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Abstract

Introduction: Gastrectomy with D2 lymphadenectomy is considered standard treatment in
gastric cancer (GC). Among Western patients, morbidity and mortality seem to increase in D2
relative to DI lymphadenectomy. As elderly patients with co-morbidities are more prone to
possible complications, it is unclear whether they benefit from D2 lymphadenectomy. This study
aims to compare the short- and long-term results of DI and D2 lymphadenectomy in elderly
patients undergoing gastrectomy for GC.

Methods: All elderly (=75years) patients undergoing gastrectomy with curative intent for GC
during 2000-2015 were included and grouped according to the level of lymph node dissection
into the DI or D2 group. Short-term surgical outcome included the Comprehensive Complication
Index (CClI) and 30-day mortality. Long-term outcomes comprised overall survival (OS), disease-
specific survival (DSS), and disease-free survival (DFS). Cox regression was used in multivariable
analyses.

Results: In total, 99 elderly patients were included in the study (51 in DI group, 48 in D2 group).
The median follow-up was 32.5months. Patients in the DI group were older and had a higher
American Society of Anesthesiologist (ASA) score. Both groups had similar burden of postoperative
complications (CCl 20.9 versus 22.6, p=0.26, respectively) and 90-day mortality (2% for both
groups). The OS, DSS, and DFS were similar between groups. Multivariable analysis adjusted for
potential confounders detected no difference in the survival between the D| and D2 groups.
Conclusions: Gastrectomy with D2 [ymphadenectomy can be performed with low postoperative
morbidity and mortality suggesting its use also in the elderly. Long-term outcomes seem similar
but need further studies.
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Introduction

Although the incidence of gastric cancer (GC) in
Europe is declining, a growing number of elderly
patients are surgically treated for GC due to

longer life expectancy. This patient group is
more prone to possible complications and
increased mortality after surgery for GC.'*
Currently, gastrectomy with D2 lymphadenec-
tomy is considered the standard treatment for
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GC,’ as it is associated with improved long-term survival and
similar postoperative mortality rates relative to D1 lymphad-
enectomy.® However, this more extensive surgery might
increase the risk of morbidity in elderly patients while being
of oncological benefit.” To reduce complications of surgery, it
has been proposed that elderly patients should undergo gas-
trectomy with a D1 limited lymphadenectomy.® In contrast, a
few Asian studies consider a standard D2 lymphadenectomy
to be safe also for selected elderly patients.>!* Most of the
published studies have compared results and mortality
between younger and elderly patients.”

To date, only a few studies have compared the results of
limited and standard lymphadenectomy in elderly patients. 1011
The aim of this study was to compare the safety and effective-
ness of a standard D2 versus a limited D1 lymphadenectomy
regarding morbidity and mortality. Our secondary aim was to
assess the long-term survival between these two groups of
elderly patients.

Method

This retrospective study was performed at Helsinki University
Hospital (HUH). HUH is an academic teaching hospital func-
tioning as a tertiary level referral center for GC surgery for a
population of approximately 1.7 million. Patients were
selected from an electronic operating room log with the
International Classification of Diseases (ICD)-10 diagnosis
code C16 (malignant neoplasm of stomach) and a procedure
code for gastrectomy (JCD10, JDA96, JDCO00, JDCI0,
JDC20, JDC30, JIDC96, JIDD00, and JDD96). The search was
for the period from January 2000 to December 2015.

Data for eligible patients were manually extracted from
patient records and included patient demographics, American
Society of Anesthesiologist (ASA) class, medication, co-mor-
bidities according to the Charlson Comorbidity Index,!? labo-
ratory parameters, oncological treatment, surgical details,
hospital stay, ICU admission, and re-operations and re-admis-
sions within 30days of discharge. Complications were classi-
fied according to the Clavien-Dindo criteria,'? and total burden
of complications was assessed using the Comprehensive
Complication Index (CCI).!4

