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Abstract

Background: We hypothesized that abdominal venous leiomyosar-
coma (AV-LMS) disproportionately originates in veins of the sex-
hormone drainage pathway (SHDP). Our purpose was to classify the
anatomical origin of AV-LMS in a large cohort using imaging and
explore prognostic implications.

Methods: A retrospective review of imaging of all patients presenting
with abdominal non-uterine LMS at a single tertiary oncology center
was performed. Inclusion criteria were a biopsy-proven LMS of non-
uterine abdominal/pelvic origin with pretreatment enhanced computed
tomography (CT)/magnetic resonance imaging (MRI). Patients with
uterine LMS or prior radiation were excluded. LMS site of origin was
assigned by one expert radiologist and indeterminate sites were re-
viewed with a second external expert radiologist. Locations of inferior
vena cava (IVC) tumors were subclassified based on a modification of
prior literature. SHDP was defined as originating from ovarian/testicu-
lar vein, distal left renal vein, adrenal vein or mid-IVC (IIA).

Results: One hundred fifty-five (155) patients were included (92/152
(61%) female) with distant metastases found at presentation in 23/155
(14.8%). Most common organs of origins were veins (84/152, 55.3%),
gastrointestinal (24, 15.8%), genital (11, 7.2%) and paratesticular/sper-
matic cord (11, 7.2%). For venous LMS, the adrenal (both sexes), mid-
IVC (IVC IIA, females) and ovarian veins had the highest relative pre-
dilection for abdominal non-uterine LMS. Eighty-four (84/152, 55.3%)
of tumors were SHDP. On multivariable analysis, both size and SHDP
were significant predictors of distant metastases at presentation (P =
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0.01), while sex, age, organ system/site and grade were not.

Conclusions: For both sexes, tumors arising from SHDP constitute
the majority of AV-LMS and may impart a significantly lower risk
of metastatic disease at presentation. Among veins, the adrenal veins
had the highest predilection for LMS.

Keywords: Leiomyosarcoma; Pathogenesis sex-hormones; Metas-
tases; Veins; Inferior vena cava; Retroperitoneum; Pelvis; Ovarian
vein; Gonadal veins

Introduction

Leiomyosarcoma (LMS) is the third most common type of
sarcoma in adults [1]. Compared to other sarcomas, LMS has
several distinctive features: 1) It favors females with 64.8%
of cases occurring in women [1]. 2) It has a predilection for
intraabdominal locations (60.9% of all cases), especially the
uterus and retroperitoneum [1, 2]. 3) The presences of estro-
gen receptor (ER) and/or progesterone receptor (PR) have also
been noted in 33-86% of retroperitoneal LMS, particularly in
women [2, 3]. 4) Prior studies have shown that the inferior
vena cava (IVC) and especially its mid portion (between the
renal and hepatic veins) is the most common non-uterine site
of LMS in the abdomen and pelvis [4-8].

In our multidisciplinary practice, we have noted a much
higher incidence of LMS originating from the ovarian veins
than the 21 cases heretofore described in the literature [9]. The
ovarian vein and mid-IVC represent the drainage pathway of
the ovaries and adrenal glands, and as such are exposed to high
sex-hormone levels [10, 11]. We hypothesize that the distribu-
tion of abdominal venous LMS (AV-LMS) parallels sex-hor-
mone drainage pathways (SHDPs). The purpose of this study
was to classify AV-LMS based on SHDPs using high-resolu-
tion pre-therapeutic imaging. We also aimed to determine if
tumors originating from the SHDP and/or ovarian drainage
pathway (DP) correlate with the prognostic outcome of distant
metastasis at presentation.

