, signs
and symptoms of acute leukemia were exhibited during the seventh month of preg-
nancy.

Bernard et al (1964) reported the occurrence of acute lymphoblastic leukemia
in an infant five months of age whose mother had the same condition at the time
of birth. They pointed out the remarkable similarities between their case and that
of Cramblett et al (1958). In both instances, the maternal diagnosis was made at
the time of, or shortly after the delivery, suggesting an evolution of the maternal
disease late in pregnancy. They did not think that such occurrences were coinci-
dental, but postulated one of the following mechanisms: (1) similar genetic anom-
aly between the mother and infant; (2) transplacental passage of a viral factor;
(3) contamination of the infant at the time of birth; or (4) possible graft of maternal
leukemia cells to the infant. The unusual nature of these two cases is in line with
Boronow’s review (1964) attesting to the paucity of published cases concerning ma-
ternal neoplastic disease in the placenta or the fetus.

That both partners of a pair of twins, either MZ or DZ, can become ill with leu-
kemia within days or months of each other, appears more than coincidental. With
the exception of the extremely rare instances in which the mother had leukemia, it
is difficult to ascertain exactly when the leukemia process became active in twins or
when they were first exposed to any leukemogenic factor.

Wolman (1962) has reiterated that vessel-to-vessel anastomoses in the placentas
of MZ twins allow for intrauterine blood exchanges between the fetuses. He postu-
lated a free exchange of any leukemogenic agent or abnormal leukocytes between the
infants. To our knowledge, Wolman (1962) and MacMahon and Levy (1964) were
the first to suggest that in addition to the possibility of chromosomal defects and
common environmental factors, conjoined intrauterine circulations may be impor-
tant in the transmission of the disease from one twin to another. We believe that
this line of thinking is reasonable and probably should be pursued further. It may
explain the overwhelming concordance noted in the perinatal-congenital period.
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RIASSUNTO

Una rassegna di 62 casi di leucemia in gemelli rivela che i MZ sono quelli pilt colpiti (per quanto la
diagnosi di zigotismo sia a volte incerta) e che la concordanza ¢ piu elevata nel periodo congenito-perinatale,
per poi ridursi successivamente.

Il vecchio concetto di una barriera umana placentare ¢ stato ampiamente modificato; mediante sostanze
marcate si & infatti dimostrato che le cellule leucemiche attraversano la barriera placentare. La trasmissione
materno-fetale della leucemia & ben nota: tutte le forme leucemiche nel topo possono essere trasmesse analo-
gamente, di generazione in generazione. Alcune condizioni favoriscono la trasmissione della malattia neoplastico-
emopoietica durante la gravidanza. Sono noti alcuni rari casi di donne leucemiche incinte, il cui figlio ha suc-
cessivamente manifestato leucemia clinica. La diagnosi della madre ¢ stata fatta all’epoca del parto, o subito
dopo, il che suggerisce un’evoluzione della malattia materna in fase avanzata di gravidanza.

Che due cogemelli, sia MZ che DZ, possano ammalarsi di leucemia nel giro di giorni o mesi 'uno dall’altro,
non sembrerebbe una pura coincidenza. Difetti cromosomici, fattori ambientali comuni, € una circolazione
intrauterina congiunta possono avere un ruolo nella trasmissione della leucemia da un gemello all’altro, teoria
suffragata dalla frequente concordanza nel corso del primo anno di vita.

REsumE

Une revue de 62 cas de leucémie chez les jumeaux révéle que les plus atteints sont les MZ (quoique le dia-
gnostic de zygotisme soit parfois incertain) et que la concordance est plus élevée dans la période congénitale-
périnatale, pour se réduire ensuite.

La vieille conception d’une barriére humaine placentaire a été largement modifiée; par des substances mar-
quées il a été en effet démontré que les cellules leucémiques passent la barriére placentaire. La transmission
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materno-fétale de la leucémie est bien connue: toutes les formes leucémiques chez la souris peuvent étre tran-
smises analoguement, d’une génération a I’autre. Certaines conditions facilitent la transmission de la maladie
néoplastique-hémopoiétique au cours de la grossesse. On connait de rares cas de femmes leucémiques enceintes
dont le fils a successivement manifesté la leucémie clinique. Le diagnostic chez la mére a été fait a I'époque de
I’accouchement, ou tout de suite aprés, ce qui suggeére une évolution de la maladie maternelle dans un stage
avancé de la grossesse.

Le fait que des jumeaux, MZ ou DZ, puissent manifester une leucémie concordante avec une différence de
quelques jours ou quelques mois, ne semble pas étre sculement une coincidence. Des défauts chromospomiques,
des facteurs ambiants communs, ainsi qu’une circulation endoutérine conjointe peuvent jouer un réle dans
la transmission de la leucémie d’un jumeau 4 Pautre — une théorie qui est confirmée par la fréquente concor-
dance au cours de la premiére année de vie.

ZUSAMMENFASSUNG

Ein Uberblick iiber 62 Leukimiefille bei Zwillingen zeigt, dass EZ mehr betroffen werden als ZZ
(wenn auch die Eiigkeitsdiagnose manchmal ungewiss erscheint) und dass die Konkordanz in der Zeit vor
und wihrend der Geburt am héchsten ist, um dann allmihlich abzufallen.

Das alte Konzept von der menschlichen Plazentaschranke wurde weitgehendst abgeandert; mit Hilfe von
markierten Substanzen konnte man namlich beweisen, dass die Leukidmiezellen die Plazentaschranke uber-
schreiten. Dass die Leukdmie von der Mutter auf den Foetus iibertragen wird, ist wohlbekannt: alle Formen
der Leukamie bei der Ratte lassen sich dhnlich von einer Generation auf die néchste iibertragen. Einige Um-
stinde begiinstigen die Ubertragung dieser neoplastisch-himopoietischen Erkrankung wihrend der Schwan-
gerschaft. Einige seltene Fille von schwangeren Frauen mit Leukidmie sind bekannt, bei denen dann auch
das Kind eine klinisch nachweisbare Leukimie aufwies. Bei der Mutter wurde die Diagnose zur Zeit der Ge-
burt oder sofort darauf gestellt, was vermuten lisst, dass sich die Krankheit bei der Mutter erst in der letzten
Schwangerschaftszeit entwickelt habe.

Dass zwei EZ- oder auch ZZ-Paarlinge im Abstand von Monaten oder Tagen nacheinander erkranken kén-
nen, erscheint nicht als reiner Zufall. Aus der hiufigen Konkordanz der Zwillinge im ersten Lebensjahr ldsst
sich vermuten, dass bei der Ubertragung der Leukdmie von einem Paarling zum anderen Chromosomendefekte,
gemeinsame Umweltsfaktoren und der zusammenhingende intrauterine Kreislauf eine Rolle spielen.

Lours Kerra, M.D., The Chicago Medical School, 2020 West Ogden Avenue, Chicago, Illinois 60612, USA.
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