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Abstract

Purpose A multicenter survey was conducted to explore

the role of adjuvant surgery for initially unresectable pan-

creatic cancer with a long-term favorable response to non-

surgical cancer treatments.

Methods Clinical data including overall survival were

retrospectively compared between 58 initially unresectable

pancreatic cancer patients who underwent adjuvant surgery

with a favorable response to non-surgical cancer treatments

over 6 months after the initial treatment and 101 patients

who did not undergo adjuvant surgery because of either

unchanged unresectability, a poor performance status, and/

or the patients’ or surgeons’ wishes.

Results Overall mortality and morbidity were 1.7 and

47 % in the adjuvant surgery group. The survival curve in

the adjuvant surgery group was significantly better than in

the control group (p \ 0.0001). The propensity score

analysis revealed that adjuvant surgery was a significant
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independent prognostic variable with an adjusted hazard

ratio (95 % confidence interval) of 0.569 (0.36–0.89).

Subgroup analysis according to the time from initial

treatment to surgical resection showed a significant favor-

able difference in the overall survival in patients who

underwent adjuvant surgery over 240 days after the initial

treatment.

Conclusion Adjuvant surgery for initially unresectable

pancreatic cancer patients can be a safe and effective

treatment. The overall survival rate from the initial treat-

ment is extremely high, especially in patients who received

non-surgical anti-cancer treatment for more than 240 days.

Keywords Adjuvant surgery � Unresectable pancreatic

cancer � Chemotherapy � Radiotherapy � Super-responder

Introduction

Pancreatic cancer is a lethal disease, and contributes to the

increasing number of cancer deaths worldwide. Only 20 %

of patients can be treated by surgery, and the overall 5-year

survival rate is less than 5 % [1, 2]. Irrespective of the

treatment strategy adopted, prognosis in patients with

unresectable pancreatic cancer continues to be disap-

pointing, with a median survival of 8–14 months [3–7].

These patients rarely have a chance to live more than

3 years.

Medical oncologists or pancreatic surgeons have iden-

tified candidates for surgical resection in patients with

initially unresectable pancreatic cancer who favorably

responded to multimodal treatment. Additional surgical

resection during multimodal treatment is called ‘‘adjuvant

surgery’’ [8]. The role of adjuvant surgery has not been

fully determined because the number of patients who

received this type of treatment was very small in each

institution. Is adjuvant surgery a safe or effective treatment

option for patients with unresectable pancreatic cancer?

When should a shrunken tumor be removed in the process

of maintaining chemotherapy and/or radiation therapy?

There is no study indicating the clinical efficacy, safety and

optimal timing of adjuvant surgery. There are long-term

survivors and a comparable survival rate among this subset

of patients after surgical resection following multimodal

treatment [8–12]. However, the duration of multimodal

treatment before pancreatectomy varies from a few months

to several years in previous reports [8–12]. The clinical

data on initially unresectable pancreatic cancer patients

with a favorable response to chemo(radio)therapy over

6 months were collected as a project study of pancreatic

surgery under the supervision of the Japanese Society of

Hepato-Biliary-Pancreatic Surgery (JSHBPS), to assess the

role of adjuvant surgery in the clinical setting.

Patients and methods

A multicenter survey was conducted to collect clinical

data on patients who underwent adjuvant surgery for

initially unresectable pancreatic cancer following a

favorable response to chemo(radio)therapy over 6 months

from 2001 to 2009. Detailed data on 58 patients (adjuvant

surgery group) were retrospectively collected from 39 out

of 150 training institutes for highly advanced surgery

registered by the committee of JSHBPS in 2009. The

study criterion was initially unresectable pancreatic cancer

patients who underwent surgical resection following the

achievement of stable disease (SD), partial response (PR),

or complete response (CR) defined by Response Evalua-

tion Criteria In Solid Tumors (RECIST version 1.1 [13])

over 6 months after initiating non-surgical anti-cancer

treatments. The clinical data on 101 patients with initially

unresectable pancreatic cancer with a long-term favorable

response to non-surgical anti-cancer treatments who did

not undergo surgical resection was collected as a control

group from the same 39 centers. The unresectability of

pancreatic cancer was based on the clinical criteria in

each institute.

