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Subtype Specific Prognostic Nomogram for Patients With
Primary Liposarcoma of the Retroperitoneum,
Extremity, or Trunk

Kimberly Moore Dalal, MD,* Michael W. Kattan, PhD,7 Cristina R. Antonescu, MD,}
Murray F. Brennan, MD,* and Samuel Singer, MD*

Objective: To determine the prognostic significance of histologic
subtype in a large series of patients with primary liposarcoma (LS)
and to construct a LS-specific postoperative nomogram for disease-
specific survival (DSS).

Summary Background Data: Nomograms, used to define and
predict outcome following operative intervention, may contain vari-
ables not conventionally used in standard staging systems. A 12-year
DSS postoperative nomogram for all sarcomas has already been
established.

Methods: From a single-institution prospective sarcoma database,
patients with primary extremity, truncal, or retroperitoneal LS
treated between 1982 and 2005 were identified. Histology was
reviewed by a sarcoma pathologist and divided into 5 subtypes. A
nomogram predictive of 5- and 12-year DSS was developed.
Results: Of 801 patients with primary LS resected with curative
intent, 369 (46%) presented with well-differentiated, 143 (18%)
dedifferentiated, 144 (18%) myxoid, 81 (10%) round cell, and 64
(8%) pleomorphic histology. The median tumor burden was 15 cm
(range, 1-139 cm). At last follow-up, 560 patients were alive with a
median follow-up time of 45 months (range, 1-264 months) and 51
months for surviving patients. The 5- and 12-year DSS rates were
83% (95% confidence interval [CI], 80%—86%) and 72% (95% CI,
67%—77%), respectively. The nomogram was drawn on the basis of
a Cox regression model. The independent predictors of DSS were
age, presentation status, histologic variant, primary site, tumor
burden, and gross margin status. The nomogram was internally
validated using bootstrapping and shown to have excellent calibra-
tion. The concordance index was 0.827 compared with 0.776 for the
general sarcoma postoperative nomogram for 12-year DSS.
Conclusion: The LS-specific nomogram based on histologic sub-
type provides more accurate survival predictions for patients with
primary LS than the previously established generic sarcoma nomo-
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gram. DSS nomograms aid in more accurate counseling of patients,
identification of patients appropriate for adjuvant therapy, and strat-
ification of patients for clinical trials and molecular analysis.

(Ann Surg 2006;244: 381-391)

iposarcoma (LS) is the most common soft tissue sarcoma

(STS), accounting for 20% of all sarcomas in adults;'
10,000 cases and 3500 deaths attributable to STS are ex-
pected in the United States in 2006.> Mortality rates for
patients with liposarcoma range from 1% to 90%, and recur-
rence rates range from 5% to 83% depending on the histo-
logic subtype and location.* ' For appropriate clinical deci-
sion making and patient education of expected outcome, it
has become increasingly important to improve the prognostic
accuracy in patients with LS. With more exact prediction of
outcome, a patient at low risk for disease-specific death
(DSS) may be reassured, whereas a patient at high risk may
be considered for neoadjuvant/adjuvant treatment or novel
clinical trials.

While myxoid, round cell, and pleomorphic LS have a
predilection for the extremities, well-differentiated and ded-
ifferentiated subtypes occur predominantly in the retroperi-
toneum. Histologic grade, reflected in the extent of differen-
tiation, remains the most important prognostic factor
regarding clinical course and prognosis. Low-grade myxoid
and well-differentiated variants each have a 5-year survival of
90%.>">7 Conversely, high-grade variants, such as round cell
(defined by >5% round cell component), pleomorphic, and
dedifferentiated tumors, have 5-year survival rates of 60%,’
30% to 50%,® and 75%.,° respectively.

Recent work from our group at Memorial Sloan-Kettering
Cancer Center (MSKCC) found that the histologic subtype,
margin of resection, contiguous organ resection (except for
nephrectomy), and age are prognostic for survival in primary
retroperitoneal LS.’ For extremity STS, significant indepen-
dent adverse factors prognostic factors for DSS include size,
grade, depth, recurrent disease at presentation, microscopi-
cally positive margins, and lower extremity site.'' In a recent
study of 126 patients with primary extremity LS, a multivar-
iate analysis revealed that size, histologic subtype, and treat-
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ment with ifosfamide-based chemotherapy were indepen-
dently associated with DSS.'?

Nomograms are being increasingly more readily ac-
cepted as models in which identified prognostic factors can be
combined and used to predict risk of DSS.'*"'® Our group has
previously published a postoperative nomogram for 12-year
DSS for all sarcomas, which we have found useful for patient
counseling, follow-up scheduling, and clinical trial eligibility
determination.'? These statistically based tools not only use
the factors included in a clinical staging system but may also
incorporate additional factors suspected to have an impact on
outcome.