Materials and Methods

This was a retrospective cohort study of patients presenting
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Figure 1. lllustration of designation of tumor origin in three different patients. (a) Left ovarian vein LMS. The left retroperitoneal
tumor (asterisk) is located caudally to the left renal vein and laterally to the aorta. The left ovarian vein (arrow) extends into and
from the tumor (not shown). (b) Right ovarian vein LMS. The right retroperitoneal tumor (asterisks) extends up the right ovarian
vein (arrow) and into the IVC. (c) IVC IIA. The purely intravascular tumor (asterisks) lies within the right ovarian vein (arrow) and
IVC, at and below the left renal vein. Because the tumor had a wider diameter in the IVC than in the ovarian vein, the former was
designated as site of origin. IVC: inferior vena cava; LMS: leiomyosarcoma.

from January 2001 through December 2020 and managed at
the only tertiary sarcoma referral center (jurisdiction popula-
tion approximately 16 million). The institutional research eth-
ics board approved the study and the need for patient consent
was waived. As such, this study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration;

Patient population

A search of sarcoma, urology, and hepatobiliary databases as
well as imaging reports yielded 225 patients with non-uterine
LMS. The following inclusion criteria were applied: 1) tumor
of non-uterine abdominal/pelvic origin; 2) pretreatment con-
trast enhanced cross-sectional (computed tomography (CT)/
magnetic resonance imaging (MRI)) imaging available for
review; 3) definitive diagnosis of LMS by biopsy or surgical
pathology as reviewed by the study institution’s pathologists
with sarcoma expertise. Because paratesticular tumors were
likely to be imaged prior to resection by ultrasound only, an
exception was made for this location to allow ultrasound as
pretreatment imaging for inclusion in the study. The following
exclusion criteria were applied: 1) history of primary uterine
LMS; 2) prior radiation to the site of LMS (i.e., exclusion of
radiation-induced LMS).

Imaging review

Criteria related to determining the exact vascular/organ origin
of LMS were derived a priori in consensus by two radiologists
(KK and CM) who were members of sarcoma tumor board
and had experience in sarcoma imaging in two separate institu-
tions. Details of the determination of the primary site of tumor
and imaging review are outlined in Supplementary Material 1
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(www.wjon.org). The radiologists reviewed 15 random vascu-
lar LMS cases consensus to standardize and synchronize the
method of review. All imaging available were then reviewed
by one of the radiologists (21 years in practice) with indeter-
minate lesions reviewed by a second radiologist (32 years in
practice). Pathological and intra-operative findings were not
used to designate the origin of tumors. Examples of designa-
tion of venous origin are depicted in Figure 1.

Anatomic divisions and rationale

In prior studies documenting location of LMS, the IVC was
divided into three sections (IVC I, II, and III) based on the
junction of large tributaries that could easily be identified in-
traoperatively [4-8]. In particular, IVC I had been defined as
below the renal veins, IVC II from renal to hepatic veins, and
IVC III from the hepatic veins to the heart. In this study, the
IVC was divided into four sections as follows: IVC I, below
right gonadal vein or left renal vein, whichever was lower; I[IVC
IIA, between gonadal/renal vein and caudate lobe margin; [IVC
IIB, between the caudate lobe margin and hepatic veins; and
IVC 111, at/above hepatic veins (Fig. 2). The rationale for this
altered definition/classification is explained in Supplementary
Material 1 (www.wjon.org) [12].

Physiological groupings and rationale

Veins/segments described above were grouped into ovarian
DP, SHDP, or “other”, as shown in Figure 2.

The rationale for this grouping was based on studies of
showing highest hormone concentration in the primary drain-
ing vein, or at the junction of the primary and secondary
draining veins [10, 13, 14]. Therefore, the first and immedi-
ate second veins draining the hormone-producing organs were
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Figure 2. (a) IVC segments. The notation used is based on prior studies of IVC LMS with the following modifications: 1 - the cra-
nial limit of IVC | was defined at the junction of the gonadal vein or either renal vein, whichever was more inferior; 2 - IVC |l was
divided into A and B segments with the hepatic margin as their boundary. (b) Sex-hormone drainage pathway (SHDP). The first
and immediate second veins draining the hormone-producing organs were included as part of the drainage pathway. Anatomical
annotations: I, llA, 1IB, Ill, IVC segments; 1 - common iliac vein, 2 - external iliac vein, 3 - right renal vein, 4 - medial left renal vein,
5 - lateral left renal vein, 6 - adrenal vein, 7 - ovarian vein. IVC: inferior vena cava; LMS: leiomyosarcoma.

included as part of the DPs. The ovarian DP was defined as
the right ovarian vein and IVC IIA (for the right side), and the
left ovarian vein and medial segment of the left renal vein (for
the left side). The SHDP was defined as the combination of
the ovarian DP as well as testicular DP (same veins/segments
as ovarian DP) and adrenal DP (adrenal veins, IVC IIA and
medial segment of left renal vein). Analyses were performed
with and without the inclusion of paratesticular tumors as it
was unclear if these truly arose in the veins.

