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cancer

W Cozen?, L Bernstein !, F Wang?', MF Press? and TM Mack *

tUniversity of Southern California School of Medicine, Department of Preventive Medicine, USC/NOR MS 44, 1441 Eastlake Avenue, Los Angeles, CA 90033,
USA,; 2University of Southern California School of Medicine, Department of Pathology, Los Angeles, California.

Summary Lymphangiosarcoma of the upper extremity is a rare and aggressive tumour reported to occur following post-mastectomy
lymphoedema (Stewart-Treves syndrome). Haemangiosarcoma, a related rare tumour, has occasionally been reported to occur in the breast
following irradiation. We conducted a case-control study using the University of Southern California-Cancer Surveillance Program, the
population-based cancer registry for Los Angeles County, to evaluate the relationship between invasive female breast cancer and subsequent
upper extremity or chest lymphangiosarcoma and haemangiosarcoma together referred to as angiosarcoma. Cases were females diagnosed
between 1972 and 1995 with angiosarcoma of the upper extremity (n = 20) or chest (n = 48) who were 25 years of age or older and residing
in Los Angeles County when diagnosed. Other sarcomas at the same anatomic sites were also studied. Controls were females diagnosed
with cancers other than sarcoma during the same time period (n = 266 444). Cases and controls were then compared with respect to history
of a prior invasive epithelial breast cancer. A history of breast cancer increased the risk of upper extremity angiosarcoma by more than 59-fold
(odds ratio [OR] = 59.3, 95% confidence interval [95% CI] = 21.9-152.8). A strong increase in risk after breast cancer was also observed for
angiosarcoma of the chest and breast (OR = 11.6, 95% CI = 4.3-26.1) and for other sarcomas of the chest and breast (OR = 3.3, 95%
Cl =1.1-1.7). © 1999 Cancer Research Campaign

Keywords: breast cancer; Stewart—Treves syndrome; lymphangiosarcoma; haemangiosarcoma; angiosarcoma; radiation; lymphoedema

Angiosarcoma is a generic term that includes malignant sarcoma&ectron microscopic studies offer equal evidence for haeman-
originating from either lymphatic or capillary endothelium, giomatous origin of lymphangiosarcoma (Enzinger and Weiss,
namely lymphangiosarcoma and haemangiosarcoma respectivel}995). The average annual age-adjusted incidence rate of angiosar-
Reports of lymphangiosarcoma in association with lymphoedemeoma for white females in the USA is 1.6/100 000 and tumours
of an extremity can be found as early as 1906 (Lowenstein, 1906)f the upper extremity and breast account for 25% and 44%
The occurrence of lymphangiosarcoma in a setting of post-mastemespectively, of these sarcomas (Mack, 1995).
tomy upper extremity oedema was originally described in a report No formal attempt has been made previously to quantify the
of six cases in 1948 (Stewart and Treves, 1948), and has sinoelationship between invasive breast cancer and subsequent risk of
been designated the Stewart—Treves syndrome. By 1970, l@&giosarcoma, possibly because of the rarity of the tumours. We
cases of this syndrome had been reported worldwide in casmnducted a case-control study within a population-based cancer
reports and hospital case series (Sanchez et al, 1989). registry to evaluate this relationship.

Haemangiosarcoma of the chest or breast has been described in
at least two different clinical settings: in very young women with
no prior cancer (McClanahan and Hogg, 1954; Steingaszner et al ,ATERIALS AND METHODS
1965) and in older women following irradiation of the breast forThe University of Southern California Cancer Surveillance
epithelial breast cancer (Kuten et al, 1985; Rubin et al, 1990; MarRrogram (USC-CSP), the population-based cancer registry for Los
et al, 1994). Angeles County (LAC), has been actively collecting information

Lymphangiosarcoma and haemangiosarcoma are often described newly diagnosed invasive cancer cases since 1972 (Mack,
together in older reports because of the high degree of misclassifich977). For a given patient, each new primary cancer diagnosis is
tion (Woodward et al, 1972; Maddox and Evans, 1981; d’Amore eteported separately; recurrences are not considered new diagnoses
al, 1990; Karpeh et al, 1991). In spite of recently developed&nd are not reported. The majority of diagnoses are based on
immunohistochemical antibodies, the distinction remains difficultpathology reports (over 96%), with the remainder based on death
and even arbitrary, and the two tumours are often categorizetkrtificates or clinical diagnoses. Pathological diagnoses are not
together as angiosarcoma. In fact, immunohistochemical andalidated by a second histological review; with over 1 million

cases of cancers diagnosed in Los Angeles since 1972, the task
would be unrealistic.