The previously described sarcoma nomogram accounts
for LS subtype only as it is reflected in grade, high versus
low. The purpose of this study was to develop a subtype-
specific nomogram for patients with LS that integrates vari-
ous prognostic factors and predicts disease-specific death so
as to provide an individualized prognosis for each patient. To
accomplish this, we used a large database of LS patients
treated at a single institution, carefully assessed for histologic
subtype and followed prospectively.

METHODS

From July 1, 1982 through June 30, 2005, 910 adult
patients underwent surgical resection for primary liposar-
coma at MSKCC. These patients were prospectively entered
and followed continuously in a computerized database. Pri-
mary LS of the extremity, trunk, or retroperitoneum was
classified into 5 histologic types based on the World Heath
Organization criteria'*'® as 1) well-differentiated, 2) dedif-
ferentiated, 3) myxoid (<5% round cell), 4) round cell (=5%
round cell), and 5) pleomorphic. After histologic review and
reclassification by a single sarcoma pathologist (C.R.A.),
there were 801 patients with confirmed primary LS who had
undergone surgical resection at MSKCC and had complete
clinicopathologic data for correlation to outcome. None of the
patients had distant metastasis at the time of presentation.
Approval was obtained from the MSKCC IRB for this study.
The primary endpoint was DSS.

The variables considered for the basis of the nomogram
were age at diagnosis, gender, histologic variant (well-differ-
entiated, dedifferentiated, myxoid, round cell, pleomorphic),
presentation status (biopsy, no prior treatment, prior exci-
sion), primary site (lower extremity, upper extremity, trunk,
retroperitoneum with or without contiguous organ resec-
tion), primary depth (superficial, deep) and primary tumor
burden, and margins (negative, microscopically positive,
grossly positive).

The following definitions were used. For histologic
variant, the well-differentiated, dedifferentiated, and pleo-
morphic subtypes are represented by categorical variables.
The extent of the myxoid/round cell component is generally
considered to be a continuum, and for nomogram construc-
tion this continuum was divided into 3 categories on the basis
of percent of round cell (RC) component: 1) myxoid (<5%
RC), 2) round cell 5% to 25% (RC, 5%—25%), and 3) round
cell >25% (RC>25%). A tumor was considered to be in the
upper extremity if it was at or beyond the shoulder joint and
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in the lower extremity if it was in the groin, thigh, or leg.
Retroperitoneal tumors were classified as with or without
contiguous organ resection (eg, kidney, colon, small bowel,
pancreas, spleen, bladder, uterus) and ascertained from the
operating surgeon’s assessment as documented in the opera-
tive report. The anatomic depth of tumors was evaluated
relative to the superficial investing fascia of the extremity.
Tumor burden was defined as the sum of the maximum
diameters of the primary tumors as reported at the time of
initial surgical resection. Margins were categorized as clear,
microscopically positive, or grossly positive. A clear margin
indicated that there was no tumor at least | mm or more from
the edge of the inked specimen; a microscopically positive
margin indicated microscopically discernible extension of
tumor to within <1 mm of the edge of the inked specimen.

Because adjuvant/neoadjuvant chemotherapy or radia-
tion treatment was not prospectively randomized but included
both patients randomized in trials and those given standard of
care based on prognosis, these treatment variables were
omitted from modeling.

Patients were observed in our STS program at approxi-
mately 4-month intervals during the first 3 years and 6-month
intervals thereafter. Information obtained during follow-up
included status of disease (alive with or without evidence of
disease, dead of disease or as a result of sarcoma treatment,
dead of other causes without evidence of recurrent disease,
dead of unknown causes).

Statistical Methods

The primary end point of the analysis was DSS (defined
as time from date of surgery to date of death as a result of
disease or complication). DSS was assessed with respect to
age (continuous variable), gender, histologic subtype, presen-
tation status, primary site, tumor burden (continuous vari-
able), and margins. DSS was constructed by the Kaplan-
Meier method.'” For DSS, death from LS or a treatment
complication was considered an event. Five- and 12-year
estimates of DSS and the corresponding 95% confidence
intervals are reported.

Multivariate analysis was conducted with Cox propor-
tional hazards regression. All decisions with respect to the
grouping of the categorical variables were made prior to
modeling, as making these decisions afterward can have
deleterious effects on the predictive ability of the model.?’
Those variables significant at the 0.05 level univariately were
all used for nomogram development and were then entered
into a model to identify independent predictors of DSS.
Hazard ratios and corresponding 95% confidence intervals
are reported.

This Cox model was the basis for the nomogram, and
our modeling and validation procedure is similar to that used
previously.?’?> The model accomplishes tailored prediction
by making adjustments for each patient’s predictor variable
values. A patient’s predicted probability of DSS is assumed
to be a function of 2 components: the baseline hazard func-
tion shared by all patients and a linear combination of the
individual patient’s predictor variable values.

