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Abstract

Purpose—To evaluate the frequency of tumor thrombus in the large veins draining primary
pelvic osteosarcoma on early cross-sectional imaging studies and its effect on patient survival.

Materials and methods—Our retrospective study included all patients with primary pelvic
osteosarcoma treated at our facility between January 2000 and May 2014, who were <45 years of
age, and had adequate imaging studies and clinical follow up. Four radiologists evaluated for
tumor in the large draining veins on initial CT, MRI and PET/CTs. A consensus evaluation by the
four radiologists together with findings on operative reports, pathology reports or follow-up
imaging was used as the reference standard.

Results—Thirty-nine patients with primary pelvic osteosarcoma met final inclusion criteria.
Tumor thrombus was identified in the large draining veins in 10 of the 22 (45%) patients who
underwent tumor resection and 10 of the 17 (59%) who did not. In the 22 patients who underwent
tumor resection, tumor thrombus was significantly associated with worse overall survival (p=0.03).

Conclusions—Tumor thrombus in the large draining veins is identified in a significant
proportion of initial imaging studies in patients with pelvic osteosarcoma, and is associated with
worse overall survival in patients who undergo tumor resection.

Keywords
Tumor thrombus; Pelvic osteosarcoma; Large draining veins

Introduction

Tumor thrombus in the draining veins has been identified as a poor prognostic factor in
various types of malignancies including osteosarcoma, renal cell carcinoma, hepatocellular
carcinoma, colorectal carcinoma and gastric carcinoma [1-5]. Tumor thrombus in the large
veins that drain primary and metastatic osteosarcomas has not been studied in detail; the
existing information is available from few case reports and case series [6-9]. Benezech et al
[1] reported peri-tumoral vascular invasion in 29% of surgically resected pediatric
osteosarcomas after neo-adjuvant chemotherapy at pathologic examination. Kawai et al [10]
reported intravascular extension into the large vessels in 23% of patients who underwent
surgical resection for pelvic osteosarcoma. To our knowledge, no prior study has described
the frequency of tumor thrombus in the large veins draining primary osteosarcoma on
imaging studies and its effect on patient survival of patients. In our experience, a lack of
familiarity with tumor thrombus in the veins draining the osteosarcoma and the small caliber
of the draining veins in extremity osteosarcomas may lead to the under-recognition of this
finding on imaging studies.

The primary purpose of this retrospective study was to evaluate the frequency of tumor
thrombus in the large extra-tumoral veins draining primary pelvic osteosarcoma on imaging
studies obtained within 6-12 months of initial diagnosis and prior to definitive surgery in
patients who underwent surgical resection. The pelvic location was chosen over other sites
as the draining veins are larger and comparison with contralateral veins is possible on most
imaging studies acquired for pelvic osteosarcoma. The secondary purpose of the study was
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to determine the effect of tumor thrombus within the large draining veins on the overall
survival of patients.

Materials and Methods

Patients

The institutional review board approval, including a waiver of informed consent for the
retrospective review was obtained. The institutional tumor registry was searched for all
patients with pelvic osteosarcoma who had been diagnosed between January 2000 and May
2014. Our institution started using digital imaging with Picture Archiving and
Communication System in 2000.

Inclusion and Exclusion Criteria

All patients with pelvic osteosarcoma who had at least one pelvic CT or MRI study of
reasonable quality within six months of diagnosis; had at least two sets of imaging studies
(at least one contrast enhanced CT or MRI) on institutional PACS (including outside facility
imaging studies); and adequate clinical follow up (at least 3 years for living patients and
follow up until death for patients who died) were included. All patients with incomplete
imaging studies, osteosarcoma secondary to prior radiation therapy to the pelvis, age at
diagnosis greater than 45 years, alternative final diagnosis and alternative location of tumor,
primary tumors centered on the sacrum with isolated sacral involvement, and inadequate
clinical follow up were excluded. Patients with primary tumors centered on the sacrum and
isolated sacral involvement can drain into veins on both sides of midline. Hence, comparison
with normal contralateral veins may not be possible and unless these sacral tumors showed
asymmetric involvement of one sided ilium, they were excluded from this study. Of the 132
patients with pelvic osteosarcoma, 44 met the initial inclusion/exclusion criteria and were
selected for image analysis.