Received 20 August 1998 The USC-CSP registry emphasizes collection of descriptive

/’:ev’sid:;:’;“a’ylgﬁgg incidence data based on variables such as race, age, gender, birth-
coepted 2o January place, religion, ethnicity and social class. Collection of survival
Correspondence to: W Cozen data began in 1992, when the registry became a Surveillance,
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Epidemiology and End Results (SEER) registry. As a result, RESULTS
cohort approach to assess the risk of angiosarcoma and other
sarcoma following breast cancer is not feasible and a retrospectiyé€ distribution of cases by histological type is shown in Table 1.
case-control study design was used instead. Lymphangiosarcoma is the commonest type of angiosarcoma in
Subjects were women who were 25 years of age or older whefie upper extremity (70%), while haemangiosarcoma makes up the
diagnosed with cancer in LAC during the period 1972-1995, andnajority of chest/breast angiosarcomas (98%). Among the other
who were residents of LAC at the time of diagnosis. The study wa8oft tissue sarcomas at these sites, fibrosarcoma, includ-
designed to evaluate the risk of angiosarcoma associated withig malignant fibrous histiocytoma, is the most frequently
history of invasive breast cancer; however, we also studied othéliagnosed (72% in the upper extremity and 84% in the chest
subtypes of sarcomas for comparison. Four case groups wed8d breast).
defined and compared to a control group consisting of non-sarcomaWe found that women diagnosed with breast cancer have a
female cancer patients. The first case group consisted of 20 fema@k@atly increased risk of subsequent upper arm angiosarcoma,
diagnosed with angiosarcoma (lymphangiosarcoma and haemangfmpared to women who have never been diagnosed with breas
sarcoma; ICD-O 9120 and 9170) (Percy et al, 1991) of the upp&@ancer (Table 2). After adjustment for age and year of sarcoma
extremity. The second consisted of 48 females diagnosed withiagnosis, and race, the observed relative risk exceeds 59 (adjuste
lymphangiosarcoma or haemangiosarcoma of the chest and breddR = 59.3, 95% CI = 21.9-152.8). The risk of subsequent
In these two groups, other types of angiosarcoma, such as Kaposqeggiosarcoma of the chest or breast itself is also strongly and
sarcoma, malignant haemangioendothelioma and malignagignificantly increased among women with a history of invasive
haemangiopericytoma, were excluded. The third and fourth caddeast cancer (adjusted OR = 11.6, 95% CI = 4.3-26.1), as is the
groups consisted of female patients with other soft tissue sarcomdisk of other non-vascular soft tissue sarcomas of the chest and
(excluding osteosarcomas; ICD-O 8800-8920) (Percy et al, 199fyeast (adjusted OR = 3.29, 95% CI = 1.7-5.8). However, non-
located on the upper extremitp € 243) or the chest or breast vascular sarcoma of the upper extremity was not found to be asso-
(n=323) respectively. The control group=( 266 444), consisted of ~ciated with a previous breast cancer diagnosis.
all female patients diagnosed at 25 years of age or older during theOf the eight upper extremity angiosarcoma patients with a docu-
same time period with a primary malignancy other than sarcomanented previous breast cancer, five tumours occurred on the same
We excluded patients with ovarian cancer, endometrial cancer arfde as the breast cancer, one was reported to occur in the opposit
second primary breast cancer from the control group because of tHEPer extremity (see below), and the laterality of the original
known association of these cancers with a first primary breast candafeast cancer was unknown for two patients. Among the six chest
(Ederer et al, 1963; Harvey and Brinton, 1985). The case and contr®f breast angiosarcoma patients with a prior history of breast
groups were then compared with respect to having had a pri&ancer, the laterality of the sequential tumours was the same in
primary invasive breast cancer diagnosed and reported to tH&o, and unknown in the remaining four patients. The mean
registry. Since the registry collected details of the extent of diseadBterval between the original breast cancer diagnosis and the
and type of treatment only on patients diagnosed after 1987, sugibsequent angiosarcoma was 9.7 years for patients with uppe!
details could not be used in analysis. extremity tumours and 4.4 years for those with chest or breast
Maximum likelihood estimates of the odds ratio (OR) weretumours respectively.
calculated using multivariate unconditional logistic regression The prior breast cancers in patients with upper extremity
methods; 95% confidence intervals (Cl) were estimated using th@ngiosarcoma were diagnosed in an earlier time period compared
standard error of the logarithm of the OR (Breslow and Day!O prior breast cancers in control patients (mean years of diagnosis
1980). Race (white vs non-white), age at diagnosis (25-39, 40-54976 vs 1981 respectively), even though the mean age at breas
55-64 and 65+) and year of diagnosis (1972-1979, 1980—19&ancer diagnosis was similar in the two groups.
and 1988-1995) were included in the logistic regression models.

