
Neoplasia as a Late Complication
of Bone Marrow Transplantation

A B S T R A C T  &  C O M M E N T A R Y

Source: Kolb H, et al. Ann Int Med 1999;131:738-744.

This large, retrospective study included more than 1000
patients from 45 European centers who received a bone marrow

transplant before December 1985 and had already survived more
than five years. Only these long-term survivors were analyzed
because of the expected high incidence of transplant-related com-
plications and recurrence of the original disease during the first five
years after transplant. After adjusting for age and sex, outcomes
were compared with controls from two European registries.

There were 53 malignant tumors diagnosed representing an
overall 3.8-fold higher incidence than in the matched controls. The
most commonly diagnosed cancer was nonmelanoma skin cancer,
representing a 10-fold increase in the standardized incidence ratio.
However, patients were at an even higher risk for thyroid cancer,
esophageal cancer, and head and neck cancer. Cases of carcinoma
in situ of the cervix, glioblastoma, and Hodgkin’s disease also
appeared to be increased but the numbers were small (5, 3, and 2
patients, respectively).

With data collected until March 1996, deaths from these sec-
ondary malignancies occurred in 10 patients. All but two of these
deaths were attributable to either a brain tumor or a squamous cell
carcinoma of the aerodigestive tract (oral cavity, larynx, esophagus,
and anus). Unfortunately, recurrence of the original tumor and
chronic graft-vs.-host disease (GVHD) were still the most common
causes of death. A new malignant neoplasm was responsible for
only 11% of the deaths in patients surviving more than five years
after their transplant. AIDS was the cause of death in five patients.

Of the potential risk factors evaluated for the development of sec-
ondary malignancies, immunosuppressive therapy was found to be
the most significant. The actual presence of chronic GVHD attained
statistical significance only if it was severe. Neither prophylaxis of
GVHD nor the presence of acute GVHD appeared to be risk factors.
On the other hand, older patient age was associated with increasing
risk. Comparisons of conditioning regimens demonstrated no
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increased neoplastic risk associated with the addition of
total body irradiation to chemotherapy.

■ COMMENT BY KENNETH W. KOTZ, MD
This study characterizes the late occurrences of sec-

ondary malignancies after a bone marrow transplant. The
actual risk for a secondary malignancy may be greater
than suggested by this study. First, age itself was suggest-
ed to be a risk factor, and the relatively young population
studied (median age, 21 years) may be different than the
age of patients for whom bone marrow transplants are
currently offered. Second, with a median follow-up of
10.7 years (range, 5-22.1 years), the relative contribution
from the conditioning regimen may increase with time.
For example, radiation-induced solid tumors typically
occur more than 10 years after treatment. Data regarding
other life-threatening, non-neoplastic conditions such as
myelodysplastic syndrome were not presented.

Immunosuppressive therapy was shown to be the most
important risk factor for development of a new malignan-
cy. Maneuvers to decrease the requirement for immuno-
suppression would potentially decrease the incidence of

secondary malignancies. However, primary disease recur-
rence and GVHD remain the most important causes of
death, as they accounted for the majority of deaths in these
patients who had already survived five years. How these
long-term problems will be affected by newer approaches
to the prevention and treatment of GVHD is unknown.

Although we can demonstrate an increased risk of
cancer after bone marrow transplantation, no data exist
regarding screening or prevention in this setting. Never-
theless, with the increased risk for nonmelanoma skin
cancer, carcinoma in situ of the cervix and aerodigestive
tract tumors, it would seem prudent to educate patients
about avoidance of harmful ultraviolet radiation, appro-
priate use of sunscreens, the importance of yearly gyne-
cologic evaluations, and smoking cessation. In light of
the data presented, regular examination of the head and
neck, including the thyroid, would be reasonable as well.  

The actuarial risk for a malignant neoplasm increased
from 3.5% at 10 years to 11.5% at 15 years and may
continue to rise. However, many of these neoplastic
transformations were not life-threatening. Therefore,
while clinicians need to be aware of the late neoplastic
complications described in this study, death from the
underlying illness and GVHD remain the greatest cause
of mortality even five years after the bone marrow proce-
dure. However, it is encouraging that so many patients
are surviving, and for so long.   ❖

The Use of Adjuvant 
Radiation Therapy by 
Members of the Society of
Gynecologic Oncologists
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Complete surgical staging in endometrial
cancer appears to decrease the recommendation for post-
operative adjuvant radiation therapy.

