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Abstract
Objective—In the US, second non-ocular malignancies are the primary cause of death in
retinoblastoma survivors with the germline RB1 mutation. Soft tissue sarcomas are one of the
most likely malignancies to pose a risk to these patients, with leiomyosarcoma (LMS) being the
most common subtype. As our cohort is followed for a longer period, we discover new second
malignancy risks for these patients.

Methods—We estimated the risk for uterine leiomyosarcoma (ULMS) in a cohort of 1854
patients with retinoblastoma who were diagnosed at two US institutions from 1914 through 1996.
The standardized incidence ratio and excess absolute risk were calculated by comparison with
population data from the Connecticut Tumor Registry or from National Cancer Institute
Surveillance, Epidemiology, and End Results (SEER) database. The cumulative risk at 50 years of
age was also calculated.

Results—Seven of 525 female hereditary retinoblastoma patients developed ULMS. Five of
these patients were used in the risk analysis, resulting in an excess risk of 3.87 per 10,000 women.
Among hereditary patients who developed ULMS the excess risk increases dramatically with age:
to 20/10,000 for female hereditary retinoblastoma patients aged between 30–39 years, and to
27/10,000 for patients aged 40+ years.

Conclusion—There is a substantial excess risk of ULMS in female hereditary retinoblastoma
patients. As more patients survive into their thirties, this number is likely to increase. These
findings raise the question of early childbearing, screening and prophylactic measures in
hereditary retinoblastoma patients: all issues that would benefit from confirmation from other
retinoblastoma cohorts, to allow for better guided counsel of these patients.
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Introduction
Retinoblastoma is a cancer of the retina in very young children. It is the most common
intraocular tumor in children, representing 3% of malignant neoplasms in children younger
than 15 months [1]. In patients with the germinal form of retinoblastoma, their germline
carries an inactivated RB1 allele, which is then passed to the somatic cells of their progeny.
With the loss of a functional RB1-encoded protein, -a cell cycle regulatory retinoblastoma
protein (pRb), the patient is at risk for developing a second non-ocular malignancy. In the
United States, up to 97% of retinoblastoma patients will survive 5 years [2]. However, they
maintain a life long risk for second non-ocular malignancies, which are the foremost cause
of death in retinoblastoma survivors with the germline mutation [3]. For example, in our
cohort, cumulative incidence for developing a new cancer at 50 years after diagnosis of
hereditary Rb is 36 % [4].

The excess risk of second malignancies derives predominantly from soft tissue sarcoma and
osteosarcoma [4, 5], and we have reported a strong radiation dose-response for sarcomas in
the field of radiation [6]. Leiomyosarcoma (LMS) is the most common subtype of soft tissue
sarcoma for both genders with an excess absolute risk (EAR) of 9.1/10,000, in and out of the
radiation field; and the majority of LMS are diagnosed 30 years after retinoblastoma
diagnosis [5].

As our cohort ages and our follow up period longer, we discover new second malignancy
risks for these patients; causing us to question what screening recommendations could be
offered. Herein, we report on the increased risk of uterine leiomyosarcoma (ULMS) in
hereditary retinoblastoma patients and provide a perspective for patient management relative
to these findings.

Methods
Ethics statement: The study was approved by The Institutional Review Board of the
National Institutes of Health. Informed written consent was obtained from all
participants in this study.

Our cohort has been previously described [4, 6] and consists of 1854 one-year survivors of
retinoblastoma who were diagnosed at two US institutions from 1914 through 1996. It
includes 1092 (59%) hereditary retinoblastoma patients (defined as having bilateral
retinoblastoma or unilateral disease with a pertinent family history of retinoblastoma) and
762 (41%) nonhereditary retinoblastoma patients (defined as unilateral disease with no
family history). This present study focused on the 525 female hereditary retinoblastoma
patients. Since 1984, this cohort has been investigated for subsequent cancers. Study
methods included review of hospital and radiotherapy records, searches of the National
Death Index and several follow-up telephone interviews with subjects or family members
through 2000. The leiomyosarcomas were classified by both topography and morphology as
confirmed by pathology report, autopsy, other medical records or death certificate [5].

