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Abstract

IMPORTANCE—Gastrointestinal stromal tumors (GISTs) are the most commonly diagnosed
mesenchymal tumors of the gastrointestinal tract. The risk of recurrence following surgical
resection of GISTs is typically reported from the date of surgery. However, disease-free survival
(DFS) over time is dynamic and changes based on disease-free time already accumulated
following surgery.
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OBJECTIVES—To assess the comparative performance of established GIST recurrence risk
prognostic scoring systems and to characterize conditional DFS following surgical resection of
GISTs.

DESIGN, SETTING, AND PARTICIPANTS—A retrospective cohort study of 502 patients
who underwent surgery for a primary, nonmetastatic GIST between January 1, 1998, and
December 31, 2012, at 7 major academic cancer centers in the United States and Canada.

MAIN OUTCOMES AND MEASURES—Disease-free survival of the patients was classified
according to 5 prognostic scoring systems, including the National Institutes of Health criteria,
modified National Institutes of Health criteria, Memorial Sloan Kettering Cancer Center GIST
nomogram, and American Joint Committee on Cancer gastric and nongastric categories. The
concordance index (also known as the C statistic or the area under the receiver operating curve) of
established GIST recurrence risk prognostic scoring systems. Conditional DFS estimates were
calculated.

RESULTS—Overall 1-year, 3-year, and 5-year DFS following resection of GISTs was 95%,
83%, and 74%, respectively. All the prognostic scoring systems had fair prognostic ability. For all
tumor sites, the American Joint Committee on Cancer gastric category demonstrated the best
discrimination (C = 0.79). Using conditional DFS, the probability of remaining disease free for an
additional 3 years given that a patient was disease free at 1 year, 3 years, and 5 years was 82%,
89%, and 92%, respectively. Patients with the highest initial recurrence risk demonstrated the
greatest increase in conditional survival as time elapsed.

CONCLUSIONS AND RELEVANCE—Conditional DFS improves over time following
resection of GISTs. This is valuable information about long-term prognosis to communicate to
patients who are disease free after a period following surgery.

Gastrointestinal stromal tumors (GISTs) are the most commonly diagnosed mesenchymal
tumors of the gastrointestinal tract, with an annual incidence of 10 to 15 cases per 1
million.1=3 For patients with primary GISTs, complete surgical resection remains the
treatment modality that confers the best chance of cure.* Factors associated with recurrence
following resection of GISTs include tumor size, mitotic rate, tumor site, and tumor
rupture.>—8 Several investigators have assembled recurrence risk stratification systems using
these factors, with the goal of stratifying patients according to recurrence risk.5-9 In addition,
a prognostic nomogram for GISTs has been created to numerically predict the recurrence-
free survival for a given patient.10 To further standardize classification, GISTs were recently
incorporated into the seventh edition of the American Joint Committee on Cancer (AJCC)
TNM staging system!1; however, the accuracy of this staging method has not been
compared with established recurrence risk stratification systems.

Compared with traditional measures of estimating survival, conditional survival estimates
have been identified as a more meaningful measure of the survival probability of patients
who have an initial survival period.12 Currently available tools to predict recurrence risk of
GISTs calculate the risk of recurrence from the time of surgery. However, the probability of
future disease-free survival (DFS) changes based on DFS time accumulated. Conditional
DFS (CDFS) estimates the probability that a patient will continue to remain disease free
after a given length of DFS. Conditional survival estimates have been proposed as a more
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accurate way to predict prognosis in patients who have survived for a period following
surgery.12-14 The objectives of the present study were to assess the comparative
performance of established GIST risk stratification and prognostic scoring systems in
patients undergoing surgery for a primary, nonmetastatic GIST and to characterize CDFS
following surgical resection of GISTs.

