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Abstract

Background: The prognosis of patients with gastrointestinal stromal tumors (GISTs) is generally evaluated at the
time of diagnosis but does not reflect the survival dynamics of patients in the future. Therefore, the purpose of this
article was to evaluate the conditional survival (CS) of Chinese patients with GISTs after radical resection.

Methods: This retrospective study included 451 patients who underwent radical surgery for GISTs. A Cox
proportional hazard model was used to evaluate the prognostic factors of disease-free survival (DFS). The 3-year
conditional DFS (CDFS3) of patients who survived for x years was expressed as CDFS3_DFS 4 3/DFS.

Results: The traditional 3-year DFS rate decreased gradually from 94.0% at 3 years to 77.3% at 7 years, while the
CDFS;5 rate increased from 94.0 to 95.2% over the survival time of the patients. In addition, classic
clinicopathological prognostic factors had different effects on CDFS3, with changes observed in survival time, but
these effects were only slight or moderate (/d|<0.5). Although multivariate analysis showed that age, sex, mitotic
index and tumor rupture were independent risk factors for DFS at baseline, all adverse prognostic factors, except for
the mitotic index, lost their predictive significance at 5 years after operation. When the Modified NIH criteria were
included, the risk staging was found to be an independent risk factor for recurrence or death. Time-dependent Cox
regression analysis showed that the modified NIH criteria independently affected the recurrence or death of GIST
patients within 2 years after operation.

Conclusion: CS provides detailed dynamic survival information about Chinese patients with primary resected GISTs.
The mitotic index is of great clinical significance for the monitoring and follow-up of patient populations with a
high risk of tumor recurrence or death until 5 years after surgery.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract, accounting for 18% of all sarcomas [1-3]. A
United States epidemiological study reported that the
incidence of GISTs was 0.70 per 100,000 people per
year between 2001 and 2015, and it has continued to
increase over the last decade [4]. Complete surgical
resection and postoperative adjuvant therapy with
imatinib are still the only treatments for GIST pa-
tients. It has been reported that the 5-year overall
survival rate of patients treated with postoperative
imatinib is 83 to 92% [5, 6].

At present, the survival data of patients with GISTs
are mostly evaluated from the date of diagnosis or the
date of operation [7-9]. However, these studies are too
dependent on static pathological factors after surgery to
estimate the prognosis of patients and cannot reflect
long-term survival information. Some studies have found
that the risk of recurrence or death of tumor patients,
including those with GIST, varies with the accumulation
of survival time. More importantly, even in patients ini-
tially diagnosed with a poor prognosis, the survival rate
is greatly improved after a period of survival [10-12]
Therefore, the survival probability of patients cannot be
accurately predicted with postoperative data, as these
data can only aid in evaluating the prognosis of patients
in the short term.

Conditional survival (CS) is an estimate based on the
survival of patients over a period of time that can be
used to obtain accurate information about their future
survival time. It has been recognized as a more meaning-
ful way to measure the probability of long-term cancer
patient survival [13—15]. To the best of our knowledge,
while CS has been studied with several types of malig-
nant tumors, such as gastric cancer, ovarian cancer, pan-
creatic cancer and liver cancer [16—19], limited data are
available on CS in Chinese patients with resected pri-
mary GISTs [10].

Although the CDES of different races is higher than
the actual DFS, the CDES of GIST patients of different
races is different across the same survival time points.
However, we cannot provide valuable and accurate prog-
nostic data for Chinese GIST patients according to the
survival situation of CDFS in western countries. More-
over, to our knowledge, this study is the first to analyze
the CDES of Chinese GIST patients using data from a
large sample size of patients at our center.

Therefore, the aim of our present study was to evalu-
ate dynamic survival based on CS in patients with GISTs
using a large database from China. Furthermore, we ex-
plored the effects of various clinicopathologic factors on
DES and CS in GIST patients undergoing therapeutic
tumor resection.
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Methods

Patients

This study retrospectively analyzed a prospective database
containing 628 patients with GISTs from February 2002
to January 2016 at Fujian Medical University Union Hos-
pital in China. The inclusion criteria were as follows: (1)
complete clinical and pathological data; (2) pathological
diagnosis of GIST; (3) endoscopic or surgical resection
(RO resection); (4) no other malignant tumors; and (5) no
distant metastasis or invasion of adjacent organs (pan-
creas, spleen, liver, colon, etc.). In this study, 35 cases of
recurrent GISTs, 79 cases of distal metastasis and 63 cases
of other malignant tumors were excluded. So this retro-
spective study included 451 patients who underwent rad-
ical surgery for GISTs. The exclusion criteria of this study
are listed in Fig. S1. The study was approved by the ethical
committee of Fujian Medical University Union Hospital
and all methods were performed in accordance with the
relevant guidelines and regulations.

