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Abstract

Background: Radical antegrade modular pancreatosplenectomy (RAMPS), first reported by Strasberg in 2003, has
attracted increasing attention in the treatment of left-sided pancreatic cancer. The limited number of cases eligible
for RAMPS makes it difficult to perform any prospective randomized trial of RAMPS versus the standard procedure.
Therefore, we performed this systemic review and meta-analysis of the current data to clarify the role of the RAMPS
procedure.

Methods: A literature search was performed in electronic databases, including PubMed, Medline, Embase, CNKI and
the Cochrane Library. Studies comparing RAMPS with the standard procedure were included in this meta-analysis.

RO resection rate, recurrence rate at the end of the follow-up, overall survival (OS) and disease-free survival (DFS)
were measured as primary outcomes. Revman 5.3 was used to perform the analysis.

Results: Six retrospective cohort studies with a total number of 378 patients were included in our analysis. Meta-analysis
revealed that RAMPS was correlated with higher RO resection rates [Odds Ratio (OR) 95% confidence interval
(@, 219 (1.16 ~ 4.13); P = 0.02] and successful harvest of more lymph nodes [weighted mean difference (WMD) 95% Cl,
7.06 (4.52 ~ 9.60); P < 0.01] compared with the standard procedure. However, no statistically significant difference was
found between the procedures with respect to recurrence rates [OR 95% Cl, 0.66 (040 ~ 1.09);, P = 0.10], OS [Hazard ratio
(HR) 95% Cl, 0.65 (042 ~ 1.00); P = 0.05] or DFS [HR 95% Cl, 1.02 (0.62 ~ 1.68); P = 0.93].

Conclusions: RAMPS is safe and oncologically superior to the standard procedure for the treatment of left-sided pancreatic
cancer. However, high-grade evidence will be necessary to confirm the potential survival benefits of RAMPS.

Keywords: Pancreatic body/tail cancer, Surgery, RO, Overall survival, Disease-free survival

Background

Distal pancreatectomy is the standard surgical approach
for left-sided pancreatic cancer. However, the long-term
survival of these patients remains unsatisfactory, with a
median survival time of 10-28 months and a 5-year
overall survival of 6-30% [1-5]. In recent years, new
surgical approaches for resectable or borderline resectable
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pancreatic cancer, including the artery-first approach
[6-9], superior mesenteric vein/portal vein resection
and reconstruction [10-13], intraoperative radiotherapy
[14, 15] and preoperative chemo-radiotherapy [16—18],
have been increasingly applied to pancreaticoduode-
nectomy to achieve RO resection for carcinomas of the
head of the pancreas. Despite the highly aggressive nature
of the disease and early regional lymph node metastasis,
adenocarcinomas of the body and tail of the pancreas have
attracted significantly less clinical attention. However, in
2003, Strasberg described a new distal pancreatectomy
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technique, termed radical antegrade modular pancreatos-
plenectomy (RAMPS), to achieve negative posterior resec-
tion margins and to completely remove the N1 lymph
nodes [19]. In the past decade, the RAMPS procedure
has been increasingly applied, particularly in Japan and
Korea [20-24]. However, the number of patients eligible for
RAMPS is too small to consider any prospective ran-
domized trial of RAMPS versus the standard procedure.
Therefore, systemic review and meta-analysis of the
current retrospective data comparing RAMPS and the
standard procedure are necessary and useful to clarify
the role the RAMPS in the treatment of left-sided pan-
creatic cancer.

Methods

Search strategy and selection of trials

A computerized search was performed in July 2016
using the following terms: “radical antegrade modular
pancreatosplenectomy” or “RAMPS”. The following elec-
tronic databases were included: PubMed, Medline, Embase,
CNKI and the Cochrane Library. The reference list of
selected articles was also reviewed.

Randomized controlled trials (RCTs) and retrospective
cohort studies (RCSs) comparing RAMPS and the standard
procedure for the treatment of left-sided pancreatic cancer
were included in this systemic review and meta-analysis.
There were no limitations with respect to language or date.
Case reports, review articles and letters were not included,
and studies without any major postoperative outcomes
were excluded from the search results.

Data extraction and quality assessment

Two reviewers (FC and JL) independently considered
the eligibility of potential titles and extracted the data.
Discrepancies were resolved by mutual discussion. Inclu-
sion and exclusion criteria, country and year of publication,
study type, number of patients operated on with each tech-
nique and the general characteristics of patients (age,
gender, perioperative outcome and postoperative results)
were extracted. The risk of bias for the trials enrolled in the
meta-analysis was evaluated according to the Cochrane
Handbook for Systematic Reviews of Interventions, and the
quality of the non-randomized studies was assessed using
the criteria suggested by the Newcastle-Ottawa quality
assessment (NOS) tool [25]. This scale rates studies on a
scale of one to nine, with nine representing the highest
methodological quality, a NOS score of 7 or above con-
sidered high quality, and a NOS score of 3 or below
considered low quality.

