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Abstract

INTRODUCTION: Neoadjuvant imatinib (Neo-IM) therapy may facilitate RO resection in
primary gastrointestinal stromal tumors (GISTs) that are large or in difficult anatomic locations.
While response to preoperative tyrosine kinase inhibitors is associated with better outcome in
metastatic GIST, little is known about prognostic factors after Neo-1M in primary GIST.

STUDY DESIGN: Patients with primary GIST with or without synchronous metastases who
underwent Neo-IM were retrospectively analyzed from a prospective maintained institutional
database for Response Evaluation Criteria in Solid Tumors (RECIST), tumor viability, and mitotic
rate. Overall survival (OS) was estimated by Kaplan-Meier and compared by log-rank test. Cox
proportionate hazard models were used for univariate and multivariate analysis.

RESULTS: One hundred and fifty patients were treated for a median of 7.1 months (range 0.2—
160). By RECIST, partial response, stable disease, and progressive disease were seen in 40%,
51%, and 9%, respectively. By pathologic analysis, <50% of the tumor was viable in 72%, and
the mitotic rate was <5/50HPF in 74%. On multivariate analysis, RECIST response and tumor
viability were not associated with OS, while post-treatment high mitotic rate (hazard ratio [HR]
for death 5.3, Cl 2.3-12.4), R2 margins (HR 6.0, Cl 2.3-15.5), and adjuvant imatinib (HR 0.4,
Cl 0.2-0.9) were (p<0.05). 5 year OS was 81 vs. 38% for low vs. high mitotic rate; 81, 59, and
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39% for RO, R1, and R2 margins; and 75 vs 61% for adjuvant vs. no adjuvant imatinib therapy

(p<0.05).

CONCLUSIONS: In primary GIST undergoing Neo-1M therapy, progression was uncommon,
but substantial down-sizing occurred in the minority. High tumor mitotic rate and incomplete
resection following Neo-IM were associated with poor outcome, while adjuvant imatinib was
associated with prolonged survival.
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INTRODUCTION

It has been shown that up to 70% of GISTs may be cured by surgery alone[1], however,
surgery for GIST varies widely in complexity. In some GISTs, small bowel resection

or wedge partial gastrectomy is adequate, while others require esophagogastrectomy,
pancreaticoduodenectomy, abdominoperineal resection, or extensive multivisceral resection.
Given the morbidity associated with the latter procedures, there has been significant interest
in downsizing tumors to facilitate less radical surgery.

Neoadjuvant imatinib (Neo-1M) has been reported in GIST, although mostly as a mix of
primary and recurrent/metastatic GIST in the form of case reports, retrospective series, and
several phase Il clinical trials[2-14]. The largest retrospective series of locally advanced
primary GIST pooled data from 10 European sarcoma centers on 161 patients treated with
Neo-IM, of whom 83% underwent RO resection [9]. Additionally, several phase Il clinical
trials of Neo-IM in primary GIST showed safety, feasibility, and RO resection in most
patients[5-8, 12], with two suggesting that Neo-1M allowed less morbid surgery[8, 12], as
we had seen in our retrospective report on rectal GIST[14].

While the majority of these studies focus on the safety of Neo-IM and its association with
RO margins, less is known about whether traditional prognostic factors after resection of
treatment naive primary GIST (size, site, mitotic rate[15-19]) are relevant after Neo-I1M,

or whether adjuvant imatinib is associated with improved outcome after Neo-IM as it is
after up front surgery[1, 20-24]. In the European retrospective study of Neo-1M, Rutkowski
et al[9] reported that lack of adjuvant imatinib therapy and small bowel primary tumor

site (bivariate anaylsis) were associated with worse outcome. However, it is unknown
whether this holds true for overall survival, or how this relates to mitotic rate or tumor
response to treatment. Existing data on this topic are limited to a study of Neo-IM in
patients with recurrent/metastatic disease -- in which we reported the combined results