Data collected from the pathology report determined his-
tology according to the Lauren classification,!’ and staging
was consistent with the AJCC TNM, 7th edition. Curative
intent was defined as the aim of RO resection assessed by the
surgeon intra-operatively. RO resection was defined as a suc-
cessful removal of all cancerous tissue with microscopic mar-
gins of more than 1 mm, and R1 was defined with macroscopic
removal of all cancerous tissue with microscopic margins
Imm or less. Also, patients with a TXNXMI1 tumor could
have undergone RO resection if all the metastases were
removed during surgery. Surgery in which RO resection was
not possible was considered palliative, and these patients
were excluded from the study. Recurrence was defined as a

recurrence detected either on imaging studies (usually com-
puted tomography (CT)) or during surgery or endoscopy. In
our institution, imaging studies are used in the follow-up only
in cases of symptoms or suspicion of recurrence (e.g. ele-
vated Carcinoembryonic Antigen (CEA) or CA19-9 levels).
Long-term follow-up was performed by manually gathering
hospital patient records and data from the Population Registry
Center. The Population Registry Center is an up-to-date ser-
vice provided by the government that maintains reliable
records of the population. This registry provides information
on whether a person is alive or deceased. The last observation
date of the patient, a possible recurrence, long-term mortality,
or cause of death was collected from hospital patient records.
If the follow-up was not carried out at HUH, the patient
records were obtained from the referring hospital.

Elderly patients were selected either for standard D2 or
limited D1 lymphadenectomy, and this was determined by the
operating surgeon. Information on the extent of lymphadenec-
tomy was derived from the operative report. The threshold for
an elderly patient was set up at =75 years accordingly.!¢

All statistical analyses were conducted using SPSS®,
Version 25 (IBM, Armonk, NY, USA). Continuous variables
were analyzed with 7 test (normally distributed) or Mann—
Whitney U-test (non-normally distributed). Normally distrib-
uted continuous variables are reported as mean (standard
deviation (SD)) and non-normally distributed variables as
median (interquartile range (IQR)). Categorical variables
were analyzed with chi-square or Fisher exact test (if number
of events per cell <5). The Cox proportional hazards model
was used for multivariate analysis. Survival was calculated
using the Kaplan-Meier method with log-rank test. All tests
were two-sided, and p values < 0.05 were considered signifi-
cant. The study was approved by the institutional and ethics
review boards and the Finnish Institute for Health and Welfare.

.|
Results

Altogether 475 patients underwent gastrectomy for GC
between 2000 and 2015, and seven patients were excluded
due to missing records. Of all patients, 132 were elderly
(=75years). In total, 33 elderly patients did not undergo gas-
tric resection with curative intent, thus leaving 99 elderly
patients in the final study cohort. Fifty-one elderly patients
underwent D1 lymphadenectomy (D1 group) and 48 elderly
patients underwent D2 lymphadenectomy (D2 group). The
annual proportion of these procedures remained the same
throughout the study period.

Basic characteristics of the patients are shown in Table 1.
Patients in the D1 group were older, had higher ASA class,
and had more frequently cerebrovascular disease and antico-
agulation medication than patients in the D2 group, but other
basic characteristics were similar between the groups.
Neoadjuvant EOX therapy was received by three (5.9%)
patients in the D1 group and by four (8.3%) patients in the D2
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Table 1. Basic characteristics.

Table 2. Operative details.

DI (n=51) D2 (n=48) p DI (n=51) D2 (n=48) P

Median age, years <0.0001 Type of resection (%)
(9R) Total gastrectomy 14 (27.5) 27 (56.3) 0.07
Gender, male (% 58.8 52.1 0.5

ender, male (%) Subtotal® 37 (72.5) 20 (417)
Mean Body Mass 25.9 (24.3-27.6) 23.8 (22.7-24.9) 0.07
Index (SD)—kg/m? Approach (%) 0.013
ASA physical status, 0.003 Open® 44 (86.8) 48 (100)
no. (%) Laparoscopic 7(13.7) 0

2 E1E) 7 () Operation time, median 173 (142.8-238.5) 206 (150.0-229.0)  0.199

B 32 (64) 38 (80.9) (IQR; min)

4 15 (30) 2(43) Estimated blood loss, 400 (187.5-650.0) 550 (400—1000) 0.003
Charlson comorbidity 0.143 median (IQR; mL)
index (%) Resection of adjacent

