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Background: Primary lung sarcoma (PLS) represents a rare form of lung cancer with outcomes that are
poorly defined by small datasets. We sought to characterize clinical and pathological characteristics and
associated survival within the surgically managed subgroup of these unusual pulmonary malignancies.
Methods: We performed a retrospective analysis of the National Cancer Database (NCDB), which was
queried for cases of surgically managed PLS diagnosed between 2004-2014. Adjusted mortality was evaluated
in a multivariable Cox proportional hazards model and compared to surgically manage non-small cell lung
cancer (NSCLC) patients from the same time period.

Results: A total of 695 patients with surgically managed PLS were identified with 37 different histologic
subtypes. The mean age of diagnosis was 57.7 years (range, 18-90 years). A majority of patients underwent
surgical resection alone (64.3%) with an estimated 5-year overall survival (OS) of 51%. The multivariable
Cox model identified increasing age, Charlson-Deyo score >2, high tumor grade, tumor size >5 cm, positive
margins, and positive lymph nodes to be associated with higher risk for mortality (P<0.05). Compared
to 101,428 surgically managed patients with adenocarcinoma, PLS patients were younger with fewer
comorbidities but had larger tumors, higher grade tumors, and were more likely node negative (P<0.001).
Surgery with adjuvant chemotherapy was associated with worse survival than surgery alone (HR 1.41, 95%
CI: 1.05-1.88). The extent of parenchymal resection (lobar vs. sublobar) was not predictive for survival.
Five-year OS was lower for patients with PLS (44%) than adenocarcinoma (53.6%, P<0.001).
Conclusions: The survival of surgically managed PLS is reasonable and impacted by tumor attributes and

the completeness of surgical resection. Further study to define the role of multimodal therapy is indicated.
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Introduction based on tissue origin as well as distinct histological and
biological features (3,4). The diagnosis of PLS is established

Primary lung sarcoma (PLS) represents an uncommon only after more common pathology, such as pulmonary

variant of primary lung cancer, accounting for less than sarcomatoid carcinoma and metastatic extrapulmonary
0.5% of all reported primary lung malignancies (1,2). PLS sarcoma, have been excluded. Owing to its rarity, the
is a heterogeneous group of mesenchymal tumors, classified current characterization of these tumors has been limited
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to data from small case reports and retrospective tumor
registries (1,2,5-15).

Several clinical series suggest that PLS is associated with
more aggressive behavior and inferior survival compared to
other primary lung malignancies, with an expected 3-year
survival of 17% to 50% following surgery (1,8,16,17).
PLS is also associated with inferior outcomes compared to
other soft-tissue sarcomas, including worse 5-year overall
survival (OS) compared to extremity soft tissue sarcomas
(35% wvs. 71%, P<0.001) (16). Despite the lack of definitive
evidence supporting a standardized management for PLS,
patients undergoing complete surgical resection have shown
significantly better survival compared to non-resected and
positive margins cases (2,11,18). Although these patients
are highly selected, consideration for aggressive surgical
resection as the first line treatment for management
is impacted by the lack of effective options in terms of
either neoadjuvant or adjuvant therapy (radiation and/or
chemotherapy) for PLS (11,16).

The opportunity to examine these low frequency tumors
in a comprehensive dataset such as the National Cancer
Database (NCDB) is ideal. Therefore, we sought to analyze
and examine the influence of prognostic clinical and
pathological characteristics in PLS and their impact on OS
after surgical resection.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-1).

Methods
Data source

The NCDB is a hospital-based tumor registry managed
by the Commission on Cancer of the American College
of Surgeons and the American Cancer Society, which
captures approximately 70% of all newly diagnosed lung
cancer cases in the United States. This dataset contains
detailed information on patient demographics, tumor
staging, treatment, and survival (19). The data used in
this analysis is derived from the 2015 version of the de-
identified clinically populated NCDB participant user file.
The Institutional Review Board of Yale University School
of Medicine approved this study with consent waived. The
NCDB is not responsible for the conclusions drawn from
the analytic or statistical methodology employed by the
investigator (20). The study was conducted in accordance
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with the Declaration of Helsinki (as revised in 2013)
pertaining to the ethical principles for medical research
involving human subjects.