Table 1 The distribution of female patients with angiosarcomas and other sarcomas, by histology, anatomic site and frequency of prior breast cancer
diagnoses. Patients were diagnosed in Los Angeles County between 1972 and 1995; those diagnosed with sarcoma under 25 years of age were excluded

Upper extremity Chest or breast Other sites

Histological subtype History of History of History of

No. (% total) breast cancer No. (% total) breast cancer No. (% total) breast cancer
Angiosarcoma (ICD-O code)
Hemangiosarcoma 9120 6 (30%) 4 47 (98%) 6 62 (94%) 0
Lymphangiosarcoma 9170 14 (70%) 4 1 (2%) 0 4 (6%) 0
Total 20 (100%) 8 48 (100%) 6 66 (100%) 0
Soft tissue sarcoma
Fibrosarcoma 8800-8841 174 (72%) 1 270 (84%) 9 974 (35%) 2
Liposarcoma 88508881 43 (18%) 0 26 (8%) 0 393 (15%) 0
Leiomyosarcoma 8890-8900 26 (10%) 2 27 (8%) 2 1405 (50%) 0
Total 243 (100%) 3 323 (100%) 1 2772 (100%) 2
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Table 2 Odds ratios (OR) and 95% confidence intervals (Cl) for the risk of having a prior breast cancer among Los Angeles County female residents over 25
years of age diagnosed with angiosarcomas?® and other sarcomas® of the upper extremity or chest between 1972 and 1995, compared to those with all other
malignancies (controls)®

Exposure
History of No history of Unadjusted Adjusted 95% ClI
breast cancer prior breast OR OR
1972-1995 cancer
Angiosarcoma?
Upper extremity 8 12 47.6 59.3 21.9-152.8
Chest/breast 6 42 10.2 11.6 4.3-26.1
Other soft tissue sarcoma®
Upper extremity 3 240 0.9 11 0.3-2.8
Chest/breast 11 312 2.5 3.3 1.1-1.7
All other malignancies® 3634 262 810

aAngiosarcoma (haemangiosarcoma and lymphangiosarcoma only). ®Fibrosarcoma (including myxosarcoma and malignant fibrous histiocytoma),
leiomyosarcoma, liposarcoma. °Excluding endometrial, ovarian and breast cancer, and all sarcoma except osteosarcoma. ‘Adjusted for age, race and year of
diagnosis.