Source: Naumann RW, et al. Gynecol Oncol 1999;
75:4-9.

Naumann and colleagues have reported the
findings of a survey of the members of the Society of

Gynecologic Oncologists to determine their attitudes about
the use of adjuvant radiation therapy in women with
endometrial cancer. Of the 767 listed members, 325 (42%)
responded. Less than 20% of respondents recommended
adjuvant radiation therapy in stage IA, grade 1 or 2, and
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stage IB, grade 1 endometrial cancer. Adjuvant radiation is
recommended by 40-50% of respondents for women with
stage IA, grade 3, and stage IB, grade 2 tumors. Most rec-
ommend adjuvant radiation for all women with greater
than 50% myometrial invasion or grade 3 tumors with any
myometrial invasion. Except in stage IA, grade 1 tumors,
the chance of recommending further therapy in women
with all stages and grades was significantly less if a com-
plete staging procedure, including lymph node dissection,
had been performed. Naumann et al conclude that com-
plete surgical staging appears to decrease the chance that
postoperative therapy will be recommended. They further
recommend that future studies in women with endometrial
cancer that do not require lymph node sampling should
evaluate the frequency of adjuvant therapy in the absence
of complete staging.

■ COMMENT BY DAVID M. GERSHENSON, MD
For the past several decades, adjuvant radiation therapy

has been used extensively in patients with endometrial
cancer. Historically, radiation was delivered in a variety of
schedules—preoperatively, postoperatively, or both, and
with a variety of methods—external-beam, brachythera-
py, or combinations thereof. Unfortunately, practice pat-
terns were not evidence based. With the advent of com-
prehensive surgical staging and revision of the FIGO stag-
ing system in the 1980s, preoperative radiation in any
form was deleted quickly from our armamentarium. The
overarching principle was individualization of the use of
radiation based on surgicopathologic findings. Clinical
investigators are now focusing on the use of postoperative
radiation, as reflected by the results of this survey report.
Although not yet published, the results of GOG Protocol
#99 have been presented in a national forum. In that study,
patients with surgical stages IB-IIB (occult) were ran-
domized to pelvic radiation vs. observation. Although the
patients in the radiation arm had a significantly lower rate
of vaginal recurrence (1.7% vs 12%), there was no differ-
ence in overall survival between the two groups. In addi-
tion, there is mounting evidence that patients who have
negative retroperitoneal lymph nodes on extended surgi-
cal staging do not require any external pelvic radiation,
regardless of the presence of unfavorable pathological
factors—high-grade, deep myometrial invasion, vascular
invasion—in the endometrial tumor. Of course, most
experts would still recommend postoperative pelvic radia-
tion for those patients with positive pelvic nodes or
extended field radiation for those patients with positive
para-aortic nodes (concomitant chemotherapy would also
be recommended by several experts). In summary, the
story of the implications of surgical staging for endome-
trial cancer is still unfolding. Future prospective, random-

ized trials will hopefully address some of these second-
generation questions. (Dr. Gershenson is Professor and
Deputy Chairman, Department of Gynecology, M.D.
Anderson Cancer Center, Houston, TX.)   ❖

VEBEP: The Milan Approach
to Increasing Cure Rates in
Advanced Hodgkin’s Disease
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The overall cure rates in Hodgkin’s disease are
relatively high, but there remain approximately 35% with
advanced disease who progress despite aggressive therapy.
Thus, there remains a need for still more effective regimens.
In this report from the University of Milan, the phase II
experience with the VEBEP regimen, followed by involved
field radiation, is reported. Complete remission rate was
94% and freedom from progression and survival at six
years were 78% and 82% respectively for the 73 patients
with advanced Hodgkin’s disease entered on study, toxicity
was manageable and patient compliance was high. Viviani
and colleagues suggest that this approach may be superior
to the current “gold standard” ABVD and should be com-
pared directly in a randomized trial.

Source: Viviani S, et al. Cancer J Sci Am 1999;5:
275-282.