of our institution and the Brigham and Women’s Hospital, detailing 400 metastasectomy
operations performed in 323 patients after preoperative treatment with tyrosine kinase
inhibitors (TKIs)[13]. Outcome was predicted by radiographic response, with median OS
not reached for responsive disease, and 110, 59, and 24mo for stable, unifocal progressive,
and multifocal progressive disease. Post-treatment mitotic rate >5/50 high-powered fields
(HPF), R2 resection, and multifocal disease progression all predicted worse progression-free
survival and OS on multivariate analyses.
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In primary GIST, it is not known whether mitotic rate, size change, or pathologic response
after Neo-1M are associated with outcome. Here, we characterize response parameters that
are widely available: tumor size change as well as pathologic viability and mitotic rate, with
the hypothesis that lack of response by these parameters would be associated with worse
overall survival.

METHODS

We recently reported 1,000 patients who underwent surgery for GIST at our institution from
July 1982 to April 2016 from a prospective institutional sarcoma database[25]. Diagnosis
was confirmed by immunohistochemistry for CD117 (KIT) and sometimes DOG-1. The
database was queried for age, sex, standard primary tumor clinicopathologic variables (site
of origin, size, histologic subtype, presence of synchronous metastases), significant dates
(date of surgery, recurrence, death or last follow-up), surgical margins (R2, grossly positive;
R1, microscopically positive; R0, negative), and chemotherapy information (drug and
treatment dates). Among patients whose initial surgery was for a primary tumor (n=788),
those who underwent treatment with Neo-1M were selected for further analysis (n=150).
Baseline characteristics of patients undergoing Neo-IM were compared to those who did not
receive the drug preoperatively. Among patients undergoing Neo-1M, subgroup analysis was
planned based on the presence or absence of synchronous metastases.

Treatment response was assessed using a modification of Response Criteria for Solid
Tumors (RECIST[26]), mitotic rate, and tumor viability from the resected primary tumor
post-treatment. For the modified RECIST (mRECIST) assessment, computed tomography
(CT) measurements from the scan just prior to Neo-1M were compared to the final
pathologic measurements. This slight modification using pathologic size was necessary for
consistency since the timing of the most recent scan prior to surgery was highly variable.
RECIST categories of progressive disease (PD), stable disease (SD), partial response (PR),
and complete response (CR) were defined as >20% increase in tumor size, <20% increase
to <30% decrease, =30% decrease, and complete disappearance of the lesion, respectively.
The number of mitoses was counted by a pathologist from 50 HPFs[27]. Percent viability
was visually estimated by the pathologist. All research was done under an Institutional
Review Board approved protocol, in accordance with the Health Insurance Portability and
Accountability Act.

OS was estimated among patients undergoing Neo-IM from the time of the initial surgery
using the Kaplan-Meier method, with comparisons done by log-rank test. To compare
factors between groups, Fisher’s exact test was used for categorical variables, and the
Wilcoxon rank sum test for continuous variables. Univariable and multivariable Cox
proportional hazard models were built for OS. P-values <0.05 were considered significant
(two-sided). SAS 9.4 (SAS Institute, Inc, Cary, NC) and R version 3.4.0 were used for
statistical analysis.
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Among 1,000 patients with GIST who underwent surgery at our institution from 1982—
2016[25], 788 had a primary tumor at the initial surgery, of which 128 had synchronous
metastases. There were 150 of these patients who were treated with Neo-1M between 2001
and 2015 (Figure 1a, Table 1). Median follow-up was 3.8 years. Patients undergoing Neo-1M
had more rectal and small bowel tumors, larger tumors, higher mitotic rate, and more
commonly had positive margins and synchronous metastases. Neo-1M was administered for
a median of 7.1 months (range 0.2-160) before resection. Radiologic response was evaluated
by mRECIST, and primary tumors were evaluated by pathology for mitotic rate and tumor
viability (Figure 1b). Among 138 patients in whom there were adequate data for nRECIST
assessment, 13 (9%), 70 (51%), and 55 (40%) had PD, SD, and PR, respectively. There were
no CR. By pathologic analysis, <50% of the tumor was viable in 72% (99 of 137 evaluable),
and the mitotic rate was <5/50HPF in 74% (93 of 126 evaluable). mRECIST, mitotic rate,
and tumor viability were not always concordant. For example, in patients who had PR, 40%
had either residual high mitotic rate or tumor viability, possibly reflecting resistant subclones
or less responsive tumor tissue.