Patient Population and Data Collection

The institutional review board of each participating institution approved the study. The
institutional review board deemed that a separate informed consent was not necessary for
this study. There were 609 patients who underwent surgery between January 1, 1998, and
December 31, 2012, for a primary, nonmetastatic GIST retrospectively identified from 7
major academic cancer centers in the United States (The Johns Hopkins University,
Baltimore, Maryland; Duke University, Durham, North Carolina; Emory University,
Atlanta, Georgia; Medical College of Wisconsin, Milwaukee; and University of Virginia,
Charlottesville) and Canada (University Health Network, Toronto, Ontario; and Sunnybrook
Health Sciences Centre, Toronto, Ontario). From this database, 502 patients who underwent
curative-intent surgical resection of a primary GIST were included in the present study.
Patients with recurrent or metastatic disease were excluded. In addition, patients who
underwent an operation for an indication other than GISTs who had an incidental finding of
GISTs were excluded because their survival is more likely to be dictated by the indication
for operation.

Standard demographic and clinicopathological data were collected and included the
following: age, sex, tumor site, tumor size, tumor rupture, year of surgery, multivisceral
resection (yes or no), operation type (open or minimally invasive), mitotic rate (number of
mitoses per 50 high-power fields [HPFs]), and margin status (negative [RO], microscopically
positive [R1], or macroscopically positive [R2]). Details of therapy with a tyrosine kinase
inhibitor (TKI), the date of the last follow-up visit, and recurrence and survival information
were collected. Recurrence was defined as a biopsy-proven recurrent GIST or a lesion
deemed suspicious on cross-sectional imaging.

Statistical Analysis

Summary statistics for the study population are presented as proportions or as median values
with interquartile ranges. Disease-free survival for the entire study population was generated
using the Kaplan-Meier method, calculated with the date of surgery as the time origin.1> The
association of relevant clinicopathological variables with DFS was assessed using Cox
proportional hazards models; the prognostic power of covariates was expressed by
calculating hazard ratios (HRs) with 95% Cls.16 The variables considered in our analysis
were age, sex, tumor site, tumor size, tumor rupture, mitotic rate, neoadjuvant TKI, adjuvant
TKI, and margin status.

Kaplan-Meier estimates of DFS and Cox proportional hazards models were used to explore
differences among strata established by the National Institutes of Health (NIH) criteria,® the
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modified NIH criteria,® the Memorial Sloan Kettering Cancer Center (MSKCC) GIST
nomogram,19 and the GIST staging in the seventh edition of the AJCC TNM staging
system.! For determining DFS based on the MSKCC GIST nomogram, the predicted
probability of recurrence at 5 years was calculated using the nomogram, and patients were
divided into roughly equal quartiles based on their predicted 5-year recurrence risk (patients
with identical predicted 5-year recurrence risk were grouped in the same quartile). The
discriminative abilities of each staging system were assessed using the concordance index
(also known as the C statistic or the area under the receiver operating curve), a measure that
quantifies the proportion of all patient pairs for whom the predicted and observed survival
outcomes are concordant.1” A C statistic of 0.50 indicates no discriminatory ability, while a
C statistic of 1.00 indicates perfect discrimination. Discrimination for the MSKCC GIST
nomogram was calculated using the raw recurrence risk rather than the quartile grouping so
as not to diminish the discriminative ability of the nomogram. C statistics were calculated
for DFS for tumors at all sites according to the NIH criteria, modified NIH criteria, and
MSKCC GIST nomogram. The AJCC TNM staging system has separate stratification for
gastric and nongastric tumors. The AJCC gastric category includes GISTs arising in the
stomach and omentum, and the AJCC nongastric category includes GISTs arising in the
small bowel, esophagus, mesentery, colon, rectum, and peritoneum. To compare
discrimination based on the AJCC TNM staging system with that of the other systems, C
statistics were calculated separately for gastric and nongastric tumors according to the NIH
criteria, modified NIH criteria, and MSKCC GIST nomogram. In addition, the ability of the
NIH criteria, modified NIH criteria, MSKCC GIST nomogram, and AJCC gastric and
nongastric categories to discriminate overall survival was assessed.