Mild (0-2) 20 (39.2) 21 (43.8) organ

Moderate (3—4) 18 (35.3) 22 (45.8) Splenectomy 5(9.8) 19 (39.6) 0.001

Severe (=5) 13 (25.5) 5(10.4) Other< 2(3.9) 4(83) 1.00
Mean Charlson 3.6 (3.1-4.1) 2.9 (2.6-3.2) 0.14 Reconstruction (%)

idity ind

f;’g;mb' Ity index Roux-en-Y 19 37.3) 29 (60.4) 0.04
Medication, no. (%) Billroth | 3(5.9) 0

Anticoagulant 10 (19.6) I @1) 0.006 Billroth 2 27 (52.9) 19 (39.6)

Corticosteroid 2 (3.9%) 3(63) 0.67 No reconstruction 2(3.9) 0

Immunosuppressive 1 (2.0%) 0 1.00 necessary
aPreoperative IQR: interquartile range.
laboratory values, *Two patients in the DI group underwent a local excision with lymphadenectomy
median (IQR) for cancer in the lesser curvature.

CA 199 (KUIL) 12,0 (5.0-26.0) 10.0 (4.8-25.3) 053 ‘-’Three patients who had converted from laparoscopy to open surgery are included

in the open group.

CEA (ug/L) 23(1.7-3.8) 1.9 (1.3-3.7) 0.38 <One resection of the transverse colon in both groups, three pancreas resections

Hemoglobin (g/L) 1195 (109.3-131.3)  119.5 (113.0-129.8) 0.14 in the D2 group, and one liver resection in the DI group.

Albumin (g/L) 37.6 (32.6-39.0) 36.3 (33.4-39.0) 0.98
EOX (%) 3(5.9) 4(8.3) 0.71

IQR: interquartile range; SD: standard deviation; ASA: American Society

of Anesthesiologist; CEA: Carcinoembryonic Antigen, EOX: Preoperative
chemotherapy (epirubicin, oxaliplatin, and cabecitabine).

2In total, 19 patients (37.3%) of the DI group and |8 patients (37.5%) of the D2
group had missing laboratory parameters.

group (p=0.71). In the D1 group, two patients received the
fully scheduled 3 + 3 cycle program, and one patient received
only 3+ 2 due to improper blood values. In addition, one
patient received another postoperative treatment regimen. In
the D2 group, only one patient received the 3 + 3 cycle perio-
perative treatment regimen. Two patients declined postopera-
tive EOX therapy, and one did not receive this due to
unspecified reasons. Four patients received another postop-
erative chemotherapy.

With respect to gastrectomy or operative time, no signifi-
cant difference between the groups was observed.
Laparoscopic approach was more common in the D1 group,
with a conversion rate of 33% (p=0.013). Moreover, splenec-
tomy rate (p=0.001) and intra-operative bleeding (p=0.003)
were significantly higher in the D2 group (Table 2).

Morbidity and mortality were similar in both groups
(Table 3). Rate of severe complications (Clavien-Dindo

Grades III, 1V, and V) was 17.6% in the D1 and 20.8% in the
D2 group. ICU admissions were 19.6% and 6.3%, respec-
tively. The number of ICU days was significantly higher in
the D1 group (p=0.04). Re-operation was performed on two
patients (3.9%) in the D1 group and on three patients (6.3%)
in the D2 group. All re-operations were due to anastomotic
leakage. Length of stay and re-admissions did not differ
between the groups (Table 3).

One patient (2.0%) died of oesophago-jejunal anastomosis
leakage in D1 group within 30days. In the D2 group, one
patient treated for anastomotic leak died for unknown reason
within 90 days of discharge.

Histology, tumor location, and depth of invasion were not
significantly different between the groups (Table 4). Lymph
node involvement and tumor stage did not differ between the
two groups. However, tumor size (p=0.03) and the number
of harvested lymph nodes (p=0.0001) were significantly
greater in the D2 group (Table 4).

Overall survival (OS), disease-specific survival (DSS),
and disease-free survival (DFS) were similar between D1 and
D2 groups (Figs. 1 to 3). The median follow-up time was
32.5months (IQR=14.9-65.7): 31.7months (IQR=15.0—
65.0) for the D1 group and 34.0months (IQR=13.9-70.4)
for the D2 group. Median estimated OS was 32.7 months
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Table 3. Postoperative details.

Table 4. Pathological details.