All patients had cytologically or pathologically proven

ductal adenocarcinoma of the pancreas. The clinical vari-

ables shown in Table 1 were collected. Radiological

assessment was performed according to RECIST version

1.1 [13]. The pathological parameters included residual

tumor grading, Evans classification [14], and tumor staging

according to TNM classification [15]. Serial data on tumor

markers such as carbohydrate antigen 19-9 (CA19-9),

carcinoembryonic antigen (CEA), DUPAN-2 or Span-1

were collected every 1–3 months during multimodal

treatment. Post-operative follow-up data included serial

data on tumor markers, adjuvant chemotherapy, the date

and the primary site of disease recurrence, the date and

cause of death, and the last follow-up date. The observa-

tion period was defined as the time from the initial treat-

ment to the date of death for censored patients or the last

follow-up date for non-censored patients. This study was

performed in accordance with the precepts of the Helsinki

Declaration, and was approved by the local ethics

committee.

Statistical analysis

Continuous variables were expressed as median values and

range. All parameters were compared between the adjuvant

surgery and control groups. Statistical analyses, including

the Mann–Whitney U test for continuous variables, and

chi-squared statistics or Fisher’s exact test for categorical

variables, were performed using SAS software version 9.2

(SAS Institute, Cary, NC, USA). The primary outcome
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variable was overall survival, defined as the time from non-

surgical anti-cancer treatments to death or the last follow-

up date. Comparisons of the overall survival between the

two groups were made using the log-rank test. In addition,

profound factors identified by the univariate analysis were

further examined by multivariate Cox proportional-hazard

Table 1 Clinical backgrounds in the adjuvant surgery and control groups

Parameters Category Adjuvant surgery (n = 58) Controla (n = 101) p value

Sex Male 37 (63.8 %) 59 (58.4 %) 0.61

Female 21 (36.2 %) 42 (41.6 %)

Age (years) Median (min–max) 62.5 (40–80) 65 (41–85) 0.01

Reason for unresectability Local advance 41 (70.7 %) 56 (55.4 %) 0.07

Distant organ metastasis

Overall 17 (29.3 %) 45 (44.6 %)

Peritoneal metastasisb 1 (1.7 %) 17 (16.8 %) 0.003

Tumor diameter Median (min–max) 30 (16–75) 35 (13–76) 0.009

Tumor location Ph 31 (53.4 %) 50 (49.5 %) 0.74

Pbt 27 (46.6 %) 51 (50.5 %)

Change in tumor markerc Increase 4 (6.9 %) 4 (40 %) 0.46

Decrease or no tumor marker 54 (93.1 %) 97 (96.0 %)

Tumor marker (number of patients showing

an increased level)

CA19-9 40 (69.0 %) 83 (82.2 %) 0.06

Others 12 (20.7 %) 8 (7.9 %)

None 6 (10.3 %) 10 (9.9 %)

CA19-9 Median (min–max) 313 (9–13080) 440 (11–144400) 0.13

Chemotherapy GEM base 53 (91.4 %) 89 (88.1 %) 0.60

Others 5 (8.6 %) 12 (11.9 %)

Gemcitabine (g) Median (min–max) 28.2 (0–173.6) 28.0 (0–168) 0.55

C28 g 29 (50 %) 50 (49.5 %) 1.00

\28 g 29 (50 %) 51 (50.5 %)

S-1 (mg) Median (min–max) 3850 (0–53768) 6300 (0–64120) 0.19

C5650 mg 26 (44.8 %) 52 (51.5 %) 0.51

\5650 mg 32 (55.2 %) 49 (48.5 %)

Radiotherapy Done 26 (44.8 %) 19 (18.8 %) 0.001

None 32 (55.2 %) 82 (81.2 %)

Immunotherapy Done 2 (3.4 %) 6 (5.9 %) 0.71

None 56 (96.6 %) 95 (94.1 %)

TNM by UICC II 10 (17.2 %) 14 (13.9 %) 0.63

III 31 (53.4 %) 45 (44.6 %)

IV 17 (29.3 %) 42 (41.6 %)

RECIST CR 7 (12.1 %) 2 (2.0 %) \0.0001

PR 39 (67.2 %) 38 (37.6 %)

SD 12 (20.7 %) 61 (60.4 %)

Duration until PR/CRd Median (min–max) 151.5 (21–919) 174 (36–1669) 0.11

Data are the number (%) or median (range) unless otherwise specified

Met metastasis, Ph pancreas head, Pbt pancreas body and tail, CA19-9 carbohydrate antigen 19-9, GEM gemcitabine, RECIST Response Evaluation

