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Abstract

Background

Survival from gastric cancer remains poor, particularly in Western populations. Previous

pre-clinical and subgroup analyses of clinical trials have suggested differing benefits from

fluoropyrimidine-based chemotherapeutics for diffuse and intestinal gastric cancer. This

analysis examines patterns of relapse with and without adjuvant chemotherapy after cura-

tive resection for gastric cancer in these subtypes to explore the Lauren classification as a

predictive marker of benefit for fluoropyrimidine-based adjuvant chemotherapy.

Patients and methods

Gastric cancer patients enrolled in an ongoing tissue banking study were analysed, 164

patients who would currently be considered for adjuvant therapy after curative resection

were included in the analysis. Patients who did and did not receive adjuvant chemotherapy

were compared. The primary end point was relapse free survival.

Results

Approximately 50% of patients received adjuvant chemotherapy, the majority receiving a

fluoropyrimidine-based regimen. The comparison of Kaplan-Meier curves for patients who

did and did not receive adjuvant chemotherapy are different between patients with intestinal

and diffuse gastric cancer, and suggest that there may be a benefit in intestinal gastric can-

cer. The hazard ratio for adjuvant chemotherapy for intestinal gastric cancer was 0.56, (95%

CI 0.27–1.17), suggesting a trend towards benefit that was lacking in diffuse gastric cancer

patients (1.26, 95% CI 0.70–2.38). The patterns of relapse after adjuvant chemotherapy

also differed between diffuse and intestinal gastric cancer. More than 50% of diffuse gastric
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cancer patients who received adjuvant chemotherapy relapsed within 12 months of surgery

despite similar surgical parameters.

Conclusions

Lauren classification is prognostic in gastric cancer. This analysis adds further evidence that

it may also be predictive of benefit for fluoropyrimidine-based chemotherapeutics, with

lower chemosensitivity seen in diffuse gastric cancer. Treating diffuse and intestinal gastric

cancer as separate entities, with identification of efficacious treatments for diffuse gastric

cancer will help in improving outcomes from gastric cancer.

Introduction

Survival from gastric cancer even when treated with curative intent remains poor, particularly

in Western countries [1]. Epidemiological and biological evidence suggests gastric cancer is

heterogeneous, with the Cancer Genome Atlas (TCGA) identifying four major molecular

subtypes of gastric cancer in 2014 [2]. Despite this evidence of heterogeneity, gastric cancer is

currently treated as one disease. The poor survival seen from gastric cancer is potentially influ-

enced by lack of sensitivity to currently used chemotherapeutics in some subtypes.

The Lauren classification is a histological classification of gastric cancer first described in

1965 [3]. It divides adenocarcinoma of the stomach into two main histological subtypes, an

intestinal type with gland formation, and a diffuse subtype, which demonstrates poorly cohe-

sive malignant cells that infiltrate diffusely through the gastric wall without gland formation.

In addition there is a mixed subtype that demonstrates features of both intestinal and diffuse

gastric cancer, and a small proportion of cancers that cannot be classified using this system are

also sometimes observed. Intestinal and diffuse gastric cancer, as well as having differing histo-

logical appearances, show differing epidemiology. Diffuse gastric cancer (DGC) occurs more

frequently in younger patients, and the gender distribution is more equal, whereas intestinal

gastric cancer (IGC) occurs more frequently in males and is the predominant subtype in older

patients [3, 4]. The decline in incidence of gastric cancer globally is due to a decline primarily

in IGC, with an increase in the incidence of DGC seen in some populations [3–6]. Lauren clas-

sification has also been identified as a prognostic variable in some cohorts, with DGC showing

poorer survival [7–10]. The Lauren classification was a major clinical variable that correlated

with molecular subtypes in the TCGA gastric cancer analysis, and other studies have also dem-

onstrated molecular differences between IGC and DGC [2, 11].

Although Lauren Classification is accepted as a prognostic variable for gastric cancer, it is

not recognised as being predictive of response to currently used chemotherapeutics. There is

however, evidence from pre-clinical studies and subgroup analyses of clinical trials that

describe DGC showing less benefit to fluoropyrimidine based chemotherapeutic regimens

[12–14]. We sought to investigate the predictive value of Lauren classification for sensitivity to

adjuvant fluoropyrimidine based chemotherapy by examining relapse patterns after curative

surgery in intestinal and diffuse gastric cancer.

Patients and methods

Ethical approval for the study was obtained from the Institutional Review Boards of individual

hospitals involved (Peter MacCallum Cancer Centre, St Vincent’s Hospital, Royal Melbourne
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Hospital and Western Health, Box Hill Hospital, Cabrini Hospital). Written informed consent

was obtained from study participants who were identified prior to surgery by study investiga-

tors. Overarching approval for the tissue banking cohort and this study is from the Peter Mac-

Callum Cancer Centre Ethics Committee.