Conditional survival estimates characterize the probability that an individual will survive for
an additional number of years given that he or she has already survived a specified amount
of time.12-14.18 \We calculated CDFS as the probability of remaining disease free for an
additional 3 years (CDFS3) given that a patient had survived for x years. The 3-year CDFS
for patients who had been disease free for x years was computed as CDFS3 = DFSy + 3)/
DFS(x). Conditional DFS estimates were stratified by prognostic groupings according to the
NIH criteria, modified NIH criteria, MSKCC GIST nomogram, and AJCC gastric and
nongastric categories. Changes in CDFS3 over time were assessed using linear regression. In
addition, a sensitivity analysis was completed to determine if DFS and thus CDFS3
estimates were altered when patients who received neoadjuvant imatinib mesylate were
excluded.

All analyses were performed with statistical software (STATA, version 12.0; StataCorp LP).
All tests were 2-sided, and P < .05 was considered statistically significant.

Demographic and Clinicopathological Characteristics

The characteristics of 502 patients included in our study are summarized in the eTable in the
Supplement. The median age of our study population was 63 years, and 50% of the patients
were female. Most tumors originated in the stomach (73%), while others originated in the
small bowel (17%), rectum (2%), or elsewhere (8%). Eight percent of patients underwent
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neoadjuvant TKI therapy. Tumor size was less than 5.0 cm in 54% of patients, between 5.0
and 10.0 cm in 29% of patients, and greater than 10.0 cm in 18% of patients. Most patients
(76%) had tumors of low mitotic rate (<5 mitoses per 50 HPFs), while 14% of patients had
tumors of high mitotic rate (>10 mitoses per 50 HPFs). Most patients (94%) underwent an
RO resection, and the incidence of tumor rupture was 1%. Approximately one-quarter (23%)
of patients underwent adjuvant therapy with a TKI following resection.

Trends in DFS

Overall DFS after resection of primary GISTs was 95% at 1 year, 83% at 3 years, and 74%
at 5 years; the median DFS was not reached (eFigure 1 in the Supplement). On univariate
analysis, factors significantly associated with decreased DFS were the following: male sex
(HR, 1.59), tumor size of 5.0 to 10.0 cm (HR, 2.49), tumor size larger than 10.0 cm (HR,
4.51), tumor originating in the small bowel (HR, 1.90) or rectum (HR, 4.37), mitotic rate
exceeding 10 mitoses per 50 HPFs (HR, 6.32), treatment with neoadjuvant TKI (HR, 2.77),
and treatment with adjuvant TKI (HR, 1.66) (P < .05 for all) (Table 1). On multivariable
analysis, factors significantly associated with decreased DFS were older age (HR, 1.03),
male sex (HR, 2.45), tumor size larger than 10.0 cm (HR, 2.55), tumor originating in the
small bowel (HR, 2.34) or rectum (HR, 15.60), mitotic rate exceeding 10 mitoses per 50
HPFs (HR, 6.31), and no treatment with adjuvant TKI (HR, 2.17) (P < .05 for all).

Comparative Performance of Prognostic Scoring Systems

Disease-free survival of the patients was classified according to 5 prognostic scoring
systems, including the NIH criteria, modified NIH criteria, MSKCC GIST nomogram, and
AJCC gastric and nongastric categories. These results are shown in Figure 1A and B and in
eFigure 2A and eFigure 3A and B in the Supplement. The NIH criteria, modified NIH
criteria, and AJCC gastric and nongastric categories stratify patients into groups based on
recurrence risk, while the MSKCC GIST nomogram assigns a specific value for 5-year DFS.
For quartile 1 of the MSKCC GIST nomogram, the actuarial DFS was better than that
predicted by the nomogram; for each of quartiles 2, 3, and 4, the actuarial DFS for each
quartile was similar to DFS predicted using the nomogram. Specifically, for quartile 1, the
median predicted 5-year DFS was 7% (range, 1%-52%), while the actuarial 5-year DFS was
50%. For quartile 2, the median predicted 5-year DFS was 82% (range, 53%—-87%), while
the actuarial 5-year DFS was 90%. For quartile 3, the median predicted 5-year DFS was
92% (range, 88%—-93%), while the actuarial 5-year DFS was 82%. For quartile 4, the median
predicted 5-year DFS was 95% (range, 94%-96%), while the actuarial 5-year DFS was
92%.