Criteria In Solid Tumors, CI confidence interval, CR complete response, PR partial response, SD stable disease
a The reasons for initially unresectable pancreatic cancer in the control group were locally advanced tumors in 56 (54 %, 50 arterial invasions and 6

portal vein invasions with long segment) and distant organ metastases in 45 (46 %, 19 liver, 17 peritoneal metastasis or peritonitis carcinomatosa, 7

cervical or para-aortic lymph nodes, and 2 lung). Eighty-nine patients received gemcitabine-based chemotherapy, and 73 patients had S-1

chemotherapy
b Peritoneal metastasis includes peritonitis carcinomatosa
c Tumor marker: this category is divided into increased tumor marker and decreased or no tumor marker
d The days between the initiation of treatment and the identification of a partial/complete response of the tumor according to the RECIST criteria
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models to determine independent significant factors for

survival.

A propensity score methodology was used to provide

adjustments since a propensity score can calculate the

conditional probability of receiving a treatment given all

potential confounders measured. The propensity score

analysis required calculation of the conditional probabili-

ties for the adjuvant surgery group using a multivariate

logistic regression to generate a propensity score [16]. The

selection of variables for calculating the propensity score

was based on the potential association with the overall

survival results (sex, age, radiation therapy or not, tumor

marker decrease or not during non-surgical anti-cancer

treatment, PR/CR vs SD, tumor size, amount of gemcita-

bine administration, reason for unresectability). Model

discrimination was assessed with C-statistics, and model

calibration was assessed with Hosmer–Lemeshow statis-

tics. The propensity score was subdivided into quartiles as

shown in Table A (Electronic Supplementary Material).

The treatment effect was separately estimated within each

quartile, and quartile estimates were combined to give an

overall estimate of adjuvant surgery. A survival analysis

using Cox proportional-hazard models was used. The

hazard ratio and 95 % confidence intervals were calculated

for all estimates. A 2-tailed p value less than 0.05 was

considered to be statistically significant.

Results

Clinical background in the adjuvant surgery and control

groups

Tables 1 and 2 show that the reason for the initially

unresectable pancreatic cancer was 41 locally advanced

tumor and 17 distant organ metastases in the adjuvant

surgery group. Fifty-three patients received gemcitabine-

based chemotherapy, and 32 patients had S-1 chemother-

apy. The radiological response of SD, PR, or CR was found

in 7, 39, and 12 patients, respectively. The median duration

between the initial therapy and the detection of PR/CR was

150 days (21–739). The median duration between the

Table 2 Type of surgery in the adjuvant surgery group

Reasons

for UN

Locally advanced (n = 41) Metastasis (n = 17) Total

number (%)

SMA/(PV)

(n = 16)

CHA/(PV)

(n = 8)

CA/CHA/GDA

(n = 9)

CA/SMA

(n = 5)

PV

(n = 3)

Liver

(n = 13)

No 16 LNa

(n = 3)

P (n = 1)

Operation type

PDb 13 7 0 1 2 7 0 0 30 (51)

TP 0 1 0 1 1 0 0 0 3 (5)

DP 3 0 3 0 0 5 3 1 15 (26)

DPCAR 0 0 6 3 0 1 0 10 (17)

Combined resections of other organs

None 5 2 3 0 0 5 2 1 18 (31)

PV/SMV 9 4 2 1 3 4 0 0 23 (40)

Ad 0 0 6 3 0 1 1 0 11 (19)

CA/CHA 0 0 6 3 0 1 0 0 10 (17)

CHA 0 2 0 – 0 0 0 0 2 (3)

SMA 1 0 0 0 0 0 0 0 1 (2)

Liver 0 0 0 0 0 5 Bx2 0 0 5 (9)

Colon 1 0 0 0 0 1 0 0 2 (3)

Pathological findings

CRc 1 1 2 1 0 1 1 0 7 (12)

R0/1/2d 36/5/0 12/4/1

Data are the number (%) or median (range) unless otherwise specified

UN unresectability, SMA superior mesenteric artery, CHA common hepatic artery, CA celiac axis, GDA gastroduodenal artery, PV portal vein, LN lymph

node, P peritoneal metastasis, PD pancreaticoduodenectomy, DP distal pancreatectomy, DPCAR DP with celiac axis resection, TP total pancreatectomy