Statistical methods have been described previously [5]. The expected number of
leiomyosarcoma was based on population data from the Connecticut Tumor Registry for
tumors diagnosed before 1970 or from National Cancer Institute Surveillance,
Epidemiology, and End Results database for tumors diagnosed after 1970. Rates were
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generated for ULMS based on International Classification of Diseases for Oncology, 3rd

Edition (ICD-O-3) morphology classification. Accumulation of person-years of follow-up
began 1 year after diagnosis of retinoblastoma and ended at the date of ULMS, date last
known alive, the date of death, or December 31, 2000; whichever was earliest. The
standardized incidence ratio (SIR) for LMS was calculated as the ratio of observed ULMS to
the expected number. The EAR was calculated as the observed minus the expected number
of ULMS divided by person-years at risk multiplied by 10,000. All 95 % confidence
intervals were determined based on Poisson distribution. The cumulative risk at 50 years of
age of ULMS was calculated using the Gooley method [7], which takes into account the
competing risk of death. Patient 7 and 4 were diagnosed with ULMS in 2003 and 2010,
respectively; however, these patients were not included in the risk analysis, because their
diagnosis was ascertained after the study closing date.

Results
The median duration of follow-up of the retinoblastoma cohort was 28.5 years (range 1–69
years) for hereditary patients and 29.6 years (range 1–77 years) for non-hereditary patient. In
our cohort, 8 patients developed leiomyosarcoma of the uterus with a mean follow up of
46.9 (+/− 11.1) years (range 34–63 years) and median follow up of 47 years since
retinoblastoma diagnosis. Seven (85.7%) patients had hereditary retinoblastoma (Table 1).
Of these hereditary retinoblastoma patients, 4 (57.1%) received chemotherapy, 6 (85.7 %)
were treated with external beam radiation (EBRT) and 3 (42.9%) were irradiated at an age
of less than 1 year (Table 1a). The average age of retinoblastoma diagnosis was 14.0 (+/
−10.2) months and of uterine leiomyosarcoma diagnosis was 41.4 (+/− 7.9) years. The
average age of death was 44.2 (+/−12.6) years. After excluding one patient who died from
oat cell lung cancer 16 yrs after uterine leiomyosarcoma diagnosis, the average interval
between ULMS diagnosis and death was 2.4 (+/− 2.9) years. Two patients remain alive after
ULMS diagnosis: one having been diagnosed a year ago and a second who is living almost 7
years after uterine leiomyosarcoma diagnosis.

Five of 525 female hereditary retinoblastoma patients who developed ULMS, resulted in an
excess risk of 3.9 per 10,000 women (excluding the patients diagnosed with ULMS in 2003
and 2010) (Table 2). Among hereditary patients who developed ULMS, the excess risk
increased dramatically with age: to 20/10,000 for female hereditary retinoblastoma patients
aged between 30–39 years, and to 27/10,000 for patients aged 40+ years (Table 3, Figure 1
& 2). Cumulative risk at 50 years of age for ULMS in hereditary retinoblastoma patients
was 3.2% (95% CI 1.0%–8.0%). The excess risk of ULMS in hereditary Rb patients treated
with radiation for retinoblastoma was 3.7/10,000 and without radiation was 5.2/10,000;
those receiving radiation before 12 months of age was 2.8/10,000 and 5.2/10,000 in those
patients receiving radiation after 12 months of age (Table 4). The excess risk of LMS in
hereditary patients receiving chemotherapy for retinoblastoma was 4.1/10,000 and
3.9/10,000 in those patients who were not treated with chemotherapy (Table 4).

Two patients developed additional nonocular malignancies. Both of these patients had
malignant melanoma, and one also developed basal cell carcinoma of the skin and oat cell
lung cancer. Three patients had metastatic ULMS. Patients 2, 6 and 9 had a family history of
retinoblastoma in their parents.

Three additional patients were diagnosed with other uterine or retroperitoneal malignancies
(Table 1b). Patients 10 and 11 developed uterine adenocarcinoma and carcinoma, not
otherwise specified, respectively. Patient 9 was diagnosed with LMS of the retroperitoneum.
The average age of diagnosis of these three patients was 43.7 (+/−5.5) years and the average
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interval between malignancy diagnosis and death was 1.0 (+/− 1.4) years. Patient 10 is still
alive and also suffered from cutaneous LMS of the trunk.