Disease-free survival was calculated for each of the 5 prognostic scoring systems, and
discrimination of each system was assessed using C statistic (Table 2). Of the 3 risk
stratification systems that examined patients with GISTs at all sites (NIH criteria, modified
NIH criteria, and MSKCC GIST nomogram), the MSKCC GIST nomogram was superior
for discrimination of DFS, with a C statistic of 0.72. The AJCC TNM staging system has
separate stratification for gastric and nongastric tumors, so C statistics were calculated
separately for gastric and nongastric tumors using the NIH criteria, modified NIH criteria,
and MSKCC GIST nomogram to compare the AJCC system with the other systems. For
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gastric tumors, the AJCC system had the best discrimination, with a C statistic of 0.79; C
statistics of the NIH criteria, modified NIH criteria, and MSKCC GIST nomogram when
restricted to gastric tumors were 0.73, 0.73, and 0.72, respectively. For nongastric tumors,
the modified NIH criteria, MSKCC GIST nomogram, and AJCC system all had equivalent
discriminatory ability, with a C statistic of 0.68; the NIH criteria had a C statistic of 0.62.
The prognostic scoring systems were superior for prediction of DFS than for overall
survival. For overall survival, C statistics of the NIH criteria, modified NIH criteria,
MSKCC GIST nomogram, and AJCC gastric and nongastric categories were 0.60, 0.58,
0.62, 0.72, and 0.60, respectively.

Conditional DFS

Overall DFS at 3 years was 83%, and this decreased to 74% at 6 years. In contrast, 3-year
CDFS at 3 years (CDFS3) was 89%: this is the probability of remaining disease free for 3
additional years given that an individual is disease free for 3 years following surgery (Figure
2). Similarly, CDFS3 at 5 years (the probability of remaining disease free for an additional 3
years given that the patient is disease free at 5 years) was 92% compared with an actuarial
DFS of 68%.

The calculated CDFSg for strata of the prognostic scoring systems exceeded the actuarial
DFS, particularly for patients who were initially predicted to have poor outcomes (Figure 1C
and D and eFigure 2B and eFigure 3C and D in the Supplement). For example, patients
classified as having high risk of recurrence using the modified NIH criteria have a CDFS3 of
85% at 3 years compared with an actuarial DFS of 55% at 6 years (Figure 1C). Similarly,
patients in quartile 1 of the MSKCC GIST nomogram have a CDFS3 of 83% at 3 years
compared with an actuarial DFS of 51% at 6 years (Figure 1D). The differences between
actuarial DFS and CDFS were smaller in patients predicted to have better outcomes: patients
in quartile 4 of the MSKCC GIST nomogram have a CDFS3 of 92% at 3 years compared
with an actuarial DFS of 84% at 6 years.

The differences in CDFS3 over time were more pronounced for patients with higher risk of
recurrence. Using the NIH criteria, patients with very low recurrence risk had a smaller
change over time in CDFS3 (91%-100%, A9%) relative to patients with high recurrence risk
(62%-94%, A32%). Similar differences in CDFS3 were seen over time between very low vs
high risk strata of the modified NIH criteria (91%-100%, A9% vs 65%-94%, A29%) and
between quartile 4 vs quartile 1 of the MSKCC GIST nomogram (91%-100%, A9% vs
62%—-94%, A32%).

The calculated CDFS3 estimates were stratified by modified NIH category, MSKCC GIST
nomogram quartile, tumor site, tumor size, and mitotic rate for the first 5 years following
surgery for primary GISTs. These results are summarized in Table 3.

Sensitivity Analysis

A sensitivity analysis was completed to determine the effect of the exclusion of patients who
received neoadjuvant imatinib on DFS and thus on CDFS3 estimates. When patients who
received neoadjuvant imatinib were excluded, DFS and CDFS3 estimates were the same or
very similar if patients were classified by the NIH criteria, modified NIH criteria, or
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MSKCC GIST nomogram quartile. Larger changes in both DFS and CDFS3 were seen in
the groups of patients with AJCC stage 3 GISTs after removal of patients who received
neoadjuvant imatinib; however, the remaining numbers of patients in these groups were
small.