(TP), SMV superior mesenteric vein, Ad adrenal, Bx biopsy, CR complete response
a No 16 LN, paraaortic lymph node
b Includes pylorus preserving PD
c Complete pathological response was defined as the absence of identifiable tumor cells in the resected specimen. The pathological examination was done

using 5-mm specimens slices according to the standard method defined by the Japan Pancreas Society
d Residual tumor grading; R0, negative microscopic margin; R1, positive microscopic margin; R2, positive gross margin
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detection of PR/CR and surgical resection was 127 days

(8–1335). Forty-six of 52 patients with available value of

any tumor marker showed a decrease in the level of tumor

marker before surgical resection, and only four patients had

an increase, relative to the pre-initial treatment level.

The control group included 43 patients judged to have

unresectable disease on laparotomy (18 locally unresec-

table, 13 peritoneal dissemination, 10 liver metastasis, and

2 distant lymph node metastasis), and 58 patients who did

not undergo surgical resection because of either unchanged

unresectability, a poor performance status, and/or the

patients’ or surgeons’ wishes. Thirty-seven of 58 patients

had SD on RECIST, and 21 patients had PR (8 distant

organ metastases and 13 locally advanced tumors;

Table 1).

There were significant differences in the age, presence

of peritoneal metastasis, tumor size, concomitant use of

radiotherapy, and frequency of PR/CR between the adju-

vant surgery and control groups (p \ 0.05).

Surgical background and post-operative complications

in the adjuvant surgery group

The median time from initial therapy to surgical resection

was 274 days (182–1418). Concomitant resections of other

organs were performed in 40 patients (69 %; Table 2). As

shown in Table 2, 23 patients underwent portal vein

resection. The superior mesenteric artery, celiac axis and

common hepatic artery were concomitantly resected in 1,

10, and 2 patients, respectively. There were 11 adrenal

resections, 5 liver resections, 2 liver biopsies, and 2 colon

resections. Post-operative mortality and morbidity are

summarized in Table 3. There was no incidence of aspi-

ration pneumonia, myocardial infarction, cerebral infarc-

tion, or pulmonary thrombosis.

Pathological findings in the adjuvant surgery group

Five of the 13 patients with liver metastases underwent

surgical resection for metastatic lesions and two patients

underwent liver biopsies. No liver tumors were found during

surgery in the residual 6 patients with liver metastases. One

patient had peritoneal metastasis diagnosed on computed

tomography scan which was not found during surgical

resection of the primary tumor. A pathological evaluation

was done in 55 patients according to the Evans classification,

and showed Grade I (n = 17), IIa (16), IIb (10), III (5), and

IV (7). Pathological CR was found in 7 patients who had 5

locally advanced tumors, 1 para-aortic lymph node metas-

tasis, and 1 liver metastasis. The 17 patients with distant

organ metastases underwent R0 (n = 12), R1 (n = 4), and

R2 (n = 1) resection, and 41 patients with locally advanced

tumor had R0 (n = 36) and R1 (n = 5).

Survival analysis in the adjuvant surgery and control

groups

The median observation period was 51 months (20–122) in

the control group. The overall survival rates at 1, 3, and

5 years in the control group were 88, 18, and 10 %,

respectively, and the median survival time was

20.8 months. The median observation and post-operative

observation periods in the adjuvant surgery group were

54 months (26–125) and 41 months (18–117), respec-

tively. The overall survival rates at 1, 3, and 5 years were

95, 53, and 34 %, respectively, and the median survival

time was 39.7 months. The overall survival rates after

surgical resection at 1, 3, and 5 years were 76, 33, and

29 %, respectively, and the median survival time was

25 months. Figure 1 demonstrates that the survival curve

in the adjuvant surgery group was significantly better than

that in the control group (p \ 0.0001). Five-year survival

was observed in 9 patients in the adjuvant surgery group,

and 4 patients in the control group. A multivariate analysis

showed only a longer period of initial treatments to be a

significant independent factor associated with survival in

the adjuvant surgery group (Table 4). The disease-free

survival rates at 1, 3, and 5 years were 54, 30, and 30 %,

respectively. The primary site of recurrence was detected

in a distant organ (n = 21; liver 11, lung 4, peritoneum 6,

and liver and peritoneum 1) and in the loco-regional area

(n = 15). One patient had an unknown site of recurrence.

Twenty-one patients did not have any recurrence of dis-

ease. There was no significant difference in the primary site

of recurrence and disease-free survival curve associated

with the reason for unresectability.