Determination of relative venous predilection for LMS

If all veins had the same predilection to developing LMS, then
the surface area of the vein would be the main determinant of
tumor concentration, with larger/longer veins having a greater
incidence of LMS. To correct for the impact of caliber/length
as a confounding factor in the frequency distribution of LMS
in retroperitoneum, the mean venous surface area was derived
from 10 male and 10 female patients from the patient popula-
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tion. The details of anatomic measurements of retroperitoneal
veins for determination of predilection for AV-LMS are noted
in Supplementary Material 2 (www.wjon.org). The frequency
of tumor per surface area (frequency/mm?) was calculated and
then normalized to IVC IIB segment.

Statistical analysis

Descriptive statistics were calculated and reported as median
(range) for continuous variables, and absolute numbers (pro-
portions) for categorical variables. Comparison testing was
performed using Fisher’s exact test or Mann-Whitney U test,
as appropriate. Study endpoint was the presence of distant me-
tastases at the time of diagnosis. Logistic regression analysis
was used to model the effect of various clinically relevant fac-
tors on each study endpoint. Estimates from these models were
reported as odds ratios (ORs) with 95% confidence interval
(95% CI). All tests of significance were two-tailed and statis-
tical significance was defined as P < 0.05. All analyses were
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Patients (n=225)

Database Search for Eligible

Patients Excluded (n=70)
* No imaging available (n=44)
« Uterine/probably uterine LMS (n=18)

* Radiation-induced LMS (n=5)
Chest wall/lung LMS (n=2)
* Unclear pathology (n=1)

(n=155)

Total Patients Included

Female Patients (n=95) ‘ |

Male Patients (n=60) l

Figure 3. Breakdown of derivation of the final population.

performed using the rms and epitools packages in R Studio
v1.1.456 (RStudio Inc., Boston, MA).

Results

Patient demographics

One hundred fifty-five (155/225, 68.9%) patients with abdom-
inal non-uterine LMS met inclusion/exclusion criteria (Fig.
3). The characteristics of the patients are detailed in Table 1.
Females constituted 95/155 (61.3%) of the patients. Median
tumor size was 7.8 cm (range 1.1 - 30.3 cm), with paratesticu-
lar tumors having a significantly smaller median size (3.9 cm,
P <0.001).

Frequency and distribution of AV-LMS

The distribution of abdominal non-uterine LMS based on
organ system is shown in Table 2 and Supplementary Mate-
rial 3 (www.wjon.org). The most common primary tumor
sites were venous (89/155, 57.4%), gastrointestinal (GI) (25,
16.1%), genital (11, 7.2%) and paratesticular (10, 6.5%). The
most common sites of primary tumor in females were the [IVC
29.5/95 (31.1%) and ovarian vein/ovary (26/95, 28.4%) and
renal vein (6/95, 6.3%). The most common sites of primary tu-
mor in males were paratesticular/spermatic cord (10/60, 17%),
the IVC (9/60, 15%) and prostate (6/60, 10%). AV-LMS com-
prised 66/95 (69.5%) of all female and 23/60 (38.3%) of all
male abdominal non-uterine LMS (P < 0.001). The most fre-
quent primary vein/vein segments were ovarian (27.3%), [IVC
IIA (22.6%), renal (6.3%) in females and renal (8.3%), IVC
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ITA (6.7%) and adrenal veins (5.8%) in males.
IVC distribution

In females, there was a predilection for IVC IIA that accounted
for 21.5/29.5 (72.9%) of IVC origin tumors, with IVC IIB ac-
counting for 5/29.5 (16.9%) and IVC I for 3/29.5 (10.2%). In
males, the distribution of LMS in the IVC appeared more even
with the following distribution: IVC I1A (4/9, 44%), IVC 1IB
(3/9, 33%) and IVC I (2/9, 22%)).