Imaging Studies and Analysis

One radiologist (SY) reviewed the patients’ charts, including clinical notes, pathology
reports, radiology reports and imaging studies (CT/MRI/PET-CTSs) and recorded data on
patients’ demographics, primary tumor size on the initial study, metastasis at presentation,
histologic subtype, extent of tumor thrombus in the large draining veins on initial imaging
studies, findings from operative reports, pathology reports, follow up imaging, surgical
resection status of the primary tumor, local recurrence and timing, and metastatic disease
sites on the last available imaging studies and clinical notes until December 2016. For each
patient, this radiologist selected 2—4 relevant initial imaging studies (a total of 108 studies)
obtained at least one month apart for further review by three other radiologists (BA, AM and
US) and consensus evaluation. The first studies included MR or CT imaging of the pelvis or
both within six months of diagnosis; of these, contrast enhanced studies were available for
42 patients and only non-enhanced CTs were available for two patients. The last imaging
study was a contrast enhanced MRI or CT before surgery in patients who underwent surgical
resection and after the initial chemotherapy in patients who did not. At least one contrast
enhanced study within the first year of diagnosis was available for all patients.
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On initial contrast enhanced CT and T1 weighted MRISs, the radiologists evaluated for filling
defects within the large draining veins (inferior vena cava (IVC); common, external, and
internal iliac veins; and common femoral vein) and compared them with contralateral veins.
Detection of tumor in the distal veins, particularly internal iliac vein is difficult and
comparison with the contralateral veins is very helpful. On T2 weighted MR images, the
radiologists evaluated for absence of flow void within the draining vein and compared with
the flow voids on the contralateral side. On PET/CT increased FDG uptake corresponding to
the course of the vein and on non-contrast CT/follow up imaging (including CT portion of
the PET-CT) mineralization, i.e., osteoid matrix along the course of the vein were evaluated.
A dilated tubular structure filled with material that showed imaging characteristics similar to
primary tumor and connecting the primary tumor and the large draining veins was
considered a tumor thrombus on any imaging modality. The imaging findings by consensus
evaluation by all four radiologists, including the presence and location of the tumor in the
draining vein, were correlated with the operative report, pathology findings and follow-up
imaging. The consensus evaluation by four radiologists together with confirmation of the
findings by operative report, pathology findings or follow-up imaging was used as the
reference standard for the study.

Statistical Methods

Results

Summary statistics of tumor thrombus in the large draining veins and other patient
characteristics were provided using frequencies and percentages. Age and tumor size were
summarized using mean, standard deviation, and range. Cox proportional hazard model was
used to assess the effects of patient characteristics on overall survival and time-to-local
recurrence, where events were defined as death of any cause and local recurrence,
respectively. Survival curves were estimated using Kaplan-Meier method and compared
using log-rank test. Fisher’s exact test was used to determine the association between
metastatic disease at presentation and tumor histologic subtype with tumor thrombus. All
tests were two-sided and p-values of 0.05 or less were considered statistically significant.
Statistical analysis was carried out using SAS version 9.4 (SAS Institute, Cary, NC) and
Spotfire S+ version 8.2 (TIBCO, Palo Alto, CA).

Patient cohort

The study identified 132 patients with pelvic osteosarcoma of which 88 were excluded as
detailed in Fig. 1. Incomplete imaging studies i.e., unavailability of at least one pelvic CT or
MRI of reasonable quality within six months from diagnosis and at least two sets of imaging
studies (of which at least one included contrast enhanced CT or MRI) on institutional PACS,
was the primary reason for patient exclusion (49% of excluded patients). Forty-four patients
met the study criteria and were initially included in the study for consensus evaluation of
tumor thrombus in the large draining vein on imaging studies by the radiologists.

Tumor thrombus in the large draining veins was identified in 25 of 44 (57%) patients by
consensus scoring by all four radiologists. The presence of tumor in the draining veins was
confirmed by findings from operative reports, pathology reports, or both (n=7) or follow-up
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imaging (n=13) in 20 of the 25 patients with tumor thrombus on imaging (Figs. 2 and 3).
Four patients who did not undergo surgical resection died early in the course of their disease
before undergoing surgery, and therefore they did not have operative or pathology reports
and did not have follow up imaging studies for confirmation of tumor in vein. In addition, no
operative or pathology reports were available for one patient who underwent surgery at an
outside facility. These 5 patients with tumor thrombus in large draining veins on imaging per
final consensus score who lacked confirmation by either operative findings or pathology
reports or follow up imaging were excluded from the subsequent statistical analysis. Thirty-
nine patients formed the cohort for statistical analysis.