Univariate and multivariate Cox proportion-hazard

model analyses for overall survival in all patients

Table 5 shows metastatic disease, an increase in tumor

marker, dose of gemcitabine \28 g, and stable disease on

RECIST each increased the risk of death relative to those

Table 3 Post-operative mortality and morbidity

In-hospital mortality: 1/58 (1.7 %)

Morbidity

Post-operative pancreatic fistula: 10 (17 %)

Delayed gastric emptying: 4 (7 %)

Post-pancreatectomy hemorrhage: 2 (3 %)

Intra-abdominal abscess or infection: 12 (21 %)

Wound dehiscence: 9 (16 %)

Bile leakage: 2 (3 %)

Deep vein thrombosis: 2 (3 %)

Superior mesenteric artery thrombosis: 1 (2 %)
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without the respective risk characteristics (hazard ratio

range 1.209–1.800, all p \ 0.05). Data were further strat-

ified by known clinical predictors of survival, and adjuvant

surgery was protective and statistically significant among

each risk group. A multivariate analysis using clinical

predictors obtained by univariate analysis showed that the

adjuvant surgery group, a decrease of tumor markers dur-

ing non-surgical anti-cancer treatments, dose of gemcita-

bine (B28 g), and RECIST evaluation (PR/CR) were

significant favorable factors for survival (Table 6).

Cox proportion-hazard model analysis stratified

over the propensity score

Propensity scores were calculated using multivariate

logistic regression with calculation of the conditional

probabilities for the adjuvant surgery group to adjust for

the significant differences in the clinical backgrounds

between two groups. A Cox proportional-hazard model

analysis stratified over the propensity score was performed

to account for the non-randomized provision of adjuvant

surgery. Table 7 demonstrates that the adjuvant surgery

group was a significant independent prognostic variable

with an adjusted hazard ratio (95 % confidence interval) of

0.569 (0.36–0.89).

Optimal timing of adjuvant surgery in this study

Figure 2a shows that the longer the duration of the initial

treatment prior to surgical resection, the longer the survival

time. Figure 2b shows comparisons of the survival curves

of adjuvant surgery according to the time from the initial

treatment to surgical resection; group A, over 365 days

after the initial treatment (n = 12); group B, between 241

and 365 days (n = 26); group C, between 180 and

240 days after initial treatment (n = 20); control group

(group D, n = 101). Although there was no difference in

the survival curves between groups C and D (p = 0.795),

significant differences were found in the survival curve

between groups B and C or D (p \ 0.0001), and between

groups A and B, C, or D (p \ 0.005). The overall survival

rate in group A ? B was statistically better than in group C

(p \ 0.0001). There was no difference in the primary site

of recurrence (60 % distant organ metastasis and 40 %

loco-regional recurrence) between groups A ? B and C.

Discussion

A multicenter survey organized by JSHBPS collected 159

initially unresectable pancreatic cancer patients with

P
ro

po
rt

io
n 

su
rv

iv
in

g

Months from initial treatment

1y 2y 3y 4y 5y death
Adjuvant surgery (n=58)

OS (%) 95 69 53 37 34 37/58
at riskPatient 55 40 30 12 8

Control (n=101)

OS 88 38 18 12 10 83/101
Patient at risk 85 35 13 7 4

Fig. 1 Comparison of the overall survival curves between the

adjuvant surgery (solid line) and control groups (broken line). The

overall survival rates at 1, 3, and 5 years were 95, 53, and 34 % in the

adjuvant surgery group, and 88, 18, and 10 % in the control group,

respectively, and the median survival time was 39.7 months in the

adjuvant surgery group and 20.8 months in the control group. The

survival curve in the adjuvant surgery group was significantly better

than that in the control group (p \ 0.0001)

Table 4 Univariate and multivariate analyses for overall survival in the adjuvant surgery group

Parameter Univariate analysis Multivariate analysis

Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value

\240 days vs. C 240 days until operation 0.237 \0.0001 0.332 0.006

(0.118–0.473) (0.150–0.734)

Negative vs. positive LN metastasis 0.487 0.042 0.547 0.104

(0.243–0.947) (0.264–1.132)

Dose of gemcitabine (B28 g vs. [28 g) 0.399 0.008 0.603 0.206

(0.202–0.785) (0.275–1.321)