Study population

We performed a retrospective cohort analysis of the NCDB.
The database was queried for adult patients (>18 years
old) diagnosed with pathologically confirmed PLS from
2004-2014. The number of cases report during this time
period determined the study size. To minimize the impact
of outliers, we limited this study to patients with invasive
tumors, no prior cancer history, and complete follow-up.
Only microscopically confirmed histological subtypes were
included (21,22). Thirty-seven distinct histological subtypes
were extracted from the NCDB using the appropriate
codes from the International Classification of Diseases for
Oncology 3" edition (ICD-O-3; Table S1).

Primary tumor location was limited to the lung and
bronchus (C340-C349) (23). Concurrently managed
patients with non-small cell lung cancer (NSCLC)
treated with surgery during the same treatment period
were included as a comparator to the PLS cohort for
sociodemographic features and unadjusted outcomes
(same cohort selection criteria for both groups, Figure S1).
NSCLC adenocarcinoma was chosen as the comparator as it
is the most common lung cancer histology and to limit the
heterogeneity of outcomes in the comparator. In a similar
fashion, patients diagnosed with pulmonary sarcomatoid
carcinoma (giant-cell carcinoma, spindle-cell carcinoma,
pleomorphic carcinoma, carcinosarcoma, and pulmonary
blastoma) were identified and compared to the PLS cohort
as these tumors are often difficult to distinguish from PLS.

Data elements

The primary outcome of this analysis was OS, defined
as months from surgical resection to death or censor
(December 2014). A complete list of demographics, tumor
characteristics, and therapeutic metrics are available
online (24). Independent covariates of interest including
age, sex, race, Charlson-Deyo comorbidity index score
(modified by NCDB to three groups = 0, 1, 2, >3), income
(median income of patient’s zip code area), education
(expressed as percentage of adults with no high school
diploma), insurance status, facility type and location,
year of diagnosis, resection margin, cancer sequence,
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histological subtype, tumor grade, tumor size, tumor site,
and therapeutic approach were evaluated. Patients were
categorized into four surgically managed groups for analysis
(surgery alone, surgery and chemoradiation, surgery and
chemotherapy, and surgery and radiotherapy). The NCDB
does not report traditional American Joint Committee on
Cancer (AJCC) stage or collaborative stage for PLS. Tumor
grade was included and dichotomized into two groups: “low”
(grade 1 and 2) or “high” (grade 3 and 4) (25,26). In the
context of prior reports, the distribution of tumor size was
dichotomized into groups less than or greater than 5 cm
(larger tumors) and margin of resection into groups of
RO versus non-RO or unknown margin. Nodal status was
categorized as positive, negative, or not examined/unknown
subcategories. Patients with missing surgical information
were excluded.

Statistical analysis

Kaplan-Meier survival curves were created for several
stratified subsets including therapeutic strategy, tumor
grade, tumor size, nodal status, surgical margins status,
and extent of resection. Survival curves were compared
using the log-rank test, and the chi-square test was used
to compare categorical variables. OS was defined as the
time from surgery date to date of death from any cause,
or date of last follow-up. To determine the independent
predictors of survival, Cox proportional hazards regression
models were built and adjusted for patient, tumor, and
treatment characteristics of interest. A sensitivity analysis
was performed to define the presence of a survival benefit
with neoadjuvant or adjuvant therapy. Two-tailed P-values
of <0.05 was considered statistically significant. Statistical
analysis was performed using SAS 9.4 (SAS Institute Inc.,
Cary, North Carolina, USA).

Results

We identified 695 patients with PLS, 23.1% of which were
histologically classified as synovial sarcoma (including
‘not otherwise specified” (NOS), biphasic, and spindle
cell subtypes), 13.1% as malignant solitary fibrous tumor,
11.2% as sarcoma (NOS), and 11.5% as leiomyosarcoma
(including NOS and epithelioid subtypes; Table S1).
Sociodemographic, therapeutic, and clinical/pathological
characteristics are outlined in Table 1. For PLS, mean
age at diagnosis was 57.7 years (range, 18-90 years), with
40.3% of surgically managed patients diagnosed between
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45-64 years of age. Most PLS patients were privately
insured (50.7%). PLS patients were more likely to be from
areas of higher income and education. The majority of
PLS tumors were located in the lower lobe (39%) and for
patients whose tumor grade was known, the majority were
high-grade tumors. Only 8.6% of patients had identifiable
nodal involvement following resection while 61.7% had
tumors greater than 5 cm. The majority of patients were
managed with surgical resection alone (64.3%), whereas
7.6% underwent surgery and adjuvant chemoradiation,
19.4% were treated with surgery and adjuvant chemotherapy
alone, and 8.6% surgery and adjuvant radiotherapy alone. An
RO resection was accomplished in 73.2% of cases undergoing
surgery. Most patients underwent anatomic resection
(76.6%), including 19.4% that required pneumonectomy.