Patients and study procedures

The Molecular Analysis of Upper Gastrointestinal Cancer (MAUGIC) cohort is a prospectively

collected cohort of potentially resectable gastric cancer patients enrolled opportunistically in

an on-going tissue banking study from selected hospitals in metropolitan Melbourne, Austra-

lia from 1999 to present. Clinical information was recorded at enrolment and at six monthly

intervals initially. For robustness of outcome data the cohort has been linked to the Victorian

Cancer Registry, a population-based cancer registry which records all cancer diagnoses in the

state of Victoria, Australia. Patients with known germline CDH1 mutations or from Hereditary

Diffuse Gastric Cancer kindreds were excluded from this analysis.

Previous analyses of clinical predictors of outcome have demonstrated Lauren classification

to be an independent predictor of recurrence and survival in the MAUGIC cohort [9]. The

gastric cancer subset of the MAUGIC cohort, including Siewert II and III gastro-oesophageal

junction (GOJ) tumours enrolled to 2009 has previously been described in more detail [9]. For

the purposes of this analysis clinical outcome was censored at December 2012, and only

patients who would currently routinely be considered for adjuvant (or neoadjuvant therapies)

were included. Patients who would not routinely be considered for adjuvant chemotherapy

(T1/T2 and node negative, incomplete surgical resection, distant metastatic disease diagnosed

at surgical procedure or death prior to commencement of adjuvant treatment) were excluded.

Resected tumours were reviewed by local pathologists, and tumours were staged using the

American Joint Committee on Cancer (AJCC) 6th edition as this was the staging manual in use

during the time of enrolment of the majority of patients [15].

Statistical considerations

The primary endpoint of this analysis was relapse free survival (RFS), measured from date of

surgery to date of first documented relapse, or death from gastric cancer if recurrence was not

documented. Recurrence was defined as radiological, histopathological or clinical evidence of

recurrence. Self reported recurrence was confirmed with supportive medical records. The sur-

vival analysis was performed using the Survival package in R and comparisons were performed

using a two-sided long-rank test [16]. Survival curves were generated using the Kaplan-Meier

method.

Results

Two hundred and twenty six patients from the MAUGIC cohort who underwent curative sur-

gical resection were assessed for eligibility, and 164 (72.6%) met the eligibility criteria (Consort

diagram, Fig 1). Fifty one (22.6%) patients were excluded due to being early stage (T1/2 N0),

three (1.3%) patients had metastatic disease diagnosed at surgery or macroscopic residual dis-

ease, one (0.4%) patient did not have stage recorded, and one (0.4%) patient had relapse identi-

fied prior to commencing adjuvant chemotherapy. Six (2.7%) patients died within 60 days of

surgery.

Of the 164 eligible patients 55 (33.5%) had DGC and 70 (42.7%) IGC. Of the remaining 39

patients, 21 (12.8%) had mixed gastric cancer and 18 (11.0%) adenocarcinoma not otherwise

specified (NOS). The pathological stage, age, tumour location and Lauren classification sub-

types are given in Table 1. The median number of lymph nodes resected for all 164 patients

Chemoresistance in diffuse gastric cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0183891 September 18, 2017 3 / 12

https://doi.org/10.1371/journal.pone.0183891


was 16 (range 1–56). There were no differences in age at surgery or the proportion of patients

who received adjuvant chemotherapy by Lauren subtype. Compared to other Lauren subtypes

intestinal tumours were more likely to be pT2 (30% vs 3.6% diffuse, 19% mixed and 16.7% ade-

nocarcinoma NOS; Chi-squared test p = 0.03) and Stage II (51.4% vs 29.1% diffuse, 23.8%

mixed and 27.8% adenocarcinoma NOS; Chi-squared test p = 0.03). Tumours that were

unclassified by Lauren classification were more likely to be situated in the GOJ/cardia region

(83.3%) than other subtypes. There was no difference in tumour location when DGC was com-

pared to IGC (Chi-squared test p = 0.16). Eighty four patients (51.2%) received adjuvant che-

motherapy, including approximately 50% of both DGC (n = 28) and IGC (n = 35) patients.

The description of pathological stage, age, tumour location and Lauren subtype by receipt

of adjuvant chemotherapy is provided in Table 2. Patients who did not receive adjuvant che-

motherapy where older than those who did (adjuvant chemotherapy median age 61.5 years, no

adjuvant chemotherapy median age 71 years, Kruskal Wallis test p<0.001), and of lower stage

(54.8% stage Ib/II no adjuvant chemotherapy, 26.2% stage Ib/II adjuvant chemotherapy, Chi-

squared test p = 0.002). There were no differences in tumour location or Lauren classification

between patients who did and did not receive adjuvant chemotherapy.

Information on chemotherapy regimen was available for 95% (n = 80) of patients receiving

adjuvant chemotherapy, all of whom received a fluoropyrimidine (5-fluorouracil or capecita-

bine) based regimen, 49% as a doublet (n = 2, 2.4% platinum + fluoropyrimidine) or triplet

combination (n = 39, 46.4%, anthracycline + platinum + fluoropyrimidine). For four patients

(4.8%) the chemotherapy regimen administered was unknown. Thirteen percent (n = 22) of all

patients received neoadjuvant chemotherapy or chemoradiotherapy. Ten of these patients also

received adjuvant chemotherapy (four receiving neoadjuvant and adjuvant chemotherapy, five

Fig 1. Consort diagram of patient eligibility, Lauren classification subtype and receipt of adjuvant

chemotherapy.

https://doi.org/10.1371/journal.pone.0183891.g001
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receiving neoadjuvant chemotherapy and post-operative chemoradiotherapy and one receiv-

ing neoadjuvant chemoradiotherapy followed by adjuvant chemotherapy), and 12 did not

receive adjuvant therapy (eight patients received neoadjuvant chemoradiotherapy, and four

neoadjuvant chemotherapy alone). Forty five percent (n = 74) of patients underwent adjuvant

chemoradiotherapy. One patient did not receive chemotherapy with radiation in the adjuvant

setting for reasons unknown.