The nomogram was validated in 2 ways. First, the
nomogram was subjected to bootstrapping (with 200 resa-
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mples) to calculate an unbiased measure of its ability to
discriminate among patients; this was quantified by the con-
cordance index.? The concordance index is similar to the
area under the receiver operating characteristic curve and
ranges from 0.5 (no discrimination) to 1.0 (perfect discrimi-
nation).?%?*-** In other words, given a randomly selected pair
of patients, the concordance index is the probability that the
patient who dies first had the higher predicted probability of
death. The second validation component consists of compar-
ing the predicted probability of survival and actual survival,
known as nomogram calibration on the entire cohort. This is
done by using 200 bootstrapping resamples to reduce overfit
bias, which would overstate the accuracy of the nomogram.
All analyses were performed using S-Plus (Version 2000
Professional, Redmond, WA) with the Design®® and Hmisc?*
libraries.

The dataset was then applied to the previously estab-
lished general postoperative nomogram.'* DSS was assessed
with respect to age (continuous variable), tumor size (=5 cm,
5-10 cm, or >10 cm), histologic grade (high or low), histol-
ogy (liposarcoma), depth (superficial or deep), and site (lower
extremity, upper extremity, visceral, thoracic or trunk, retro-
intraabdominal, or head and neck). The concordance index
was calculated as previously described.?®

RESULTS

Patient and Tumor Characteristics

A total of 801 patients with primary LS were treated by
surgical resection at MSKCC. Descriptive characteristics for
the patients with LS are listed in Table 1.

There were 330 women and 471 men with a median age
of 56 years (range, 1695 years). The histologic subtype was
well-differentiated for 369 patients (46%), dedifferentiated
for 143 patients (18%), myxoid for 144 patients (18%), round
cell for 81 patients (10%), and pleomorphic for 64 patients
(8%). With regard to presentation status, 274 patients (34.2%)
had undergone a previous biopsy, 331 patients (41.3%) had not
had prior surgical treatment, and 196 patients (24.5%) pre-
sented with a prior excision. Nearly half of the LS tumors
were located in the lower extremity. Retroperitoneal LS was
seen in 168 patients (33.5%); half of these patients required
resection of at least one contiguous organ. Most patients (n =
728, 91%) had tumors deep to the fascia. The median tumor
burden was 15 cm (range, 1-139 cm). Margins were evalu-
ated both grossly and microscopically in 6 dimensions (su-
perior, inferior, medial, lateral, anterior, and posterior). A
total of 533 patients (67%) had negative margins, 211 (26%)
had microscopically positive margins, and 57 patients (7%)
had grossly positive margins.

DSS Analysis

The overall DSS with number of patients at risk over
time is illustrated in Figure 1 (n = 801). The median fol-
low-up was 45 months (range, 1-264 months) for all patients
and 51 months for survivors. For the entire cohort, 560
patients (70%) remain alive at last follow-up, and 155 (19%)
have died of LS (Table 2). Forty-one patients (5%) died of
other causes, and 45 patients (6%) died of unknown causes.

© 2006 Lippincott Williams & Wilkins

TABLE 1. Clinicopathologic and Treatment Characteristics
in 801 Patients With Primary Liposarcoma of the Extremity,
Trunk, or Retroperitoneum

Patient Characteristic n % of Total
Age (yr) [median (range)] 56 (16-95)
Gender
Female 330 41.2
Male 471 58.9
Histologic variant
Well-differentiated 369 46.1
Dedifferentiated 143 17.9
Myxoid 144 18.0
Round cell 81 10.0
Pleomorphic 64 8.0
Presentation status
Biopsy 274 342
No treatment 331 413
Prior excision 196 24.5
Primary site
Lower extremity 389 48.6
Upper extremity 63 7.9
Trunk 85 10.6
Retroperitoneum
With contiguous organ resection 129 16.1
Without contiguous organ resection 139 17.4
Tumor depth
Superficial 73 9.1
Deep 728 90.9
Tumor burden (cm) [median (range)] 15 (1-139)
Margins
Negative margins 533 66.5
Positive micro margins 211 26.3
Positive gross margins 57 7.1

The 5- and 12-year disease-specific survival probabilities
were 83% (95% CI, 80%—86%) and 72% (CI, 67%—77%),
respectively.

DSS stratified by histologic subtype is demonstrated in
Figure 2. The 5-year and 12-year DSS on univariate analysis
are also shown in Table 3. The 5-year DSS for low grade
lesions, namely well-differentiated and myxoid tumors, were
93% (CI, 88%—95%) and 92% (CI, 85%—-96%), respectively.
For high grade tumors, the 5-year DSS rates were: dediffer-
entiated 44% (CI, 33%—-54%); round cell 74% (CI, 54%—
62%); and pleomorphic 59% (CI, 44%—71%).