Unadjusted survival analysis

With a median follow up of 28.2 months (interquartile
range, 1.8-107.5 months), the 5-year cumulative OS
probability for the entire PLS study group was 44%.
Surgically managed patients treated with surgical resection
alone had the best 5-year OS (51%); compared to those
treated with surgery and adjuvant radiation, chemotherapy
or chemoradiotherapy (Figure I). Survival analyses suggest
differential outcome based on tumor grade: high grade
tumors were associated with inferior OS (19%) compared
to low or unknown grade (33.7% and 66.8% respectively,
P<0.0001; Figure 24). Tumors size greater than 5 cm was
also associated with inferior OS compared to tumors less
than 5 cm (38% wvs. 54.2%; P<0.001; Figure 2B). In the
unadjusted model, NO regional lymph node status was
associated with superior OS compared to N1+ nodal status
(44% vs. 20%, P<0.001; Figure 2C), and an RO resection
improved OS compared to non-R0O resection (51.2%
vs. 24.8% P<0.001; Figure 2D). Patients undergoing
pneumonectomy had inferior OS compared to those
managed with lobectomy or wedge/segmental resection
(30% wvs. 47% vs. 46%, P=0.001; Figure 2E). Of the most
common PLS histologies, malignant solitary fibrous tumors
had the best 5-year survival compared to leiomyosarcomas
and synovial sarcomas (65.5% vs. 49.6% vs. 40.3%
respectively, Figure S2).

Adjusted survival comparisons

Within the multivariable Cox proportional analysis of
surgically-managed patients, risk for mortality was higher
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Table 1 Primary lung sarcoma patient and tumor characteristics.
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Patient characteristics Primary lung sarcomas (n=695) = NSCLC adenocarcinoma (n=101,428) P value

Facility type
Academic/research program?®
Non-academic program

Sex
Male
Female

Race
White
Non-white

Age
20-44
45-64
>65

Insurance status
Not insured
Private insurance
Government programs
Unknown

Education®

<7
Not available
Income
<48,000
>48,000
Not available
Charlson-Deyo Score
0
1
2
>3
Year of diagnosis
2004-2005
2006-2007

314 (45.2)
381 (54.8)

394 (56.7)
301 (43.3)

601 (86.5)
94 (13.5)

145 (20.9)
280 (40.3)
270 (38.9)

24 (3.5)
352 (50.7)
309 (44.5)

10 (1.4)

99 (14.2)
162 (23.3)
232 (33.4)
188 (27.1)
14 (2.0)

254 (36.6)
427 (64.4)
14 (2.0)

497 (71.5)
192 (20.4)
42 (6.0)
14 (2.0)

129 (18.6)
113 (16.3)

34,504 (34.0) <0.0001
66,924 (66.0)

44,964 (44.3) <0.0001
56,464 (55.7)

87,918 (86.7) <0.0001
13,510 (13.3)

2,280 (2.3) <0.0001
40,514 (39.9)
58,634 (57.8)

2,344 (2.3) <0.0001
36,179 (35.7)
61,541 (60.7)

1,364 (1.3)
16,469 (16.2) <0.0001

27,352 (27.0)

33,838 (33.4)

22,404 (22.1)
1,365 (1.4)

42,498 (41.9) <0.0001
57,528 (56.7)
1,402 (1.4)

55,102 (54.3) <0.0001
34,103 (33.6)

9,723 (9.6)

2,500 (2.5)

15,900 (15.7) <0.0001
17,226 (17.0)

Table 1 (continued)
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Table 1 (continued)