Median follow up duration for all eligible patients was 27.8 months (range 2–135), median

follow up duration in patients without relapse was 63 months (range 2–135). The number of

relapses, median time to relapse, and RFS are described in Table 3. As in the published descrip-

tion of the surgically resectable MAUGIC cohort, patients with IGC showed the best RFS of all

Lauren classification subgroups (Fig 2A, Table 3, p<0.0001) [9]. Consistent with this there

was a smaller proportion of relapses seen in IGC patients (Table 3). The survival curves for all

patients irrespective of whether they received adjuvant chemotherapy are nearly identical (Fig

2B) reflecting the median RFS of 25.9 months in patients who received adjuvant chemotherapy

and 24.0 months in those who did not (Table 3). In DGC patients, median RFS in those with

Table 1. Description of patients by Lauren classification subtype.

Diffuse Intestinal Mixed Adenocarcinoma P value P value

n = 55 n = 70 n = 21 NOS n = 18 All subytpes Diff vs Int

Age

- Median 66 68 66 59 p = 0.17*

- Range 33–86 33–87 36–85 37–81

T stage (AJCC 6th edition)

- T1 4 (7.3%) 2 (2.9%) 0 (0.0%) 0 (0.0%) p = 0.03 p = 0.002¶

- T2 2 (3.6%) 21 (30.0%) 4 (19.0%) 3 (16.7%)

- T3 47 (85.5%) 46 (65.7%) 17 (81.0%) 15 (83.3%)

- T4 2 (3.6%) 1 (1.4%) 0 (0.0%) 0 (0.0%)

N stage (AJCC 6th edition)

- N0 16 (29.1%) 17 (24.3%) 2 (9.5%) 2 (11.1%) p = 0.03 p = 0.10¶

- N1 20 (36.4%) 40 (57.1%) 9 (42.9%) 14 (77.8%)

- N2 14 (25.5%) 10 (14.3%) 7 (33.3%) 2 (11.1%)

- N3 5 (9.1%) 3 (4.3%) 3 (14.3%) 0 (0.0%0

AJCC stage (6th edition)

- Ib 4 (7.3%) 1 (1.4%) 0 (0.0%) 0 (0.0%) p = 0.03¶ p = 0.03¶

- II 16 (29.1%) 36 (51.4%) 5 (23.8%) 5 (27.8%)

- III 29 (52.7%) 30 (42.9%) 13 (61.9%) 13 (72.2%)

- IV 6 (10.3%) 3 (4.3%) 3 (14.3%) 0 (0.0%)

Tumour location

- GOJ/Cardia 13 (23.6%) 20 (28.6%) 2 (9.5%) 15 (83.3%) p < 0.001¶ p = 0.16¶

- Body 34 (61.8%) 32 (45.7%) 15 (71.4%) 2 (11.1%)

- Antrum/ pylorus 8 (14.5%) 18 (25.7%) 4 (19.0%) 1 (5.6%)

Adjuvant chemotherapy

- No 23 (41.8%) 33 (47.1%) 9 (42.9%) 8 (44.4%) p = 0.83¶

- Yes 28 (50.9%) 35 (50.0%) 12 (57.1%) 9 (50.0%)

- Not documented 4 (7.3%) 2 (2.9%) 0 (0.0%) 1 (5.6%)

NOS–not otherwise specified; GOJ–gastro-esophageal junction; Diff–Diffuse; Int–Intestinal.

*Kruskal-Wallis test.
¶Chi-squared test.

https://doi.org/10.1371/journal.pone.0183891.t001
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Table 2. Description of patients by receipt of adjuvant chemotherapy.

No adjuvant chemotherapy n = 73 Adjuvant chemotherapy n = 84 P value

Age

- Median 71.0 61.5 p < 0.001*

- Range 38–87 33–82

AJCC stage

- Ib 3 (4.1%) 1 (1.2%) p = 0.002¶

- II 37 (50.7%) 21 (25.0%)

- III 31 (42.5%) 52 (61.9%)

- IV 2 (2.7%) 10 (11.9%)

Tumour location

- GOJ/ Cardia 23 (31.5%) 24 (28.6%) p = 0.72¶

- Body 38 (52.1%) 42 (50.0%)

- Antrum/ Pylorus 12 (16.4%) 18 (21.4%)

Lauren classification

- Diffuse 23 (31.5%) 28 (33.3%) p = 0.97¶

- Intestinal 33 (45.2%) 35 (41.7%)

- Mixed 9 (12.3%) 12 (14.3%)

- Adenocarcinoma NOS 8 (11.0%) 9 (10.7%)

GOJ–gastro-esophageal junction; NOS–not otherwise specified.