DSS stratified by primary site is illustrated in Figure 3.
Extremity lesions (upper extremity, 87% [CI 72%-94%];
lower extremity, 82% [CI, 76%—87%]) enjoyed a higher
12-year DSS compared with truncal LS (77% [CI, 61%—
86%]). Conversely, retroperitoneal tumors had a significantly
decreased 12-year DSS, with patients requiring resection of
one or more contiguous organs having the lowest 12-year
DSS at 32% (CI, 19%—46%). Those patients with retroperi-
toneal tumors which did not require contiguous organ resec-
tion had a 12-year DSS of 53% (CI, 37%—66%) (P =
0.0008).
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Disease-Specific Survival
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FIGURE 1. Liposarcoma-specific survival for 801 patients treated at Memorial Sloan-Kettering Cancer Center. Dotted-line
bands represent 95% Cl. Values at bottom indicate number of patients at risk.

TABLE 2. Patient Disease Status

Patient Status n % of Total
Alive 560 69.9
Dead of other causes 41 5.1
Dead of unknown causes 45 5.6
Dead of LS 155 19.4

DSS stratified by margin status is depicted in Figure 4.
While patients with microscopically negative and positive
margins had 12-year DSS rates of 74% (CI, 68%—79%) and
68% (CI, 56%—77%), respectively, those with grossly posi-
tive margins had a significantly decreased 12-year DSS of
25% (CI, 11%—42%) (<0.0001).

The multivariate analysis of prognostic factors of impor-
tance to DSS for 801 patients with primary LS is shown in Table
4. The independent predictors of DSS were age (P = 0.008),
presentation status (P = 0.004), primary site (P = 0.0008),
histologic variant (P < 0.0001), tumor burden (P =
0.0001), and gross margin status (P < 0.0001).

On the basis of the maturity of the data, we felt we were
able to reliably predict disease-specific survival to 12 years
with reasonably narrow Cls. A nomogram based on the Cox
model is illustrated in Figure 5. Each variable in the Cox
model was associated with LS-specific survival (P < 0.05) on
univariate analysis. The nomogram predicts the probability
that the patient will die of LS within 5 and 12 years of his
initial surgery, assuming he or she does not die of another
cause first. The bootstrapping concordance index was 0.827.
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Additional bootstrapping of this nomogram and plotting the
survival probabilities against the corresponding observed
survival probabilities obtained by the Kaplan-Meier method
suggests excellent calibration of the nomogram (Fig. 6).
Values on the x-axis represent probabilities that were calcu-
lated using the nomogram; values on the y-axis represent the
observed 12-year DSS for patients in the cohort. The diagonal
dashed line represents the performance of an ideal nomo-
gram, for which predicted outcomes would correspond per-
fectly with actual outcomes. The line containing error bars
represents the actual outcomes of the cohort.

When the dataset was applied to the previously estab-
lished general postoperative nomogram, the bootstrapping
concordance index was 0.776.

DISCUSSION

Liposarcomas are the most common histologic subtype
of STS and pose a challenge with regard to diagnosis,
prediction of clinical behavior including recurrence or death,
and treatment response. Nomograms are useful diagnostic
tools that can provide more accurate individualized risk
assessment for DSS. This is superior to what can be achieved
with Kaplan-Meier analysis or simple counting of individual
patient risk factors.'*° Nomograms effectively integrate nu-
merous prognostic variables to aid in predicting the proba-
bility of death and recurrence, in counseling patients, and in
planning for surveillance and follow-up. This is profoundly
helpful for patients who believe they are at high risk of dying,
as they may be comforted from their nomogram prediction.
Moreover, patients who are at high risk for DSS or recurrence
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FIGURE 2. Liposarcoma-specific survival by histologic subtype. Values at bottom indicate number of patients at risk.

TABLE 3. Univariate Analysis of Histologic Variant in
Disease-Specific Survival (DSS)

No. of 5-Year DSS
Histologic Variant Total Events 95% CI) P
Well-differentiated 157 19 0.93 (0.88-0.95) <0.0001
Dedifferentiated 25 55 0.44 (0.33-0.54)
Myxoid 90 9 0.92 (0.85-0.96)
Round cell 39 18 0.74 (0.62-0.83)
Pleomorphic 24 21 0.59 (0.44-0.71)

12-yr DSS (95% CI)

Well-differentiated 37 15 0.78 (0.69-0.84) <0.0001
Dedifferentiated 7 2 0.38 (0.25-0.50)
Myxoid 35 4 0.86 (0.76-0.92)
Round cell 10 6 0.55 (0.38-0.70)
Pleomorphic 8 2 0.53 (0.37-0.66)

should be identified so that surveillance and neoadjuvant/
adjuvant therapy may be aggressively undertaken.

Based on findings in prospectively-followed adult
patients with primary STS, Kattan et al'®> developed the
general postoperative sarcoma (GPS) nomogram, which
generates disease-specific mortality probabilities over 12
years following operation for all soft tissue sarcomas. This
prognostic tool relies on age, size, depth, site, grade, and
histology. Internally validated and found to have a con-
cordance index of 0.776, this GPS nomogram was vali-
dated by an external patient cohort, demonstrating its
accuracy and universal applicability.?’