Patient characteristics Primary lung sarcomas (n=695) = NSCLC adenocarcinoma (n=101,428) P value
2008-2009 135 (19.4) 18,138 (17.9)
2010-2011 116 (16.7) 18,928 (18.7)
2012-2014 202 (29.1) 31,236 (30.8)
Primary site
Main bronchus 13(1.9) 346 (0.3) <0.0001
Upper lobe 242 (34.8) 61,923 (64.1)
Middle lobe 44 (6.3) 5,030 (5.0)
Lower lobe 271 (39) 30,098 (29.7)
Overlapping lesion of lung 41 (5.9) 1,585 (1.6)
Lung, NOS 84 (12.1) 2,446 (2.4)
Tumor size
<5cm 266 (38.3) 87,809 (86.6) <0.0001
>5cm 429 (61.7) 13,594 (13.4)
Unknown NA 25 (0.0)
Grade
Low grade 84 (12.1) 59,617 (58.8) <0.0001
High grade 285 (41.0) 35,622 (35.1)
Unknown 326 (46.9) 6,189 (6.1)
Nodal status
NO° 441 (63.5) 65,285 (64.4) <0.0001
Node positive 60 (8.6) 26,209 (25.8)
Unknown 194 (27.9) 9,934 (9.8)

Treatment modality

Surgery alone 447 (64.3) 66,730 (65.8) <0.0001
Surgery and chemoradiation 58 (7.6) 11,624 (11.5)
Surgery and chemotherapy 135 (19.4) 20,252 (20.0)
Surgery and radiotherapy 60 (8.6) 2,822 (2.8)

Type of surgery
Wedge or Segmental resection 183 (26.3) 18,256 (18.0) <0.0001
Lobectomy 377 (54.2) 79,093 (78.0)
Pneumonectomy 135 (19.4) 4,079 (4.0)

Surgical margins
RO 509 (73.2) 92,456 (91.1) <0.0001
Positive or unknown 186 (26.8) 8,972 (8.9)

%, Includes Community Cancer Program, Comprehensive Community Cancer Program, Integrated Network Cancer Program and other
specified types of cancer programs; °, percent of people in the patient’s zip code area with no high-school diploma; °, negative nodal
status; “, complete resection. Percentages might not add up to 100% due to rounding. NSCLC, non-small cell lung cancer; NOS, not
otherwise specified.
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Figure 1 Kaplan-Meier survival analysis on surgical approach and impact on 5-year overall survival. The unadjusted survival is compared

among adjuvant therapeutic strategies used for treating primary lung sarcomas across surgically managed patients.

with increasing age (HR 1.64; 95% CI: 1.13-2.38; P=0.009),
increasing number of comorbidities (HR 1.86; 95% CI:
1.24-2.81; P=0.002), high-grade tumors (HR 2.51; 95% CI:
1.59-3.97; P<0.0001), tumor size greater than 5 cm (HR
1.36; 95% CI: 1.06-1.75; P=0.01), positive nodal status (HR
1.93; 95% CI: 1.34-2.77, P=0.0004) and positive surgical
margins (HR 1.93; 95% CI: 1.49-2.50; P<0.001). Female
gender was also associated with favorable OS. In this model,
patients treated with a combination of surgery and adjuvant
chemotherapy exhibited worse OS (HR 1.41; 95% CI:
1.05-1.88, P=0.01) compared to surgery alone (1able 2).
The PLS study group was then compared to 101,428
surgically managed NSCLC adenocarcinoma patients
treated during the same study period (same cohort selection
criteria). Patients with PLS were younger at presentation
and consequently had fewer comorbidities. A larger
proportion of patients were males (56.7% vs. 44.3%)
with ‘larger’ tumor sizes (61.7% wvs. 13.4%), and tumors
that were more likely to be high-grade (41% vs. 35.1%).
PLS patients were less likely to have node positive disease
(1able 1). Kaplan-Meier survival analysis demonstrated five-
year cumulative OS was worse for PLS (44%) compared
to adenocarcinoma (53.6%, P<0.0001, Figure S3) among
surgically managed patients. We then compared the survival
outcomes of the PLS study group to patients with surgically
managed sarcomatoid carcinomas. A total of 2,091 patients
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diagnosed with sarcomatoid carcinomas were identified
in the same study period. Patients with sarcomatoid
carcinomas had a worse 5-year survival (37.7%) than PLS

(44%; Figure S4).