*Kruskal-Wallis test.
¶Chi-squared test.

https://doi.org/10.1371/journal.pone.0183891.t002

Table 3. Relapse free survival by receipt of adjuvant chemotherapy.

N Relapses (% parent

group)

Median RFS (months) 95% CI (months) Hazard ratio 95% CI Log rank test p value

Lauren classification

- Intestinal 70 29 (41.4%) Not reached 41.4-not reached 1 - <0.0001

- Diffuse 55 42 (76.4%) 15.7 12.5–39.8 2.58 1.60–

4.15

- Mixed 21 19 (90.5%) 17.3 13.2–33.8 3.36 1.87–

6.04

- Adenocarcinoma

NOS

18 13 (72.2%) 19.3 14.1-not reached 2.44 1.26–

4.74

All patients*

- No adjuvant chemo 73 48 (65.8%) 24.0 16.1–49.2 1 - 0.45

- Adjuvant chemo 84 51 (60.7%) 25.9 20.0–69.7 0.86 0.58–

1.28

Diffuse*

- No adjuvant chemo 23 18 (78.3%) 34.2 13.8-not reached 1 - 0.47

- Adjuvant chemo 28 21 (75.0%) 13.7 8.81–44.4 1.26 0.70–

2.38

Intestinal*

- No adjuvant chemo 33 17 (51.5%) 49.2 15.0-not reached 1 - 0.12

- Adjuvant chemo 35 12 (34.3%) NA 41.4-not reached 0.56 0.27–

1.17

RFS–relapse free survival; CI–confidence interval; NOS–not otherwise specified.

*Excluding patients for whom receipt of adjuvant chemotherapy is not documented.

https://doi.org/10.1371/journal.pone.0183891.t003
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adjuvant chemotherapy was 13.7 months, and without was 34.2 months. In patients with IGC

who received adjuvant chemotherapy, median RFS was not reached, and was 49.2 months in

patients who did not receive adjuvant chemotherapy. Although a strong trend was observed

none of these comparisons reached statistical significance (Table 3). Examination of the

Kaplan-Meier curves, hazard ratio (HR) and proportion of patients relapsing with IGC suggest

some benefit from adjuvant chemotherapy with separation of the curves, the HR for adjuvant

chemotherapy being below one (HR 0.56, 95% CI 0.27–1.17, p = 0.12, Fig 2C) and the smallest

proportion of patients relapsing (34.3%, Table 3). In contrast, in DGC patients the separation

of the curves is much less apparent, and no difference was observed in the proportion of

patients relapsing with and without adjuvant treatment suggestive of lack of benefit (HR 1.26,

95% CI 0.70–2.38, p = 0.47, Fig 2D, Table 3).

Sixty one percent (n = 51) of patients who received adjuvant chemotherapy relapsed, with

median time to relapse of 15 months (range 2–44 months). In DGC, 75% (n = 21) of patients

receiving adjuvant chemotherapy relapsed (median time to relapse 10 months, range 6–44

Fig 2. Kaplan-Meier estimates of relapse free survival among patients eligible for adjuvant therapy after

curative resection of gastric cancer. (A) By Lauren classification subtype. (B) By receipt of adjuvant

chemotherapy in all patients. (C) By receipt of adjuvant chemotherapy in patients with intestinal gastric cancer

only. (D) By receipt of adjuvant chemotherapy in patients with diffuse gastric cancer only.

https://doi.org/10.1371/journal.pone.0183891.g002
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months) and in IGC patients 34% (n = 12) relapsed (median time to relapse 23 months, range

2–41 months).

The histograms in Fig 3 show the different patterns of relapse for those patients that received

adjuvant chemotherapy by Lauren subtype. Most recurrences occurred within 18 months of

surgery (Fig 3A), and further analyses based on Lauren subtype revealed that this was almost

entirely as a result of DGC patients (Fig 3B). More than half of the relapses seen in DGC patients

occurred within the first 12 months after surgery, despite similar clinical characteristics. By

comparison, there is a steady state of relapse in IGC, mixed GC and patients with tumours not

classifiable (Fig 3C–3E). A similar recurrence pattern was seen in patients who did not receive

adjuvant chemotherapy, with the majority of patients relapsing within 18 months of surgery,

however this peak appears to be contributed to by all Lauren subtypes in this setting (S1 Fig).

Discussion

There is strong evidence that IGC and DGC are distinct entities with epidemiological, prog-

nostic and molecular differences in addition to their different histologic morphology [2, 4, 9,

11]. This analysis provides further evidence that Lauren classification is predictive of response

to fluoropyrimidine-based chemotherapeutics. Distinct patterns are seen in RFS with and

without adjuvant chemotherapy when DGC and IGC are examined separately. In IGC, the

Kaplan-Meier analysis suggests some benefit from adjuvant fluoropyrimidine-based chemo-

therapy with the curve for adjuvant chemotherapy above that for no adjuvant chemotherapy

for the duration of follow up (Fig 2C), with a HR less than 1. In DGC, the Kaplan-Meier curves

are reversed, with the curve for patients receiving adjuvant chemotherapy sitting below

patients recieving no adjuvant chemotherapy (Fig 2D), and a HR of greater than 1. The histo-

grams of time to relapse after adjuvant chemotherapy show a distinct pattern in DGC (Fig 3).