Statistical analysis

Disease-free survival (DFS) estimates were assessed by
the Kaplan-Meier method for the retrospective study.
Univariable analyses were performed to assess differ-
ences in DFS between categorical groups. Cox propor-
tional hazards models were used to assess the
association of clinicopathologic information with DEFS.
The 3-year conditional survival (CDFS3) estimate is de-
fined as the probability that a patient will survive for an-
other 3 years after he has survived x years, indicated as
CDFS3 = DFS(y , 3)/DFS(,) [15]. Linear regression was
used to evaluate the dynamic changes in CDEFS;3, and the
differences in CS between two groups were assessed by
evaluating the standardized differences (d) [20]. d < |0.1]
indicates very small differences between groups, |0.1] <
d<|0.3| indicates small differences, |0.3| <d<|0.5| indi-
cates moderate differences, and |0.5| <d indicates con-
siderable differences [11].

The d value represents the influence of various factors
on prognosis, but it cannot be used to evaluate the rela-
tive independence of several predictive factors. There-
fore, we used a second multivariate analysis (time-
dependent multivariate analysis) to evaluate independent
predictors of DFS in patients who survived a certain
number of years after surgery (1, 2, 3, 4, and 5 years after
operation) [21].

All data were analyzed by SPSS version 25.0 and R ver-
sion 3.3.3. All tests were 2-sided, and p < 0.05 was recog-
nized as significantly different.

Results

Demographic and clinicopathologic variables

A total of 451 patients with GISTs were included. The
median age of the study subjects was 59 years
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(interquartile range, 20—88 years), and 46.8% of the pa-
tients were female (Table S1). The majority of patients
had gastric GISTs (60.5%), while others had tumors in
the small bowel (26.6%), duodenum (7.1%), and rectum
(2.4%). Most patients (56.3%) had large tumors (> 5.0
cm), while 43.7% of patients had small tumors (< 5.0
cm). The mitotic index was less than 5.0 (per 50 HPFs)
in 75.4% of patients. A small subset of patients (5.1%)
had tumor rupture. Less than 4% of the patients received
neoadjuvant therapy before surgery, while more than
half (69.2%) of the patients received tyrosine kinase in-
hibitor (TKI) adjuvant therapy after resection.

Comparison of actuarial DFS and CS

The median follow-up was 50.0 months, and within this
period, 48 patients (10.6%) relapsed and died. The 3-year
DES of the study population was 94%, and the 10-year DFS
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was 77.3%. (Fig. 1a). Although the 3-year actuarial DFS de-
creased from 94.0 to 77.3% during this period, CDFS; was in
a stable state and tended to increase over time. For example,
for patients who survived for 7 years after surgery, the CDFS;3
of survival to 10 years was 95.2%, while the actuarial 10-year
DFS was 77.3%. (Fig. 1b). Table 1 presents CS estimates of
the entire cohort based on how long the patients survived
after surgical resection. If the patients survived for 1 year, 2
years, 3 years, 4years, and 5 years after surgery, then their
probabilities of remaining alive at 10 years were 77.7, 79.6,
82.2, 85.0 and 86.4%, respectively.