Outcome measurements

The primary outcomes of this study were RO resection
rate, overall survival (OS) and disease-free survival (DES);
secondary outcomes included recurrence rate at the end
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of the follow-up, postoperative complication rate, intraop-
erative blood loss, operative time, the number of lymph
nodes harvested, combined resection rate and duration of
hospital stay.

Statistical analysis

Meta-analysis was performed according to recommenda-
tions from the Cochrane Collaboration. Hazard ratios
(HRs) and 95% confidence intervals (CIs), derived from
values reported explicitly in the published studies or
calculated from the Kaplan-Meier survival curve using
the methods reported by Tierney and colleagues [26],
were combined to measure the survival rates. Odds ra-
tios (ORs) and weighted mean differences (WMDs) were
used to measure dichotomous and continuous data, re-
spectively. A combined HR/OR >1 and WMD > 0 indi-
cated poor outcomes for patients in the RAMPS group
(except RO resection and the number of lymph node
harvested). Heterogeneity was evaluated using the
Chi-square test, and a P value less than 0.1 was con-
sidered statistically significant. The fixed effect model
was used throughout the analysis unless significant
heterogeneity was detected. Funnel plot and Egger’s
test were used to investigate the publication bias. Analysis
was performed using the Review Manager version 5.3
(Cochrane Collaboration, Software Update, Oxford, UK)
and STATA/SE software version 12.0 (STATA Corporation,
College Station, TX, USA).

Results

Characteristics of the trials

Six retrospective trials that met the inclusion criteria
were included in the meta-analysis for a total of 378
patients, including 152 patients undergoing RAMPS
and 226 patients undergoing the standard procedure
[20, 24, 27-30]. Figure 1 summarized the study flow.
The patient characteristics and surgical outcomes of
the included trials are summarized in Tables 1 and 2.
No RCTs had been published at the time of our search.
The risk of bias was evaluated by the Newcastle-Ottawa
scale. Three studies earned a score of 7 or more and
were considered high quality [20, 24, 30] (Additional
file 1: Table S1). Outcomes may have been influenced
by allocation bias in all studies for patients who under-
went RAMPS or the standard procedure. Furthermore,
the follow-up method was unclear in all of the studies.

Meta-analysis results
Primary outcome

RO resection rate All of the included studies reported
RO resection rates [20, 24, 27-30]. The RO resection rate
was 89.5% (136/152) in the RAMPS group and 83.6%
(189/226) in the standard surgery group. The overall
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extraction.

analysis revealed that the RO resection rate was signifi-
cantly higher in the RAMPS group than in the standard
surgery group [OR 95% CI, 2.19 (1.16 ~ 4.13); P = 0.02]
(Fig. 2a). Heterogeneity was not detected (P = 0.57,
I> = 0%), and the fixed-effects model was used.

Recurrence rate at the end of the follow-up The four
large studies reported recurrence rates at the end of
the follow-up [20, 24, 29, 30]: 52.6% and 58.1% in the
RAMPS and standard groups, respectively. Overall
analysis revealed that there was no statistically signifi-
cant difference between the groups with respect to the
recurrence rate [OR 95% CI, 0.66 (0.40 ~ 1.09);
P = 0.10] (Fig. 2b).

Overall survival Four of the included studies reported
the overall survival rate [20, 24, 28, 30]. Heterogeneity
was not detected among these studies (P = 0.56,
I> = 0%), and the fixed-effected model was used. Overall
analysis revealed no significant difference between the
RAMPS and standard surgery groups [HR 95% CI, 0.65
(0.42 ~ 1.00); P = 0.05] (Fig. 2c).

Disease-free survival Three studies reported disease-
free survival rates [20, 28, 30]. No significant difference
was found when comparing RAMPS with the standard
procedure [HR 95% CI, 1.02 (0.62 ~ 1.68); P = 0.93]
using a fixed-effect model (P = 0.87, > = 0%) (Fig. 2d).