Hormone DPs

Of the 155 abdominal non-uterine LMS, 82 (52.9%) tumors
were designated as SHDP in all patients (72/155, 46.5% ex-
cluding paratesticular/spermatic cord origin tumors). In fe-
males, 53/95 (55.8%) of tumors were designated as ovarian
DP. In males, 24/60 (40.0%) were designated as SHDP (14/60,
23.3% excluding paratesticular/spermatic cord origin tumors).
When exclusively assessing venous LMS, 54/66 (81.8%) of
tumors in females, and 13/23 (56.5%) of tumors in males were
designated as SHDP.

Relative venous predilection for LMS

Mean dimensions of veins commonly affected in the retroperi-
toneum for both sexes are described in Supplementary Mate-
rial 2 (www.wjon.org). The absolute rate (frequency/mm?) and
the normalized rate (to IVC IIB) of primary sites of AV-LMS
by sex are listed in Table 3. Topographical diagrams of retro-
peritoneal veins distorted in relative proportion to their pre-
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Table 1. Patient Demographics

Variable All patients, N (%) Females, N (%) Males, N (%) P
Number of patients 155 95 (61.3) 60 (38.7) <0.01
Age at diagnosis, years, median (range) 60 (22 - 90) 60 (22 - 90) 61 (23 - 88) 0.6
Tumour size, cm, median (range) 7.8 (1.1 -30.3) 8.2 (1.4-30.0) 7.7 (1.1 -30.3) 0.7
FNCLCC grade, n (%) 0.9
1 22 (14.2) 14 (14.7) 8 (13.3)
2 62 (40.0) 38 (40.0) 24 (40.0)
3 51(32.9) 30 (31.6) 21 (35.0)
Unknown 20 (12.9) 13 (13.7) 7 (11.7)
Metastases at presentation, n (%)
Absent 132 (85.2) 84 (88.4) 48 (80.0) 0.2
Present 23 (14.8) 11 (11.6) 12 (20.0)
Resection of primary, n (%)
Yes 124 (80.0) 80 (84.2) 44 (73.3) 0.1
No 31 (20.0) 15 (15.8) 16 (26.7)
ER/PR positivity, n (%)
Absent 26 (16.8) 24 (25.3) 2 (3.3) 0.6
Present 24 (15.5) 21 (22.1) 3(5.0)
Unknown 105 (67.7) 50 (52.6) 55(91.7)
Venous origin
Yes 89 (57.4) 66 (69.5) 23 (38.3) <0.0001
No 66 (42.6) 29 (30.5) 37 (61.7)
Organ system, n (%)
Sex-hormone drainage pathway?® 82 (52.9) 58 (61.1) 242 (40.0) 0.01
Non-sex-steroid drainage pathway 73 (47.1) 37 (38.9) 36 (60.0)
Ovarian drainage pathway, n (%)
Yes 53 (34.2) 53 (55.8) 0 (0.0) N/A
No 102 (65.8) 42 (44.2) 60 (100.0)

aQvarian (1), adrenal (3.5) and paratesticular (10) LMS. P values refer to differences between females and males. FNCLCC: French Federation of
Cancer Centers Sarcoma Group; ER/PR: estrogen receptor/progesterone receptor; N/A: not applicable.

dilection to LMS were then produced for both sexes (Fig. 4).

Association with metastatic disease at presentation

Analyses were performed with inclusion (n = 155, Table 4)
and exclusion of paratesticular/spermatic cord tumors (n =
145, Table 5). On univariate and multivariable analysis, large
primary tumor size (OR 1.9 (95% CI: 1.2 - 3.2), P = 0.009)
and non-SHDP (OR 3.3 (95% CI: 1.2 - 9.3), P = 0.02) were
associated with distant metastases at presentation but patient
age, sex, organ system of origin, specific site of origin, and
grade were not. With exclusion of paratesticular tumors, both
size and non-SHDP remained significant predictors of distant
metastases at presentation (Supplementary Material 4, www.
wjon.org).

The analysis was also performed separately for male and
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female patients (Supplementary Materials 4 and 5, www.wjon.
org). In male patients, non-SHDP designation (non-SHDP)
was associated with metastasis at presentation (OR 10.2 (95%
CIL: 1.8 - 192.3), P = 0.03). In female patients, large primary
tumor size was associated with distant metastases at presenta-
tion (OR 1.1 (95% CI: 1.0 - 1.2), P=0.01).