DISCUSSION and Evans, 1981; Appelqvist t_at _al, 1990; d’Amore e_t al, 1990;
Karpeh et al, 1991). The majority of upper extremity lymph-
Upper extremity angiosarcoma has long been reported to folloyngiosarcoma cases had developed lymphoedema of the ipsilateral
surgery for breast cancer (Stewart and Treves, 1948; Woodwalgghper extremity following surgery for breast cancer and most, but
et al, 1972; Maddox and Evans, 1981; Sanchez et al, 1989t all, had received radiation therapy as part of their breast cancer
d’Amore et al, 1990; Karpeh et al, 1991). The proportion of uppefreatment (Stewart and Treves, 1948; McClanahan and Hogg,
extremity angiosarcoma cases having had a prior breast cancer Rags4: Woodward et al, 1972: Maddox and Evans, 1981; Sanchez
ranged from 32% (Maddox and Evans, 1981) to 91% (Woodwargt al, 1989; Appelqvist et al, 1990; d’Amore et al, 1990; Rubin
et al, 1972). Follow-up studies (Ederer et al, 1963; Schottenfeld; a1, 1990; Karpeh et al, 1991). The pathogenic mechanism by
and Berg, 1971; Ewertz and Mouridsen, 1985; Harvey angyhich lymphangiosarcoma develops is not known. However,
Brinton, 1985; Taghian et al, 1991) of breast cancer patients haygmphangiomatosis (proliferation of lymphatic vessels) is often
reported increased relative risks of any subsequent soft tissé@en in uninvolved areas of the affected oedematous extremity
sarcomas (including angiosarcoma) ranging from 1.8 (Taghiapnoodward et al, 1972), suggesting that lymphatic blockage stim-
et al, 1991) to 4.5 (Schottenfeld and Berg, 1971), but there haygates the growth of lymphatic vessels, possibly via cytokines such
been no attempts to quantify risk specifically for angiosarcomags vascular endothelial growth factor (VEGF).
presumably because there were too few cases. We estimate thiSyhile one of these reported breast cancers (among the upper
relative risk to be at least 59. The mean interval between breagktremity angiosarcoma patients) had occurred contralateral to
cancer diagnosis and subsequent upper extremity angiosarcomagiiz subsequent angiosarcoma, this does not constitute evidence
our study was 9.7 years, similar in magnitude to that reported iggainst a local mechanism. It is possible that this patient had
other cases series (Woodward et al, 1972; Maddox and Evangjjateral breast cancer, with an initial primary occurring on the
1981; Janse et al, 1995). ipsilateral side prior to 1972 and therefore unidentified.

In this case-control study, patients with cancer known to be |t is unclear if radiation contributes to the increase in risk. It
associated with an increased risk of breast cancer were excludggyld do so indirectly by causing axillary node sclerosis thereby
from the control group in order to avoid biasing the result tOWardi)roducing |ymphat|c b|ockage and |ymph0edema, or a“:e.rnative]yl
the null. While this may have caused the risk estimate to bgy direct DNA damage. However, in the years of high_dose radia-
slightly overestimated, we actually believe the relative risk of 59 tqjon, the upper extremity was protected from radiation by a lead
be a net underestimate due to the unavoidable under-ascertainmepfeld. Since then, the trend has been to narrow and focus the beam
of breast cancers diagnosed prior to 1972. Upon review of thgf radiation on the tumour and axillary nodes, thereby reducing
pathology reports of the 20 upper extremity angiosarcomaven further the likelihood of direct exposure of the upper
patients, we found evidence of breast cancer diagnosed prior to tetremity to ionizing radiation. A direct relationship between radi-
existence of the registry for four of the 12 classified as ‘unexation therapy and subsequent sarcoma of the chest wall itself is
posed’. One out of a sample of 34 ‘unexposed’ non-sarcomgore likely and has been suggested previously (Senyszyn et al,
control cancer patients had evidence of a prior breast cancer, amg7o; Kim et al, 1978; Ferguson et al, 1984; Souba et al, 1986;
none of the 42 ‘unexposed’ patients with chest or breast angiosaraghian et al, 1991; Wiklund et al, 1991), although the majority of
coma had such evidence. Thus, it is likely that the magnitude gbported post-radiation sarcomas have been malignant fibrous
the risk for upper extremity angiosarcoma is considerably highefiistiocytoma, osteosarcoma and fibrosarcoma, rather than
than the observed 59-fold increase. angiosarcoma. We could not address this question directly in the

Post-mastectomy lymphoedema due to lymphatic blockaggpsence of detailed treatment data. However, the significant
and/or radiation have been postulated as risk factors for thigcrease in both vascular and non-vascular chest wall sarcomas
development of soft-tissue sarcomas following breast cancepliowing a diagnosis of breast cancer certainly supports radiation
(McClanahan and Hogg, 1954; Woodward et al, 1972; Maddo%xposure as a cause of sarcoma, although the magnitude of the risk
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Table 3 Diagnosis date (year) of angiosarcoma patients with previous history of breast cancer