After excluding 25 patients lacking complete data for the 3 response parameters, univariate
and multivariate analysis of OS were performed for standard clinicopathologic variables
and response parameters(Table 2). After Neo-IM, multivariate analysis showed high post-
treatment mitotic rate was independently associated with worse OS (HR 5.3 [C] 2.3-
12.4], p<0.001). Surprisingly, neither mRECIST response nor post-treatment tumor viability
correlated with OS by univariate or multivariate analysis (p>0.05). Other site (i.e., not
stomach, small bowel, or rectum) was associated with worse OS on univariate analysis, but
this association did not persist when other factors were controlled for in the multivariate
analysis. Notably, the presence of synchronous metastases was not associated with OS
(p=0.22) on univariate analysis. R2 margins were associated with worse OS (HR 6.0 [CI
2.3-15.5], p<0.001) on multivariate analysis (Table 2), while there was no association with
survival for R1 margins. Adjuvant imatinib treatment was administered for a median of 2.3
years (IQR 0.9-4.2), and was associated with longer OS (HR 0.4 [C] 0.2-0.9], p=0.025).

Sub-analysis was performed for patients with primary tumors only (n=78; Supplemental
tables 1-2) and those with primary tumors and synchronous metastases (n=72; Supplemental
tables 3-4). Compared to those not undergoing Neo-IM, primary only (i.e., without
metastasis) patients undergoing Neo-1M had more rectal and less stomach tumors, larger
tumors, and more commonly had positive margins, while synchronous patients (i.e., those
with metastasis) undergoing Neo-IM had similar characteristics (Supplemental tables 1 and
3). Both primary only and synchronous patients undergoing Neo-IM were more likely to
receive adjuvant imatinib. Among those patients with complete data for response evaluation,
multivariate analysis of the subgroups was not possible due to inadequate sample size and
too few events, however, on univariate analysis, interesting differences from the overall
group emerged. While mitotic rate remained statistically significant (or nearly so) for

both groups, tumor viability was nearly significant for the primary only group (p=0.055,
Supplemental Table 2), but not for the other group. mRECIST PD was associated with worse
survival in synchronous but not primary only patients (p=0.028, Supplemental Table 4).
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Adjuvant imatinib was associated with longer OS in the synchronous group (HR 0.2 [CI
0.08-0.52], p<0.001), but there was only a trend in the primary only group (HR 0.5 [CI
0.16-1.67], p=0.27).

Kaplan-Meier curves are shown depicting OS stratified by mitotic rate, margin, tumor
viability, RECIST response, synchronous metastasis, and adjuvant imatinib (Figure 2,
Supplemental Figures 1 and 2 for subgroups). The 5 year OS was 81% for patients with
post-treatment mitotic rate <5/50HPF compared to 38% for those >5/50HPF (p<0.001). The
5 year OS was 81, 59, and 39% (p<0.001) for RO, R1, and R2 margins (p<0.001). Likewise,
5 year OS was 75 vs 61% for adjuvant vs no adjuvant imatinib (p=0.022).

