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1 | INTRODUCTION

| loannis Rouvelas®? | Magnus Nilsson'?

Abstract

Aim: Relapse after curative treatment for advanced gastric cancer, and especially peri-
toneal recurrence, is very common and has a dismal prognosis. The aim of this review
is to summarize existing evidence regarding risk factors and prophylactic treatments
intending to prevent peritoneal recurrence.

Methods: A structured search of relevant studies was conducted in MEDLINE,
Embase, and the Cochrane Library.

Results: The main risk factors identified are advanced pathological T-stage (pT = 3),
regional lymph node involvement, diffuse/poorly cohesive type tumor, poorly differ-
entiated cancer, and positive peritoneal wash cytology. Systemic chemotherapy in
the perioperative or adjuvant setting improves survival for the patients but despite
this peritoneal recurrence remains a common and yet an unsolved clinical problem.
Different approaches of intraperitoneal chemotherapy such as hyperthermic intra-
peritoneal chemotherapy and early postoperative intraperitoneal chemotherapy have
shown promising results as prophylactic treatments aiming to prevent peritoneal
recurrence.

Conclusion: Future studies are warranted to find safe and effective treatments to

prevent peritoneal recurrence.
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an increase in peritoneal recurrence has been described in recent

Gastric cancer is the fifth most commonly diagnosed cancer and
the fourth most common cause of cancer death worldwide.> A ma-
jority of patients are diagnosed at advanced stages and approxi-
mately 40% of the patients are diagnosed up-front with metastatic
disease.? Overall survival after radical gastrectomy has improved
over the years due to advances in oncological and surgical treat-

ment. However, the relapse rate remains high at around 40% and

years.® Several studies have shown that approximately 15%-17%
of patients develop peritoneal carcinomatosis after curative gas-
trectomy.3'5 Patients with peritoneal metastases have a very poor
prognosis and their quality of life is also severely compromised as
a result of refractory ascites, progressive bowel obstruction, and
abdominal pain.>¢

Peritoneal carcinomatosis remains an essential oncological

challenge since systemic chemotherapy has a limited efficacy.’”
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This could be due to a weak penetration of chemotherapy agents
into the peritoneum because of low intraperitoneal blood flow,
subsequent hypoxic tumor cells with low apoptotic poten-
tial, and the plasma-peritoneal barrier.® Different methods of
intraperitoneal administration of cytotoxic drugs such as hyper-
thermic intraperitoneal chemotherapy (HIPEC) and early postop-
erative intraperitoneal chemotherapy (EPIC) have been applied
in order to prevent peritoneal carcinomatosis after curative in-
tent surgery. Intraperitoneal chemotherapy has the theoretic
advantages of delivering very high loco-regional drug concen-
tration with very limited systemic cytotoxicity.”'® More recently,
pressurized intraperitoneal aerosol chemotherapy (PIPAC) has
demonstrated therapeutic potential with optimized drug distribu-
tion, very low procedure-related complications, improved patient
tolerance, and quality of life.1%11 PIPAC has until now only been
used in the palliative setting for patients with confirmed perito-
neal metastases. There is however an ongoing Scandinavian trial
assessing the safety of PIPAC in conjunction with laparoscopic D2
gastrectomy (NCT-number NCT04047004) in patients with high
risk of peritoneal recurrence. Results from this trial are expected
during 2022.

The aim of this comprehensive review is to summarize current
evidence regarding risk factors for development of peritoneal re-
currence and therapeutic options for prevention of peritoneal re-
currence after curative intent surgery for locally advanced gastric

cancer.

2 | MATERIALS AND METHODS

For the assessment of risk factors for peritoneal carcinomatosis,
we conducted a structured search in MEDLINE, Embase, and the
Cochrane Library including the terms “peritoneal carcinomatosis”
AND “gastric cancer” AND “gastrectomy” AND “risk factor.” For the
identification of potential preventive treatments, we performed a
structured search in MEDLINE, Embase, and the Cochrane Library
using the terms “survival OR relapse OR recurrence” AND “gastric
cancer OR gastroesophageal junction cancer” AND “postopera-
tive OR adjuvant” AND “chemotherapy OR chemoradiotherapy OR
immunotherapy OR intraperitoneal chemotherapy.” For systemic
treatment options, only large randomized controlled trials (RCTs)
published after 2000 were included. Furthermore, for intraperi-
toneal treatment options, we performed an additional search in
MEDLINE using the terms “gastric cancer OR gastroesophageal
junction cancer” AND “intraperitoneal” AND “chemotherapy” AND
“adjuvant OR preventive OR prophylactic.” The abovementioned
search was limited to RCTs, meta-analyses, and high-quality cohort
studies with control group. Only studies with full-text available in
English were included. Additional studies were identified by screen-
ing of reference lists. Details of the included studies are presented
in Tables 1 and 2.
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3 | RESULTS