Discussion
We reveal a substantial excess risk of ULMS in female hereditary retinoblastoma patients
and herein describe this group. Our cohort has been followed for longer than the majority of
other cohorts of childhood cancer survivors, and consists of a large number of long-term
retinoblastoma survivors. We have previously described LMS as the most common subtype
of soft tissue sarcoma in hereditary retinoblastoma patients [5]. LMS are predominantly
diagnosed 30 years after retinoblastoma diagnosis and in our cohort occurred most
frequently in the head and face of male patients, but are most frequently of pelvic origin in
female patients [5]. As we show, the excess risk of ULMS is 3.9 per 10,000 women with
hereditary retinoblastoma over all ages. However, as patients enter the age when at risk for
ULMS, this excess risk increases dramatically: to 20/10,000 for female hereditary
retinoblastoma patients aged between 30–39 years, and to 27/10,000 for patients aged 40+
years.

Other groups have reported LMS in hereditary retinoblastoma patients at anatomical sites
including the bladder, thigh, head and neck, abdomen, liver and rectum [8–14]. One case
describes LMS of the retroperitoneum [15], while Fletcher et al describe a hereditary
retinoblastoma patient with adenocarcinoma of the uterus [16]. Our robust long-term follow-
up allows for more patients entering the age when ULMS are commonly diagnosed. As
other retinoblastoma cohorts match ours in follow up, they too may discover an excess risk
of ULMS in female hereditary retinoblastoma survivors. Furthermore, now that external
beam radiation is being replaced by other means of treatment, it is predicted that fewer
patients will die of radiation-associated malignancies. This would result in a higher
population of patients surviving until their thirties and beyond when ULMS becomes
prevalent, giving another reason to expect an increase in ULMS in this population.

According to an analysis of the Surveillance, Epidemiology, and End Results (SEER)
Program data, 40% of LMS in women are uterine in origin [17] and LMS make up one third
of uterine sarcomas [18]. ULMS have an incidence of 0.3–0.4 per 10,000 women per year,
and they account for 1.3% of all uterine malignancies [17, 19]. Most ULMS occur in women
over 40 years of age and peaks in the 5th and 6th decades [17, 20–22, 26]. ULMS have a
five-year survival rate of 50–60% in stage I, and 15% in more advanced stages [23]; with
death typically occurring within 2 years of diagnosis. The mean age of ULMS diagnosis in
our cohort was 41.4 years, which is younger than the occurrence of ULMS in the general
population. However, the interval until death is approximately 2.4 years, which is
comparable to the general population.

Non-genetic risk factors for ULMS are controversial but include tamoxifen [18, 24], oral
contraceptives, high body mass index, never-married status and menses onset earlier than 13
years of age [25, 26]. In addition, ULMS have been associated with a number of inconsistent
chromosomal abnormalities, including TP53 and PTEN [27, 28]. Furthermore, Hereditary
Leiomyomatosis and Renal Cell Carcinoma (HLRCC) is a reported genetic risk factor for
ULMS. HLRCC syndrome is a rare disease that involves a predisposition to benign
leiomyomas of the skin and uterus and early onset renal cell carcinoma caused by
heterozygous germline mutations in fumarate hydratase (FH). While FH loss accounts for a
very small proportion of ULMS, its pathogenesis bears some resemblance to retinoblastoma
and thus may serve as a useful model. FH appears to act as a tumor suppressor and biallelic
inactivation of FH is apparent in most HLRCC-associated tumors [29]. Interestingly,
biallelic inactivation FH has also been reported in a single-non-syndromic ULMS [29]. In
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the Finnish population, there are 5 HRLCC patients with ULMS, with the average age of
diagnosis at 32 years [29, 30] and a calculated SIR of 71 in one report [30]. Similar to our
findings for RB1, this suggests FH is implicated in the genesis of early onset ULMS [29–
31]. Some have suggested that hysterectomy be recommended to HLRCC patients and their
families to reduce the risk of uterine malignancy [29]. No HLRCC patients in the United
States have been reported to have ULMS. This may be a result of genetic variation or the
tendency for young US women to elect for hysterectomy to relieve symptomatic leiomyoma,
which acts prophylactically against the development of ULMS [29]. Given our findings of
early onset ULMS in hereditary retinoblastoma patients, is it now possible to add hereditary
retinoblastoma as a genetic risk factor for ULMS?