Mutational analysis was performed on the resected specimen in 81% of Neo-IM patients
(Table 1, Supplemental table 5). Although formal analysis was not possible given the
number of groups and sample size, high mitotic rate after Neo-IM was seen at similar
proportions in most mutation subgroups (Supplemental table 5), ranging from 20-33% of
each group. The exception was the group with multiple K/7 exon mutations, of which
50% had high mitotic rate, possibly reflecting development of resistant subclones as these
patients had undergone extended therapy compared to those with a single exon mutation
(median 11.0 mo Neo-IM for multiple K/7 mutations [IQR 7.4—39.1; n=15] vs. 7.0

mo [IQR 4.8-12.9; n=87; p=0.007] for those with single mutations). Waterfall plots of
mRECIST, tumor viability, and post-treatment mitotic rate stratified by mutation are shown
in Supplemental Figure 3.

Among 72 patients with synchronous metastases, there were complete data to evaluate
mMRECIST, tumor viability, and mitotic rate in both the primary and metastasis in 52, 48, and
22 patients, respectively. For each parameter, the primary and metastatic tumor usually had
concordant responses. From these, in the 49 patients with SD or PR in the primary tumor,
90% had SD or PR in the metastasis. Among the 33 primary tumors with tumor viability
<50%, the majority (82%) had concordant responses in the metastasis.

Discussion

We present here the largest single-institution retrospective clinical series of neoadjuvant
imatinib in primary GIST. The factors associated with outcome after resection of primary
GIST in the pre-imatinib era have long been known, specifically, tumor site of origin,

size, and mitotic rate[15-19, 28]. Neoadjuvant imatinib is increasingly being used for
patients with locally advanced primary tumors requiring extensive multivisceral resection
or tumors in difficult locations such as the gastroesophageal junction, duodenum, or rectum,
as well as for patients with metastatic disease. However, it is currently unknown whether
traditional clinicopathologic factors are associated with outcome after neoadjuvant imatinib
treatment. Based on our experience with preoperative treatment in metastatic GIST[13],

we hypothesized that tumor size change, post-treatment mitotic rate, and tumor viability
would predict outcome in primary GIST. However, we found that among all patients with
primary GIST undergoing Neo-IM, unlike in metastatic GIST, tumor size change was not
associated with outcome, and neither was tumor viability. Post-treatment mitotic rate did
correlate with outcome, with an estimated 5 year OS of 81 vs 38% for high vs low mitotic
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rate, respectively. As with metastatic GIST, incomplete (R2) resection in primary GIST was
associated with poor outcome.

Some interesting differences emerged in the sub-analyses of primary only patients and
those with a primary GIST and synchronous metastasis undergoing Neo-IM, although any
conclusions must be tempered by the fact that sample size was too small for multivariate
analysis. Mitotic rate remained the most important factor for both groups. In the 4 patients
with RECIST progression of disease in the synchronous group, worse outcome was seen,
although this was not seen in the primary only group. This is a small fraction of patients, and
in the overall group RECIST response, particularly partial response, did not correlate with
outcome as it did in metastatic patients[13]. That mRECIST status did not correlate with
outcome was not surprising. It has been previously reported that RECIST criteria did not
correlate with treatment response to imatinib[29]. Choi criteria (based on density and less
stringent size change criteria) were more sensitive. Unexpectedly, though, tumor viability
by pathologic analysis did not associate with outcome in the overall group, while it may be
related to outcome after Neo-IM in primary only patients. That the effect was not stronger
in the overall group underscores the fact that imatinib is essentially not curative, even in

the micrometastatic setting as shown by the ACOSOG Z9001 placebo arm and the 1 year
adjuvant imatinib arm converging in recurrence-free survival upon long-term follow up[21].