With more than 30 years of experience with
combination chemotherapy for Hodgkin’s disease,

there remains a desire to improve both efficacy and safe-
ty of the treatment programs. For patients presenting
with advanced disease, despite current approaches,
relapses occur in as many as 30% to 35%.1 In this con-
text, the Milan group reports its phase II experience with
the VEBEP combination (etoposide 120 mg/m2 IV;
epirubicin 40 mg/m2 IV on days 1 and 2; bleomycin 10
mg/m2 IV on day 1; cyclophosphamide 500 mg/m2 IV on
days 1 and 2; and prednisilone 50 mg/PO on days 1-7).
Patients with newly diagnosed stage IIB, III (A and B),
and IV (A and B) Hodgkin’s disease, or those who were
relapsing after primary subtotal or total nodal irradiation
were treated with this combination for a total of eight 21-
day cycles followed by radiotherapy (30-36 Gy) to nodal
site or sites of pretreatment disease. The median duration
of follow-up was 68 months.

The complete remission rate was 94% and at six years,
the freedom-from-progression and overall survival were
78% and 82%, respectively. Treatment compliance was
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excellent, with no patients refusing to complete the entire
program. Grade 3 and 4 neutropenia were common (12%
and 85%, respectively) but recovery was prompt and most
completed the full eight cycles without delays. Growth
factor therapy was not required and infectious complica-
tions occurred in only 8% of the cycles administered.
There was one septic death during chemotherapy-induced
marrow aplasia. Grade 3 thrombocytopenia occurred in
1% of cycles administered and there were no clinically
evident cardiac or lung toxicities clearly attributable to
epirubicin, bleomycin, or radiation therapy. Hypothy-
roidism was detected in 38% of the cases and gonadal
damage was evident in the large majority of males but this
was reversible in half of the cases. There were no cases of
leukemia observed during this study period.

Viviani and colleagues conclude that VEBED followed
by involved-field radiotherapy is an effective treatment
approach for advanced Hodgkin’s disease with acceptable
rates of acute and chronic toxicities. They urged a com-
parison of this regimen with the standard ABVD or
MOPP/ABVD combinations currently in wide use.

■ COMMENT BY WILLIAM B. ERSHLER, MD
In the more than 30 years since the introduction of

MOPP chemotherapy for Hodgkin’s disease, there has
been a challenge to improve the success rate, either by
enhancing efficacy or by maintaining efficacy but reduc-
ing toxicity. Thus, ABVD and other combinations have
gradually replaced MOPP as first-line approaches.2 In
this report from the Milan group, phase II data are pre-
sented that would suggest that a new, intensive regimen
is both better tolerated and more efficacious than the
current gold standard, ABVD.

There are, of course, a few caveats. These are phase II
data, and subject to the typical biases encountered,
including those related to patient selection. With the data
presented, however, it is hard to argue with the call by
Viviani et al for a direct comparison in a randomized
study with more established regimens such as ABVD.
For stages III and IV, VEBEP appears to produce more
durable complete remissions at less toxicity than
observed with the ABVD-treated patients treated on the
CALGB protocols.2 As Viviani et al suggest, there needs
to be a direct comparison with other regimens using
appropriate clinical trial methodology. 

Another third generation regimen for Hodgkin’s dis-
ease (Stanford V: Doxorubicin 25 mg/m2 IV days 1,15;
Vinblastine 6 mg/m2 IV days 1,15; Nitrogen Mustard 6
mg/m2 IV day 1; Vincristine 1.4 mg/m2 IV days 8, 22;
Bleomycin 5 mg/m2 IV days 8, 22; etoposide 60 mg/m2

IV days 15, 16; and Prednisone 40 mg/m2 PO every
other day for 12 weeks)3,4 has been shown to produce

impressive response rates and has the advantage, despite
its intensity, of a short treatment program (3 28-day
cycles). This regimen is to be compared with ABVD in
an NCI-sponsored trial soon to be undertaken.

Finally, the contribution of consolidative radiotherapy in
VEPEB and the other third generation programs (including
Stanford V) needs further evaluation. Overall survival in
these studies will be the outcome of relevance.   ❖

References
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Timing is Everything:
Breast Cancer Surgery in 
Premenopausal Women
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Controversy exists regarding the relationship
between survival and the phase of the menstrual cycle
during which breast cancer surgery is performed in pre-
menopausal women. This retrospective analysis includ-
ed 112 patients for whom the date of the last menstrual
period was known prior to surgery. Surgery performed
during the follicular phase was associated with a poorer
prognosis (10-year survival rate of 42%) for patients
with either ER-positive or ER-negative tumors. On the
other hand, surgery performed during the luteal phase
was associated with an improved survival. Unlike the
follicular phase, a relationship between survival and
ER status of a tumor operated on during the luteal
phase emerged (10-year overall survival of 80% for ER-
positive tumors and 60% if ER-negative).