For other Lauren subtypes there is a slow, steady rate of relapse, in contrast in DGC the major-

ity of relapses occur within the first 18 months, with more than half in the first 12 months

from surgery suggesting minimal benefit, if any, from the addition of adjuvant chemotherapy.

The MAUGIC cohort is a unique cohort of gastric cancer patients of predominantly Euro-

pean ethnicity [9]. The enrolment period of the MAUGIC cohort used in this analysis, 1999–

2009, encompasses a time when treatment of gastric cancer was changing, with the publication

of the Intergroup 0116 study in 2001 and the MAGIC study in 2006, being the seminal studies

showing improvement in survival in Western gastric cancer populations with adjuvant che-

moradiotherapy and peri-operative chemotherapy respectively [17, 18]. The small numbers of

patients who received neoadjuvant (n = 22, 13%) and adjuvant (n = 84, 51%) therapies reflects

this enrolment period. This enrolment period provides an opportunity to examine the effects

on survival from the different treatment modalities. The observational nature of this analysis is

one of its limitations, as treatments were not randomised, but determined by the treating phy-

sicians. In addition, age and stage, variables that are also prognostic for gastric cancer, both

impact whether a patient is offered adjunctive treatments to surgery, and therefore are likely to

confound any survival differences seen due to additional therapies. In this sub analysis of the

MAUGIC cohort, patients who did not receive adjuvant chemotherapy were older and of

lower stage, variables associated with poorer survival and improved survival respectively in

gastric cancer [7–9]. The size of the MAUGIC cohort limits the ability to tease out the impact

of these confounding variables. In the analysis of the complete resectable MAUGIC cohort

there was no interaction seen between Lauren classification, age at surgery or stage, suggesting

that the relapse patterns seen in the adjuvant chemotherapy eligible patients are not likely to

be strongly influenced by stage or age [9]. The majority of patients in the MAUGIC cohort

were Eastern Co-operative Oncology Group performance status 0 or 1 suggesting that fitness
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pre-surgery for the majority of patients would not have precluded adjuvant therapy, however a

full assessment of co-morbidities before and after surgery is not available for the cohort and

the impact of these can therefore not be taken into account [9].

Fig 3. Histograms depicting time to relapse in months in patients who received adjuvant chemotherapy.

(A) All patients. (B) Diffuse gastric cancer patients only. (C) Intestinal gastric cancer patients only. (D) Mixed

gastric cancer patients only. (E) Patients with adenocarcinoma not otherwise specified only.

https://doi.org/10.1371/journal.pone.0183891.g003
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There is existing evidence that support the hypothesis that DGC and IGC may have differ-

ential responses to currently used chemotherapeutics. A pre-clinical study which identified

two intrinsic genomic subtypes of gastric cancer, G-INT and G-DIF, with 64% concordance to

the respective Lauren classification subtypes, found G-INT cell lines were more sensitive to

5-FU and oxaliplatin and more resistant to cisplatin than G-DIF cell lines [14]. A retrospective

analysis from a single institute in Italy of 248 patients which investigated response to chemo-

therapy in metastatic gastric cancer found response rate (RR) was lower in patients with DGC

(20.4%) when compared to proximal non-diffuse gastric cancer (46.1%) and distal non-diffuse

gastric cancer (30.3%) [19]. Subgroup analysis of the JCOG9912 trial, investigating single

agent 5-fluoruracil (5-FU) compared to S-1 or the combination of cisplatin and irinotecan che-

motherapy in metastatic gastric cancer found a benefit for the cisplatin/irinotecan combina-

tion over 5-FU in patients with DGC but not IGC [12]. Retrospective subgroup analysis of the

Intergroup 0116 trial revealed patients with DGC did not appear to benefit from adjuvant

5-FU based chemoradiotherapy, with a median overall survival (OS) from surgery alone of 42

months, and 31 months with the addition of chemoradiotherapy [13].

Relapse patterns after adjuvant radiotherapy were not specifically examined in this analysis.

The majority of patients who received adjuvant chemotherapy received concurrent chemora-

diotherapy (n = 73, 87%), providing indirect evidence that there is a differential benefit from

radiotherapy in DGC and IGC. This is also seen in the subgroup analysis of the ARTIST trial,

which examined the addition of radiotherapy to capecitabine and cisplatin chemotherapy, and

also demonstrated a lack of benefit for the addition of radiotherapy in DGC [20].

These results are contrasted however by the recently published retrospective analysis exam-

ining markers of recurrence and survival in the MAGIC trial cohort where Lauren subtype was

not identified as being associated with pathological response to chemotherapy or survival [21].

However, only 15% of patients receiving neo-adjuvant chemotherapy (24 patients) were DGC

and, as discussed by Smyth et al, this analysis is likely underpowered to evaluate this subset.