Clinical Characteristics

The clinical characteristics including patient demographics, disease stage and tumor size at
diagnosis, osteosarcoma subtype, surgical resection, and patient life status of the 39 patients
are detailed in Table 1. Age at diagnosis ranged between 11 and 44 years (median: 19 years)
and female to male ratio was 23:16. The primary tumor involved the ilium in 33 patients
(with extension into ischiopubic region in 7 patients; lumbosacral region in 14 patients; and
ischiopubic region and sacrum in 3 patients), ischiopubic region in 3 patients and pubis in 3
patients. A chondroblastic component was identified in 25 (64%) patients including 20 with
chondroblastic subtype and five patients with mixed subtype. Twenty two of 39 patients
underwent surgical resection of the primary tumor including three patients who underwent
surgical resection at an outside facility. Of these, 15 patients underwent internal
hemipelvectomy and 7 patients underwent external hemipelvectomy. The intent of surgery
was curative in 21 patients and palliative in one patient. All patients received neoadjuvant
chemotherapy prior to surgical resection and two patients received radiation therapy initially
for local control (including one patient who underwent palliative resection for pain, and
another patient with extensive local disease treated with chemotherapy and radiation therapy
as the patient and parents refused surgery initially but eventually agreed to undergo external
hemipelvectomy for recurrence about 2 years after diagnosis). Surgical margins were
positive in 6 patients; four out of these 6 patients received radiation therapy after surgery.
One patient with positive margins refused any further treatment after one cycle of adjuvant
chemotherapy. The remaining patient with positive margin underwent palliative resection
with no further therapy due to poor wound healing and pulmonary metastatic disease and
died 2.5 months after surgical resection. Seventeen of 39 (44%) patients did not undergo
surgical resection of the primary tumor secondary to extensive metastatic disease in lung
and/or bone (n=10) or locally advanced primary tumor (n=7). Metastatic disease at
presentation was identified in 14 of 17 (82%) patients who did not undergo surgical
resection and five of 22 (23%) patients who underwent surgical resection, indicating
advanced disease stage at presentation in the majority of patients who did not undergo
surgical resection.

Imaging Findings

Of the 39 patients, tumor thrombus in large draining veins was identified on imaging studies
in 10 of the 22 (45%) patients who underwent surgical resection and 10 of the 17 (59%)
patients who did not. The tumor thrombus reached the right atrium (n=1), IVC (n=4),
common iliac vein (n=8), internal iliac vein (n=6), and common femoral vein (n=1). Of the
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10 patients with tumor thrombus in the large draining veins on imaging who underwent
surgical resection, tumor thrombus was identified and resected with clear margins during
surgery in 6 patients. Operative report was not available in one patient who underwent
external hemipelvectomy at an outside facility, but no residual tumor thrombus was seen on
follow up imaging in this patient. Residual tumor thrombus was identified in the common
iliac vein in the remaining 3 patients on follow up imaging: two patients had positive
surgical margins and received adjuvant radiation therapy, and one patient is the patient
described above who underwent resection with positive margins for palliation after prior
radiation therapy, and had dense adhesions along the iliac vessels.

Metastatic disease at presentation was seen in 12 of the 20 (60%) patients with tumor
thrombus in the large draining veins on imaging studies and 7 of the 19 (37%) patients
without tumor thrombus. However, Fisher’s exact test did not show a statistically significant
higher incidence of metastatic disease at presentation in patients with tumor thrombus on
imaging (p= 0.2) (Table 2). The last available imaging studies did not show local recurrence
or metastatic disease in 9 patients. The sites of disease in the remaining 30 patients included
the pelvis (local recurrence, n=8), lungs (n=25), bones (n=14), pleura (n=5), hilar and
mediastinal lymph nodes (n=5), and other (n=6). A chondroblastic component was identified
in 25 of the 39 (64%) patients. Of these 25 patients, 17 (68%) showed tumor thrombus on
imaging studies. Fisher’s exact test confirmed the association between the chondroblastic
subtype and a significantly high proportion of tumor thrombus in draining veins (p=0.008)
(Table 2).