CI confidence interval, LN lymph node
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Table 5 Univariate Cox proportional-hazard analysis for overall survival: association between overall survival and patient, tumor, and treatment

characteristics

Variable No. (%) MST (months) 2-year OS (%) 5-year OS (%) Estimate SE P Hazard ratio (95 % CI)

Ad vs. CTR Ad vs. CTR Ad vs. CTR Ad vs. CTR

Group 58 vs. 101 39.7 vs. 20.8 69 vs. 38 34 vs. 10 -0.862 0.202 \0.0001 0.422 (0.284–0.627)

Sex -0.165 0.289 0.385 0.848 (0.585–1.230)

Male 37 vs. 59 34 vs. 20 76 vs. 36 56 vs. 9

Female 21 vs. 42 72 vs. 21 65 vs. 39 20 vs. 10

Age 0.010 0.010 0.321 1.010 (0.990–1.030)

\65 years 38 vs. 51 40 vs. 21 69 vs. 40 34 vs. 12

C65 years 20 vs. 50 34 vs. 20 70 vs. 36 36 vs. 14

Reason for UN 0.379 0.186 0.041 1.461 (1.016–2.102)

Met 17 vs. 45 39 vs. 19 77 vs. 33 30 vs. 6

LA 41 vs. 56 41 vs. 22 66 vs. 41 40 vs. 13

Peritoneal met 0.256 0.131 0.052 1.291 (0.998–1.671)

Presence 1 vs. 17 15 vs. 20 0 vs. 35 0 vs. 12

None 57 vs. 84 40 vs. 21 70 vs. 38 35 vs. 9

Tumor size 0.210 0.183 0.253 1.233 (0.861–1.766)

\34 mm 37 vs. 44 40 vs. 20 62 vs. 37 28 vs. 16

C34 mm 21 vs. 57 41 vs. 21 81 vs. 38 45 vs. 5

Tumor location 0.224 0.184 0.224 1.250 (0.872–1.793)

Ph 31 vs. 50 41 vs. 21 74 vs. 45 34 vs. 10

Pbt 27 vs. 51 28 vs. 20 63 vs. 30 33 vs. 10

Tumor marker 0.868 0.395 0.028 2.382 (1.098–5.165)

Decrease or no tumor marker 54 vs. 97 40 vs. 21 72 vs. 39 35 vs. 13

Increase 4 vs. 4 18 vs. 13 25 vs. 0 0 vs. 0

Chemotherapy 0.152 0.305 0.618 1.165 (0.64–2.119)

GEM base 53 vs. 89 39 vs. 20 66 vs. 39 33 vs. 8

Others 5 vs. 12 43 vs. 16 80 vs. 30 40 vs. 20

Dose of GEM 0.588 0.185 0.001 1.800 (1.253–2.586)

\28 g 29 vs. 51 28 vs. 18 55 vs. 20 18 vs. 9

C28 g 29 vs. 50 53 vs. 26 83 vs. 54 48 vs. 7

Dose of S-1 0.131 0.184 0.476 1.140 (0.796–1.633)

\5600 mg 32 vs. 49 28 vs. 22 59 vs. 45 39 vs. 13

C5600 mg 26 vs. 52 40 vs. 20 81 vs 31 34 vs. 7

Radiotherapy 0.280 0.210 0.184 1.323 (0.876–1.998)

None 32 vs. 82 41 vs. 20 78 vs. 40 31 vs. 4

Done 26 vs. 19 27 vs. 21 58 vs. 29 37 vs. 23

TNM -0.548 0.285 0.055 0.578 (0.331–1.012)

II 10 vs. 14 53 vs. 27 80 vs. 55 40 vs. 25

III/IV 48 vs. 87 39 vs. 20 67 vs. 32 35 vs. 7

RECIST 0.668 0.186 \0.0001 1.950 (1.355–2.806)

SD 12 vs. 61 20 vs. 20 42 vs. 33 25 vs. 4

CR/PR 46 vs. 40 41 vs. 22 76 vs. 44 36 vs. 17

MST median survival time, OS overall survival rate, SE standard error, CI confidence interval, Ad adjuvant surgery group, CTR control group, Surg

surgery, UN unresectability, met metastasis, Ph pancreas head, Pbt pancreas body and tail, CA19-9 carbohydrate antigen 19-9, GEM gemcitabine, RECIST