The TCGA gastric cancer cohort identified four major subtypes of gastric cancer and the

Lauren subtype of DGC was significantly enriched in the genomically stable subgroup [2].

IGC was found in three distinctly different molecular subgroups: Epstein Barr virus (EBV),

microsatellite instability (MSI) and chromosomal instability [2]. Cristescu et al also identified

four major subtypes of gastric cancer, with the majority of the mesenchymal subtype being

DGC and showing poorer prognosis than their other identified subtypes [22]. The MSI sub-

type was enriched for IGC and showed improved survival [22]. In DGC, the proposed molecu-

lar drivers, for example gain of function RHOA mutations, structural re-arrangements

involving ARHGAP26 (a GTPase involved in RHO signalling) and loss of CDH1 have been

reported to occur in a mutually exclusive manner [2, 23]. These, and other studies, suggest

unique molecular backgrounds for DGC and IGC which likely contribute to variability in sur-

vival, response to currently used treatments and response to investigational agents in clinical

trials. Consistent with an impact of genomic background on response to treatment, inhibition

of RhoA in DGC cell lines and xenografts has been shown to increase sensitivity to cisplatin

[24]. Gain of function mutations in the GTPase RHOA are one of the recurrent mutational

events identified in DGC but not IGC, and increased RhoA activity has been correlated with

poorer overall survival in DGC, but again not in IGC [2, 23–25].

This analysis adds to the growing evidence of a potential predictive role for the Lauren clas-

sification with regards to fluoropyrimidine-based chemotherapy, in addition to its prognostic

significance. Survival from gastric cancer in Western populations remains poor, and while

awaiting molecular markers to guide individualised patient treatment, investigation and treat-

ment of diffuse and intestinal gastric cancer as separate entities will improve our ability to tai-

lor treatments to individual patients.
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nocarcinoma not otherwise specified only.

(TIF)

S1 Table. Dataset.

(XLSX)

Author Contributions

Conceptualization: Sharon Pattison, Trevor Leong, Rita A. Busuttil, Alex Boussioutas.

Data curation: Sharon Pattison, Catherine Mitchell, Stephen Lade, Rita A. Busuttil, Alex

Boussioutas.

Formal analysis: Sharon Pattison, Rita A. Busuttil, Alex Boussioutas.

Funding acquisition: Alex Boussioutas.

Investigation: Sharon Pattison, Catherine Mitchell, Stephen Lade.

Project administration: Sharon Pattison, Rita A. Busuttil, Alex Boussioutas.

Resources: Sharon Pattison, Rita A. Busuttil, Alex Boussioutas.

Supervision: Trevor Leong, Rita A. Busuttil, Alex Boussioutas.

Visualization: Sharon Pattison.

Writing – original draft: Sharon Pattison.

Writing – review & editing: Sharon Pattison, Catherine Mitchell, Stephen Lade, Trevor

Leong, Rita A. Busuttil, Alex Boussioutas.

References
1. Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang XS, et al. Global surveillance of cancer

survival 1995–2009: analysis of individual data for 25,676,887 patients from 279 population-based reg-

istries in 67 countries (CONCORD-2). Lancet. 2015; 385(9972):977–1010. https://doi.org/10.1016/

S0140-6736(14)62038-9 PMID: 25467588; PubMed Central PMCID: PMCPMC4588097.

2. Cancer Genome Atlas Research N. Comprehensive molecular characterization of gastric adenocarci-

noma. Nature. 2014; 513(7517):202–9. https://doi.org/10.1038/nature13480 PMID: 25079317; PubMed

Central PMCID: PMCPMC4170219.

3. Lauren P. The Two Histological Main Types of Gastric Carcinoma: Diffuse and So-Called Intestinal-

Type Carcinoma. An Attempt at a Histo-Clinical Classification. Acta Pathol Microbiol Scand. 1965;

64:31–49. PMID: 14320675.

4. Lauren PA, Nevalainen TJ. Epidemiology of intestinal and diffuse types of gastric carcinoma. A time-

trend study in Finland with comparison between studies from high- and low-risk areas. Cancer. 1993;

71(10):2926–33. PMID: 8490820.

5. Faria GR, Pinto-de-Sousa J, Preto JR, Sousa HS, Barbosa JA, Costa-Maia J. Three decades of clini-

cal-pathological trends in gastric cancer: prospective data from a Portuguese hospital. Int J Surg. 2013;

11(6):472–6. https://doi.org/10.1016/j.ijsu.2013.04.004 PMID: 23602895.

6. Henson DE, Dittus C, Younes M, Nguyen H, Albores-Saavedra J. Differential trends in the intestinal

and diffuse types of gastric carcinoma in the United States, 1973–2000: increase in the signet ring cell

type. Arch Pathol Lab Med. 2004; 128(7):765–70. https://doi.org/10.1043/1543-2165(2004)128<765:

DTITIA>2.0.CO;2 PMID: 15214826.