Diagnosis date of angiosarcoma Diagnosis date of prior breast cancer
Upper extremity Chest/breast Upper extremity Chest/breast
angiosarcoma patients angiosarcoma patients angiosarcoma patients angiosarcoma patients
1972-1976 1 0 4 0
1977-1981 1 0 4 1
1982-1986 2 1 0 1
1987-1991 3 2 0 3
1992-1995 1 3 0 1

was higher for angiosarcomas (OR = 11.6) than for other sarcomasporting program, mandated by Health and Safety Code Section
(OR =3.3). 210 and 211.3. The ideas and opinions expressed herein are thos
Although the relative odds for lymphangiosarcoma of the uppeof the authors, and no endorsement of the State of California,
extremity following breast cancer is high, the absolute risk is lowDepartment of Health Services or the California Public Health
the age-adjusted annual incidence in Los Angeles County femal&®undation is intended or should be inferred. Contract number
is only 0.02 per 100 000 women (USC-CSP, unpublished data). N01-CN-25403 of the Division of Cancer Prevention and Control,
lymphatic blockage and the resultant local lymphoedema werblational Cancer Institute, National Institutes of Health,
sufficient causes of upper extremity angiosarcoma, one woul@®epartment of Health and Human Services provided further
expect to have seen many more cases. An average of 6000 neupport for this research.
breast cancers have been diagnosed annually in Los Angeles
County between 1972 and 1995, and an estimated 13-37% of
these patients are estimated to have developed long-terRErerencES
lymphoedema (Larson et al, 1986). Thus it is likely that additional ) ) )
. . . . . AIppquwst P, Salmo M, Rissanen P and Wiklund T (1990) Response
factors are required. An inherited mutation in a tumour suppresso . ' .
. X . T postmastectomy lymphangiosarcoma to radiotherapy: report of four cases.
gene such as p53 (Malkin et al, 1990) might provide a permissive  sianienther Onkal66 194—198
circumstance in which lymphatic blockage and the resultanBresiow NE and Day NE (198Gyatistical Methods in Cancer Researvhbl | — The
|ymphangiomatosis could lead to angiosarcoma. In fact, one Design and Analysis of Cohort Studie8RC Scientific Publication No. 81,
tient with bilateral br t ncer an n I extremit International Agency for Research on Cancer: Lyon
pa e bha eba breas d (.:a ce ha d a Upp(;?f € de h)Q’Amore ESG, Wick MR, Geisinger KR and Frizzera G (1990) Primary malignant
angiosarcoma has been tested in another context an I found to haVe |y ok oma arising in postmastectoniyn J Surg Pathald: 456-463
the BRCAL mutation, 185delAG. Recent reports provide evidencederer F, Cutler SJ, Goldenberg IS and Eisenberg H (1963) Causes of death among
that murine BRCA1 may have enzymatic activity involved with long-term survivors from breast cancer in Connectitdtatl Cancer Ins80:
DNA repair (Somasundaram et al, 1997). '933—2&7  Weis SW (1565 Vascular soft fisue tumorSaiTi
- . . - nzinger an els ‘ascular soft tissue tumor -lissue
Th_e elght upp(_ar extremity angiosarcoma patients V_Vho had 5 Tumors Enzinger FM and Weis SW (eds), pp. 641-642. Mosby-Year Book:
previous diagnosis of breast cancer reported to the registry had all ;[ ouis
been diagnosed with their breast cancer before 1981 (Table 3), aBdertz M and Mouridsen HT (1985) Second cancer following cancer of the female
the four identified by pathology reports and not reported to the  breastin Denmark, 1943-8Qatl Cancer Inst Mong68: 325-329
registry are presumed to have occurred before 1972. These bre5&fuson DJ, Sutton HG and Dawson PJ (1984) Late effects of adjuvant
d duri iod wh h | d di radiotherapy for breast canc€ancer54: 2319-2323
cancers occur_re urm_g a Peno _W en_ the Has_te_a ra ICﬂlarvey EB and Brinton L (1985) A second cancer following cancer of the breast in
mastectomy with extensive axillary dissection was still in vogue.  connecticut, 1935-8Natl Cancer Inst Monoggs; 99-112
In contrast, the six patients who developed a subsequent angi@nse AJ, van Coevorden F, Peterse H, Keus RB and van Dongen JA (1995)
sarcoma of the chest wall were diagnosed with breast cancer later, Lymphedema-induced lymphangiosarcofar J Surg Oncol: 155-158
. . . . . I,(]arpeh MS Jr, Caldwell C, Gaynor JJ, Hajdu Sl and Brennan MF (1991) Vascular
mostly in the late 1980s and early 1990s, during a period in whic ; ; . . ,
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angiosarcoma after radiation is associated with a constitutional 168-171
characteristic, such as an inherited mutation, some of these highlgrson D, Weinstein M and Goldberg | (1986) Edema of the arm as a function of the
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