The calculated CDFS; estimates were stratified by rele-
vant demographic and tumor variables at different time
points during follow-up for primary GISTs. These vari-
ables are summarized in Table 2. The effects of the dif-
ferent prognostic factors on DFS and CDFS; over time
are shown in Fig. 2. Interestingly, regarding the influence
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Table 1 patients who reach a certain survival point given that they have already remained disease free a certain amount of time
after resection of GISTs

Total survival time

If the patient has remained survived to

1year 2 years 3 years 4 years 5years 6 years 7 years 8 years 9years 10 years
1 year 100.0
2 years 97.6 100.0
3years 94.5 96.8 100.0
4 years 914 936 96.7 100.0
5years 89.9 92.2 95.2 98.5 100.0
6 years 88.0 90.2 93.2 96.4 979 100.0
7 years 816 83.6 864 89.3 90.7 92.7 1000
8years 81.0 83.6 86.4 89.3 90.7 92.7 100.0 100.0
9years 793 813 839 86.8 88.2 90.1 97.2 97.2 100.0
10years 77.7 796 822 85.0 864 882 95.2 95.2 98.0 100.0

Table 2 Three-year conditional disease-free survival rates of patients in

characteristics

relationship to demographic and clinicopathologic

Variables Conditional 3-yr disease-free survival, %
oyr Tyr 2yr 3yr 5yr 7yr
All patients 94.0 914 92.2 93.2 90.7 95.2
Age
<50 873 85.5 87.0 873 830 100.0
250 95.6 93.2 93.5 94.0 874 100.0
|d| 0.34 028 0.24 0.26 0.13 /
Sex
Female 94.9 93.2 93.8 95.7 96.9 96.6
Male 93.1 89.7 91.2 91.2 855 94.5
d] 0.08 0.12 0.10 0.18 040 0.10
Tumor size, cm
<50 97.5 95.6 98.1 96.3 93.7 95.8
250 91.2 830 88.0 90.7 89.0 94.8
/] 0.26 0.30 0.38 0.22 0.16 0.05
Tumor location
Gastric 94.9 920 94.6 96.9 96.5 94.3
Nongastric 92.7 90.5 885 89.2 85.1 95.5
|| 0.09 0.05 0.22 0.32 042 0.05
Mitotic Index, per 50 HPFs
<50 94.9 929 95.1 959 93.1 96.3
>50 91.0 86.3 839 84.0 812 92.3
d] 0.16 023 042 046 040 020
Tumor rupture
Yes 84.2 882 91.0 91.0 714 100.0
No 94.5 915 92.5 933 92.1 95.1
|| 043 0.12 0.06 0.09 0.72 0.23




Xu et al. BMC Cancer

(2021) 21:1170

Page 5 of 10

(g, h), mitotic index
A\

Strata = >50 yoar == <50 yoar

"
X o
@
2
o
(95%C1:1.15-4.21)
0
R T T T
Tty
‘Number at risk
>50 year| 353 320 274 231 187 149 "7 86 Kl 49 29
50 year. 98 84 64 50 30 21 13 8 6 5 2
o 5 o 5 e d
.
00
S os
@
2
e 041 P:0.0204
(95%C1:1.12-3.92)
.
0 12 24 36 80 72 84 9% 108 120
Time (month)
Number at risk
Femald 211 193 161 134 100 78 62 46 34 21 13
Male | 240 21 177 147 17 92 68 48 43 33 18
R f
.
F od
@
2
o
(95%CI:1.1-3.56)
od
% PR B B
Time (month)
—
PO P P P Y P P P S Y S A
Nogastric| 178 165 145 123 101 82 62 45 37 25 13
srna Bl strcsonBomson h
.
o
g o
@
z
o
b9 I I
L
o
I T P I R S
.
Number at risk
Size<Sem| 197 179 152 127 97 76 54 36 27 18 14
Sizez5cm| 254 225 186 154 120 94 76 58 50 36 17
S =S
.
g ol
@
5
of  power
(95%C1:1.26-4.87)
o
1] 12 £ EJ €0 7 8 96 108 120
Time (month)
ombort ok
Mitotic Indexs5HPS| 340 306 256 215 169 137 105 75 59 40 25
Mitotic Index>5/HPFS 111 98 82 66 48 33 25 19 18 14 6
R |
.
2 odf
@
2
o
o P:0.02
oo o
) % &
‘Time (month)
Nombort ok
Norupture| 428 384 323 267 206 161 123 89 72 51 30
Rupture 23 20 15 14 1" 9 7 5 5 3 1

(i, j), and tumor rupture status (k, I)