Like other tumor suppressor genes, RB1 gene instability may serve as an explanation for
leiomyosarcoma formation. The gene product, p105Rb, functions in multiple cellular
processes including DNA repair and cell-cycle checkpoint control [16, 32]. It has properties
of a tumor suppressor gene so that loss of both copies of the gene favors malignant
transformation [33]. Mutations in RB1 or altered expression of p105 Rb have been found in
many sarcomas, and significantly associated with proliferative activity and poor survival
[34, 35]. For instance, one study demonstrated pRb abnormalities in approximately 70% of
the soft tissue sarcomas studied [36]. Investigations into leiomyosarcomas demonstrate the
frequent deletions of chromosome 13, particularly within the 13q14–q15 region and support
the notion that loss of RB1 is a critial step in LMS tumorigenesis [37]. Additionally,
knockout mouse models have demonstrated that concomitant loss of p53 and Rb result in
malignant leiomyosarcoma of the ovary [38]. In confirmation of previous studies, this report
also suggests that concomitant loss of Rb and p53 may confer better cellular tolerance to
insults, including chemotherapeutic agents [38]. As retinoblastoma patients age, they may be
more prone to acquiring gene mutations such as those in tumor suppressor genes like p53. If
this were to occur in association with an Rb mutation, it may be speculated that any resulting
malignant cell (such as ULMS) may have better tolerance or resistance to chemotherapy.
Furthermore, specific to the uterus, alterations in the RB1 pathway have been found in
ULMS and loss of heterozygosity of RB1 had the second highest incidence of allelic
changes in one study of twenty ULMS [39]. Therefore, it is plausible for a germline
mutation in one allele of RB1 to confer an increased risk for ULMS.

The contribution of radiation-induced abnormalities to the RB1 gene has been suggested in
human sarcoma tumorgenesis [40]. High-dose radiotherapy for cervical cancer has been
associated with uterine sarcoma of the mixed mullerian subtype [41]. Low radiation doses,
like those received by atomic bomb survivors, suggested a radiation effect on the risk for
uterine malignancy in women who were exposed to the bombs prior to age 20 [42].
Furthermore, this childhood radiation effect on secondary ULMS is not limited to patients
with retinoblastoma: for instance, a patient with childhood neuroblastoma treated with
radiation therapy at 2 months of age was diagnosed with leiomyosarcoma of the uterus at
age 33.6 years (and also had a history of melanoma) [43]. The uterus is out of the field of
radiation for retinoblastoma and therefore typically receives a very low radiation dose.
Likewise, the average radiation dose to the uterus in our cohort ranged from 0.08 to 0.20 Gy
[4]; making it less likely for this to impact the risk of ULMS genesis. As confirmation of
this, in our cohort, there was not an excess risk of ULMS in those patients who received
radiotherapy compared to those that did not; nor even in patients who received radiotherapy
before 12 months of age compared to those that received it later in life.

Now that we have established an excess risk for ULMS in hereditary retinoblastoma
survivors, the next step involves counseling our patients. The recommended screening
techniques for gynecological cancers include annual pelvic exam, transvaginal
ultrasonography, endometrial biopsy and CA-125 levels beginning at age 25–35 years.
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However, there is a lack of sufficient support for these screening techniques in
premenopausal and postmenopausal women. Even MRI appearance proves unhelpful in
distinguishing benign from malignant uterine cancers [44]; and other imaging techniques
such as ultrasound, computed tomography and positron emission tomography are similarly
unreliable [45]. Furthermore, a retrospective study of preoperative endometrial sampling in
uterine sarcomas predicted the correct histological diagnosis in only 64% of samples [46].
Therefore, preoperative diagnosis remains difficult in the management of all uterine
sarcomas including ULMS.