Discussion

Although surgical resection remains the treatment of choice for patients with primary
GISTs, the risk of recurrence following resection is significant. Nevertheless, prognosis for
patients undergoing resection of GISTSs is heterogeneous and depends on several prognostic
factors. Accurately defining prognosis following resection for patients with GISTs is
important for patients, family members, and care providers. This study is important because
it defines DFS for a large, multi-institutional cohort of patients who have undergone
resection of GISTs in the imatinib era. We demonstrate that commonly used GIST
prognostic scoring systems, including the NIH criteria, modified NIH criteria, MSKCC
GIST nomogram, and AJCC gastric and nongastric categories, demonstrate fair prognostic
discriminatory ability. In addition, we demonstrate that CDFS can more accurately predict
DFS for patients with GISTs who have survived for a period following surgery compared
with traditional DFS derived using Kaplan-Meier curves.

In a pooled analysis of 2459 patients with GISTs, the estimated 5-year DFS was 70.5%.19
The overall 1-year, 3-year, and 5-year DFS in the present study was 95%, 83%, and 74%,
respectively. Herein, we identified the following 6 independent risk factors for recurrence:
older age, male sex, tumor size larger than 10 cm, tumor originating in the small bowel or
rectum, mitotic rate exceeding 10 mitoses per 50 HPFs, and no treatment with adjuvant TKI.
These risk factors are consistent with previously documented risk factors for recurrence
following resection of GISTSs, including tumor size, tumor site, mitotic rate, and tumor
rupture.>-8

Conditional DFS may be superior to traditional survival estimates and prognostic scoring
systems to estimate DFS over time. By considering the time already survived since surgery,
CDFS provides a more dynamic estimate of the probability of DFS.1420 Conditional DFS is
particularly useful in counseling patients with an initial high risk of recurrence who have
remained disease free for a certain period.21:22 Specifically, 3-year conditional survival
estimates increased the most over time for patients in the poorest prognostic groups. These
data allow one to tailor estimates of DFS to the individual patient by accurately predicting
DFS, taking into consideration both clinicopathological characteristics of the tumor and the
time an individual has remained disease free following resection.

To our knowledge, this is the first study that estimates CDFS for GISTs. Conditional DFS
has been used for a range of other malignancies. Mayo et al? examined conditional survival
for pancreatic adenocarcinoma after curative-intent resection and found that patients with
high lymph node ratios or positive margins had the greatest increase in 2-year conditional
survival as time elapsed. Similarly, Nathan et all# studied conditional survival in a multi-
institutional cohort of patients undergoing surgical resection of colorectal liver metastases.
In that study, conditional survival improved substantially over time for patients who were
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initially predicted to have poor survival at the time of surgery. Similarly, in the present
study, we noted that CDFS3 for GISTs increased as a function of time survived for patients
initially predicted to have the poorest prognosis. For example, using the modified NIH
criteria, patients with high recurrence risk had a 32% increase in CDFS3 from the time of
surgery to year 5, while patients with very low recurrence risk had only a 9% increase in
CDFS3 during that period. Similar trends were seen for the NIH criteria, MSKCC GIST
nomogram, and AJCC gastric and nongastric categories. This suggests that traditional DFS
estimates are not optimally informative when trying to predict future DFS for patients with
high-risk tumors who remain disease free and are seen in follow-up.

The present study had several limitations. Despite its being a large series of primary,
nonmetastatic GISTSs, the study still had a small sample size (<1000). In addition,
collaboration with multiple institutions limited the ability to easily standardize diagnostic
and treatment criteria. However, benefits of the multi-institutional study design herein were
higher statistical power and greater generalizability of the results.