Discussion

Current data on PLS outcomes are limited to small case
series and heterogeneous registry data that is poorly
informative to a clinician or surgeon managing these
patients. This retrospective analysis examined the impact of
clinicopathological characteristics and therapeutic strategies
on the survival of 695 patients with PLS. To our knowledge,
this analysis represents the largest population-based survival
study of PLS to the date. Our results are consistent with
previous reports that demonstrate PLS is associated with a
slight male predominance, a higher incidence in younger
patients (<65 years), and large tumor sizes (1,2,8). In this
study, the most common histologic subtypes identified
were synovial sarcoma (including NOS, biphasic and
spindle cell subtypes), malignant solitary fibrous tumor and
leiomyosarcoma (including NOS and epithelioid subtypes),
and sarcoma NOS. These findings are consistent with
previous retrospective studies including a Surveillance,
Epidemiology, and End Results (SEER) study that defined
pertinent clinical data in this cancer subset (16). Also
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Figure 2 Kaplan-Meier Survival analysis of tumor grade, tumor size, nodal status, and surgical margin status impact on overall survival. The

unadjusted survival of patient’s primary lung sarcoma is compared primary lung sarcomas stratified by grade (A), tumor size (B), nodal status

(C), surgical margin status (D), and surgical approach (E).

consistent with prior literature, a recognizable pattern of
poor prognosis was identified for PLS patients with a high-
grade malignancy, large tumor size (>5 cm), Charlson-Deyo
score >2, and increasing age. Female gender was associated
with improved survival. Five-year OS of PLS patients was

© Journal of Thoracic Disease. All rights reserved.

significantly worse compared to surgically treated patients
with NSCLC adenocarcinoma.

Another interesting point of comparison are pulmonary
sarcomatoid carcinomas, which are a group of five poorly
differentiated NSCLC histologies (giant-cell carcinoma,
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Table 2 Multivariable Cox proportional hazard model of overall

survival in surgically-managed primary lung sarcoma patients
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Table 2 (continued)

Variable HR (95% ClI) P-value
Facility type

Non-Academic program? Ref

Academic/Research program 0.94 (0.75-1.18) 0.63
Sex

Male Ref

Female 0.76 (0.61-0.96) 0.02
Race

White Ref

Non-white 0.85 (0.60-1.19) 0.34
Age

18-44 Ref

45-64 0.99 (0.72-1.35) 0.95

>65 1.64 (1.13-2.38) 0.009
Insurance status

Private insurance Ref

Not insured 1.13 (0.59-2.18) 0.70

Government programs 1.11 (0.82-1.52) 0.48

Unknown 0.91 (0.33-2.53) 0.86
Charlson-Deyo Score

0 Ref

1 1.20 (0.9-1.60) 0.19

2 1.86 (1.24-2.81) 0.002

>3 2.10 (0.99-4.42) 0.05
Year of diagnosis

2004-2005 Ref

2006-2007 0.88 (0.62-1.25) 0.48

2008-2009 0.85 (0.61-1.19) 0.35

2010-2011 0.75 (0.53-1.06) 0.10

2012-2014 0.63 (0.45-0.89) 0.08
Primary site

Main bronchus Ref

Upper lobe 0.98 (0.44-2.18) 0.97

Variable HR (95% ClI) P-value
Middle lobe 0.68 (0.27-1.68) 0.40
Lower lobe 0.81(0.36-1.82) 0.62
Overlapping lesion of lung 1.11 (0.46-2.68) 0.80
Lung, NOS 0.84 (0.37-1.91) 0.68

Tumor size
<5cm Ref
>5cm 1.36 (1.06-1.75) 0.01

Surgical margins
RO Ref
Residual tumor or unknown 1.93 (1.49-2.50) <0.0001

Grade
Low-Grade Ref
High-Grade 2.51(1.59-3.97) <0.0001
Unknown 1.75 (1.11-2.77) 0.01

Nodal status
Negative Ref
Positive 1.93 (1.34-2.77) 0.0004
Not examined/Unknown 1.00 (0.73-1.37) 0.97

Treatment
Surgery only Ref
Surgery and chemoradiation 1.18 (0.78-1.79) 0.42
Surgery and chemotherapy 1.41 (1.05-1.88) 0.01
Surgery and radiotherapy 1.15 (0.80-1.67) 0.43

Type of surgery of primary site
Pneumonectomy Ref
Lobectomy 0.92 (0.68-1.24) 0.59
Wedge or segmental resection 1.12 (0.76-1.64) 0.55

Table 2 (continued)

© Journal of Thoracic Disease. All rights reserved.