Chemoresistance in diffuse gastric cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0183891 September 18, 2017 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183891.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183891.s002
https://doi.org/10.1016/S0140-6736(14)62038-9
https://doi.org/10.1016/S0140-6736(14)62038-9
http://www.ncbi.nlm.nih.gov/pubmed/25467588
https://doi.org/10.1038/nature13480
http://www.ncbi.nlm.nih.gov/pubmed/25079317
http://www.ncbi.nlm.nih.gov/pubmed/14320675
http://www.ncbi.nlm.nih.gov/pubmed/8490820
https://doi.org/10.1016/j.ijsu.2013.04.004
http://www.ncbi.nlm.nih.gov/pubmed/23602895
https://doi.org/10.1043/1543-2165(2004)128<765:DTITIA>2.0.CO;2
https://doi.org/10.1043/1543-2165(2004)128<765:DTITIA>2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/15214826
https://doi.org/10.1371/journal.pone.0183891


7. Kim JP, Lee JH, Kim SJ, Yu HJ, Yang HK. Clinicopathologic characteristics and prognostic factors in 10

783 patients with gastric cancer. Gastric Cancer. 1998; 1(2):125–33. https://doi.org/10.1007/

s101209800005 PMID: 11957056.

8. Marrelli D, Pedrazzani C, Morgagni P, de Manzoni G, Pacelli F, Coniglio A, et al. Changing clinical and

pathological features of gastric cancer over time. Br J Surg. 2011; 98(9):1273–83. https://doi.org/10.

1002/bjs.7528 PMID: 21560122.

9. Pattison S, Mann GB, Crosthwaite G, Lade S, Mitchell C, Leong T, et al. Predictors of outcome after sur-

gery for gastric cancer in a Western cohort. ANZ J Surg. 2016; 86(6):469–74. https://doi.org/10.1111/

ans.12915 PMID: 25388659.

10. Qiu MZ, Cai MY, Zhang DS, Wang ZQ, Wang DS, Li YH, et al. Clinicopathological characteristics and

prognostic analysis of Lauren classification in gastric adenocarcinoma in China. J Transl Med. 2013;

11:58. https://doi.org/10.1186/1479-5876-11-58 PMID: 23497313; PubMed Central PMCID:

PMCPMC3600019.

11. Boussioutas A, Li H, Liu J, Waring P, Lade S, Holloway AJ, et al. Distinctive patterns of gene expression in

premalignant gastric mucosa and gastric cancer. Cancer Res. 2003; 63(10):2569–77. PMID: 12750281.

12. Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A, et al. Fluorouracil versus combination of iri-

notecan plus cisplatin versus S-1 in metastatic gastric cancer: a randomised phase 3 study. Lancet

Oncol. 2009; 10(11):1063–9. https://doi.org/10.1016/S1470-2045(09)70259-1 PMID: 19818685.

13. Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes NC, Ajani JA, et al. Updated analysis of

SWOG-directed intergroup study 0116: a phase III trial of adjuvant radiochemotherapy versus observa-

tion after curative gastric cancer resection. J Clin Oncol. 2012; 30(19):2327–33. https://doi.org/10.1200/

JCO.2011.36.7136 PMID: 22585691; PubMed Central PMCID: PMCPMC4517071.

14. Tan IB, Ivanova T, Lim KH, Ong CW, Deng N, Lee J, et al. Intrinsic subtypes of gastric cancer, based on

gene expression pattern, predict survival and respond differently to chemotherapy. Gastroenterology.

2011; 141(2):476–85, 85 e1-11. https://doi.org/10.1053/j.gastro.2011.04.042 PMID: 21684283;

PubMed Central PMCID: PMCPMC3152688.

15. Greene FL, Page DL, Fleming ID, Fritz AG, Balch CM, Haller DG, et al., editors. AJCC Cancer Staging

Manual. 6th ed. Chicago, Illinois: Springer; 2002.

16. Therneau T. A Package for Survival Analysis in S. Version 2.38 ed2015.

17. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ, Nicolson M, et al. Periopera-

tive chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl J Med. 2006;

355(1):11–20. https://doi.org/10.1056/NEJMoa055531 PMID: 16822992.

18. Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes NC, Stemmermann GN, et al. Chemora-

diotherapy after surgery compared with surgery alone for adenocarcinoma of the stomach or gastro-

esophageal junction. N Engl J Med. 2001; 345(10):725–30. https://doi.org/10.1056/NEJMoa010187

PMID: 11547741.

19. Bittoni A, Scartozzi M, Giampieri R, Faloppi L, Bianconi M, Mandolesi A, et al. Clinical evidence for

three distinct gastric cancer subtypes: time for a new approach. PLoS One. 2013; 8(11):e78544. https://

doi.org/10.1371/journal.pone.0078544 PMID: 24265697; PubMed Central PMCID: PMCPMC3827058.

20. Park SH, Sohn TS, Lee J, Lim do H, Hong ME, Kim KM, et al. Phase III Trial to Compare Adjuvant Che-

motherapy With Capecitabine and Cisplatin Versus Concurrent Chemoradiotherapy in Gastric Cancer:

Final Report of the Adjuvant Chemoradiotherapy in Stomach Tumors Trial, Including Survival and Sub-

set Analyses. J Clin Oncol. 2015; 33(28):3130–6. https://doi.org/10.1200/JCO.2014.58.3930 PMID:

25559811.