The decision to continue imatinib following surgery is multifactorial and not definitively
answered by our data. In the overall group, adjuvant imatinib was associated with longer
OS on multivariate analysis (HR 0.4 [C1 0.19-0.89], p=0.025), with 5 year OS 75 vs 61%
for no adjuvant therapy, similar to what was seen for disease-free survival in one other
study[9]. However, subgroup analysis showed that the synchronous metastasis group had
the strongest effect (univariate HR 0.2 [CI 0.08-0.52], p<0.001), with only a trend in the
primary only group (univariate HR 0.5 [CI 0.16-1.67], p=0.27). It is possible that the OS
effect is blunted in the primary only group due to early salvage at recurrence with TKIs,
which we postulate may be more easily accomplished in this group with less aggressive
biology than in the synchronous group. For patients with primary GIST without metastases,
adjuvant therapy is generally recommended for tumors that were originally large (gastric
>10 cm or non-gastric >5cm) and those with a high mitotic rate. In most centers, including
ours, mitotic rate is not routinely determined prior to imatinib initiation, which limits use
of validated prognostic systems, such as our nomogram for tumor recurrence[17]. Mutation
subtype also has prognostic value, although it is not performed as the standard of care before
starting imatinib, which is why some patients in our series ultimately turned out to have

a resistant mutation (e.g., PDGFRA D842V). It is now generally our practice to obtain
mutational analysis prior to commencing neoadjuvant therapy. For patients with stable or
progressing disease on Neo-IM and high residual tumor viability and high mitotic rate at
resection, consideration should be given to other TKIs in the adjuvant setting. Our data
support the practice of continuing imatinib postoperative for patients with primary GIST
and synchronous metastasis, unless there is obvious evidence of resistance or the mutation
itself is resistant. Overall, among response parameters we evaluated, our data suggest that
any patient with high mitotic activity following Neo-IM is at high risk of tumor recurrence/
progression and should be considered for further therapy.
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Neo-1M is frequently prescribed with the goal of tumor size reduction to facilitate less
radical and safer surgery, with some basis in the literature[8, 12, 14]. However, we found
that after Neo-1M, the minority of patients (40%) had a size reduction of 30% of more,
whereas most had stable disease. Despite the frequent lack of a reduction in tumor size,
there are other potential benefits of Neo-IM for the surgeon, such as reducing vascularity
and peritumoral inflammation.

In this study, we analyzed all 788 patients who underwent resection of primary tumors at our
institution, of whom 150 underwent treatment with Neo-IM and half of these patients had
synchronous primary tumors. Among all 788, without selection for Neo-IM, patients with
synchronous metastases (n=128) had worse outcome than those with primary tumors only
(n=660)[25]. However, of the patients who underwent Neo-1M, there was no association of
synchronous metastases with outcome (p=0.22). We believe this may reflect the aggressive
biology of primary tumors without synchronous metastases that were selected for Neo-I1M,
as these tumors were larger, located in high risk sites, and had a higher high mitotic rate than
primary tumors who did not undergo Neo-IM.

Incomplete (R2) resection was associated with poor outcome on multivariate analysis in
this study of patients undergoing Neo-1M, while microscopically positive margins (R1)
were not different from negative (R0) margins. This is consistent with our larger cohort

of 1000 patients, in which a similar pattern was seen in all groups (primary, primary with
synchronous metastases, or metachronous recurrence/metastases)[25]. Inability to obtain a
complete resection may reflect aggressive tumor biology. Based on this, we believe that
surgical resection should only be attempted if RO/R1 resection is anticipated, as these data
suggest little role for R2 debulking.

Our findings are limited by the retrospective nature of our study. Our survival outcomes
were measured from the time of surgery. We had considered measuring outcome from

the date of Neo-IM initiation, however, we abandoned this due to concern for immortal
time bias[30]. While the actual margin achieved was clearly associated with outcome,

our study does not delineate whether Neo-IM was associated with a greater likelihood of
negative margins or less extensive surgery, as we had shown in a report of Neo-1M in rectal
GIST[14]. Further analysis of the estimated extent of operation required before Neo-IM
compared to what was actually done is beyond the scope of this current study, and ideally
would come in the form of a randomized clinical trial.