DI (n=51) D2 (n=48) p DI (n=51) D2 (n=48) P
Clavien-Dindo grade,® n (%) Histology, n (%)
No complication 7 (13.7) 5 (10.4) 0.094 Intestinal 31 (60.8) 20 (41.7) 0.17
Minor (Grade 1-2) 35 (68.7) 33 (68.8) Diffuse 20 (39.2) 26 (54.2)
Major (Grade 3 or higher) 9 (17.6) 10 (20.9) Mixed/Other? 0 2 (4.2)
CCl, median (IQR) 20.92 (8.7-32.0) 22.64 (16.5-31.4) 0.26 Tumor location, n (%)
Re-operation, n (%) 2 (3.9) 3(6.3) 0.67 Lower (antrum, angulus) 21 (41.2) 20 (41.7) 0.936
ICU admission, n (%) 10 (19.6) 3(6.3) 0.07 Middle (corpus) 25 (49.0) 23 (47.9)
ICU, median days (IQR) 4(5.8) 2 (0) 0.04 Upper (fundus, cardia) 2 (3.9) 3 (6.3)
Length of hospital stay, 9 (7.0-11.5) 95(7.3-12.0) 046 Other® 3(5.9) 2 (4.2)
median days (IQR) pT category, n (%)
Re-admission, n (%) 2 (3.9) I (@2.1) 1.00 pTI 14 (27.5) 7 (14.6) 0.22
30-day mortality, n (%) 1 (2.0) 0 (0) 1.00 pT2 7 (13.7) 1 (22.9)
90-day mortality, n (%) 1 (2.0) I @2.1) 1.00 pT3 19 (37.3) 13 27.1)
CCI: Comprehensive Complication Index; IQR: interquartile range; ICU: Intensive pT4 11 (21.5) 17 (35.5)
Ca're Unit. o Lymph node status
2Highest complication grade.
PN, n (%)
NO 25 (49.0) 19 (39.6) 0.192
] ] NI I (21.6) 12 (25)
(95% confidence interval (CI) = [16.1, 49.0]) in the D1 = 7(137) 12 25)
group and 31.7months (95% CI = [6.2, 57.2]) in the D2 - 7(137) 242)
group. Median estimated DSS was 65.2months (95% CI = N3b | 20) 363)
[27.6, 102.7]) in the D1 group and 69.5months (95% CI = — : :
[36.1, 102.9]) in the D2 group. Medlap estimated DFS was N 12 @235) 4 @3) 0040
31.7months (95% CI = [9.5, 53.9]) in the D1 group and b 408) 5 (104) 0736
32.5months (95% CI = [21.0, 44.1]) in the D2 group. The D1 n 3 (2'5 5 » (29'2) 0'68|
and D2 groups were similar in OS, DSS, and DFS. In a sensi- X - :
.. . . . b 4(8.0) 4(83) 1.000
tivity subgroup analysis for patients with N— or N+ catego- i a8 5 (188 0.108
ries, there was no statistical difference in OS, DSS, or DFS - - .
. Iilb 10 (19.6) 7 (14.6) 0.508
between D1 and D2 groups. Furthermore, in T1-2 and T34
. . . Illc 3(5.9) I @2.1) 0618
patients, no difference in DFS emerged. v o e 0073
When adjusted for age, Charlson comorbidity index, ASA " - . S 6‘3 o‘||
class, N-positivity, and T-category (T1, T2, T3, or T4), D2 dissec- <M category. n (%) €3) -
. . . . . . Lymph nodes harvested, 12 (8-17) 20 (13.3-27.3)  0.0001
tion (compared with D1 dissection) was not associated with OS 4 1qr)
(hazard ratio (HR)=1.239, 95% CI = [0.712, 2.158], p=0.448), Metastatic lymph nodes, 05 (0-33) I (04) 0,48
DSS (HR=1.224, 95% CI = [0.584, 2.564], p=0.592), or DFS median (IQR)
(HR=1.160, 95% CI = [0.675, 1.994], p=0.592). Tumor size, median (IQR; mm) 39 (30.0-60.0) 55 (40.0-80.0)  0.03
RO 46 (90.2) 47 (97.9) 021

Discussion

This is one of the few studies to compare the outcomes of D1
and D2 lymph node dissection in elderly GC patients. The
findings suggest that standard D2 lymphadenectomy is safe
in selected elderly patients concerning postoperative mortal-
ity and morbidity. Regarding OS, DSS, or DFS, no difference
emerged between the two groups.