We developed a LS-specific nomogram based on his-
tologic subtype/variant to more accurately predict DSS com-
pared with the previously established GPS nomogram. The

© 2006 Lippincott Williams & Wilkins

LS-specific nomogram, with a concordance index of 0.827,
discriminates LS-specific death among patients in terms of
their mortality risk more accurately than the GPS nomogram.
In other words, for a given pair of randomly selected patients,
if the patient with the shorter follow-up period died of LS, the
nomogram has an 83% chance of yielding a higher LS-specific
mortality probability for that patient. Calibration accuracy, dem-
onstrated by the calibration index, revealed that the LS-specific
nomogram is also very well calibrated (Fig. 3).

The improved ability of the LS-specific nomogram to
predict DSS is related to several features. First, tumor burden
(size) in our LS nomogram was modeled as a continuous
variable extending to 86 on the points axis as opposed to 3
discreet categorical variables (=5 cm, 5-10 cm, and >10 cm)
in the GPS nomogram, which had a 70-point range. The
greater range and more precise discrimination when size is
modeled as a continuous variable may account for some of
the ir;lproved accuracy of the LS nomogram for predicting
DSS.

Second, in LS, grade is determined by histologic sub-
type. Well-differentiated and myxoid LS subtypes are classi-
fied as low-grade; dedifferentiated, round cell, and pleomor-
phic LS subtypes are considered to be high grade. In our
subtype-specific LS nomogram, histologic subtype is the only
prognostic variable that uses the entire range of the points
axis. Visualization of the histologic subtype axis reveals that
myxoid LS has a worse prognosis than well-differentiated LS
even though both are considered low grade. For high-grade
LS, examination of the subtype axis illustrates the magnitude
of worsening prognosis as the subtype changes from dedif-
ferentiated to round cell to pleomorphic. The concordance
index of the LS nomogram using a 2-stage grading system
instead of histologic subtype was 0.817. The higher concor-
dance index for a LS nomogram that uses histologic subtype

385

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Moore Dalal et al Annals of Surgery ® Volume 244, Number 3, September 2006

o_
T P = 0.0008
Upper extremity
© Lower extremity
s
I s T _
2
=1 ol =TT
D ST
L
= ey LB .
[&]
(0]
Q.
@
o Y
@ a
< o
Q |
% —
o ___ Retro-1 or more
N
o
63 50 40 31 26 24 20 18 16 14 14 11 8 7 6 4 3 2 1 1 Upper extremity
385 318 267 234 203 177 149 130 110 92 81 66 59 54 45 39 33 26 18 16 8 2 Lower extremity
85 74 61 49 44 44 38 33 27 22 21 17 15 10 10 7 6 5 3 3 1 1 1 Trunk
139 116 94 81 60 48 37 26 20 15 9 8 7 5 5 4 4 3 2 Retro-0
Q_ 129 100 80 64 47 42 35 31 27 18 15 11 8 6 6 4 1 1 Retro-1 or more
(@]

N e R
0 2 4 6 8 10 12 14 16 18 20 22 22

Years

FIGURE 3. Liposarcoma-specific survival by primary location (extremity, trunk, retroperitoneum). Values at bottom indicate
number of patients at risk.
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TABLE 4. Multivariate Analysis of Clinicopathologic
Variables for Disease-Specific Survival in 801 Patients With
Primary Liposarcoma of the Extremity, Trunk, or
Retroperitoneum

Factor X df P

Age 6.97 1 0.0083
Gender 2.66 1 0.1028
Presentation status 11.09 2 0.0039
Primary site 19.01 4 0.0008
Histologic variant 96.67 5 <0.0001
Tumor depth 0.26 1 0.6126
Tumor burden 19.43 2 0.0001
Margin status 28.93 2 <0.0001

demonstrates the improvement in prediction of DSS that is
achieved when a model using histologic subtype as opposed
to grade is used.

For example, if we have a 50-year-old gentleman with
a 10 cm, deep, dedifferentiated liposarcoma of the upper
extremity, in the LS-specific nomogram, he would have 170
points. His 12-year sarcoma-specific survival rate would be
78%. In the previously established generic nomogram, in
which grade is used instead of histologic subtype, his pre-
dicted 12-year sarcoma-specific survival is substantially dif-
ferent at 46%. If we change our patient’s histologic subtype
to pleomorphic, which is also considered high grade, but keep
all of the same clinicopathologic features, his 12-year DSS is
38%, which is lower than the 46% predicted DSS in the
generic nomogram. This illustrates how the liposarcoma-
specific nomogram discriminates better than the previously
established nomogram. In the first example, the GPS nomo-
gram results in a 40% inaccuracy in predictive value: if a
dedifferentiated subtype, it underestimates 12-year DSS by
30%, and if a pleomorphic subtype, the old nomogram
overestimates 12-year DSS by 10%.

