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Residual Clones in Childhood Leukemia
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For example, of six patients with a first complete remission of t
(1;19)-positive ALL, five had molecular remissions within 3 months,
and one had minimal residual disease after 84 months of complete

Manager
remission.” In another study,3 all five long-term survivors with t » Alert me when this article is
(1;14)-positive ALL were consistently negative for minimal residual cited
disease after the completion of induction therapy, whereas all seven Articles in Medline by Author:

patients who were consistently positive for minimal residual disease > Dibenedetto, S. P.

had resistant disease or had had relapses. In children with * Zipf, T.F.

Philadelphia chromosome—positive ALL, BCR—ABL fusion transcripts

may be undetectable throughout the period of complete remission, with a reversion to positive findings
before a clinical relapse occurs.> In a recent study, the TEL-AML1 fusion transcripts, which may be
detected in about 20 percent of patients with B-lineage ALL and are associated with a good prognosis,
were undetectable in two of nine patients after induction therapy and in three of four after a follow-up of
more than 200 days.é

Detailed information on the immunologic and cytogenetic features of the cases reported by Roberts et al.
would have helped in interpreting their data. Discrepancies among studies, together with the complexity
of the methods used, do not justify the use of the polymerase-chain-reaction (PCR) assay for routine
monitoring.

http://content.nejm.org/cgi/content/full/337/1/50 10/28/2003
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To the Editor: As the parent of a child undergoing treatment for ALL, I read the report by Roberts et al.
with great interest. Although their efforts are to be commended, I am concerned about their conclusion
and its potential effect on the treatment of ALL.

The authors concluded that clonal eradication may not be a prerequisite for a cure. There are several
problems with this conclusion. First, the authors applied relapse rates from other trials to their trial as a
way of predicting how many of the children they treated would have relapses. As Pui et al.!
demonstrated, patterns of relapse can differ from one treatment protocol to another. It is possible that the
authors' treatment strategy will result in an uncommonly high rate of late relapses and that the minimal
residual disease detected by their PCR methods is a marker for this phenomenon. In addition, it is not
certain that the cells that Roberts et al. detected were representative of the leukemic clone. As Greaves”
notes in the editorial accompanying their article, the cells detected could represent a preleukemic cell
population from which the leukemic clone mutated. Finally, on the basis of a review of 20 studies,
Roberts et al.” stated that the absence of minimal residual disease was correlated with an extended
complete remission, whereas the persistence or reappearance of minimal residual disease was correlated

with a relapse. Their conclusion contradicts this statement.

The authors' conclusion could lead to an approach in which residual disease is tolerated and treatment
strategies are not sufficiently intensive to achieve a cure in a majority of patients. Unless lifelong follow-

http://content.nejm.org/cgi/content/full/337/1/50 10/28/2003
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up of children with ALL proves that clonal eradication is unnecessary, it should remain the objective of
treatment and be considered synonymous with a cure.

Christopher P. Loscalzo, M.D.
67 Wepawaug Rd.

Woodbridge, CT 06525
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To the Editor: Roberts et al. demonstrated that clones of pre—B-lymphoblastic cells persist in bone
marrow from children with ALL in clinical remission. In his accompanying editorial, Greaves suggested
the potential importance of immunologic control of residual premalignant or malignant clones.

In patients with human immunodeficiency virus (HIV) infection, we have found an analogous increase
in circulating lymphocytes with the t(8;14) translocation of c-myc characteristic of AIDS-associated
Burkitt's and non-Hodgkin's lymphomas. In our prospective study of a cohort of 209 homosexual men,
transient or persistent clonal c-myc recombinations were present in 13 of 113 subjects (12 percent) with
HIV infection and 2 of 96 (2 percent) without HIV infection (relative risk, 5.5; P<O.001).l

To complement the findings of Roberts et al., we analyzed our data according to the duration of HIV
infection. Clones with the t(8;14) translocation were present in 15 of 191 samples (8 percent) obtained 6
to 13 years after HIV seroconversion, as compared with 9 of 384 samples (2 percent) obtained less than
6 years after seroconversion (relative risk, 3.4; P = 0.001) and 2 of 398 samples (0.5 percent) from
subjects without HIV infection. Most clones with the translocation were transient, but in four patients,
mutant clones with unique gene sequences persisted for one to nine years in the absence of overt
malignant disease.