Response Evaluation Criteria In Solid Tumors, CR complete response, PR partial response, SD stable disease
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favorable response to non-surgical anti-cancer treatments

over 6 months after the initial treatment between 2001 and

2009. Fifty-eight patients underwent ‘‘adjuvant surgery’’,

and the residual 101 patients who did not undergo adjuvant

surgery served as a control group. The first clinical question

of this survey was whether the addition of adjuvant surgery

is safe treatment. The surgical mortality and morbidity in

this study were 1.7 and 47 %, respectively, which was

similar to the previous reports in initially resectable pan-

creatic cancer patients [17, 18], in spite of a more extensive/

aggressive surgical approach (69 % of combined organ or

vascular resection rate in this study). The second clinical

question of this survey was whether additional adjuvant

surgery is an effective treatment. Surprisingly, the overall

survival rates at 1, 3, and 5 years from the initial treatment

were 95, 53, and 34 %, respectively, in this highly selected

group of patients, under a median observation period of

54 months (26–125), which was significantly better than

those (88, 18, and 10 %) in the control group. The unad-

justed and propensity-score adjusted stratified multivariate

analyses showed adjuvant surgery to be a significant inde-

pendent factor for overall survival. Furthermore, favorable

survival rates were observed among all risk-stratified sub-

groups with the addition of adjuvant surgery.

Appropriate surgical management for the patients with

initially unresectable pancreatic cancer is less clear. There

are some reports from several groups on the use of

chemo(radio)therapy to downstage unresectable pancreatic

cancer to resectable disease [19–23]. They reported that the

median survival time after surgery in these patients with

unresectable tumor at presentation is 23.6 months [11, 19–

24]. These results appear to be at least comparable to those

reported with surgery alone or surgery plus postoperative

adjuvant treatment in resectable patients [12]. The

Memorial Sloan–Kettering Cancer Center (MSKCC) group

reported that 36 patients who were able to undergo surgical

resection following treatment of initial stage III pancreatic

cancer experienced survival similar to those who were

initially resectable as a matched control [24]. The current

study found that the longer the median time from the initial

therapy to surgical resection, the longer the median post-

operative follow-up, and the higher the frequency of con-

comitant vascular resection, relative to the results from the

MSKCC group. A major difference from the previous

reports in this study is the investigation of the clinical

safety and efficacy of adjuvant surgery in this highly

selected group of patients in comparison to patients who

did not undergo adjuvant surgery.

This study definitively selected patients at the initial

detection of progressive disease during multimodal treat-

ment over 6 months, and at the detection of occult distant

organ metastasis during surgical exploration. Moreover,

any patients with a poor functional status were also

excluded in the process of non-surgical anticancer treat-

ments. Therefore, 58 patients in the adjuvant surgery group

were regard as ‘‘super-responders’’ to non-surgical anti-

cancer treatments. This retrospective patient selection is

one of the limitations of this study. The other limitation is

Table 6 Multivariate Cox proportional-hazard analysis for overall survival

Variable Estimate SE P Hazard ratio (95 % CI)

Adjuvant surgery vs. control -0.757 0.233 0.001 0.469 (0.297–0.741)

Dose of gemcitabine (B28 g vs. [28 g) -0.598 0.190 0.002 0.550 (0.379–0.798)

Tumor marker (decrease or no tumor marker vs. increase) 0.944 0.420 0.025 2.570 (1.128–5.855)

RECIST (SD vs. CR/PR) 0.484 0.199 0.015 1.623 (1.099–2.395)

Tumor size (\34 mm vs. C34 mm) 0.034 0.195 0.862 1.035 (0.706–1.517)

Reason for unresectability (met vs. locally advanced) 0.332 0.223 0.136 1.394 (0.901–2.158)

TNM (III/IV vs. II) -0.396 0.302 0.189 0.673 (0.372–1.216)

Peritoneal metastasis or not -0.047 0.309 0.880 0.954 (0.521–1.749)

RECIST Response Evaluation Criteria In Solid Tumors, CI confidence interval, CR complete response, PR partial response, SD stable disease,

met distant organ metastasis

Table 7 Propensity-score

adjusted stratified multivariate

Cox proportional-hazard

analysis

CI confidence interval, Ad surg

adjuvant surgery

Variable Estimate SE P Hazard ratio (95 % CI)

Ad surg vs. control -0.563 0.229 0.01 0.569 (0.36–0.89)