Third, factors used in the original nomogram are given
additional strength in our LS-specific nomogram. Retroperi-
toneal LS are differentiated between those who did or did not

1.0

0.8

Actual 144-Month DSS

0.4

0.2

T T T T
0.2 0.4 0.6 0.8

Nomogram Predicted Probability of 144-Month DSS

FIGURE 6. Calibration of the liposarcoma-specific survival
nomogram at 12 years. Bootstrapping was used to correct
for optimistic bias. x-axis is nomogram-predicted probability
of survival. y-axis is observed disease-specific survival.

require contiguous organ resection, which portends a signif-
icantly worse prognosis.

Our inclusion of additional prognostic factors all of
which were significant on univariate analysis (P < 0.05),
such as gender, presentation status, and gross margin status,
enriches the nomogram and thereby improves our ability to
predict DSS compared with the GPS nomogram. Patients
with primary liposarcoma who presented with a previous
resection/excisional biopsy had a significantly improved
DSS, which has been shown previously.?® This most likely
reflects selection bias in that LS that underwent marginal
resection due to technical reasons prior to referral to our
institution were easier to remove completely; thus, reexcision
may be associated with a more favorable prognosis than those
patients treated with core/incisional biopsy or referred with-
out prior biopsy. Inclusion of this variable improves the
concordance index of the model.
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FIGURE 5. Nomogram for predicting 5- and 12-
year liposarcoma-specific survival probabilities.
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Inspection of the margin of resection axis reveals that a
grossly positive margin is associated with a significantly
worse prognosis compared with negative or microscopically
positive margins. Incomplete resection is a particularly im-
portant prognostic factor in primary retroperitoneal LS with a
hazard ratio of 3.8 for DSS.° However, on multivariate
analysis, the microscopic versus negative margins was not a
significant predictor of DSS for retroperitoneal LS. On the
margin axis, negative and microscopically positive margins
are relatively close (approximately 3 points apart) with neg-
ative margins having a slightly worse prognosis than micro-
scopically positive margins. This small difference on the
margin axis may well be correlated with a change in other
axes of the nomogram, suggesting a potential interaction with
a different prognostic variable. One example is the correla-
tion with site. In extremity LS, margins may make a differ-
ence in outcome, but in retroperitoneal LS, complete gross
resection is the dominant factor.’

The nomogram is useful for visualizing the associations
between each predictor variable and sarcoma-specific death.
The nomogram illustrates the worsening prognosis as the age
increases. In addition, tumor burden also extends across the
full range of the points axis. Patients with tumors of the
extremities fare better than those located in other sites.
Retroperitoneal LS have the worst prognosis, and contiguous
organ resection portends an even less favorable outcome.’
With regard to histologic subtype, one can see the full
spectrum from well-differentiated to pleomorphic, as well as
the continuum from myxoid to round cell. For nomogram
stratification, the round cell histologic subtype was divided
into 2 groups (5%—-25% RC and >25% RC component) to see
if the degree of round cell differentiation was predictive of
DSS. Although round cell >25% lies to the right of round
cell 5% to 25% on the nomogram axis, in truth, their 5-year
DSS rates are equal on univariate analysis, and the observed
difference on the nomogram axis may be related to interac-
tions with other prognostic variables.

When examining the associations of the nomogram
predictors, one can understand that these factors are corre-
lated; moving a patient on one axis may move him on another
axis as well. This may explain the discrepancies between
what one thinks is intuitive compared with the nomogram
itself. With regard to tumor depth, although patients with
superficial tumors appear to do worse than those with deep
LS on the nomogram axis, the difference is small (approxi-
mately 10 on the points axis). Patients with deep tumors will
fare worse on other nomogram variables. For example,
23% of superficial tumors were high grade, and 65% of
deep tumors were low grade. Thus, the deep versus super-
ficial axis is essentially a correction factor because it is
artificial to fix all of the other axes and to only move the
patient on the depth axis.

Similar reasoning applies to margin status. Although in
the DSS nomogram, patients with microscopically positive
margins appear to do better than those with negative margins,
the difference is slight and insignificant. Typically, the patient
will move on other axes when he moves on the margin status
axis. Thus, the microscopically positive versus negative mar-
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gin axis is a correction factor which improves the concor-
dance of the model when used with other variables.

There are weaknesses in the LS-specific DSS nomo-
gram. Despite including more patients and tumor variables
and having a higher concordance index compared with the
original MSKCC Sarcoma Nomogram, the nomogram is not
perfectly accurate. With a bootstrap-corrected concordance
index of 0.827, the nomogram has an 83% chance of predict-
ing LS-specific death. However, this LS-specific nomogram
may provide the most accurate predictions presently avail-
able. In addition, if a patient acquires <50 points or >275,
his 12-year DDS can only be predicted at >99% or <1%,
respectively.

Another limitation of the nomogram is that it relies on
postoperative variables, making it an inadequate preoperative
counseling tool. It also does not take into consideration
adjuvant treatment, such as chemotherapy or radiotherapy.
Although traditional adjuvant doxorubicin-based therapies
have improved local recurrence rates, they have had little to
no impact on survival.?’ 3! A recent study from MSKCC and
ULCA found that ifosfamide-based chemotherapy was asso-
ciated with improved survival in patients with high-risk,
primary, extremity LS.'? Ifosfamide-based chemotherapy
was not introduced until 1990 and was not uniformly applied
or prospectively randomized to LS patients treated at
MSKCC. Thus, chemotherapy and radiotherapy treatment
variables were omitted from the nomogram model.