Source: Cooper L, et al. Cancer 1999;86:2053-2058.

The 112 patients in this study were treated at
the Guy’s Hospital in London from 1975-1985.

Receptor status was determined by immunohistochem-
istry from formalin-fixed, paraffin-embedded speci-
mens. The percentage of cells with positive staining was
converted into a scale of 0 to 4. The intensity of staining
was scored on a scale of 0 to 3. The sum of these two
scales was used to divide tumors into receptor-positive
(sum > 3) or receptor-negative (sum < 3). ER-positive
and PR-positive tumors comprised 63% and 61%,
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respectively, of the cases and both types were found
without significant variation throughout the menstrual
cycle. ER and PR analysis of adjacent normal tissue
showed no variation between the phases.

Overall survival in the study was approximately 50%,
with a slight advantage for ER-positive patients com-
pared with ER-negative patients that did not reach statis-
tical significance. However, the 10-year survival rate
plummeted from 75% if surgery was performed during
the luteal phase (days 0-2 and 13-32) to 45% if per-
formed during the follicular phase (days 3-12). During
the follicular phase, patients with either ER-positive or
ER-negative tumors did equally poorly. On the other
hand, patients with ER-positive tumors had superior sur-
vival (80%) compared with ER-negative tumors (60%)
if surgery was performed during the luteal phase.
Results for progesterone receptor status were similiar.

■ COMMENT BY KENNETH W. KOTZ, MD
The “normal 28-day” menstrual cycle can be divided

into a follicular (proliferative) phase and a luteal (secre-
tory) phase. The follicular phase is characterized by a
rising FSH (and estrogen levels) peaking at the time of
ovulation (with the LH surge). This is followed by the
luteal phase, with rising progesterone levels that peak on
approximately the 21st day. The onset of menstruation is
considered day 1 of the new cycle. The 14 days preced-
ing the onset of menses is by definition the luteal phase
and women with longer cycles have longer follicular
phases. The presence of the luteal phase can be verified
by checking a basal body temperature that will be more
than 98 degrees in the vast majority of patients.1

There is now a large body of data regarding how the
timing of surgery during the menstrual cycle influences
survival. A recent critical review, although not a formal
meta-analysis, of 32 retrospective studies encompassing
almost 10,000 patients concluded that it was “likely”
that the phase of the menstrual cycle is relevant to out-
come but did not recommend any “immediate change in
practice.”2 We now have another retrospective analysis
that also supports the hypothesis that surgery should be
performed during the luteal phase. Not all studies have
demonstrated this effect, but in this study the improve-
ment in survival was dramatic.

It has been hypothesized that the unopposed estrogen
in the follicular phase accounts for the poorer outcome,
perhaps due to increased viability of micrometastases.
However, contributions from other mechanisms may
play a role too. Serum levels of vascular endothelial
growth factor (VEGF), a potent angiogenic cytokine,
have been shown to be significantly lower during the
luteal phase.3 Additionally, the expression of genes that

can affect the proliferative capacity and metastatic poten-
tial of a tumor, such as those for cathepsin L, matrix met-
alloproteinases, and TP53, may occur in a cyclical fash-
ion that mirrors the phases of the menstrual cycle.4

Estrogen receptor status is a known prognostic factor
for breast cancer. One would have predicted that ER-
positive tumors operated on in the luteal phase would
have fared better than the ER-negative tumors. What is
interesting is that ER-negative tumors operated on in the
luteal phase did better than ER-positive tumors operated
on in the follicular phase. Furthermore, ER status did
not appear to predict for survival if surgery was per-
formed during the follicular phase.