3.1 | Risk factors for peritoneal recurrence after
curative intent surgery

3.1.1 | Histopathological factors

Serosal invasion has been found to be a risk factor for peritoneal recur-
rence in two prospective studies*® and two retrospective studies.!?13
In other studies, pT3-4 tumors were associated with increased risk for
developing peritoneal recurrence.®**"” The 6th edition of the American
Joint Committee on Cancer (AJCC) staging system was mostly used
where serosal invasion was classified as T3. Later studies using the 7th
AJCC edition where serosal invasion was defined as T4a showed in-
creased risk for developing peritoneal recurrence in pT4 tumors. 182
Macroscopic serosal invasion has been associated with peritoneal re-
currence, regardless of pathological T-stage.?° Furthermore, positive
lymph node involvement has been identified as an independent risk

factor of peritoneal recurrence,>*131516.2022.23

unrelated to T-stage.
As there is a clear risk of residual confounding from advanced T-stage
and other factors in these studies, it may be questioned whether N-
stage is an independent risk factor or if the association described above
is mainly attributable to unadjusted confounding.

Diffuse/infiltrative tumors have been found to have increased
risk of developing peritoneal recurrence. 41618202425 gionet ring
cell carcinoma, which is a subtype of diffuse/poorly cohesive type
carcinoma, has been linked to peritoneal recurrence.®%¢ Moreover,
undifferentiated/poorly differentiated gastric carcinoma is also asso-
ciated with increased risk for developing peritoneal recurrence 331>
As diffuse/poorly cohesive carcinomas are poorly differentiated there
is great overlap and it is therefore difficult to determine whether poor
differentiation is an independent risk factor, or if the effect is mainly
attributable to the diffuse and infiltrative growth pattern. Some other
pathological features associated with peritoneal recurrence are venous
invasion,*® lymphovascular invasion,?* and peritumoral desmoplasia.?
Most of the histopathological findings are independent of T- and N-
stage. Borrmann type 4 is macroscopically determined diffusely infil-
trating tumor and has been identified as a risk factor for peritoneal
recurrence.}?° Linitis plastica, a severe form of Borrmann type 4, has
been found to increase the risk for peritoneal recurrence in signet ring
cell carcinomas.?? In addition, scirrhous stromal reaction has been cor-
related with increased risk of peritoneal recurrence.?* Since Borrmann
type 4 to a very large extent is the macroscopic manifestation of his-
tologically diffuse/poorly cohesive carcinoma, it is likely to represent

the same biological risk factor for peritoneal metastasis.

3.1.2 | Other tumor-related factors

Tumor location has been studied in relation to peritoneal recur-

rence, but the reports are ambiguous. In two studies, distal tumors
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have shown increased risk for peritoneal recurrence,''” while in
another study, total gastrectomy was identified as a risk factor.'®
Furthermore, tumor size has been associated with peritoneal recur-
rence. This risk increased in the larger tumor groups, but the defini-
tion has varied.*?>2> Nonetheless, large tumor size is likely to be a

proxy for generally more advanced disease.