Conclusions

In conclusion, tumor size change and viability after Neo-1M in primary GIST were not
associated with outcome, whereas post-treatment mitotic rate and complete resection were
the most important factors on multivariate analysis. Substantial tumor size reduction after
Neo-IM occurred in the minority of patients. Following neoadjuvant therapy and resection,
adjuvant imatinib therapy was associated with prolonged survival, although this effect was
strongest in primary GIST with synchronous metastases.
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Figure 1: Responseto Neo-IM in 150 primary GISTs
(a) Flowchart showing 1,000 GISTs treated surgically at a single institution[25], of which

150 had primary tumors and underwent treatment with neoadjuvant imatinib (Neo-IM). Note
that only patients with complete data for response evaluation (n=125) were analyzed for
survival in subsequent figures. (b) Response to Neo-1M in 150 patients by mRECIST (top),
tumor viability (middle), and mitotic rate after resection (bottom). ‘x’ indicates no evaluable
data for that factor. For mRECIST, viability, and mitotic rate there were 12, 17, and 26
unknown, respectively. Matched vertical lines in each graph represent the same patient.
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Figure 2: OS after Neo-IM for primary GIST.
After completion of Neo-IM, overall survival (OS) following surgery is shown stratified by

(a) mitotic rate, (b) margins, (c) tumor viability, (d) mRECIST, (e) presence of synchronous
metastases, and (f) whether adjuvant imatinib was given. The number of patients at risk at
each time point is shown on the x-axis. The inset in each graph denotes the median survival,
95% confidence interval of the median, and p-value value for a log-rank test comparing
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Table 1:
Characteristics of 788 Primary GISTs.
Total Neo-IM No Neo-IM (n=638) | p-value
(n=788) (n=150)
Survivor follow-up (yrs) Median (range) 4.6 (0.0-27.7) 3.8 (0.01-14.3) 4.8 (0.0-27.7)
Ageat first surgery (yrs) Median (range) | 62.5(8.07-94.7) | 58.2 (23.0-86.2) 64.1(8.07-94.7) <0.001
Sex F 373 (47.3) 61 (40.7) 312 (48.9) 0.070
M 415 (52.7) 89 (59.3) 326 (51.1)
Primary tumor site Stomach 526 (66.8) 74 (49.3) 452 (70.8) <0.001
Small Bowel 171 (21.7) 44 (29.3) 127 (19.9)
Rectum 44 (5.6) 20 (13.3) 24 (3.8)
Other 47 (6) 12 (8) 35 (5.5)
Primary tumor size (cm) <5 344 (43.8) 28 (18.8) 316 (49.6) <0.001
5-10 235(29.9) 45(30.2) 190 (29.8)
>10 207 (26.3) 76 (51) 131 (20.6)
Unknown 2 (N/IA) 1 (N/A) 1 (N/A)
Primary tumor mitotic rate per 50 <5 377 (63.2) 19 (42.2) 358 (65) 0.003
HPF (pre-treatment or untreated)a >5 219 (36.7) 26 (57.7) 193 (35)
Unknown 192 (N/A) 105 (N/A) 87 (N/A)
Histologic variant Spindle 414 (75.3) 95 (74.2) 319 (75.6) 0.93
Epithelioid 67 (12.2) 16 (12.5) 51 (12.1)
Mixed 69 (12.5) 17 (13.3) 52 (12.3)
Unknown 238 (N/A) 22 (N/A) 216 (N/A)
M arginb RO 646 (82.1) 95 (63.3) 551 (86.5) <0.001
R1 69 (8.8) 27 (18) 42 (6.6)
R2 72(9.1) 28 (18.7) 44 (6.9)
Unknown 1(N/A) 0 (N/A) 1(N/A)
Synchronous metastases No 660 (83.8) 78 (52) 582 (91.2) <0.001
Yes 128 (16.2) 72 (48) 56 (8.8)
Adjuvant imatinib Duration No 591 (75.1) 58 (38.9) 533 (83.5) <0.001
Yes 196 (24.9) 91 (61.1) 105 (16.5)
Unknown 1 (N/A) 1 (N/A) 0 (N/A)
Median (range) | 2.06 (0.01-11.6) | 2.32 (0.01-9.45) 1.85 (0.17-11.6) 0.34
Median (IQR) | 2.06 (0.84-3.88) | 2.32(0.90-4.15) | 1.85(0.77-3.47)
Mutation® KIT exon 9 24 (5.7) 13 (10.7) 11 (3.7) nald
KIT exon 11 deletion 171 (40.6) 53 (43.8) 118 (39.3)
KIT exon 11 other 87 (20.7) 18 (14.9) 69 (23)
KIT exon 13 7(17) 3(2.5) 4(1.3)
KIT exon 17 only 1(0.2) 0 (0) 1(0.3)
KIT mult exons 23(5.5) 15 (12.4) 8(2.7)
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Total Neo-IM No Neo-IM (n=638) | p-value
(n=788) (n=150)
PDGFRA D842V / 20 (4.8) 5(4.1) 15 (5)
D8421
PDGFRA other 23 (5.5) 3(2.5) 20 (6.7)
NF1 only 4(1) 0(0) 4(1.3)
SDH 2(0.5) 0 (0) 2(0.7)
Wild type (WT) 59 (14) 11 (9.1) 48 (16)
Unknown 367 (N/A) 29 (N/A) 338 (N/A)