Although controversial, this article supports the notion
that “optimally timed” or “suboptimally timed” surgery
should be included in descriptions of premenopausal
patients’ tumors along with tumor size, number of
involved lymph nodes, receptor status, grade, S-phase,
Her-2-neu score, etc. How oncologists should incorporate
this into the decision-making process before recommend-
ing adjuvant therapy is unknown. However, if pre-
menopausal patients are willing to take four cycles of
paclitaxel after four cycles of AC for a small absolute
improvement in survival,5 then they will certainly be will-
ing to delay definitive surgery for up to two weeks, even if
the benefit is modest. Considering the lack of harm from a
short-term delay, oncologists seeing patients preoperative-
ly should consider recommending breast cancer surgery
be timed in relation to the menstrual cycle.   ❖
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Special Feature
Secondary Malignancies 
Induced by Radiation
Exposure: Clinical 
Examples and Current
Experimental Findings

By Roy Vongtama and David A. Corral, MD

Radiation therapy is a proven, effective
modality for the treatment of many forms of can-
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cer. Since its introduction as part of the standard of
oncologic care, radiation has also been questionably
associated with the evolution of secondary malignan-
cies. Secondary malignancies are a serious and poten-
tially lethal concern not only for the patient, but also for
the physician, who must take this issue into account
when deciding whether to recommend radiation as a
part of therapy. The process by which radiation induces
neoplastic transformation is not well understood. How-
ever, significant advances have been made in recent
years in the basic research of radiation-induced malig-
nant transformations which have indicated possible
underlying mechanisms. This article will briefly
explore the incidence of secondary malignancies in sev-
eral organ systems and examine the current experimen-
tal theories of the mechanism of radiation-induced
malignancy.

History
Radiation has been suggested as a potential cause of

nearly every type of malignancy. With this being said,
however, two facts must be recognized that significantly
modify this statement. The first is that the levels of radi-
ation exposure that have been shown to be clearly asso-
ciated with secondary malignancies range from one to
10 Gray (Gy), exposure that is much lower than dosages
typically used for therapy. Within this range of radiation
dosages, a linear dose response between exposure and
cancer incidence can be seen. Studies have failed to
show the same linear dose response with the higher
(therapeutic) levels of radiation, although increased risk
has been demonstrated.2 It has been postulated that at
therapeutic dosages, the high level of cell death may
result in the destruction of potentially malignant cells
that would otherwise have been transformed by the radi-
ation. The second fact which must be recognized is that
certain malignancies seem to be more radiosensitive
than others. This article focuses on thyroid cancer, breast
cancer, and soft tissue sarcomas—three malignancies
that are highly radiosensitive.

Thyroid Carcinoma
Thyroid carcinoma is a classic example of a malig-

nancy that has been shown in numerous studies to be
induced by radiation exposure. In a study by Schneider
and colleagues, 5.9% of patients who had received radi-
ation therapy for benign head and neck conditions devel-
oped a secondary thyroid cancer 3-42 years after radia-
tion therapy, with a median time to diagnosis of 10 years
following radiation. Interestingly, the clinical course of
the radiation-associated thyroid carcinomas did not vary

from thyroid cancer diagnosed in patients with no prior
radiation exposure. In children, the risk of radiation-
induced thyroid cancer inversely correlated with their
age at the time of exposure. Those who were exposed to
radiation before age 5 had a five-fold higher incidence of
secondary thyroid cancer than those exposed after 10
years of age.4 As seen with adults, the clinical course did
not vary significantly from that of non-radiation-induced
thyroid carcinomas, with the majority of diagnoses
peaking 15-20 years after radiation.5

Breast Cancer
Radiation has also been suspected as a cause of breast

cancer. Similar to thyroid carcinoma, the risk appears to
be inversely proportional to age, with children exposed
to radiation at a young age having a higher risk later in
life. Within the low-dose range, it has also been shown
that there is a linear relationship between dose and rela-
tive risk. Again, the clinical course of these radiation-
associated breast cancers seems to be no different than
that seen in breast cancer patients who had not been pre-
viously exposed to radiation.6

Soft Tissue and Bone Sarcomas
Sarcomas of soft tissue and bone associated with

radiation exposure are well reported in the literature.7,8

For example, Souba and colleagues reported 16 cases of
sarcoma arising in previously irradiated sites located in
the chest wall. Because these patients received radiation
therapy for nonsarcomatous tumors, these data support
the theory that radiation can play a significant role in the
oncogenic process of secondary malignancies. In gener-
al, as with non-radiation-associated sarcomas, radiation-
associated sarcomas have a poor prognosis due to their
normally advanced stage upon discovery, with the only
effective therapy being surgical removal, and average
five-year survival reaching only 30%.7