100
=
) 80
3
2
£
3 60
K
5 40
H]
;]
g
o 20
>
3
0 0 1 2 3 4 5 6 7
= <50 years 87 86 87 87 80 83 89 100
=aS0years % 93 94 94 91 & 91 100
100
®
E 80
13
z
a 60
g
-g 40
]
5
o 20
4
3
% 1 2 3 4 5 6 7
aFemale 95 93 94 9% 9% 97 95 o7
= Male 93 90 91 91 84 86 86 95
100
=
®
15
@ 60
®
s
S 4w
H
;-
8
S w
0 0 1 2 3 4 5 6 7
= Gastric 95 92 95 97 97 97 91 94
#Nogastric o3 91 89 89 82 85 89 96
100
*
§ 80
£
@D 60
®
T
2 40
g
2
15}
> 20
s
0 0 1 2 3 4 5 6 7
mSize<5cm 98 96 98 96 94 94 91 96
sSize2som 9 88 88 91 & 8 8 95
100
® 80
2
ug’ 60
K
:3 40
]
8
8 20
>
3
0 [ 1 2 3 4 5 6 7

=Mitotic Indexs5.0/HPFs 95 93 95 96 93 93 91 9%
*Mitotic Index>5.0/HPFs 91 86 84 84 77 81 87 92

100
2
)
2
<
@ 60
K
2 4
3
2
8
5 ®
o % 1 2 3 4 5 6 7
=Nompture 84 88 91 o1 6 71 7 100
sRupture 95 92 93 93 ot @2 ot 9%

Fig. 2 The DFS and CDFSs of the patients were stratified and compared according to their sex (a b), age (c d), tumor location (e, f), tumor size




Xu et al. BMC Cancer (2021) 21:1170

of demographic characteristics on the prognosis of
GISTs, it was noted that age was relatively strongly re-
lated to poor tumor outcome at surgery (|d |=0.34).
However, its influence gradually diminished 1year or
more after operation (0.1<|d | <0.3). In contrast, sex was
a stable and limited prognostic factor during follow-up.

In our study population, tumor size and tumor loca-
tion still influenced CS. The effect of tumor size on the
CDES; of the patients reached the maximum at 2 years
after operation (|d | = 0.38), while the tumor location ef-
fect reached the maximum value when the patients sur-
vived for 5years (| d | = 0.42); however, in patients who
survived longer, there was a slight or very small correl-
ation between tumor size and tumor location and
CDFS;. Throughout the study period, a mitotic index >
5.0 (per 50 HPFs) continued to affect CDFS; to a moder-
ate or strong degree.

Prognostic factors associated with DFS over time

In the subgroup analysis, it was found that age (<50
years), male sex, large tumor size, high mitotic index,
non-gastric location and tumor rupture were associated
with poor prognosis (all p <0.05) (Table 3). To further
clarify the independent risk factors that dynamically
affect DFS, we used time-dependent multivariate analysis
(Table 4). At the time of surgery, age, sex, mitotic index,
and tumor rupture were independent prognostic factors
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for curative surgical resection of GISTs (p < 0.05). After
1 year of surgery, tumor rupture was not an independent
risk factor for DFS, but age, sex and mitotic index were
still effective predictors of DFS. In patients who had
already survived for 3years, sex and mitotic index
remained independent prognostic factors (p <0.05). Of
note, when the patients survived 5years after surgery,
only the mitotic index was related to poor prognosis.
Notably, the mitotic index lost prognostic significance
after 6 years of survival.

When the modified NIH staging criteria were included
in the time-dependent multivariate regression analysis,
only the modified NIH staging criteria and age were in-
dependent prognostic factors for baseline DFS. The
modified NIH staging criteria had a sustainable effect on
DFS for 2years after operation (p<0.05). In general,
there was no significant difference between the patients
who did not experience recurrence or died and those
who survived for more than 2 years across all four sta-
ging groups (p > 0.05)(Table S2).