In contrast to the residual clones in children with leukemia, c-myc recombinations in the HIV-infected
subjects were not associated with the subsequent development of lymphoma. Lymphoma developed in 2
of the 13 HIV-infected subjects (15 percent) with recombinations, as compared with 12 of the 100 (12
percent) without recombinations (relative risk, 1.3; P = 0.5). Lymphoma tissue from one subject with a
preceding clonal recombination had a normal germ-line c-myc configuration; tumor tissue from the other
subject was not available for testing.

http://content.nejm.org/cgi/content/full/337/1/50 10/28/2003
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In our study, the prevalence of circulating clones with the lymphoma-associated mutation increased with
prolonged HIV infection, in parallel with the risk of lymphoma.2 However, even with severely impaired
immunity, these clones were not associated with an increased risk of lymphoma. Greaves speculated that
the malignant phenotype in ALL may require two independent mutations, an idea that recalls Knudson's
"two-hit" hypothesis.i Our data suggest that the development of B-cell lymphoma also entails a
multistep process.

Charles S. Rabkin, M.D.
Jirgen Miiller, M.D.
James J. Goedert, M.D.
National Cancer Institute

Bethesda, MD 20892
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The authors reply:

To the Editor: We could not find any association between immunologic or karyotypic features of
leukemic lymphoblasts at the time of the diagnosis and residual leukemia during remission in the cohort
of 24 patients we described in our article, but the statistical power of subgroup analyses was limited. We
will evaluate minimal residual disease according to genetic subtypes of B-precursor ALL in future
studies. Since the sensitivity of PCR differs for each unique fusion transcript, we will compare the
amplification of rearranged immunoglobulin (IgH) gene sequences with the detection of fused sequences
associated with the four most common translocations: (12;21), (1;19), (9;22), and (4;11).

As pediatricians who treat children with ALL, we share the concern that our results may guide
therapeutic decisions, and we emphasize that this is premature. However, the concept that a cure in this
disease may not occur by complete annihilation of leukemic cells remains valid. The finding, during
long-term remission, of cells with rearranged /gH-gene V-D-J sequences identical to those of the
lymphoblast clone at the time of the diagnosis of ALL was unexpected and appears to be the result of the
increased sensitivity of our PCR assay.

Since the publication of our report, one additional patient has had a relapse, which occurred 53 months
after the diagnosis. In this patient, all three bone marrow samples analyzed after the completion of

http://content.nejm.org/cgi/content/full/337/1/50 10/28/2003
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therapy were positive by PCR, but an insufficient number of cells were available to perform the blast-
colony assay. As of April 1, 1997, the median time since the completion of treatment in the 16 patients
who continue to be in remission was 31 months (range, 14 to 47). Although it is possible that very late
relapses will occur in a few more patients, it remains exceptionally unlikely that all seven patients with
positive results on both the PCR assay and the blast-colony assay and the seven other patients with
positive PCR results alone will have relapses.

Experiments to determine the nature of the persistently positive cells, as Greaves suggests, are under
way. We hope to determine whether these cells retain a malignant potential and, if so, to discern the
mechanisms in the host that control their growth. Such a discovery may affect the treatment of future
generations of children with ALL.

W. Mark Roberts, M.D.
University of Texas M.D. Anderson Cancer Center

Kenneth L. McClain, M.D., Ph.D.
Baylor College of Medicine

Theodore F. Zipf, Ph.D., M.D.
University of Texas M.D. Anderson Cancer Center
Houston, TX 77030
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