Experimental Model for the Study 
of Radiation-Induced Tumors

As can be seen from the above examples, a case can
be made that radiation is a potent inducer of cancer,
especially at low levels. However, this has yet to be
proven convincingly in preclinical studies. Much of
the current knowledge behind radiation-induced
malignant transformation has been discovered in the
last 10 years. The model discussed in this article was
developed by Mendonca and associates and used a
hybrid line of cells consisting of a tumorigenic cell
line (HeLa) combined with human skin fibroblasts.
This model is an excellent experimental model for the
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study of radiation-induced tumors for two reasons. As
discussed above, many radiation-associated malignan-
cies are sarcomas—tumors that result from malignant
transformation of mesenchymal cells such as fibrob-
lasts. Also, the model follows Knudson’s “two hit”
hypothesis of carcinogenesis that was initially
described in the retinoblastoma model. Briefly, Knud-
son’s hypothesis states that a cell with a genetic locus
(encoding a tumor suppressor) which contains a
mutated allele may be phenotypically normal as long
as a nonmutated allele is normally expressed. For
malignant transformation to occur, the second allele
must be altered. This results in a loss of heterozygosi-
ty and allows the pre-existing genetic mutation to lead
to malignant transformation. 

The HeLa line used for the hybrid cell line has been
shown to be inherently tumorigenic and produces the
antigen intestinal alkaline phosphatase (IAP), which can
be used as a marker to signal tumorigenic activity. The
human skin fibroblast line has the characteristics of
being nontumorigenic and having tumor-suppressing
activity. Combined together, the hybrid line, HeLa*
human skin fibroblast, is an actively tumor suppressing
cell line that contains on average four alleles per chro-
mosome, two from the nontumorigenic fibroblast and
two from the tumorigenic HeLa line. The production of
IAP, the HeLa neoplastic marker, is actively suppressed
by gene products of the normal human skin fibroblast.
This system provides a precise means to detect neoplas-
tic transformation in the hybrid cell line (i.e., if the
fibroblast’s tumor suppressor alleles are knocked out,
the production of IAP will resume and can be quantitat-
ed).9,10 (Note: The actual hybrid cell line used for the
experiment, CGL1, is a descendant of the original
hybrid HeLa* fibroblast line.)

In the Mendonca et al study, hybrid cell lines were
irradiated with 7 Gy of gamma rays at 2.1 Gy/min and
then trypsinized, counted, and seeded into flasks con-
taining standard growth medium. These cells were then
fed, plated, and left to grow for 7, 9, 11, 13, 15, 17, 19,
and 21 days, at which time they were fixed and stained
for IAP with Western Blue reagent. If a cell had been
transformed by the radiation exposure, it would begin
to produce IAP. Neoplastic frequencies for each day (7-
21) were measured by counting the number of neoplas-
tic foci per total number of surviving cells. A higher
frequency translated into a higher rate of malignant
transformation. Interestingly, IAP positive foci did not
begin to appear at a significant frequency until the 11th
day. The IAP positive finding demonstrated that malig-
nant transformation did occur, but occurred in a delayed
fashion on day 11. This coincided with the reduced

plating efficiency of cells seen, which also began on the
11th day. Plating efficiency refers to the ability of trans-
ferred cells to grow in appropriate media. With regard
to plating efficiency, nonirradiated controls plated out at
a relatively constant rate of 60-80%. The irradiated
samples initially start at 11% on day 4, recover to 35-
45% on day 9, and steadily decline thereafter. The
reduced plating efficiency of irradiated cells demon-
strated that a significant proportion of cells were unable
to successfully replicate, possibly implying that they
had undergone significant genetic damage that mani-
fested itself on day 11. 

The temporal coincidence of IAP appearance (i.e.,
malignant transformation) and reduced plating efficien-
cy (i.e., genetic damage) on day 11 was a significant dis-
covery that led to additional investigations into the
mechanism of each. It was discovered that the tumor
suppressor loci that were lost with radiation exposure
were found to be on fibroblast chromosomes 11 and
14.9. These two loci were found to be necessary but not
sufficient for neoplastic transformation, as control lines
that had lost either of these suppressor loci did not
develop neoplastic characteristics (namely, IAP produc-
tion). Mendonca et al proposed that the delayed loss of
tumor suppressor function was not a discrete event, but
rather the buildup of heritable damage over the course of
replicative cycles in which the final result was loss of
tumor suppressor function.

