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Abstract
Background The prognosis of patients with linitis plastica (LP) gastric cancer is reported to be poor. The purpose of our
retrospective study was to characterize the clinicopathologic features and survival outcomes of patients with LP, using a univocal
definition.
Methods We defined LP as gastric cancer that involves more than 1/3 of the gastric wall macroscopically. We reviewed a
prospectively maintained institutional database of gastric cancer patients and summarized and compared clinicopathologic
factors of patients with and without LP who had undergone gastrectomy. Patients were matched 1:1 using propensity score
matching, and their overall survival (OS) rates and durations were compared. Multivariable Cox regression analyses were
conducted, using gastrectomy as a time-varying covariate.
Results We identified 740 patients with radiographically non-metastatic gastric cancer, 157 (21.2%) of whom had LP. Most
patients with LP had advanced-stage disease (75.8% had stage IV disease, mainly due to peritoneal involvement). Patients with
LP had significantly shorter OS durations than did those without LP in the entire cohort (median OS, 14.0 vs. 33.5 months; p
value < 0.001) and in the surgical cohort (median OS after gastrectomy, 21.8 vs. 91.0 months; p < 0.001), as well as in the
propensity-matched surgical cohort. In the LP cohort, chemotherapy (hazard ratio [HR] = 0.594; p = 0.076), chemoradiation
therapy (HR = 0.346; p = 0.001), and gastrectomy (HR = 0.425; p = 0.003) were associated with a longer OS.
Conclusions LP is a phenotype of gastric cancer that often presents at an advanced stage, with a high rate of peritoneal
involvement. The survival durations of patients with LP were poor in our study, even in the surgical cohort. The use of
preoperative chemotherapy, chemoradiation therapy, and gastrectomy appeared to be important in carefully selected patients
with localized LP.
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Introduction

Gastric cancer is the fifth most common malignancy and
the third leading cause of cancer death worldwide.1 Linitis
plastica (LP) is a distinct phenotype of gastric cancer.
Macroscopically, it is characterized as a thickened stomach,
with prominent diffusion of the tumor into the submucosal
and muscular layers; microscopically, it is often associated
with signet ring cell features and diffuse and scirrhous (re-
ferring to the histologic characteristic of abundant stromal
cells) histologic types.2–10 The term “scirrhous gastric can-
cer,” which is commonly defined as a Borrmann type 4 or
large (≥ 8 cm in diameter) type 3 gastric cancer, is often, but
inconsistently, used interchangeably with LP gastric cancer
to describe this phenotype of gastric cancer in Eastern
Asian countries.9, 11, 12
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LP gastric cancer has been consistently reported to have a
poor prognosis; patients with LP often present with advanced-
stage disease, and their median overall survival (OS) duration
ranges from 6 to 14 months.3–5, 8, 13–18 These patients have a
high non-curative resection rate4, 5, 13, 14, 16, 18 and high rates
of locoregional and peritoneal recurrence.16 As a conse-
quence, some authors have proposed that patients with LP
should not be considered for gastrectomy,3, 8, 17 while others
have reported that gastrectomy may have a survival benefit.4,
5, 13, 16 It remains unknown whether the LP phenotype is
independently associated with a shorter survival duration
and whether patients benefit from surgical resection. In addi-
tion, there is no clear definition of LP, which makes inter-
institutional collaborations and cross-study comparisons diffi-
cult or unreliable3–5, 8, 13–18; therefore, it is important that the
definition be standardized.

The objectives of this retrospective study were (1) to pro-
pose a clear definition of LP and identify the proportion of
gastric cancer patients with LP who had been treated in our
surgical oncology practice, (2) to determine the effect of the
LP phenotype on OS after controlling for other clinicopatho-
logic factors, and (3) to determine the effects of gastrectomy
on OS in patients with LP. We achieved these objectives by
performing high-quality statistical analyses, such as propensi-
ty score matching, and using a time-varying covariate, to eval-
uate data from our institutional database.

Methods

Patients

We retrospectively reviewed the records of 1517 patients with
gastroesophageal or gastric cancer who had been evaluated in
the Department of Surgical Oncology at The University of
Texas MD Anderson Cancer Center (Houston, TX) between
August 1994 and October 2016. Patients’ records had been
collected in an institutional database.