Discussion

Traditionally, the prognosis of GIST patients is esti-
mated by survival rates for certain time points depend-
ing on a number of factors determined at the time of
diagnosis [22, 23]. The modified National Institutes of
Health (NIH) criteria [24] and the American Joint

Table 3 Actuarial disease-free survival rates of patients in relationship to demographic and clinicopathologic characteristics

Variables Patient disease-free survival
3years, % 5years, % 8 years, % 10 years, % p

All patients 94.0 89.5 81.2 773

Age 0.014
<50 87.3 816 67.7 67.7
250 95.6 91.3 83.6 79.3

Sex 0018
Female 94.9 922 89.3 86.3
Male 93.1 87.1 74.5 70.3

Tumor size, cm
<50 97.5 95.6 89.6 85.8 0.007
250 91.2 84.7 754 715

Tumor location 0.021
Gastric 94.9 920 888 8338
Nongastric 92.7 86.4 735 70.2

Mitotic Index, per 50 HPFs 0.003
<50 94.9 91.8 85.5 823
>50 91.0 81.9 66.5 614

Tumor rupture 0.015
No 94.5 90.2 83.1 79.0
Yes 84.2 76.6 54.7 54.7
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Table 4 Time-dependent multivariate analysis of the prognostic factors for patients with GISTs
Hazard ratio p
At Surgery
Age 0.013
> 50 1-00 (reference)
<50 231 (1.20,4.44)
Sex 0.031
Female 1-00 (reference)
Male 2.00 (1.07,3.76)
Tumor size, cm 0.152
<50 1-00 (reference)
250 1.69 (0.83,3.46)
Tumor location 0.259
Gastric 1-00 (reference)
Nongastric 142 (0.77,2.62)
Mitotic Index, per 50 HPFs 0014
<50 1-00 (reference)
>50 2.10(1.17,3.78)
Tumor rupture 0.046
No 1-00 (reference)
Yes 241 (1.025.71)
Tyr
Age 0025
> 50 1-00 (reference)
<50 2.17 (1.10/4.26)
Sex 0.042
Female 1-00 (reference)
Male 1.93 (1.02,3.64)
Mitotic Index, per 50 HPFs 0.005
<50 1-00 (reference)
>50 2.34 (1.294.25)
3yr
Sex 0.042
Female 1-00 (reference)
Male 1.93 (1.02,3.64)
Mitotic Index, per 50 HPFs 0.005
<50 1-00 (reference)
>50 234 (1.29/4.25)
S5yr
Mitotic Index, per 50 HPFs 0.023
<50 1-00 (reference)
>50 3.25(1.17,897)
6yr

None
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Committee on Cancer (AJCC) tumor-node-metastasis
(TNM) staging system are the most widely used recur-
rence risk assessment models. However, some investiga-
tors have established nomogram-based models to
individually predict long-term survival in tumor patients
[7, 25]. However, these estimates are static, and oncolo-
gists and patients cannot use this simple information to
obtain more accurate distant prognostic assessments.

CS is an important way to evaluate long-term survival,
which takes into account not only the unique patho-
logical characteristics of the tumor but also the survival
time of the individual after tumor resection [12, 26].
Thus, CS could provide more accurate and dynamic sur-
vival information after a certain point of survival. A pre-
vious large multicenter data study in the United States
assessed the CS of GISTs and showed that the CDFS of
GISTs gradually improved with the extension of survival
time and provided valuable survival information [27].
The results showed that the CDFS of GIST gradually im-
proved with survival time and provided valuable survival
information. However, the proportion of GIST patients
who received TKI adjuvant therapy after tumor resection
was only 23%. In this study, the proportion of GIST pa-
tients receiving adjuvant therapy after radical surgery
was as high as 69.2%. Thus, our data can better reflect
the dynamic survival of GIST patients in the era of ima-
tinib treatment. However, these results are based on data
from Western populations and are therefore lacking in
terms of reference for Chinese clinicians. Therefore, ex-
ploring changes in survival among Chinese patients with
GISTs in the period after surgery is highly important.

In our study, we found that the estimated CDEFS
exceeded the traditional DFS estimate, and this perform-
ance was more pronounced among patients with GISTs
as cumulative survival time increased. For example, the
difference between actuarial 3-year DFS and CDEFS; at 3
and 4years after operation was approximately 6—8%;
however, at 6 and 7 years, the difference was even more
significant (A =~ 11-18%). Consistent with previous stud-
ies [27], our study showed that the CDFS among pa-
tients with poor prognosis at surgery improved the
most. This situation shows that the traditional DFS esti-
mation can reflect only the short-term prognosis of pa-
tients after operation, while CDFS is more meaningful
for long-term survival assessment. Zamboni et al. [28]
described that this phenomenon quantifies the concept
of the “natural selection effect”. This concept holds that
newly diagnosed cancer patients are a group of people
with different risks of recurrence or death. Over time,
high-risk patients die in the first few years, while low-
risk patients become “healthier”.