Secondary outcomes

Meta-analysis results for secondary outcomes, including
postoperative complication rate, intraoperative blood loss,
operative time, number of lymph nodes harvested, com-
bined resection rate and duration of hospital stay, are
summarized in Table 3. The number of lymph nodes har-
vested in the RAMPS group was significantly greater than
that in the standard operation group [WMD 95% CI, 7.06
(4.52 ~ 9.60); P < 0.01] without increased intraoperative
blood loss [-85.11 (-278.08 ~ 107.85); P = 0.39]. Despite
the tendency toward higher combined resection rates [OR
95% CI, 3.30 (1.00 ~ 10.93); P = 0.05], the incidence of
complications in the RAMPS group did not increase [OR
95% CI, 0.94 (0.56 ~ 1.59); P = 0.83]. There were no statis-
tically significant differences between the groups with re-
spect to operative time or duration of hospital stay
(Additional file 2: Figure S1, Additional file 3: Figure S2,
Additional file 4: Figure S3, Additional file 5: Figure S4,
Additional file 6: Figure S5, Additional file 7: Figure S6).

Sensitivity analyses

To test the stability of the overall meta-analysis results,
sensitivity analyses were conducted by excluding low
quality studies [27-29]. The results of these analyses re-
vealed no significant differences when compared with
the former estimates (Additional file 8: Table S2).

Publication bias
Funnel plots for primary results were drawn to assess po-
tential publication bias (Additional file 9: Figure S7). All of
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the plots were symmetrical, suggesting no reporting bias
among the studies. Egger’s test for OS (¢ = 0.51, P = 0.659)

and DFS (¢ = 0.33, P = 0.795) revealed no publication bias.

Discussion

The RAMPS procedure, first reported in 2003, was de-
signed to establish an operation with oncologic safety both

with respect to the dissection planes used to achieve nega-
tive margins as well as the extent of lymph node dissection,

thereby improving patient outcomes. According to the ori-
ginal paper by Strasberg, if the tumour did not penetrate
the posterior capsule of the pancreas on preoperative CT

Table 3 Secondly results of meta-analysis for RAMPS verse standard procedure in treatment of left-sided pancreatic cancer

scans, the resection plane lay just behind the anterior renal
fascia, and anterior RAMPS was performed; otherwise,

Outcome Ref.included  No. of patients with Heterogeneity Model used OR or Mean  95% Cl P value
RAMPS vs no standard ~ Chi-square test difference

Intraoperative blood loss(ml)  [20, 27, 30] 89 vs 79 P<001:1°=88% Random effect —85.11 —278.08-107.85 0.39
Operating time (min) [20, 27, 30] 89 vs 79 P <001;”=96% Random effect —1681 —95.19-61.57 067
Lymph node harvested [20, 27, 28] 93 vs 94 P=0861°=0% Fixed effect 7.06 452-9.60 <0.01
Complication [20, 24, 27-29] 135 vs 150 P=097,1>=0% Fixed effect 0.94 0.56-1.59 0.83
Combined resection [20, 24, 29] 112 vs 172 P =002 1”=73% Random effect 330 1.00-10.93 0.05
Hospital stay (days) [20, 27, 30] 89 vs 79 P=0041°=68% Random effect 049 —2.97-3.94 0.78

OR odds ratio, CI confidence intervals
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posterior RAMPS was applied, and the left adrenal gland
and Gerota fascia were removed [19]. Deep resection is
performed because tumours can spread microscopically
beyond their radiographically visible or palpable margins.
The systemic review of descriptive studies concerning the
RAMPS procedure for the treatment of left-sided pancre-
atic cancer is summarized in Table 4. RO resection was
achieved in 77-100% of patients after RAMPS, and an RO
rate > 85% was observed in most case series. In this
meta-analysis, we found that the RO resection rate was
significantly higher in the RAMPS group than in the
standard surgery group [89.5% vs 83.6%, OR 95% CI,
2.19 (1.16 ~ 4.13); P = 0.02]. However, the combined resec-
tion rates were comparable between the RAMPS and
standard groups [OR 95% CI, 3.30 (1.00 ~ 10.93); P = 0.05],
which might be attributable to the low rate of posterior
RAMPS procedures in present practices [24, 31, 32].

Lymph node metastasis has been reported to be an
independent prognostic risk factor for resected left-
sided pancreatic cancer [33, 34]. The extent of lymph
node dissection is one of the key points of pancreatos-
plenectomy. However, guidelines from Eastern and
Western countries differ significantly. In the RAMPS
procedure, the lymph nodes along the superior and in-
ferior borders of the left-sided pancreas (No. 10, 11,
and 18 according to Japanese classification), the celiac
lymph nodes (No. 9) and the nodes along the front and
left side of the superior mesenteric artery (No. 14p,
14d) are considered N1 lymph nodes and are com-
pletely removed; in the standard operation, only lymph
nodes No. 10, 11, and 18 are resected [35]. Therefore,
in this meta-analysis, we found that the number of
lymph nodes harvested in the RAMPS procedure was
significantly greater than in the standard operation
[WMD 95% CI, 7.06 (4.52-9.60); P < 0.01]. Compared
with the standard operation, the RAMPS procedure is
reported to require greater technical skill for extensive re-
section as well as longer operating times [24, 28]. How-
ever, these differences were not detected in our meta-
analysis [WMD 95% CI, -16.81 (-95.19-61.57); P = 0.67].
Additionally, RAMPS procedures were not correlated with
longer hospital stays [WMD 95% CI, 0.49 (-2.97-3.94);
P = 0.78]. These findings may be influenced by a recent
study with a large volume of patients and more experi-
enced surgeons.