As LP has been commonly defined by its endoscopic find-
ings, imaging, and appearance during surgical procedures,6,
16, 19 we used these three diagnostic modalities as part of our
inclusion criteria. We included patients with gastric adenocar-
cinoma, including Siewert type 3 esophagogastric cancer, who
had undergone (1) preoperative endoscopy or endoscopic ul-
trasonography (EUS), (2) a CT scan or PET/CT scan, and (3)
staging laparoscopy. Patients with obvious stage IV disease do
not undergo staging laparoscopy; therefore, as this study was
designed to evaluate radiographically localized gastric cancer,
these patients were not included. Patients with no diagnosis of
adenocarcinoma and patients with synchronous tumors that
would affect prognosis, a history of gastrectomy performed
elsewhere, or remnant gastric cancer were excluded. Patients
with incomplete or missing records were also excluded.

Patients were classified using the 7th edition of the
American Joint Committee on Cancer staging system.20 The
study was approved by the MD Anderson Institutional
Review Board.

Definition of LP

LPwas defined as thickening of the gastric wall, with a lack of
distensibility and stiffening that involved more than 1/3 of the
gastric surface of at least some part circumferentially.10 These
features must have been confirmed using at least two of three
staging methods. All patient cases in the database were
reviewed by two independent physicians (B.B. and A.A.) to
determine whether they had LP using this definition; conflict
between the two physicians was resolved by an additional
reviewer (N.I.).

Data collection

Information collected frommedical records included age, sex,
gastroesophageal junction involvement, the presence of signet
ring cells, tumor grade, preoperative clinical stage (by endos-
copy/EUS, CT, and laparoscopy), LP, upfront therapy type,
surgical procedure (if performed), additional organ resection,
results of staging laparoscopy with lavage cytology (grossly
positive peritoneal carcinomatosis, cytology-only positive, or
negative), pathologic stage, lymphadenectomy extent, lymph
node ratio, margin status, postoperative major morbidity (de-
fined as a grade 3 or 4 complication by the Clavien-Dindo
classification, occurring within 90 days of surgery), mortality
(defined as death occurring within 90 days of surgery), and
OS.

Preoperative Therapy

At MD Anderson, patients’ treatment strategies are decided at
a multidisciplinary conference. Non-early resectable gastric
cancer (≥ cT2 or cN positive) is generally treated with either
preoperative chemotherapy alone or preoperative induction
chemotherapy followed by chemoradiation therapy, while ear-
ly gastric cancer (cT1) is recommended for upfront resection.
The standard regimen of preoperative chemoradiation therapy
is 45 Gy radiation administered concurrently with 5-
fluorouracil (5-FU), commonly administered after induction
chemotherapy with a 5-FU–based regimen. Preoperative che-
motherapy regimens during the study period included
epirubicin/oxaliplatin/capecitabine, 5-FU/cisplatin/paclitaxel,
5-FU/oxaliplatin/paclitaxel, and epirubicin/cisplatin/5-
FU.21–24

Staging Laparoscopy and Surgical Procedures Staging lapa-
roscopy was performed before the initiation of a neoadjuvant
regimen and was used to complete staging, evaluate the
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presence of peritoneal carcinomatosis or other metastatic le-
sions, and evaluate peritoneal lavage cytologic findings.25 The
standard surgical procedure at MD Anderson is subtotal or
total gastrectomy with D2 lymph node dissection.24, 26–28

Statistical Analysis Clinicopathologic characteristics were
summarized and compared between patients with and without
LP using Pearson’s chi-squared test or Fisher’s exact test, as
appropriate, for categorical variables and Student’s t test for
continuous variables. OS duration was calculated from the
date of diagnosis to the date of death or was censored at last
follow-up. Survival curves were estimated with the Kaplan-
Meier method and compared with the log-rank test. Univariate
and multivariable Cox proportional hazards models were used
to determine the associations between clinicopathologic fac-
tors and OS. Gastrectomy was treated as a time-varying co-
variate to minimize overestimation of the benefit of gastrecto-
my on survival.29, 30 The multivariable analysis included var-
iables that were significant at the 0.1 level in the univariate
analysis. Backward model selection was implemented with a
significance level of 0.05 to build the final model.

To create comparable cohorts of patients, we matched sur-
gical LP patients 1:1 with surgical non-LP patients using the
propensity score-matching method (optimal matching).31, 32

Matching variables included age, sex, presence of signet ring
cells, preoperative therapy type, gastrectomy type, nodal dis-
section type, concomitant organ resection, postoperative com-
plications, pStage, pathologic P status, node ratio, and R sta-
tus. After propensity score matching, the balances in the clin-
icopathologic characteristics between patients with and with-
out LP were assessed using McNemar’s test for categorical
variables and a paired t test for continuous variables.