Patient Survival

Of the 22 patients who underwent tumor resection, 12 (55%) died of disease and 10 (45%)
are alive at the last follow-up. All 17 patients who did not undergo resection of the primary
tumor died. The median follow-up for the surviving patients was 7 years (range, 3.6 to 12
years). The 5-year overall survival from the time of surgical resection of the primary tumor
is 45% (95% ClI, 28%—72%). All 17 patients who did not undergo surgical resection of the
primary tumor died within 5 years from diagnosis. Of these 17 patients, one patient with
locally advanced disease died of cardiac failure secondary to anthracycline-induced
cardiotoxicity and another patient with locally advanced disease died of sepsis and
multiorgan failure from treatment complications.

Among the 22 patients who underwent surgical resection of the primary tumor, those with
tumor thrombus in the large draining veins had statistically significant worse overall survival
than those without tumor thrombus (p=0.021 by log-rank test) (Fig. 4). In the 17 patients
who did not undergo surgical resection, there was no statistically significant difference in
overall survival by tumor thrombus (p=0.372 by log-rank test). Local recurrence was seen in
eight patients who underwent surgical resection. Tumor thrombus in the large draining veins
on imaging was seen in four of these 8 patients with local recurrence. A Cox proportional
hazard analysis was used to assess the effect of tumor thrombus in the large draining veins,
sex, metastatic disease at presentation, percent tumor necrosis at surgery (=90% necrosis or
<90%), tumor subtype (chondroblastic versus other), age (1 year increase), and tumor size (1
unit increase) on overall survival and time to local recurrence in the 22 patients who
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underwent surgical resection (Table 3). Patients with tumor thrombus in the large draining
veins had significantly lower overall survival than those without tumor thrombus (p=0.03).
There was possible association between overall survival and tumor size (p=0.07), and
metastatic disease at presentation (p=0.08). No variables were associated with statistically
significant changes in time to local recurrence.

Discussion

Tumor thrombus in the draining veins is a well-known poor prognostic indicator in renal cell
carcinoma, hepatocellular carcinoma, and colorectal carcinoma [2—4, 11]. Hoehn et al [2]
described a 46% incidence of macroscopic venous tumor invasion in the renal veins or IVC
in patients with surgically resected renal cell carcinomas; this finding was associated with a
significantly lower overall survival rate. Kudo et al [11] reported 16% and 6% rates of portal
venous and hepatic venous involvement in patients who underwent surgical resection of
hepatocellular carcinoma. A multivariate analysis by Ikai et al [3] indicated that portal
venous invasion and hepatic venous invasion were two among multiple independent
prognostic factors in patients with resected hepatocellular carcinoma. Krasna et al [4]
reported a 38% rate of vascular invasion in patients who underwent surgical resection for
colorectal carcinoma, which was shown to be associated with significantly worse prognosis.

Our study showed a high rate of tumor in the veins draining the primary tumor in patients
with pelvic osteosarcoma. The frequency of tumor thrombus in the large draining veins was
45% on initial and pre-operative imaging studies in surgically resected patients in our study,
which is higher than 29% peri-tumoral vascular involvement described by Benezech et al [1]
in surgically resected osteosarcomas from all locations in a pediatric population. We believe
that this result was related to the pelvic location of the primary tumor in our study; in
general, these patients tend to present with advanced disease and have poor prognosis more
often than the patients with osteosarcomas in other locations [12]. A univariate analysis
showed a statistically significant difference in the overall survival of our 22 patients who
underwent surgical resection by tumor thrombus in the large draining veins and possible
associations between overall survival and tumor size (p=0.07) and overall survival and
metastatic disease at presentation (p=0.08). In a study of 1702 patients with newly diagnosed
high-grade osteosarcomas of the extremities and trunk, Bielack et al reported that tumor site
and size, metastatic disease at presentation, response to chemotherapy (percent tumor
necrosis), and surgical remission were independent prognostic factors in patients with high
grade osteosarcoma of the extremities and trunk [13]. Our inability to demonstrate a
statistically significant association between overall survival and metastatic disease at
presentation may be related to the small number of patients with metastatic disease at
presentation among patients who underwent surgical resection (five of 22 patients; Table 1).