The non-genetic risk factors for ULMS in the general population may interact with the risk
of ULMS in hereditary retinoblastoma patients. Therefore it may be prudent to advise
hereditary retinoblastoma patients to maintain a lean body mass; particularly in those
women with menses onset earlier than 13 years of age. Furthermore, there are suggestions of
an underlying genetic susceptibility to both melanoma and leiomyosarcoma in patients
without retinoblastoma [47, 48]. As testament to this, two of our patients with ULMS also
developed cutaneous melanomas. Patients should be reminded to protect their skin, although
it is not known if the cutaneous melanoma associated with hereditary retinoblastoma is
affected by excessive ultraviolet radiation exposure.

What is the role of prophylactic surgery for ULMS in hereditary retinoblastoma patients; for
example, prophylactic hysterectomy? One may deem hysterectomy as extreme management
for a uterine cancer with a cumulative risk of 3.18% at 50 years of age, as in our cohort. But
to give perspective to this argument, hysterectomies are the second most common operation
performed in the United States: by age 60 years, approximately 1 in 3 American women will
have had a hysterectomy [49, 50]. In fact, 10% of hysterectomies are performed to treat
cancer, while most are elected to mitigate symptomatic leiomyoma. From 2001–2004, an
estimated 3.1 million women in the United States had received a hysterectomy; however, the
rate decreased slightly over this time period and given advances in medicine has likely
continued to do so [51]. Given the seemingly low threshold to perform hysterectomy, using
it for the purpose of reducing the risk of cancer to almost zero is not so far-fetched. We are
not asserting prophylactic hysterectomy as the standard of care, but raise the notion as a
point of discussion for future studies.

Some presume ULMS are the malignant counterpart to leiomyoma; however, it is estimated
that less that 0.1% of leiomyomas progress to LMS [52]. Nevertheless, more recently,
investigations have demonstrated similar transcriptional profiles [53], immunohistochemical
and genetic aberrations between leiomyoma and LMS [54, 55]. This may suggest both
tumors have similar genetics playing a role in their pathogenesis. In our telephone interview
of 416 female survivors in 2000, there were a reported 18 hereditary and 7 non-hereditary
patients with uterine leiomyoma; this included patient 1 who then developed ULMS and
patient 10 who was later diagnosed with uterine adenocarcinoma (of note, the daughter of
patient 6 also had leiomyoma). Patient 4 was not included in the telephone interview but she
also had a history of leiomyoma and was diagnosed with ULMS. 14 of the 18 hereditary
retinoblastoma patients and all of the non-hereditary patients had hysterectomies and thus
were not at risk for ULMS. It is unclear whether the presence of leiomyoma in hereditary
retinoblastoma patients predisposes them to developing ULMS. This phenomenon will
continue to be monitored in our cohort and collaboration by other groups would be useful.

Perhaps the most important information gleaned from our study, is the relatively young age
for ULMS diagnosis in hereditary retinoblastoma patients compared to the general
population. The average age of ULMS diagnosis in our cohort was 41.4 years, but ranged
from 32 to 52 years. This highlights the clear need for early childbearing in hereditary
retinoblastoma patients; and efforts should be made to counsel patients to this effect.
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As other cohorts of retinoblastoma patients continue to be followed longer, it is advisable to
evaluate for ULMS incidence and its risk patterns. It would be helpful for our patients to
elucidate additional risk factors like smoking, endogenous and exogenous estrogen,
childbearing demographics, body mass indices and treatment or age characteristics. We have
discovered a profound excess risk for ULMS in hereditary retinoblastoma, but it would be
ideal to expand this to include additional data from other cohorts. This would create a more
robust profile of these women at risk and allow for better–guided counsel of women with
hereditary retinoblastoma.
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Research highlights

• There is a substantial excess risk of ULMS in hereditary retinoblastoma patients.

• Among hereditary patients, the excess risk increases dramatically with age.

• These findings raise questions of how to best counsel these retinoblastoma
patients.
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Figure 1.
Cumulative risk of ULMS by time since diagnosis of hereditary retinoblastoma.
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Figure 2.
Excess risk of ULMS in hereditary retinoblastoma survivors.
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