Discussion

This study provides some new clues about the origin of venous
LMS and its unique attributes. We observed that: 1) The ovar-
ian veins rival the mid-IVC in terms of tumor frequency in
females. 2) In terms of incidence per surface area, the adrenal
veins have the highest predilection for AV-LMS for both sexes.
3) Clustering of LMS in the mid-IVC is concentrated about the
junction of its tributaries just below the liver (IVC IIA), par-
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Table 2. Distribution of Tumor Location in Order of Frequency by Gender

Females (N = 95)

Males (N = 60)

Location Location
n % n %

Venous Venous
Ovarian vein/ovary 27 28.4 Renal vein 5 8.3
IVCTIA 21.5 22.6 IVCTIA 4 6.7
Renal vein 6 6.3 Other veins 3.5 5.8
Adrenal/adrenal vein 5.5 5.8 Adrenal/adrenal vein 3.5 5.8
IVCIIB 5 5.3 IVCIIB 3 5
Anal/sphincter/perineum 5 53 IVCI 2 33
IVCI 3 32 Testicular vein 1 1.7
Other veins 2 2.1 IvC 1 0 0
IVC III 0 0

Non-venous Non-venous
Anal/sphincter/perineum 5 53 Paratesticular/spermatic cord 10 16.7
Indeterminate 4 42 Prostate 6 10
Vagina 3 3.2 Rectum 4 6.7
Colon 3 3.2 Liver 3 5
Small bowel 2 2.1 Other genitals 3 5
Stomach 2 2.1 Indeterminate 3 5
Bladder 2 2.1 Kidney 2.5 4.2
Rectum 1 1.1 Bladder 2 33
Liver 1 1.1 Other bowel 2 33
Kidney 1 1.1 Stomach 1.5 2.5
Artery 1 1.1 Ureter 1 1.7
Ureter 0 0

If the organ/vein of origin was narrowed to two sites, both sites were recorded but given half a point each. If more than two possible sites were noted,

the location was deemed indeterminate. IVC: inferior vena cava.

ticularly in females. We believe that these findings support our
hypothesis that AV-LMS occurrence is concentrated around
the SHDP, namely the ovarian and adrenal vein DPs.

Venous LMS

In our series, the veins were the most common primary organ
of non-uterine LMS in both sexes but females had double the
rate of venous LMS as males (69.5% vs. 38.3%, P < 0.001).
Within the venous system, the SHDP comprised of 81.8%
of venous LMS in females and 56.5% in males. Veins, and
in particular the IVC, have been shown to express ER/PR
receptor and both endothelial and smooth muscle cells of the
normal IVC have been shown to be involved in the produc-
tion of estrogen through aromatase activity [15]. It is known
that a sizable proportion of both uterine and non-uterine LMS
express ER and/or PR [2, 16]. Aromatase inhibition has also
been used to treat LMS with some positive results [17]. Our
findings suggest that LMS arising in SHDP may be indepen-
dently associated with lower rates of metastatic disease at
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presentation. The expression of ER/PR has been previously
associated with improved overall survival [2, 16, 18]. In our
series, ER/PR status was assessed in only 32.2% of patients
and therefore we were unable to assess its association with
outcomes. We note that ER/PR status was positive in 48% of
tested cases.

Adrenal veins

The adrenal veins showed the highest predilection for LMS
of venous origin. This is a surprising result because in abso-
lute terms the numbers of LMS originating from the adrenal
veins were low, both in this series and in the published lit-
erature [19]. This high predilection, seen in similar proportion
in both sexes, becomes apparent only when normalized to the
surface area of these very small veins. Furthermore, we believe
that LMS arising from adrenal glands actually originates from
tributaries of the adrenal veins. Therefore, we combined the
adrenal LMS and adrenal vein LMS for the current analysis,
which roughly doubled the predilection for the adrenal vein in
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Table 3. The Absolute and Normalized Rates of Venous AV-LMS by Sex

Sex Vein/vein segment Frequency/mm? Normalized rate (IVC IIB = 1)