3.1.3 | Biomarkers

The tumor marker alpha fetoprotein (AFP) may predict peritoneal
recurrence after gastrectomy if elevated preoperatively, while ele-
vated cancer-associated antigen 19-9 (CA 19-9) postoperatively was
predictive for peritoneal recurrence.?’ Other less commonly used
biomarkers associated with peritoneal recurrence include prognos-
tic nutritional index (PNI, an immune-nutritional marker),?® B-Ala (an

2! miR-29b (a microRNA tumor suppres-

anti-tumoral amino acid),
sor),2? mesothelin (a tumor-associated antigen),'® and bcl-2 (an on-

cogene indicating less aggressive tumor growth).*®

3.1.4 | Other clinical factors

Patients below the age of 50'% and female patients may have higher
risk for developing peritoneal recurrence.**'*? A higher proportion
of diffuse carcinomas in younger and female patients may partly
explain these findings. Additionally, plasma may enhance the ability
of gastric cancer cells to adhere to mesothelial cells and promote
peritoneal dissemination’’ and subsequently large intraoperative
bleeding during gastrectomy has been linked to increased incidence
of peritoneal recurrence.!”° Positive peritoneal cytology is a strong
predictor of peritoneal recurrence, as up to 82% of patients with
positive cytology develop peritoneal recurrence®! and the risk may
be 15 times higher compared to patients with negative cytology.32
Cancer cells may also be spilled during resection and the spread-
ing of viable cancer cells into the abdominal cavity is increased in

advanced tumors.%®

3.2 | Prophylactic treatment of peritoneal
recurrence after curative intent surgery
3.2.1 | Systemic treatment

Various studies have tried to clarify the efficacy of perioperative
chemotherapy in conjunction with curative intent surgery and to
find the most effective treatment. Most of the large RCTs have fo-
cused on overall survival (OS) and relapse-free survival (RFS) and
did not investigate specific recurrence patterns. Thus, the effects
of systemic chemotherapy on prevention of peritoneal recurrence
remains unclear in most studies. In the Macdonald study, of patients
treated with adjuvant Fluorouracil and Leucovorin in combination
with radiotherapy 72% had improved OS (36 vs 27 months, P = .005)

as well as RFS (30 vs 19 months, P < .001), compared to patients
treated with surgery only. Regional relapse, typically abdominal
carcinomatosis, developed among 65% of the patients treated with
adjuvant chemoradiotherapy, while the rate of regional relapse was
72% among the patients treated with surgery only.3* Later, the
MAGIC study reported positive effects of perioperative chemo-
therapy with Epirubicin, Cisplatin, and Fluorouracil (ECF) showing
improved OS (HR 0.75, 95% Cl 0.60-0.93) and progression-free
survival (HR 0.66, 95% CI 0.52—0.81).35 Subsequently, the ACTS-GC
study reported improved OS (HR 0.669, 95% Cl 0.540-0.828) and
RFS (HR 0.653, 95% CI 0.537-0.793), as well as decreased incidence
of peritoneal recurrence (HR 0.687, 95% CI 0.511-0.925) by adjuvant
S-1 chemotherapy.®® In the CLASSIC study, patients who received
adjuvant Capecitabine and Oxaliplatin (CapOx) following D2 gas-
trectomy had improved OS (HR 0.66, 95% Cl 0.51-0.85) and disease-
free survival (DFS, HR 0.58, 95% Cl 0.47-0.72) compared to patients
treated with surgery only. Peritoneal recurrence occurred in 10.2%
of patients in the adjuvant treatment group and in 11.7% of patients
in the surgery only group.”” Further on, Al-Batran et al*® performed
an RCT which showed that perioperative Docetaxel, Oxaliplatin,
Leucovorin, and Fluorouracil (FLOT) was superior to perioperative
Epirubicin, Cisplatin, and Fluorouracil/Capecitabine (ECF/ECX) in
terms of OS (50 months vs 35 months, P =.012) and DFS (30 months
vs 18 months, P = .0036). The CRITICS trial reported shortened
OS (HR 1.62, P = .0004) and a higher rate of peritoneal recurrence
among patients who per protocol received postoperative chemora-
diotherapy compared to patients who received postoperative chem-
otherapy (2-year cumulative incidence, 11% vs 4%, P = .005).% Ina
recent RCT, Zhang et al showed superior 3-year DFS using perioper-
ative Oxaliplatin and S-1 (SOX) compared to adjuvant Capecitabine
and Oxaliplatin (CapOx; HR 0.77, 95% Cl 0.61-0.97).4°
Immunochemotherapy in the adjuvant setting for patients with
locally advanced gastric cancer has also been studied. Jeung et al*t
used systemic polyadenylic-polyuridylic acid (poly A:U), which is be-
lieved to activate NK cells, in addition to Fluorouracil and Adriamycin,
and found improved OS (68.4% vs 52.4%, P = .013) and RFS (68.3%
vs 52.1%, P = .005), as well as a slightly lower rate of peritoneal re-
currence (50.0% vs 53.2%) when comparing immunochemotherapy

to chemotherapy alone.