Several studies have demonstrated that tumor-related
CS improves over time, especially for those patients with
a poor prognosis at the time of surgery [2, 16, 19, 26].
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However, in the current study, it was found that CDFS
did not increase over time and that the survival rate at
most time points showed a moderate decline. The lack
of time-dependent changes in the prognostic significance
of these factors is reasonable because patients have dif-
ferent tumor characteristics and degrees of tumor bur-
den, which can have persistent adverse effects on
survival that we cannot predict. There is no optimal rou-
tine follow-up strategy for GIST patients undergoing
radical surgery. In some institutions, high-risk GIST pa-
tients undergo routine abdominal CT follow-up every
3-6 months during adjuvant therapy for a period of 3
years [29]. In this study, it was found that the CDFS of
high-risk GIST patients increased or decreased moder-
ately with survival time and remained in a relatively
stable state for a long time, showing a good prognosis.
The potential radiation exposure from conventional CT
during follow-up creates a risk for secondary malignant
tumor. Therefore, the interval of CT follow-up should
be extended appropriately.

Previous studies have suggested that sex, age, tumor
size, mitotic index, tumor location, and tumor rupture
are associated with poor long-term survival of patients
GISTs [8, 9, 30, 31]. Similarly, several of these variables
are adverse risk factors for the survival of GIST patients.
We also found that patients with large tumor size, high
mitotic index and no non-gastric location had unfavor-
able prognosis changes over time. For example, in the
analysis of GIST patients who had survived for 2 years,
the tumor size significantly affected the CDFS; (|d | =
0.38); at the point of subsequent survival, the tumor size
was only slightly or very slightly correlated with CDEFS;.
Nonetheless, the d value can only be used to explain the
effect of prognosis; thus, it cannot be used to evaluate
the independence of adjusted multiple factors. There-
fore, we used time-related multivariate analysis to fur-
ther evaluate the independent factors affecting the
prognosis of DES.

Age, sex, mitotic index, and tumor rupture were inde-
pendent risk factors for DFS of patients with GISTs at
surgery, as shown in Table 4 (all p < 0.05). Nevertheless,
only the mitotic index continually affected DFS (p <
0.05) when the patients survived for 5 years, which has
not been reported in previous studies. In addition, this
study is the first to analyze the independent risk factors
that affect the dynamics of traditional DFS. The results
indicated that the mitotic index can be used as a stable
marker to predict recurrence or death within 5 years
after operation. Therefore, we believe that GIST patients
with a high mitotic index should be followed up and ob-
served carefully for a long time. However, the known ad-
verse prognostic factors no longer affect the survival of
patients at 6 years after surgery. This indicates that the
risk factors strongly influence DFS initially, but their
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impact on prognosis may be weakened or even lost over
time. Time-dependent multivariate analysis showed that
only stage continued to affect DES at 2 years after oper-
ation (p <0.05). To some extent, this reflects that the ef-
fect of the modified NIH staging criteria on survival is
relatively stable, and it is worth noting that the modified
NIH staging criteria also loses the ability to affect DFS
after 2 years of survival.

There are some limitations to our study that should be
noted. As with all single-institution retrospective studies,
the study had small sample size, and the results cannot
be extrapolated to the general population. However, we
provided information about the dynamic survival of pa-
tients with Chinese GIST to support further studies. In-
formation on gene mutations and their potential
influence on DFS and CDFS estimates was not studied.
We look forward to the publication of more rigorous
prospective studies that assess whether gene mutations
influence the CDFS of patients.

Conclusions

In summary, the estimated long-term survival of Chinese
patients with GISTs changes based on the time of sur-
vival. The mitotic index can be used as a predictor of
GIST stability until 5 years after surgery. The modified
NIH staging criteria loses the ability to reflect DES after
2 years of survival. CS assessment can determine the dy-
namic DFS of patients with GISTs after radical resection,
so it is of great significance for patients who undergo
surveillance for recurrence.
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