We believe that, as in renal cell carcinoma, hepatocellular carcinoma, and colorectal cancer,
tumor thrombus in the draining veins is an important prognostic factor in the overall survival
of patients with osteosarcoma. Future studies in a larger cohort are needed to assess the
prognostic significance of tumor thrombus in the large draining veins compared to other
known factors (e.g., tumor site and size, metastatic disease at presentation, and response to
chemotherapy) [13]. In our study, tumor thrombus in the large draining veins on imaging
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studies appeared to be associated with a higher rate of metastatic disease at presentation
compared to those without tumor thrombus; however, this association was not statistically
significant (Table 2). This could be related to small number of patients in our series. While
the presence of detectable tumor in the veins draining the primary tumor may be associated
with a higher incidence of metastatic disease, the absence of detectable thrombus does not
exclude the possibility of metastatic disease. We showed a statistically significant
association between tumor thrombus in the large draining veins and chondroblastic subtype
(Table 2). The chondroblastic subtype accounted for 64% of our patients, which is similar to
the 68% reported [14] in 25 patients with osteosarcoma of the pelvis and 58% reported [10]
in 40 patients with osteosarcoma of the pelvis and sacrum. In contrast, the chondroblastic
subtype accounted only for 15% in 2114 patients with osteosarcomas at all sites [15]. Tumor
thrombus in the large draining veins was predominantly associated with the chondroblastic
subtype in our study, but it was also seen in other subtypes. We identified 10 case reports
describing 11 patients with tumor thrombus in the draining veins in pelvic osteosarcoma
since the year 2000 [7, 8, 16-23]. Of these, four patients had the chondroblastic subtype, one
patient had the osteoblastic subtype, and the subtype was not specified in the other six
patients.

Accurate detection of tumor thrombus in the large draining veins on the pre-operative
imaging studies may potentially impact surgical margins. Shao et al have reported a fatal
tumor embolism into bilateral pulmonary arteries shortly after surgical resection in a child
with osteosarcoma [24]. Although, fatal tumor embolism has been described in a few case
reports, it is crucial for the multidisciplinary team to be aware of the possibility of tumor
embolism into the pulmonary arteries during the peri-operative period to enable early
diagnosis. Since the inception of this study, we have identified tumor in the draining veins
from osteosarcomas at other locations, particularly in the humerus, and from other sarcomas.
In light of our findings, we recommend evaluation of the draining veins on the routine
baseline and follow-up imaging studies of patients with osteosarcomas.

A major limitation of this study is the variation in imaging techniques in the studies
performed over a decade and at multiple institutions. However, the reasonable image quality
of these studies allowed fairly confident identification of tumor thrombus in the large
draining veins in most cases. Detection of tumor in the internal iliac vein is difficult, which
could be due to slow blood flow and that the existing imaging techniques are not tailored to
detect tumor in these distal veins. The fact that not all imaging studies followed a single
structured protocol and were not tailored to the detection of tumor thrombus might have
resulted in under diagnosis. This study emphasizes the need to develop imaging techniques
to detect tumor thrombus in the small veins; perhaps PET/MRI may play a potential role in
delineating tumor thrombi in small veins. Since our center is a tertiary cancer care facility,
we understand that there is a selection bias towards advanced cancer stage that is inherent to
patients referred to our center.
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Conclusions

Tumor thrombus in the large veins draining primary pelvic osteosarcoma was seen in a
significant proportion (45%) of initial cross-sectional imaging studies of patients with pelvic
osteosarcoma who underwent surgical resection and in a higher percentage in patients who
could not undergo surgical resection. In our study, among patients who underwent surgical
resection of the primary tumor those with tumor thrombus showed statistically significant
lower overall survival than those without. We also showed that the chondroblastic subtype is
statistically significantly associated with tumor thrombus in the large draining veins. In view
of the frequency of tumor thrombus in the large draining veins in pelvic osteosarcoma and
its potential impact on surgical margins and patient prognosis, radiologists should routinely
evaluate the veins that drain primary pelvic osteosarcomas for tumor thrombus on imaging
studies.
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Page 11
Highlights
. Tumor thrombus is frequently seen in the larger veins draining primary pelvic
osteosarcoma on routine baseline and follow up staging studies.
. Accurate detection of tumor thrombus in the large draining veins on the pre-
operative imaging studies may potentially impact surgical margins.
. In our study, among patients who underwent surgical resection of the primary

tumor those with tumor thrombus showed statistically significant lower
overall survival than those without.
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Patients with pelvic
osteosarcoma between
1/1/2000 and 5/12/2014