Conclusions

In conclusion, we demonstrated in this study that DFS estimates following surgical resection
of GISTs changed as a function of the time a patient has remained disease free since surgery.
For all patients, the probability of remaining disease free for an additional 3 years given that
a patient was disease free at 1 year, 3 years, and 5 years was 82%, 89%, and 92%,
respectively. In addition, relative CDFS improved the most among patients predicted to have
increased risk of recurrence at the time of surgery. Therefore, CDFS can provide accurate
information about how DFS changes over time for patients following GIST resection.
Conditional DFS estimates should be used to better inform patients of their predicted DFS as
they undergo surveillance for recurrence following resection of GISTs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Disease-Free Survival (A and B) and 3-Year Conditional Disease-Free Survival (C and D)
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Cancer Center (MSKCC) Gastrointestinal Stromal Tumor (GIST) nomogram. C, Modified

NIH criteria. D, MSKCC GIST nomogram.
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Conditional Disease-Free Survival Relative to Actuarial Disease-Free Survival

Conditional disease-free survival at 3 years was 89%. This is the probability of remaining
disease free for 3 additional years given that an individual is disease free for 3 years
following surgery.
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Univariate and Multivariable Cox Proportional Hazards Models for Disease-Free Survival

Table 1

Univariate Analysis

Multivariable Analysis

Variable HR (95% ClI) PValue HR (95% ClI) P Value
Age 1.02 (1.00-1.04) 07 1.03 (1.01-1.06) .005
Sex

Female 1 [Reference] NA 1 [Reference] NA

Male 1.59 (1.00-2.52) 049 245 (1.37-4.36) .002
Tumor site

Stomach 1 [Reference] NA 1 [Reference] NA

Small intestine 1.90 (1.12-3.22) .02 2.34 (1.29-4.24) .005

Rectum 4.37 (1.72-11.10) .002 15.60 (3.18-76.47) .001

Other 1.23 (0.56-2.74) 61 1.21 (0.42-3.47) 72
Tumor rupture 3.03 (0.95-9.67) .06 1.81 (0.35-9.20) 48
Tumor size, cm

<5.0 1 [Reference] NA 1 [Reference] NA

5.0-10.0 2.49 (1.36-4.58) 003 1.33(0.63-2.81) 46

>10.0 451(251-8.10)  <.001 2.55 (1.17-5.57) 02
Mitotic rate, per 50 HPFs

<5 1 [Reference] NA 1 [Reference] NA

6-10 1.35 (0.56-3.29) 50 1.37 (0.52-3.59) 53

>10 6.32 (3.84-10.41) <.001 6.31(3.18-12.50)  <.001
Margin status

RO 1 [Reference] NA 1 [Reference] NA

R1 1.99 (0.99-4.01) .05 1.36 (0.63-2.95) A4
Neoadjuvant TKI 2.77 (1.40-5.49) 003 1.46(0.45-4.77) 53
Adjuvant TKI 1.66 (1.04-2.65) 03 0.46 (0.24-0.87) 02

Abbreviations: HPFs, high-power fields; HR, hazard ratio; NA, not applicable; TKI, tyrosine kinase inhibitor.
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Table 2

Disease-Free Survival by Prognostic Scoring System?

Disease-Free Survival, %

Variable ly 3y 5y C Statistic
Overall 95 83 74 NA
NIH criteria 0.70
Very low risk (n = 54) 91 91 84
Low risk (n = 186) 97 95 86
Intermediate risk (n = 120) 99 94 89
High risk (n = 139) 91 62 52
Modified NIH criteria 0.69
Very low risk (n = 54) 91 91 84
Low risk (n = 184) 97 95 86
Intermediate risk (n = 101) 99 95 89
High risk (n = 160) 92 65 56
MSKCC GIST nomogram 0.72
Quartile 4 (n = 103) 95 92 92
Quartile 3 (n = 135) 98 93 82
Quartile 2 (n =122) 98 97 90
Quartile 1 (n = 121) 90 60 50
AJCC gastric category 0.79
IA (n = 170) 97 94 89
IB (n=71) 98 96 96
I (n = 41) 100 100 %
1A (n = 23) 93 52 52
1B (n=31) 83 48 36
AJCC nongastric category 0.68
1A (n=74) 95 95 69
Il (n=12) 100 83 83
IMA (n =11) 100 80 80
1B (n = 27) 85 57 39

Page 13

Abbreviations: AJCC, American Joint Committee on Cancer; GIST, gastrointestinal stromal tumor; MSKCC, Memorial Sloan Kettering Cancer

Center; NA, not applicable; NIH, National Institutes of Health.

aThe total number of patients varies because of missing data. All percentages and numbers are relative to available data.
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