21. Smyth EC, Fassan M, Cunningham D, Allum WH, Okines AF, Lampis A, et al. Effect of Pathologic Tumor

Response and Nodal Status on Survival in the Medical Research Council Adjuvant Gastric Infusional Che-

motherapy Trial. J Clin Oncol. 2016. https://doi.org/10.1200/JCO.2015.65.7692 PMID: 27298411.

22. Cristescu R, Lee J, Nebozhyn M, Kim KM, Ting JC, Wong SS, et al. Molecular analysis of gastric cancer

identifies subtypes associated with distinct clinical outcomes. Nat Med. 2015; 21(5):449–56. https://doi.

org/10.1038/nm.3850 PMID: 25894828.

23. Kakiuchi M, Nishizawa T, Ueda H, Gotoh K, Tanaka A, Hayashi A, et al. Recurrent gain-of-function

mutations of RHOA in diffuse-type gastric carcinoma. Nat Genet. 2014; 46(6):583–7. https://doi.org/10.

1038/ng.2984 PMID: 24816255.

24. Yoon C, Cho SJ, Aksoy BA, Park do J, Schultz N, Ryeom SW, et al. Chemotherapy Resistance in Dif-

fuse-Type Gastric Adenocarcinoma Is Mediated by RhoA Activation in Cancer Stem-Like Cells. Clin

Cancer Res. 2016; 22(4):971–83. https://doi.org/10.1158/1078-0432.CCR-15-1356 PMID: 26482039;

PubMed Central PMCID: PMCPMC4823002.

25. Wang K, Yuen ST, Xu J, Lee SP, Yan HH, Shi ST, et al. Whole-genome sequencing and comprehen-

sive molecular profiling identify new driver mutations in gastric cancer. Nat Genet. 2014; 46(6):573–82.

https://doi.org/10.1038/ng.2983 PMID: 24816253.

Chemoresistance in diffuse gastric cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0183891 September 18, 2017 12 / 12

https://doi.org/10.1007/s101209800005
https://doi.org/10.1007/s101209800005
http://www.ncbi.nlm.nih.gov/pubmed/11957056
https://doi.org/10.1002/bjs.7528
https://doi.org/10.1002/bjs.7528
http://www.ncbi.nlm.nih.gov/pubmed/21560122
https://doi.org/10.1111/ans.12915
https://doi.org/10.1111/ans.12915
http://www.ncbi.nlm.nih.gov/pubmed/25388659
https://doi.org/10.1186/1479-5876-11-58
http://www.ncbi.nlm.nih.gov/pubmed/23497313
http://www.ncbi.nlm.nih.gov/pubmed/12750281
https://doi.org/10.1016/S1470-2045(09)70259-1
http://www.ncbi.nlm.nih.gov/pubmed/19818685
https://doi.org/10.1200/JCO.2011.36.7136
https://doi.org/10.1200/JCO.2011.36.7136
http://www.ncbi.nlm.nih.gov/pubmed/22585691
https://doi.org/10.1053/j.gastro.2011.04.042
http://www.ncbi.nlm.nih.gov/pubmed/21684283
https://doi.org/10.1056/NEJMoa055531
http://www.ncbi.nlm.nih.gov/pubmed/16822992
https://doi.org/10.1056/NEJMoa010187
http://www.ncbi.nlm.nih.gov/pubmed/11547741
https://doi.org/10.1371/journal.pone.0078544
https://doi.org/10.1371/journal.pone.0078544
http://www.ncbi.nlm.nih.gov/pubmed/24265697
https://doi.org/10.1200/JCO.2014.58.3930
http://www.ncbi.nlm.nih.gov/pubmed/25559811
https://doi.org/10.1200/JCO.2015.65.7692
http://www.ncbi.nlm.nih.gov/pubmed/27298411
https://doi.org/10.1038/nm.3850
https://doi.org/10.1038/nm.3850
http://www.ncbi.nlm.nih.gov/pubmed/25894828
https://doi.org/10.1038/ng.2984
https://doi.org/10.1038/ng.2984
http://www.ncbi.nlm.nih.gov/pubmed/24816255
https://doi.org/10.1158/1078-0432.CCR-15-1356
http://www.ncbi.nlm.nih.gov/pubmed/26482039
https://doi.org/10.1038/ng.2983
http://www.ncbi.nlm.nih.gov/pubmed/24816253
https://doi.org/10.1371/journal.pone.0183891


Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Pattison, S;Mitchell, C;Lade, S;Leong, T;Busuttil, RA;Boussioutas, A

Title:
Early relapses after adjuvant chemotherapy suggests primary chemoresistance in diffuse
gastric cancer

Date:
2017-09-18

Citation:
Pattison, S., Mitchell, C., Lade, S., Leong, T., Busuttil, R. A. & Boussioutas, A. (2017). Early
relapses after adjuvant chemotherapy suggests primary chemoresistance in diffuse gastric
cancer. PLOS ONE, 12 (9), https://doi.org/10.1371/journal.pone.0183891.

Persistent Link:
http://hdl.handle.net/11343/256938

License:
CC BY

http://hdl.handle.net/11343/256938
CC%20BY