a . . . . .
For patients who underwent Neo-IM, only those who had pre-treatment mitotic rate available are listed, while the “No Neo-IM” values all reflect
untreated tumors. Most patients in the Neo-IM group did not have a pre-treatment mitotic rate available, since this requires a core needle biopsy.

b Lo . .
R2 margins include incomplete resection and tumor rupture

Mutational analysis in the earliest patients included only K/7and PDGFRA, thus some “wild type” may reflect alternate mutations/epimutations

Descriptive only, too many variables for statistical comparison. Numbers listed reflect percentage of all patients in whom mutation was known.

J Gastrointest Surg. Author manuscript; available in PMC 2022 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Cavnar et al.

Table 2:

Univariate and multivariate analysis of OS in 125 patients with primary GIST undergoing Neo-IM.

Page 15

Univariate Multivariate®

Parameter ClassValue | Reference | HR Cl p-value | HR Cl p-value
Ageat first surgery (yrs) N/A N/A 1.04 | 1.01-1.06 | 0.009 | 1.05 | 1.01-1.09 | 0.013
Sex M F 1.62 | 0.81-3.25 0.18
Primary tumor site Small Bowel | Stomach 1.67 | 0.80-3.52 0.18

Rectum Stomach 0.42 | 0.06-3.23 0.41

Other Stomach 3.01 | 1.20-7.53 0.019
Primary tumor size (cm) >10 <=5 1.59 | 0.54-4.64 0.40

5-10 <=5 1.29 | 0.40-4.23 0.67
Histologic variant Epithelioid Spindle 1.18 | 0.44-3.16 0.74

Mixed Spindle 1.55 | 0.65-3.67 0.32
Margin R1 RO 1.69 | 0.70-4.10 0.24 2.33 | 0.78-6.93 0.13

R2 RO 3.98 | 1.89-8.37 <.001 6.00 | 2.32-15.5 | <0.001
Primary tumor post-treatment mitotic rate >5 <5 4.14 | 2.10-8.16 <.001 5.34 | 3.30-12.4 | <0.001
per 50 HPF
Primary tumor viability >50% <50% 1.61 | 0.80-3.25 0.18 1.20 | 0.48-3.00 0.69
Primary tumor mRECIST PD SD 1.14 | 0.38-3.40 0.82 0.34 | 0.04-2.73 0.31

PR SD 1.00 | 0.49-2.08 >0.95 0.72 | 0.32-1.61 0.43
Synchronous metastases Synch met No synch 152 | 0.78-2.97 0.22
Adjuvant imatinib Yes No 0.46 | 0.24-0.91 0.026 0.41 | 0.19-0.89 0.025

a ) R .
Only the final multivariate model is shown.
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