Propensity score

2nd 25 % vs. Lowest 25 % -0.159 0.249 0.52 0.853 (0.52–1.39)

3rd 25 % vs. Lowest 25 % -0.933 0.291 \0.01 0.393 (0.22–0.70)

Highest 25 % vs. Lowest 25 % -0.727 0.293 0.01 0.483 (0.27–0.86)
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that the criteria used to select patients who were eligible for

surgical exploration during non-surgical anticancer treat-

ments differed among institutions. The 58 patients in the

adjuvant surgery group were collected from 39 hospitals

over 8 years, and thus the average number was 1.2 cases

per hospital. Moreover, it should be noted that a signifi-

cantly higher rate of peritoneal metastasis was found in the

control group.

Donahue et al. [25] reported that patients with initially

unresectable pancreaticobiliary malignant tumors should

be selected for surgery on the basis of lack of disease

progression, good functional status, and a decrease in the

CA19-9 level rather than of evidence that vessel involve-

ment has disappeared on computed tomography or mag-

netic resonance imaging. The third clinical question is the

optimal time for adjuvant surgery in this patient popula-

tion. When should the shrunken tumor be removed in the

process of maintaining chemotherapy and/or radiation

therapy? The sub-group analysis according to the time

from the initial treatment to surgical resection showed

significant favorable differences in the overall survival

rates in patients who were able to undergo adjuvant surgery

more than 240 days after initial treatment. Therefore, the

recommended optimal time for adjuvant surgery is at least

240 days after the initial treatment. A longer duration of

non-surgical anti-cancer treatment may be associated with

better patient selection, greater doses of chemotherapy, a

higher rate of PR/CR, and lower levels of tumor markers,

thus resulting in a better prognosis of patients, since a

certain period of observation time allows for the identifi-

cation of progressive disease or poor surgical candidates.

The primary findings of this study indicate the importance

of finding the appropriate non-surgical anticancer treat-

ments for effective tumor downsizing over at least

240 days after the initial treatment.

The adjuvant surgery group underwent major pancreatic

resection with concomitant other organ and/or vascular

resection in 69 % of patients. It is technically possible to

perform extensive resections with vein and/or arterial

reconstruction, but concomitant arterial resection remains

controversial because it is associated with a high morbidity

[26–28]. Laurence et al. [28] reported that an increased risk

of perioperative death appears to be associated with

resection performed in patients with initially designated
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Fig. 2 Survival time and curves according to time from initial

treatment to surgical resection. a Survival time in each patient. Group

A, 12 patients who underwent adjuvant surgery more than 365 days

after initial treatment; Group B, 26 patients who underwent adjuvant

surgery between 241 and 365 days; Group C, 20 patients who

underwent adjuvant surgery between 180 and 240 days. b Compari-

sons of the survival curves of adjuvant surgery more than 365 days

after the initial treatment [n = 12, group A, median survival time

(MST) not reached], between 241 and 365 days (n = 26, group B,

MST 43 months), between 180 and 240 days after initial treatment

(n = 20, group C, MST 17 months), and the control group (n = 101,

group D, MST 20 months). Although there was no difference in the

survival curves between groups C and D (p = 0.795), significant

differences were found in the survival curve between groups B and C

or D (p \ 0.0001), and between groups A and B, C, or D (p \ 0.005).

The overall survival rate in group A ? B was significantly better than

in group C (p \ 0.0001). The dose of gemcitabine and S-1, and the

tumor diameter, in group A ? B were significantly greater than those

in group C (p \ 0.05) but there were no significant differences in

other clinical parameters
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unresectable tumors prior to neoadjuvant chemoradiation

therapy. Nakao et al. [29] reported that pancreatectomy

with portal vein resection can be performed safely, and

long-term survival is observed in selected patients. The

current study found no significant difference in overall

survival or morbidity and mortality between those receiv-

ing concomitant resection or not. Therefore, the results

from this study demonstrated that concomitant resections

of other organs and vessels were safely performed with

special caution.

In conclusion, adjuvant surgery for initially unresectable

pancreatic cancer patients with a long-term favorable

response to non-surgical anticancer treatments is consid-

ered to be a safe and effective treatment. The overall sur-

vival rate from the initial treatment was extremely high,

especially in patients who received non-surgical anti-can-

cer treatment for more than 240 days. Adjuvant surgery

can occupy an important position in multimodal therapy for

patients with initially unresectable pancreatic cancer.
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