3.2.2 | Intraperitoneal treatment

Different techniques of intraperitoneal treatment have been stud-
ied for prevention of peritoneal recurrence in patients undergo-
ing curative intent surgery for locally advanced gastric cancer.
Normothermic intraperitoneal chemotherapy (NIPEC) has been
used in the adjuvant setting. While some studies failed to show
positive effects of NIPEC on survival or recurrence,*?*® other stud-
ies have reported survival benefit.***> For example, the AMC0101
study showed that intraperitoneal Cisplatin and early initiation of
adjuvant chemotherapy with Mitomycin C (MMC), Doxifluridine, and
Cisplatin improved OS (HR 0.71, 95% Cl 0.53-0.95) and decreased
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TABLE 2 (Continued)

Effects of intervention

Study design Study size

Region

Authors, year

Intervention

EIPL + adjuvant CT No difference in OS (HR 1.09, 95%

RCT

South Korea,

Yang et al, 2021°8

Surgery + EIPL + adjuvant CT (various regimens) vs

Cl0.78-1.52, P = .62), DFS (HR

(n =398)
Adjuvant CT (n = 402)

China, Japan,
Malaysia,
Hong

surgery + adjuvant CT (various regimens) (EXPEL trial)

or

.40)

peritoneal recurrence rate (HR 1.33,

95% C10.73-2.42, P = .35)

1.12,95% C1 0.86-1.47, P

Kong, and

Singapore

Abbreviations: CRT, chemoradiotherapy; CT, chemotherapy; DFS, disease-free survival; EIPL, extensive intraoperative peritoneal lavage; EPIC, early postoperative intraperitoneal chemotherapy; HIPEC,

hyperthermic intraperitoneal chemotherapy; ICT, immunochemotherapy; NIPEC, normothermic intraperitoneal chemotherapy; OS, overall survival; PFS, progression-free survival; RCT, Randomized clinical

trial; RFS, relapse-free survival.
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the peritoneal recurrence rate even though the difference was not
statistically significant (17% vs 23%, P = .08), compared to adjuvant
chemotherapy with MMC and Doxifluridine, in resectable gastric
cancer with macroscopic serosal invasion.*?

A more widely used technique is hyperthermic intraperitoneal
chemotherapy (HIPEC), using hyperthermia to achieve better pen-
etration of cytotoxic drugs into the tumor tissue and synergistic
effects of some cytotoxic drugs.*® While the role of HIPEC in com-
bination with cytoreductive surgery in gastric cancer with perito-
neal metastases is controversial, the results are more promising for
patients without manifest peritoneal carcinomatosis undergoing
curative intent resection and prophylactic HIPEC.*” A meta-analysis
including 10 RCTs and a total of 1062 patients with macroscopic se-
rosal invasive gastric cancer demonstrated improved OS (RR =0.73,
95% Cl 0.64-0.83) by performing HIPEC. MMC was used in seven
trials, while Fluorouracil was used in three trials. The authors found
no statistically significant difference regarding postoperative com-
plications such as bone marrow suppression, anastomotic leak, ileus,
or liver dysfunction. In the two RCTs that reported peritoneal re-
currence, HIPEC reduced the risk (RR = 0.45, 95% Cl 0.28-0.72).%
Similar effects were shown in a later meta-analysis based on nine
RCTs and nine high-quality non-RCTs including a total of 1810 pa-
tients. Most of the included studies performed HIPEC using MMC
but also Cisplatin, Etoposide, and Fluorouracil were used in some
studies. The HIPEC group had improved OS at 3 years (RR = 0.71,
95% C10.52-0.96) and at 5 years (RR = 0.82, 95% CI 0.70-0.96). Also,
the authors found a lower peritoneal recurrence rate in the HIPEC
group (RR = 0.63, 95% Cl 0.45-0.88), while risk reduction was not
observed for other recurrence patterns. However, the HIPEC pa-
tients suffered from higher postoperative morbidity (RR 2.17, 95%
Cl 1.49-3.14), in particular renal dysfunction.® In a more recent
small RCT, BeeHarry et al reported patients who underwent HIPEC
with Cisplatin having a lower peritoneal recurrence rate (3% vs 23%,
P < .05) as well as a better 3-year DFS (93% vs 65%, P = .0054), but
similar postoperative morbidity burden, compared to surgery only.*
However, in another recent RCT conducted by Fan et al, no survival
benefit was seen for patients treated with HIPEC using Cisplatin.>®
This discrepancy may be attributed to a higher percentage of pa-
tients with T4 tumors in Beeharry’s study and the different regi-
mens of adjuvant chemotherapy given in the two studies (CapOx in
Beeharry's study and SOX in Fan's study). The use of perioperative
chemotherapy in combination with HIPEC has also been studied in a
retrospective cohort by propensity-score matched analysis, and no
differences were found regarding survival or relapse, which further
questions the role of HIPEC when perioperative chemotherapy is
used.”!