Female Adrenal veins 1.3 x 10?2 14.3
IVC IIA 5.8 %1073 6.2
Ovarian veins 4.6 x 1073 4.9
Right renal vein 1.9 x 103 2.1
Left renal vein, medial 1.7 %1073 1.8
Left renal vein, lateral 9.4 x 10 1.0
IVCIIB 9.4 x 10 1.0
IVCI1 6.9 x 10 0.7
Common iliac veins 1.7 x 10 0.2
External iliac veins 1.2 x10% 0.1
IvC 1 0 0

Male Adrenal veins 1.1 x 102 18.4
Right renal vein 1.5 x 107 2.5
Left renal vein, medial 8.9 x 104 1.5
Left renal vein, lateral 7.6 x 104 1.3
IVC ITIA 7.0 x 104 1.2
IVCIIB 6.1 x 104 1.0
IVCI 4.0 x 10 0.7
Testicular veins 1.7 x 10 0.3
Common iliac veins 0 0
External iliac veins 0 0
IvVC I 0 0

AV-LMS: abdominal venous leiomyosarcoma; IVC: inferior vena cava.

females (Supplementary Material 3, www.wjon.org). In view
of our hypothesis of AV-LMS demonstrating predilection for
SHDP, the high proclivity of adrenal glands/veins for LMS
may be because the adrenal glands produce sex-hormones
throughout life in both sexes.

Ovarian veins

This study found that the ovarian vein is the second most com-
mon site of AV-LMS after the IVC and therefore is highly un-
derrecognized as the primary site of disease. Our series, with
27 ovarian vein LMS, more than doubles the 21 individual
cases which have been reported in the literature [9]. The under-
recognition of ovarian vein LMS may be due to lack of famili-
arity with the tumor in this location and lack of exploration of
the relationship of the vein and the retroperitoneal tumor. The
ovarian vein is subject to more than 10 times the concentra-
tions of sex-hormones to that of the systemic circulation dur-
ing the ovulatory cycle [11], which supports our hypothesis of
the predilection of AV-LMS for the SHDP. Furthermore, the
ovaries continue to produce sex-hormones after menopause,
including testosterone, dehydroepiandrosterone, estrone and
estradiol [20], which may further drive the post-menopausal

emergence or growth of LMS.
IVC and other veins

This study demonstrates that the mid-IVC is particularly prone
to LMS, but further suggests that: 1) This predilection is con-
centrated around the drainage points of the gonadal/renal/adre-
nal veins (i.e., IVC ITA). 2) It disproportionally favors females.
In contrast, IVC I (draining the pelvic organs and the lower
limbs) and IVC III (drains the liver and is therefore subject
to much lower concentrations of sex-hormones) had the low-
est associations with LMS. A close inspection of Figure 4 and
Table 3 shows that the right renal vein also shows an increased
predilection to LMS. One possible explanation might be the
short length of the vein and its proximity to the drainage point
of the right gonadal vein. Indeed, in some cases, the right renal
vein tumor was almost at its junction to the IVC. The anatomic
variability of the location and number of adrenal veins, with
accessory adrenal veins draining into the right renal or higher
in the IVC, may also explain the increased predilection in the
right renal vein and IVC IIB. Accessory right adrenal veins are
seen in at least 8% of patients on CT scans and anatomic dis-
section in 10 patients revealed six with variant anatomy [21].
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Figure 4. Normal anatomy (a: female; c: male) and proportional topographical (b: female; d: male) diagrams of selected retroperi-
toneal veins. The normal vessel lengths and diameter were drawn based on averages from 10 female/male patients in the study
cohort. Proportional topographical diagrams are distortions of the anatomy normalized to one variable. For example, the cortical
sensory homunculus is a proportional topographical diagram of the body distorted based on the size of the brain cortex supplying
the various anatomical regions. These venous proportional topographical diagrams were obtained by altering the vessel diameter
based on incidence per mm?2 and then normalized to IVC IIB segment. All altered vessels are therefore proportional to IVC 1I1B
segment. Anatomical annotations: I, lIA, 1IB, 1ll, IVC segments; 1 - common iliac vein, 2 - external iliac vein, 3 - right renal vein,
4 - medial left renal vein, 5 - lateral left renal vein, 6 - adrenal vein, 7 - ovarian/testicular vein.