Developing a nomogram requires an extensive database
with long-term follow-up. While our database is powerful as
it contains patients who have been followed more than 20
years, the LS nomogram will only predict LS-specific death
to a maximum of 12 years; this allows comparison of our
LS-specific nomogram to the previously established GPS
nomogram. Patients can still die of liposarcoma after 12
years; however, of the 86 patients at risk, only 4 patients have
died of LS, emphasizing a relatively low risk of death after 12
years. This nomogram is a tool that can be adapted to desktop
and handheld software. We plan to provide this service, free
of charge, as we do with our other software, at http://
www.mskcc.org/predictiontools.

The LS-specific postoperative nomogram discriminates
DSS better than the previously established GPS nomogram.
A LS nomogram model that uses histologic subtype as
opposed to grade improves prediction of DSS. Understanding
prognostic variables is important for counseling patients,
selecting patients for aggressive adjuvant therapy, stratifying
patients for clinical trials, and setting goals for patient treat-
ment.*? In this way, one can improve the patient’s psycho-
logic state and potentially modify recurrence and disease-
specific death. In the future, improved understanding of
molecular markers may allow their inclusion in these nomo-
grams to further enhance their predictive power.
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Discussions

Dr. WiLLiaM G. CANCE (GAINESVILLE, FLORIDA): This is
an excellent study based on almost a quarter century of
following sarcoma patients in a prospective database at Me-
morial Sloan-Kettering. This illustrates the value of these
databases provided they are maintained and updated like the
Sloan-Kettering databases have been done.

This shows the continued refinement of the prognostic
variables for sarcoma. We have come a long way from the
original variables of size, grade, and depth to a much more
detailed discrimination of prognostic variables. So, it seems like
we are moving from lumping these sarcomas together as a group
of diverse but somewhat related tumors to being able to have a
much more detailed understanding of prognostic variables, as
you have shown quite nicely with the different subtypes.

I think that one of the most significant findings in this
paper is your ability to integrate all these prognostic variables
and take the Cox regression analyses and extend them to a
nomogram. That is a major step forward that your group has
led and is now refining. In addition, it helps us significantly,
as you described, when we counsel our patients and when we
stratify for clinical trials.

I have 3 questions. You excluded the patients that were
on ifosfamide and received chemotherapy. What are your
plans for being able to incorporate the chemotherapy patients
into your nomograms? That was a prognostic variable in
other studies. Are you going to be able to put that in
eventually, and how will that factor in for the patients that
receive that in an adjuvant setting?

For the primary liposarcomas that have had a previous
resection, they had a better prognosis. Does that apply to the
retroperitoneal sarcomas as well, particularly those that have
had an incomplete resection? The patients that are the most
challenging to the tertiary referral centers are the retroperi-
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toneal sarcomas that have had an incomplete resection with
positive margins. How do those patients fit onto your nomo-
gram when they come in to see you?

Finally, I think that your 83% accuracy is phenomenal.
Why do you need molecular markers as you mention in the
paper? We all know how difficult it is to correlate molecular
markers with prognosis. Shouldn’t you just use molecular mark-
ers to define the targets and use it more on a therapeutic basis?

Dr. SAMUEL SINGER (NEW YORK, NEW YORK): In terms
of ifosfamide-based chemotherapy, we have previously done
a study in combination with UCLA, and so the majority of
those patients who had ifosfamide from that study were
treated at UCLA. We had about 12% at Memorial who were
treated with ifosfamide-based adjuvant therapy. So most of
the patients that were treated at Memorial did not have these
adjuvant therapies. And because these were not generally
treated in a uniform fashion either for radiation or chemo-
therapy, we elected not to model those as part of this study.

But clearly, this type of nomogram approach could be
used to look at the effect of treatment such as chemotherapy
in the future if we were looking at a prospective trial. It would
also help us to more accurately develop how to run that
prospective trial based on careful breakdown of patients
between the different subtypes so we would make sure we
would have equal balance in the clinical trial.

In terms of incomplete resection and then the patient
coming in for another resection, in this model the majority of
patients that had that approach were extremities, and we
didn’t go down and break it down into how the patients who
were retroperitoneal who had incomplete resection did. I
think in this nomogram most of the patients who had the prior
resection, I think that there was selection bias in that they had
an improved outcome in that if it was easy to do on the
outside then they had that performed. But we didn’t break it
down, so I can’t answer your question on the retroperitoneal
specifically in this subset.