The statistical analysis was conducted using SPSS v.23 for
Windows XP software (SPSS, Chicago, IL, USA); SAS 9.3,
the SPSS PSMatching extension tool developed by
Thoemmes33 (The SAS Institute, Cary, NC); and Stata 13.1
(Stata Corp., College Station, TX). All statistical tests were
two-sided with a significance level of 0.05.

Results

Seven hundred forty patients met the inclusion and exclusion
criteria and were included in this study; 157 (21.2%) had a
diagnosis of LP (Fig. 1). Patients with LP were younger and
more often female than were those without LP. Patients with
LP predominantly had signet ring cell (77.7%) and poorly
differentiated histologic types (91.1%) (Table 1). We also
found that 75.8% had clinical stage IV disease, mostly deter-
mined by the presence of gross peritoneal carcinomatosis
(56.7%) or positive cytologic results (18.5%). Gastrectomy
was performed in only 31 (19.7%) patients (Table 1).

Of the 740 patients in our study, 348 (47.0%) underwent
gastrectomy. Of these, 174 (50.0%) underwent a total gastrec-
tomy and 167 (48.0%) underwent a subtotal gastrectomy
(Table 2). Patients with LP more often had positive cytologic
findings, peritoneal carcinomatosis, and an advanced patho-
logic disease stage. They underwent total gastrectomy more
often and had a higher R1 resection rate than did those without
LP (Table 2).

OS The median follow-up duration among survivors was 33.4
months after diagnosis in all patients. Themedian OS duration
after diagnosis was 25.0 months. The 1-, 3-, and 5-year OS
rates were 59%, 12%, and 5%, respectively, in the LP group
and 80%, 48%, and 36% in the non-LP group. Patients with
LP had a significantly shorter median OS duration than did
those without LP (14.0 vs. 33.5 months; p < 0.001) (Fig. 2a).

We performed a further OS analysis of the 335 patients
who underwent total or subtotal gastrectomy without 30-day
postoperative mortality. The 1-, 3-, and 5-year OS rates after
gastrectomy were 69%, 27%, and 18%, respectively, in the LP
group and 89%, 67%, and 56% in the non-LP group.
Similarly, patients with LP had a significantly shorter median
OS duration after gastrectomy than did those without LP (21.8
vs. 91.0 months; p < 0.001) (Fig. 2b). After propensity score
matching, LP patients had a remarkably shorter OS duration
than did non-LP patients, although it did not reach statistical
significance (stratified log-rank test, p = 0.0593; stratified Cox
regression model, p = 0.0694; HR = 2.600; 95% CI = 0.927–
7.293) (Fig. 2c).

In the LP cohort, the median OS duration after diagnosis
was 29.0 months in patients who underwent gastrectomy and
12.5 months in patients who did not undergo gastrectomy (p <
0.001). The median OS duration was significantly longer in
patients who achieved R0 resection (37.2 months) than in
those with R1 resection (16.1 months; p = 0.01). The multi-
variable Cox regressionmodels, adjusted by preoperative clin-
ical stage, demonstrated that the use of systemic therapy (che-
motherapy: HR = 0.594; p = 0.076 or chemoradiation therapy:
HR = 0.346; p = 0.001) and gastrectomy (HR = 0.425; p =
0.003) were associated with improved OS (Table 3).

Discussion

On the basis of our preoperative diagnostic criteria, 21.2%
of the gastric cancer patients in this study had LP gastric
cancer. More of these patients presented with advanced-
stage disease than did those with non-LP cancer, with a
stronger propensity towards peritoneal dissemination; they
had extremely poor OS durations. LP was independently
associated with a poor OS on the basis of the results of
propensity score-matched survival analyses of the surgical
c o ho r t s . S y s t em i c t h e r a py ( c h emo t h e r a py o r
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chemoradiation therapy) and gastrectomy were associated
with a longer OS duration in LP patients by multivariable
analysis, using gastrectomy as a time-varying covariate;

upfront systemic therapy, followed by gastrectomy,
seemed to be a promising approach in carefully selected
patients with localized LP gastric cancer.