In this study, tumor size was the best predictor of metas-
tasis at presentation, in both uni- and multivariable analysis;
size is a known predictor of prognosis in LMS [2]. Our data
suggest that being downstream from a sex-hormone-producing
organ also has an independent association with the presence of
metastases at presentation. Interestingly, this association ap-
peared more pronounced in males (Supplementary Material 4,
www.wjon.org). However, caution should be taken in the in-
terpretation of the data due to its limited size and the fact that
tumor ER/PR status was unknown in most patients and nearly
all males. We plan to perform survival analysis in a larger co-
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hort and also retrospectively determine the ER/PR status of the
venous LMS in this cohort in future studies.

The present study has some limitations. First, although
drawn from a sizable cohort, it is limited to a single sarcoma
center. Since our institution is the designated regional treat-
ment center for all sarcomas, we believe that any bias in patient
referral would be relatively small. Second, only when there
was a low confidence of one radiologist regarding the exact
origin of the tumor was there a consensus review of two radiol-
ogists. We tried to mitigate any bias by devising the method of
designation of tumor origin a priori and reviewed 15 random
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Table 4. Univariate and Multivariable Logistic Regression of Factors Associated With Metastasis at Presentation for the Entire Co-

hort (n = 155)
Variables Univariate Multivariable
OR 95% CI P OR 95% CI P
Sex 0.155
Male - -
Female 0.5 02-13
Age (years) 1.0 1.0-1.0 0.960
Tumor size (cm) 1.1 1.0-1.2 0.003 1.9 1.2-32 0.009
Organ system 0.008 0.020
Sex-hormone drainage pathway - - - -
Non-sex-hormone drainage pathway 3.8 1.5-11.5 33 1.2-93
Ovarian drainage pathway - - 0.075
Yes 2.8 1.0-10.1
No
FNCLCC grade 0.308
1 - -
2 1.5 0.3-10.4
3 2.8 0.7-18.9

Cl: confidence interval; FNCLCC: French Federation of Cancer Centers Sarcoma Group; OR: odds ratio.

vascular LMS cases consensus to standardize and synchronize
the method of review. Third, we assumed that LMS of adrenal
origin arises in the tributaries of the adrenal vein and combined
the two sites in our analyses. Even if this assumption is incor-
rect, the adrenal veins would still have the highest predilection

for LMS in our series and not affect our conclusions. Finally,
we used an unconventional surrogate outcome (metastasis at
presentation) rather than overall survival or other common
surrogate outcomes like resectability. These commonly used
outcomes are also dependent on many other factors such as

Table 5. Univariate and Multivariable Logistic Regression of Factors Associated With Metastasis at Presentation for the Cohort With

Exclusion of Paratesticular Tumors (n = 145)

Varlables Univariate Multivariable
OR 95% CI P OR 95% CI P
Sex 0.10
Male - -
Female 0.5 02-12
Age (years) 1.0 1.0-1.0 0.80
Tumor size (cm) 1.1 1.0-1.2 0.003 2.0 1.2-34 0.006
Organ system 0.009 0.016
Sex-hormone drainage pathway - - - -
Non-sex-hormone drainage pathway 4.1 1.4-12.0 3.8 1.3-11.2
Ovarian drainage pathway - - 0.06
Yes 3.0 1.0-9.4
No
FNCLCC grade 0.40
1 - -
2 1.7 04-11.7
3 2.7 0.6-18.7

Cl: confidence interval; FNCLCC: French Federation of Cancer Centers Sarcoma Group; OR: odds ratio.
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disease location and patient co-morbidity, and hence require a
much larger cohort to mitigate any co-variant effect.

In conclusion, this study shows that the adrenal and ovar-
ian veins, as well as the IVC adjacent to their drainage sites,
show a high predilection to LMS, particularly in females.
These findings support the hypothesis that AV-LMS occurs
predominantly in the venous DPs of sex-hormone-producing
organs. When also considering uterine and paratesticular sites,
it appears that LMS is a tumor that occurs predominantly in the
organs that are driven by the sex-hormones (genitals), or the
veins that drain the sex-hormone-producing organs (gonads/
adrenals). This implies that many of these tumors originate in
the setting of chronic hormonal stimulation and that, after in-
curring driving mutational events, this may contribute to the
growth and pathogenesis of these tumors.
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