(n=132) 3
/Ea:clnsion (n=88): \
* Patients with incomplete imaging studies (n=43)
* Patients with secondary osteosarcoma (n=19)
*  Age at diagnosis >45 years (n=11)
o *  Altemative diagnosis: giant cell tumor, Ewing
e sarcoma, chondrosarcoma (n=6)
v * Altemative sites: extra skeletal soft tissues and
proximal femur (n=3)
44 patients met *  Primary tumor centered on the sacrum (n=3)
the criteria for * Inadequate follow up (n=3)

4 N
Exclusion (n=5):

o | Tumeor in vein identified on initial imaging could not be

"| further confirmed by operative findings, pathology reports

or follow-up imaging

o J

39 patients met all study
criteria and formed the
cohort for statistical
analysis

Fig. 1.

Ofgthe 132 patients, 88 patients were initially excluded; incomplete imaging studies was the
major reason for excluding patients (49%). Forty-four patients were selected for the initial
imaging analysis. Five additional patients with tumor in the vein on imaging studies were
excluded because of the lack of confirmation of tumor in vein by operative findings,
pathology reports or follow-up imaging.
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Fig. 2.
14-year old girl with left pelvic osteosarcoma. Axial T2 (A) and post-contrast T1-weighted

(B) MRl illustrates left pelvic osteosarcoma (arrowhead) and tumor thrombus within the left
common iliac vein (arrow). The primary tumor (arrowhead) and the venous tumor thrombus
(arrow) were FDG avid on baseline axial fused PET/CT (C) confirming the malignant nature
of the thrombus. Follow-up non contrast CT 4 months later (D) shows faint mineralization of
the tumor thrombus within the persistently dilated left common iliac vein (arrow) similar to
matrix mineralization within the primary tumor (arrow head) also confirming the malignant
nature of the thrombus.
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Fig. 3.

34g-year old man with right pelvic osteosarcoma. Axial T2 (A) and post-contrast T1-
weighted (B) MRI illustrates right pelvic osteosarcoma (arrowhead) and tumor within the
right internal iliac vein (arrow). This patient underwent surgical resection of the tumor and
the tumor thrombus in the large draining veins is confirmed by surgical pathology.
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Overall Survival of Surgery Patients by Tumor Thrombus Status
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Overall survival curves of patients who underwent surgical resection of tumor without (no)
and with (yes) tumor thrombus in the large draining veins. P-value by log-rank test. E =

number of deaths, N = total number of patients.
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Table 1

Clinical characteristics of 39 patients with pelvic osteosarcoma and data on tumor thrombus in the large

draining veins on imaging by final consensus

Characteristic

Result (n=39)

Age at Diagnosis, years

Range 11-45
Median 19
Female: male ratio 23:16
Race
Caucasian 24
Hispanic 5
African 5
Asian 5
Tumor size at diagnosis or on first available scan within 6 months of diagnosis, cm
Range 4-18
Median 12.3
Subtype of osteosarcoma, n
Chondroblastic 20
Osteoblastic 8
Mixed 5
Small cell 1
Not otherwise specified 5
Patients who underwent surgical resection of the primary tumor, n 22
Patients with metastatic disease at presentation, n (%) 5(23)
Tumor thrombus in the large draining veins on imaging, n (%) 10 (45)
Patients who did not undergo surgical resection of the primary tumor, n 17
Patients with metastatic disease at presentation, n (%) 14 (82)
Tumor thrombus in the large draining veins on imaging, n (%) 10 (59)
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Table 2

Summary of the association analysis between metastatic disease at presentation and histologic subtype with
tumor thrombus in the large draining veins on imaging in 39 patients with pelvic osteosarcoma

Tumor thrombus in the large draining veins

Characteristic No, n (%) Yes, n (%) P value

Metastatic disease at presentation

No 12 (60) 8 (40) 0.20
Yes 7(37) 12 (63)

Subtype
Chondroblastic 8(32) 17 (68) 0.008
Other 11 (79) 3(21)

P-values by Fisher’s exact test.
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