Improving the survival of patients with resectable or
borderline resectable tumours is the major aim of the
RAMPS procedure. The 5-year survival rate after RAMPS
ranged from 25.1% to 55.6% (Table 4). In a recent study,
when comparing RAMPS and the standard procedure,
RAMPS exhibited a greater tendency towards improvement
of median survival times relative to the standard procedure
(47 vs 34 months, P = 0.192), but no significant differences
in the recurrence rates were detected (66.6 vs 75.0%;
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P = 0.1386) [20]. In the study by Park, the 5-year overall
survival rate was 40.1% in RAMPS patients and 12.0% in
the standard group (p = 0.014). However, by multivariate
analysis, adjuvant chemoradiotherapy but not RAMPS
reached statistical significance with respect to overall
survival [24]. In the present study, no favourable overall
survival outcomes were detected when comparing RAMPS
with the standard procedure. The recurrence rate after
RAMPS did not decrease (65.7% vs 64.8%, P = 0.482),
which was consistent with our meta-analysis [OR 95% CI,
0.66 (0.40 ~ 1.09); P = 0.10] and led to similar DFS rates in
the two groups [OR 95% CI, 1.02 (0.62 ~ 1.68); P = 0.93].
With respect to recurrence, we believed that it is important
to differentiate local recurrence from systemic recurrence.
RAMPS increased the RO resection rate and theoretically
may decrease local recurrence. Unfortunately, few studies
reported the local recurrence rate. In these studies, systemic
recurrence alone, such as liver, lung and peritoneum, was
reported most often, and the local recurrence rate did not
decrease significantly after RAMPS [20, 31].

Recently, a modified RAMPS procedure including a su-
perior mesenteric artery (SMA)-first approach has been
attempted [22, 36-38]. The artery-first approach, initially
designed for the early determination of cancer resectability
during pancreatoduodenectomy, is now applied in the
RAMPS procedure. As described by Strasberg, dissection
of the SMA is performed after transection of the pancreas
or wide detachment of the distal pancreas and spleen,
which may reach the point of no return. However, carcin-
oma of the pancreatic body and tail exhibits high aggressive
potential, and the celiac axis (CA) and SMA are often
involved. Although left-sided pancreatic cancer with
CA invasion can be treated by distal pancreatectomy
combined with celiac axis resection (DP-CAR), SMA
encroachment usually indicates that the tumour is a
late-stage lesion and may be completely unresectable.
SMA-first RAMPS provides an opportunity to determine
resectability before pancreas transection. Dissection fur-
ther along the aorta and exposure of the left renal vein
and the left adrenal gland can help prepare the correct
RAMPS dissection plane in advance. When the renal vein
is reached, the surgeon can accurately assess the extent of
tumour penetration to help decide whether anterior or
posterior RAMPS is optimal. Data from Japan has demon-
strated the safety and reliability of this procedure even in
borderline resectable tumours [22, 36, 37].

Laparoscopic or robotic RAMPS operations have also
been performed with satisfactory oncological results and
survival outcomes [39-41]. However, this procedure is
limited to highly selective cases. According to the Yonsei
criteria developed by Lee, only patients meeting the
following characteristics can be treated with minimally
invasive RAMPS: (1) tumour confined to the pancreas,
(2) intact fascial layer between the distal pancreas and
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the left adrenal gland and kidney, and (3) tumour lo-
cated more than 1-2 c¢m from the celiac axis [39].

An important limitation of this review is the small
number of included studies and cases. In addition, the
nature of the included retrospective studies may lead to
allocation and publication biases and could distort the
conclusions of this review. However, this study represents
the initial attempt to perform a systemic review and meta-
analysis of RAMPS versus the standard procedure in the
treatment of left-sided pancreatic cancer. Our systematic
review and meta-analysis presents evidence to suggest that
RAMPS is the optimal procedure to increase RO resection
rates but has no increased benefit with respect to tumour
recurrence or patient survival.

Conclusion

The RAMPS procedure for the treatment of left-sided
pancreatic cancer can achieve higher rates of RO resection
without increasing complication rates compared with the
standard procedure. However, high-grade evidence is re-
quired before any conclusions may be made concerning
the survival benefit of RAMPS.
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