Traditionally, D2 lymphadenectomy for GC in Europe has
been linked to higher postoperative morbidity and mortality.!”
This undoubtedly leads to caution regarding surgery in elderly
patients. However, during the past decade, the trend has
shifted in Europe toward more extensive surgery even in the
elderly.”-!81° This might be due to aging of the population in
Europe and surgery becoming more centralized in several

IQR: interquartile range.

2One patient had two types of gastric cancers, one diffuse and one intestinal. One
patient had intestinal cancer in biopsies and received EOX treatment prior to
surgery with lymph node involvement 1/52. No tumor was found in the specimen.
bTwo patients in the DI group and one in the D2 group had cancer in the remnant
stomach. One patient in the DI group had no tumor in the specimen. One patient
in the D2 group had cancer growth that affected the whole stomach.

countries. Simultaneously, safer, minimally invasive, and
spleen- or pancreas-preserving techniques have been
introduced.??! Consequently, more elderly people with co-
morbidities are undergoing GC surgery and are susceptible to
complications. In the elderly, surgery is risky partially due to
lack of functional reserves.?

We did not detect any difference in complications or mor-
tality between the D1 and D2 groups. This may be due to the
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fact that D1 patients were older and frailer despite laparos-
copy being more commonly used in this group. The 90-day
mortality rate was 2.0% for both groups. Our study demon-
strates that GC surgery in the elderly is possible, with low
postoperative morbidity and mortality rates. This is concord-
ant with previous studies reporting low morbidity and mortal-
ity when comparing young and old GC patients.??? In a
recent Dutch publication,? mortality was not considered to
be significantly influenced by age. However, ASA grade,
chemotherapy, and type of resection were associated with
morbidity and mortality.>* Mikami et al.!® divided elderly
patients according to the type of surgery into limited (D1) or
standard (D2) groups. They concluded that standard surgery
is safe in the elderly regarding morbidity and mortality. Male
gender and poor nutritional status were associated with worse
outcomes. Hence, these individuals were considered candi-
dates for limited surgery.!?

Long-term results in our study were similar for both groups.
To reduce complications of surgery, few studies suggest a D1
limited lymphadenectomy in elderly patients undergoing GC
surgery.®? Rausei et al.!! could not detect a significant
improvement of the OS due to a high complication rate in the
elderly GC patients undergoing D2 lymphadenectomy. They
concluded that D1 lymphadenectomy should be considered in
these patients. In our study, D2 lymphadenectomy seemed not
to improve OS or DSS compared with D1 lymphadenectomy.
Mikami et al.!? reported a significantly lower overall 5-year

survival rate in the limited group; this became increasingly
evident as the stage of the disease advanced. We conducted a
multivariate analysis to overcome the issue of any imbalance
between the groups. However, this failed to uncover any long-
term differences between the two groups. Furthermore, total
gastrectomy and splenectomy were more common in the D2
group, which are related to increased postoperative and long-
term morbidity.20-2124

The main strengths of this single-center study are a relia-
ble long-term follow-up. The patients were gathered over a
16-year period. This study also has some limitations. First,
the sample size is small, and the nature of the study is retro-
spective. This is due to the incidence of GC being low in
Finland, on average just less than 700 cases a year distributed
over five university hospitals. This is, however, a limitation
common to all Western series due to the rarity of GC. Second,
our study groups did not match in relation to age, ASA class,
cerebrovascular disease, and anticoagulative medication. We
also understand the potential risk of a selection bias regarding
the extent of the lymphadenectomy.

Our results demonstrate that gastrectomy with D2 lymphad-
enectomy in selected elderly patients is possible, with low post-
operative morbidity and mortality rates suggesting its use. D2
lymphadenectomy had morbidity and mortality similar to D1
lymphadenectomy. However, long-term outcomes did not differ
between D1 and D2 lymphadenectomy groups of elderly GC
patients. Further prospective, preferably randomized studies are
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required to assess the benefits of D2 lymphadenectomy for GC
in elderly patients.
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