Adjusted for age, gender, race, insurance status, facility
academic status, year of diagnosis, Charlson-Deyo score,
primary site, grade, tumor size, nodal status, type of surgical
resection, therapeutic approach and surgical margins. HR,
hazard ratio; NOS, not otherwise specified.
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spindle-cell carcinoma, pleomorphic carcinoma,
carcinosarcoma, and pleomorphic carcinoma). In some
cases, these rare, highly malignant carcinomas are difficult
to distinguish from PLS and have been found to have poor
prognosis (27). Our data demonstrated that patients with
sarcomatoid carcinomas had a worse 5-year survival than
both NSCLC and PLS. Thus, accurate identification of
sarcomatoid carcinomas and PLS must be performed for
appropriate treatment.

Although previous studies have reported unsatisfactory
response rates for nonsurgical modalities (5-year OS
<20%), PLS represent a heterogeneous group of tumors
without efficacious chemotherapy or radiation options
and little in the way of consensus recommendations for
management (1). Our findings confirm superior OS for
surgical patients in whom an RO resection was achieved
in both unadjusted and adjusted models. This data is
consistent with previous reports on the association between
OS and complete surgical resection (1,2,5-15). In our study
population, RO resection was achievable in 73.2% of cases.
Therefore, we recommend consideration for aggressive
surgical resection for PLS patients in whom an RO resection
is achievable.

Surgical resection alone was the predominant
therapeutic modality utilized in this study group despite
the aggressive and recurrent natural history of PLS. Given
the heterogeneity and small overall sample size of our
cohort, it is difficult to recommend a specific treatment
modality for PLS in general. In the adjusted model, surgery
with adjuvant chemotherapy was found to have a worse
survival compared to surgery alone (HR 1.05-1.88, P=0.01).
This result is different than results from a prior meta-
analysis that included patients with soft tissue sarcoma,
which suggested a similar survival benefit to adjuvant
chemotherapy following complete resection (28). It is
possible that the small sample size, coupled with variation
in outcomes of the different PLS histologies may have
contributed to this discrepancy. Further investigation is
warranted to define the optimal chemotherapeutic regimens
that might maximize this benefit following PLS resection.

The current study contains several limitations that
impact the derived results. First, the NCDB does not
capture specific details on radiation and/or chemotherapy
treatment modalities which may impact our analysis, such
as the agents used, dosimetry, tolerability, or toxicity. There
are likely patient and disease specific factors that impact
treatment decisions which cannot be identified in this
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analysis, including the risk of selection bias and the potential
for divergent outcomes associated with heterogeneous
pathology within the PLS umbrella. In addition, the NCDB
does not report AJCC or collaborative stage for PLS, and
pathologic nodal and metastatic status were not available for
all patients. Therefore, a staging analysis was not possible.
Lung-cancer specific survival and recurrence are also not
available in the NCDB. Given the rare nature of PLS, this
cohort contains a heterogenous population with 37 different
histologic subtypes, and as such, our results may not be
equally generalizable to all patients with this diagnosis.
Finally, there are inherent limitations common to all
retrospective database analyses. Notably, there is no record
of the physician decision-making process from which each
therapy was selected, which in turn may affect the survival
outcomes of each treatment modality. We also cannot
exclude the possibility of bias in the data, for example, we
noted that PLS patients are more likely to be treated at an
academic or research program than NSCLC patients which
may allude to a referral bias.

Conclusions

In conclusion, PLS represents a rare and aggressive
group of tumors with significantly inferior long-term
survival compared to patients with NSCLC. Similar to
patients with NSCLC, tumor size and grade, nodal status,
increasing age, male gender, and increasing comorbidities
were associated with poorer prognosis. Consistent with
NSCLC recommendations, we believe surgical resection
alone and consideration for adjuvant therapy is advisable,
even for patients with evidence of local nodal involvement,
recognizing the prognosis of these more advanced cases is
inferior to node negative disease (29-31). Additional studies
are necessary to define optimal chemotherapeutic regimens
for this cancer subset. Future therapeutic strategies,
including the role of immunotherapy, may be particularly
relevant in this surgical population given the high risk for
recurrence associated with PLS.
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