Table 1 Clinicopathological
characteristics of patients with
and without LP

Variable Non-LP (n = 583) LP (n = 157) p value

Age (mean ± SD) 61 ± 13 59 ± 13 0.018

Sex, n (%) < 0.001
Male 359 (61.6) 69 (43.9)

Female 224 (38.4) 88 (56.1)

Gastroesophageal junction involvement 0.314
Yes 184 (31.6) 43 (27.4)

No 399 (68.4) 114 (72.6)

Signet ring cells < 0.001
Yes 291 (49.9) 122 (77.7)

No 292 (50.1) 35 (22.3)

Grade < 0.001
Well differentiated 1 (0.2) 0 (0)

Moderately differentiated 108 (18.5) 4 (2.5)

Poorly differentiated 440 (75.5) 143 (91.1)

Not reported 34 (5.8) 10 (6.4)

cStage* < 0.001
I 43 (7.4) 6 (3.8)

II 269 (46.1) 28 (17.8)

III 84 (14.4) 4 (2.5)

IV 187 (32.1) 119 (75.8)

Peritoneal carcinomatosis* < 0.001
Grossly positive 126 (21.6) 89 (56.7)

Cytology-only positive 50 (8.6) 29 (18.5)

Negative 407 (69.8) 39 (24.8)

Upfront systemic therapy < 0.001
None 65 (11.1) 15 (9.6)

Chemotherapy 193 (33.1) 90 (57.3)

Chemoradiation therapy 325 (55.7) 52 (33.1)

Gastrectomy < 0.001
Yes 317 (54.4) 31 (19.7)

No 266 (45.6) 126 (80.3)

*Determined after endoscopy, computed tomography, and diagnostic laparoscopy

Fig. 1 Concordance of definition
of linitis plastica between staging
modalities
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Table 2 Clinicopathological
characteristics of patients
undergoing gastrectomy

Variable Baseline Propensity score matched

Non-LP (n = 317) LP (n = 31) p value Non-LP (n = 31) p value

Age (mean± SD) 61 ± 13 59 ± 13 0.462 59 ± 10 0.912

Sex, n (%) 0.407 0.763
Male 178 (56.2) 15 (48.4) 16 (51.6)

Female 139 (43.8) 16 (51.6) 15 (48.4)

Gastroesophageal involvement 0.378 1
Yes 70 (22.1) 9 (29.0) 9 (29.0)

No 247 (77.9) 22 (71.0) 22 (71.0)

Signet ring cells 0.004 0.739
Yes 169 (53.3) 25 (80.6) 24 (77.4)

No 148 (46.7) 6 (19.4) 7 (22.6)

Histologic grade 0.296* 0.706*
1 1 (0.3) 0 (0) 0 (0)

2 64 (20.2) 3 (9.7) 4 (12.9)

3 231 (72.9) 26 (83.9) 25 (80.7)

Not reported 21 (6.6) 2 (6.5) 2 (6.5)

Preoperative therapy 0.197 0.801
None 40 (12.6) 1 (3.2) 2 (6.5)

Chemotherapy 47 (14.8) 8 (25.8) 7 (22.6)

Chemoradiotherapy 230 (72.5) 22 (71.0) 22 (71)

Type of gastrectomy < 0.001 0.414
Total 147 (46.4) 27 (87.1) 25 (80.6)

Subtotal 163 (51.4) 4 (12.9) 6 (19.4)

Proximal 3 (0.9) 0 (0) 0 (0)

Ivor-Lewis esophagectomy 4 (1.3) 0 (0) 0 (0)

Concomitant organ resection 0.121 0.527
Yes 40 (12.6) 7 (22.6) 5 (16.1)

No 277 (87.4) 24 (77.4) 26 (83.9)

Type of node dissection 0.402 0.655
D1 44 (13.9) 2 (6.5) 3 (9.7)

D1+/D2 273 (86.1) 29 (93.5) 28 (90.3)

Peritoneal carcinomatosis < 0.001 0.859
Grossly positive 7 (2.2) 4 (12.9) 3 (9.7)

Cytology positive 13 (4.1) 6 (19.4) 7 (22.6)

Negative 297 (93.7) 21 (67.7) 28 (67.7)

pStage < 0.001 0.887
0 31 (9.8) 0 (0) 0 (0)

1 47 (14.8) 2 (6.5) 3 (9.7)

2 90 (28.4) 12 (38.7) 9 (29)

3 89 (28.1) 5 (16.1) 4 (12.9)

4 60 (18.9) 12 (38.7) 15 (48.4)

Margin status < 0.001 0.782
R0 295 (93.1) 22 (71.0) 10 (32.3)

R1 22 (6.9) 9 (29.0) 21 (67.7)

Major complications 0.231 0.808
Yes 81 (25.6) 11 (35.5) 10 (32.3)

No 236 (74.4) 20 (64.5) 21 (67.7)

90-day mortality 1

Yes 6 (1.9) 0 (0) 0 (0)

No 311 (98.1) 31 (100) 31 (100)