And then finally, your third question about why add in
molecular features. I think the concordance index for this is
very good. It is not perfect. I think it remains to be determined
whether we can then take this nomogram and then look, add
in molecular predictors. I have shown from our microarray
work that we had excellent correlations between gene expres-
sion analysis and subtypes. So clearly, the gene expression
profile very carefully adjusts for subtypes. We need to deter-
mine, even if we adjust for subtypes, are there genes that still
hold predictive value, for example, for metastasis and in turn
influence survival?

So I think this nomogram serves as a basis now where
we can then add to it information from gene (genomes) and
try and see if we can do better with a genomic analysis as well
as these clinical variables in combination. So we plan to take
this Cox regression model, combine it with our molecular
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analysis, and see if we can improve it. My own bias is I think
there is still room for improvement. But we will see.

Dr. MiGUEL ANGEL MErRcaDO (MExico CiTy, MEXICO):
In this type of tumors, survival, did they die because of tumor
recurrence after 15 years, all the patients have died are tumor
related? Because it seems after 15 or 20 years, survival is
related to perhaps, or some other types. In the very well-
differentiated tumors, the survival approaches that of the
normal population. Do they die because of recurrence of the
tumor?

Dr. SamueL SINGER (NEw YORrk, NEw York): We pre-
sented here disease-specific survival, disease as it relates to
liposarcoma. We only had 4 deaths after 12 years, and 86
patients were at risk. So not many patients die after 12 years. The
typical patient who would recur late would be a retroperitoneal
tumor where the curves continue to deteriorate with time. So
those would be the ones that would be at greatest risk for late
death.

Dr. JaMmEs E. GOODNIGHT, JR. (SACRAMENTO, CALIFORNIA):
Dr. Singer, a beautiful and very sophisticated study. Tradition-
ally, we have found that limb sarcomas have a better prognosis
than retroperitoneal, presumably because of where they present
the ability to get local control. As you look at where these
histologic subtypes present, is that beginning to dominate over
the anatomic presentation of the sarcoma in terms of prognosis?

Dr. SamueL SINGER (NEw York, NEw York): The ex-
tremity tumors, the subtypes that predominate, allow myxoid,
round cell, pleomorphic with some well-differentiated lipo-
sarcomas mixed in. But it is mainly myxoid round cell,
pleomorphic. In the retroperitoneum, it is the well-differen-
tiated that predominates, there are no pleomorphic tumors. So
although, for example, pleomorphic and round cell have a
higher distant metastasis rate and they occur in the extremity
and patient survival has allowed to you determine by distant
metastasis, those survival curves flatten right out.

In the retroperitoneum, on the other hand, with well-
differentiated and dedifferentiated tumors, the curves, al-
though initially they have a lower rate of distant metastasis,
they largely die of local control effect because the dediffer-
entiated tumors don’t metastasize to other sites as frequently.
So a lot of times you will get later deaths in that location. So
it is a combination of both effects, subtype and site.

Dr. HaroLD J. WANEBO (PROVIDENCE, RHODE IsLaND): 1
would like to compliment Dr. Singer and his group on the
development of prognostic nomogram and on redefining our
understanding of sarcoma from the perspective of tumor type.
Clinical classification schemes have changed over the years.
We were initially splitters focusing on tumor type, but be-
came lumpers just looking at grade and tumor size. It looks
like we have come full circle with your detailed prognostic
nomogram of a major tumor type, liposarcoma.
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My question is related to the issue that the definition of
the various subtypes appears highly dependent on the expe-
rience and thinking of the pathologists involved. So I would
think that your nomogram, which looks very interesting,
would have to be validated by other centers that have expe-
rience with sarcomas regarding the use of the subtypes.

My other question is a practical one. It used to be
thought that certain liposarcomas were perhaps more sensi-
tive to radiation than other sarcomas, especially in the retro-
peritoneum. I don’t know if that is true or not, but I just
wondered if there are any distinctive relationships to thera-
pies besides surgery that might have treatment application? In
other words, are certain tumors, if they are high grade and in
the retroperitoneum, more effectively treated using neoadju-
vant or adjuvant therapies rather than just standard resection?
Can the normogram provide therapeutic insight regarding
therapy?

© 2006 Lippincott Williams & Wilkins

Dr. SAMUEL SINGER (NEW YORK, NEW YORrRK): We didn’t
look at the issue of adjuvant therapy in this study, but in
general for the extremity lesions certainly we would recom-
mend radiation. Radiation is really an investigative tool in the
retroperitoneal location. In terms of systemic therapy, the
round cell and pleomorphic subtypes are particularly sensi-
tive to ifosfamide-based chemotherapy. The dedifferentiated
subtype generally tends to be much less sensitive. So there is
a subtype-specific sensitivity in terms of chemotherapy that
one would approach.

In terms of the grading system for these tumors, it is
fairly universal that pathologists use subtypes to define grade
in liposarcoma. So this is the criterion they go back to when
they define grade. Grade is somewhat redundant in certain
histologic types, liposarcoma being one of them. So I think it
is more precise to actually look at subtype rather than talking
a 2-grade simple system.
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