Recent Laboratory Discoveries
In the most recent study published in Cancer

Research, Mendonca et al investigated the significant
reduction in plating efficiency seen in the irradiated cell
population.10 It was demonstrated that these cells under-
go a delayed apoptosis which causes the drastic reduc-
tion in plating efficiency. Apoptosis is a genetically
mediated form of cell death induced by various stimuli.
Radiation is known to be a potent epigenetic apoptotic
stimulus.11 The upregulation of apoptosis around day 11
was demonstrated by several methods previously shown
to be indicative of apoptosis, some of which will be list-
ed here. DAPI staining was done, which indicated
abnormal morphology consistent with apoptosis.
Endonuclease-mediated DNA strand breaks consistent
with apoptosis were also seen by TUNEL assays. West-
ern blot showed increased levels of p53 and Bax, pro-
teins which have been shown to be proapoptotic. In
short, all techniques used were in agreement, thereby
lending credence to the theory that plating efficiency
was decreased because of induction of apoptosis. Men-
donca et al proposed that the actual trigger for apoptosis
is the same for loss of tumor suppressor function: it is
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not a single event, but rather the buildup of heritable
damage over the course of replicative cycles.11 Termed
genetic instability, the damage becomes great enough to
trigger apoptosis.

Summary
With all this being said, the question remains: how

does radiation induce neoplasia in these hybrid cells?
A summary of the work of Mendonca et al gives a pos-
sible answer. Radiation is given, producing immediate
cell death and also sublethal genetic damage. The
remaining HeLa* fibroblast cells begin to replicate.
The significant changes begin approximately on day
10; at this time, the hybrid cells have undergone
approximately 12 population doublings. A buildup of
genetic mutations occurs over these replicative cycles.
This genetic instability can have two outcomes, one of
which is the induction of apoptosis (and, therefore, cell
death) that occurs for the majority of the cells. The sec-
ond outcome is that a small subset of these irradiated
cells lose their tumor suppressor genes (11 and 14) but
either evade apoptosis or have not had enough accumu-
lated damage to trigger apoptosis. Thus, they become
neoplastic. 

Patients who have been recommended to receive
radiation as a primary form of treatment are often
intrinsically afraid or at least aware of the potential for
long-range side effects. This hesitancy is well found-
ed: secondary cancers associated with radiation expo-
sure are body wide and have a poor prognosis, as
shown above. Clearly the work done by Mendonca et
al provides significant advances in the quest to under-
stand radiation-induced cancers. The future lies in fur-
ther experimentation to better understand the mecha-
nisms involved using more complex biological mod-
els. The ultimate goal is to understand the complete
process of radiation-induced malignant transformation
that will translate into clinical knowledge and help
physicians determine the most effective therapeutic
strategies that confer the least possibility for sec-
ondary malignancies. (Roy Vongtama is a medical stu-
dent, School of Medicine and Biomedical Sciences,
University at Buffalo; Dr. Corral works for the
Department of Urologic Oncology, Roswell Park Can-
cer Institute, Buffalo, New York.)   ❖
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CME Questions
1. Secondary neoplasia after bone marrow transplantation:

a. is the most common cause of death in patients who survive at
least five years after transplant.

b. is associated with an increased risk in patients on immunosup-
pressive therapy.

c. is most commonly a secondary leukemia.
d. occurred in 53% of patients in this study.

2. Retrospective data support the hypothesis that survival in pre-
menopausal patients may be improved if breast cancer surgery
is performed:
a. as soon as breast cancer is suspected.
b. during the follicular phase of the menstrual cycle.
c. during the luteal phase of the menstrual cycle.
d. after waiting for one full menstrual cycle.

3. The least important prognostic factor in patients with endome-
trial cancer is:
a. myometrial invasion.
b. uterine size.
c. histologic grade.
d. histologic type.
e. lymph node status.

4. For the treatment of patients with advanced (stage III or IV)
Hodgkin’s disease, which one of the following statements about
the VEBEP regimen is true?
a. It has been established to be more effective than MOPP,

ABVD, or MOPP/ABVD hybrids.
b. It has been established to be less toxic than MOPP, ABVD, or

MOPP/ABVD hybrids.
c. It has been established to be both more effective and less toxic

than MOPP, ABVD, or MOPP/ABVD hybrids.
d. It has been shown to have high response rates and relatively low

toxicity profiles in phase II trials.

5. Tumor suppressor loci lost in irradiated HeLa* fibroblast
hybrids were localized to fibroblast chromosomes:
a. 9 and 12.
b. 10 and 13.
c. 11 and 14.
d. 12 and X.
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