*p values were calculated by excluding missing values
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In accordance with our findings, most previous studies uni-
formly reported that LP patients had extremely poor survival,
with median survival durations in surgical patients of 5–17
months.4, 8, 10, 13, 15–18 However, a significant obstacle in the
interpretation of the results of previous studies was the use of

heterogeneous and often unclear definitions of LP. Some stud-
ies included poorly differentiated histologic features or signet
ring cell type as part of the definition.14–17 However, a micro-
scopic or pathologic definition of LP is difficult to consistently
apply because of the difficulty in obtaining representative tis-
sue samples by biopsy, differences in the histologic criteria of
pathologic classifications across countries, and the effects of
preoperative therapy on the final pathologic results; in addi-
tion, most patients with LP do not undergo gastrectomy be-
cause of stage IV disease.10 In Eastern Asian countries, scir-
rhous gastric cancer has been consistently defined as
Borrmann type 4 or large (≥ 8 cm in diameter) type 3 gastric
cancer.9, 11, 12 However, patients with Borrmann type 4 tumors
localized in less than two-thirds of the stomach are reported to
have similar survival as patients with other non-scirrhous gas-
tric cancers,8 which indicates that definitions based exclusive-
ly on the Borrmann classification underrepresent the patients
with LP gastric cancer who are seen in western countries.
After careful consideration of previous studies, we used a
definition that we believe most accurately represents LP gas-
tric cancer and is consistently applicable on the basis of three
common staging methods.

Our results prompt several considerations. As patients with
LP have a high risk of peritoneal involvement (75.2% among
patients with radiographically non-metastatic disease in this
series), diagnostic laparoscopy with lavage cytology should
always be performed as part of the staging process. These
patients may also benefit from repeat staging laparoscopy af-
ter preoperative therapy before surgical resection: our previ-
ous analysis showed that approximately 35% of patients with
negative pre-treatment laparoscopy results had peritoneal dis-
ease on second examination.34

The optimum treatment strategy for LP gastric cancer is
unknown, but our results support the use of preoperative
therapy followed by gastrectomy in select patients. A pre-
vious study showed that LP patients experienced poor re-
sponses to systemic therapy,2 likely because of the dis-
ease’s scirrhous stromal component,10 which may protect
cancer cells from the host’s immune response and from
conventional chemotherapeutic agents.35–37 However, we
consider preoperative chemotherapy a reliable strategy for
testing the tumor’s biologic behavior and propose the se-
lective use of gastrectomy in patients who do not experi-
ence progression during preoperative therapy. Preoperative
chemoradiation therapy would also be helpful to improve
the R0 resection rate.

The major limitation of this study, as well as previous stud-
ies of this topic, was the difficulty in defining LP. Some
Eastern Asian studies have defined it as a large Borrmann type
3 or any Borrmann type 4 gastric cancer; our multidisciplinary
team believe that this definition underrepresents the signifi-
cance of the LP gastric cancer we often encounter in our prac-
tice in the west. Moreover, most recent studies have not

Fig. 2 Kaplan-Meier curves showing the comparative impact of the LP
status on overall survival. a In the non-matched cohorts. b Patients un-
dergoing gastrectomy, non-matched cohorts. c Patients undergoing gas-
trectomy, matched cohorts
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provided a clear definition of LP. In addition, the infiltrative
morphological characteristics of diffuse gastric cancer often
lack clear demarcation of the tumor edge; therefore, it can be
difficult to determine whether the tumor meets specific
criteria. Although the ideal criteria for defining LP remain
unknown, we feel that our study has provided a clear proposed
definition that may help clarify the outcomes of LP.

Although selection bias in the use of preoperative ther-
apy and gastrectomy was the major limitation of this ret-
rospective study, multivariable analyses using gastrectomy
as a time-varying covariate minimized its lead-time bias.
Moreover, the long median OS duration of LP patients who
underwent gastrectomy (37.2 months after R0 gastrectomy
and 16.1 months after R1 gastrectomy)—compared with
the 12.5 months in patients who have not undergone resec-
tion and to the findings of previous reports—supports the
use of preoperative therapy and gastrectomy in carefully
selected patients.

Conclusions

In conclusion, LP is a phenotype of gastric cancer that often
presents at an advanced stage, with a high rate of peritoneal
involvement. Our proposed definition of LP is feasible, which
may help standardize the terminology. The use of staging lap-
aroscopy is important for classifying LP, as well as for ruling
out peritoneal carcinomatosis. The prognosis of LP patients is
poor; however, the use of preoperative therapy, followed by
gastrectomy in select patients, appears to be a reasonable treat-
ment strategy for patients with localized LP gastric cancer.

Future studies should focus on defining the optimum pre-
operative therapy regimen and thus further improving the OS
duration of patients with LP gastric cancer.
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