Early postoperative intraperitoneal chemotherapy (EPIC) has
been studied in an RCT using intraperitoneal MMC on postoperative
day 1 followed by Fluorouracil on postoperative day 2-5 for patients
with stage I-1V gastric cancer. Compared to patients who underwent
surgery only, patients who underwent EPIC had improved overall
survival (54% vs 38%, P = .0278) and lower peritoneal recurrence
rate (15% vs 30%), however, at the expense of increased complication
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rates with intrabdominal bleeding (10% vs 1%, P = .002) and intraab-
dominal sepsis (14% vs 4%, P = .008).°2 There are two ongoing HIPEC
trials, the European GASTROCHIP trial investigating the efficacy of
intraoperative HIPEC with Oxaliplatin in addition to D1-D2 gastrec-
tomy and perioperative chemotherapy®® and the Chinese Dragon Il
trial studying the efficacy of neoadjuvant laparoscopic HIPEC and
intraoperative HIPEC using Paclitaxel combined with periopera-
tive chemotherapy and D2 gastrectomy.>* Moreover, the ongoing
PHOENIX-GC2 trial in Japan will evaluate the effects of adjuvant or
perioperative administration of intraperitoneal Paclitaxel in addition
to systemic chemotherapy for patients with resectable type 4 carci-
nomas with/without positive cytology.>®

Extensive intraoperative peritoneal lavage (EIPL) is an alternative
method using at least 10 liters of saline as prophylactic therapy of
peritoneal metastases. In an RCT including 88 patients with resect-
able gastric cancer and positive cytology, patients treated with EIPL,
intraperitoneal Cisplatin, and adjuvant chemotherapy (Fluorouracil)
had improved OS compared to patients treated with only intraperi-
toneal Cisplatin and adjuvant Fluorouracil (43.8% vs 4.6%, P < .0001),
and patients treated with only adjuvant Fluorouracil (43.8% vs 0%,
P <.0001). The EIPL group also had lower incidence of peritoneal re-
currence compared to the other groups (40.0% vs 79.3% vs 89.7%,
P < .0001).>¢ However, EIPL was later evaluated in two RCTs, the
CCOG 1102 trial and the EXPEL trial, including 295 and 800 patients,
respectively.®”>® EIPL had no survival benefit or impact on peritoneal
recurrence in these two trials, and could therefore not be recom-
mended. The later trials had larger sample sizes, mostly patients with
negative peritoneal lavage and used presumably more potent adju-
vant chemotherapy, which may explain the contradictory findings.

4 | CONCLUSION

In summary, peritoneal recurrence after curative treatment for
gastric cancer is associated with histopathological, biochemical,
clinical, and surgical risk factors. The main risk factors identified are
advanced T-stage (T4a/T3), regional lymph node involvement, dif-
fuse/poorly cohesive type tumor, poorly differentiated cancer, and
positive peritoneal wash cytology. Systemic chemotherapy may help
reduce the risk of peritoneal recurrence to some extent, but the
evidence is scarce. Intraperitoneal administration of chemotherapy
such as HIPEC in the adjuvant setting has been effective to prevent
peritoneal recurrence, and there are ongoing studies trying to find
safer and more effective intraperitoneal treatments to prevent peri-

toneal recurrence.
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