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Original Research Article

Introduction

Pancreatic cancer is one of the most aggressive and lethal 
forms of cancer, with a dismal 5-year survival rate of less 
than 10%, because of late diagnosis and limited effective 
treatment options.1

Margin-negative pancreatectomy is essential for the 
cure of pancreatic cancer; however, most patients have a 
recurrence within 1 to 2 years after surgery (especially in 
the liver, lungs, or peritoneum), and thus, postoperative 

adjuvant chemotherapy should be mandatory.2 The remark-
able development of anti-cancer drugs, as evidenced by the 
therapeutic effect of FOLFIRINOX as postoperative 
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Abstract
Introduction: Most patients with pancreatic cancer experience systemic recurrence within 1 to 2 years after radical 
pancreatectomy. Phellinus linteus (PL) has demonstrated anti-inflammatory, antioxidant, and anti-cancer properties, 
suggesting potential as an adjunct to cancer therapy. This study aimed to evaluate the long-term oncological impact of 
perioperative PL in resected pancreatic cancer.
Method: This retrospective cohort study included 407 patients who underwent curative resection and adjuvant 
chemotherapy for pancreatic cancer at Severance Hospital (2012-2022). Among them, 103 patients who began PL 
postoperatively and continued throughout treatment were assigned to the PL group; 304 patients without PL intake 
comprised the control group.
Results: The mean overall survival (OS) was significantly longer in the PL group (47.0 months; 95% CI: 42.8-51.1) than 
in the control group (35.0 months; 95% CI: 30.3-39.7; P < .001). Recurrence-free survival (RFS) showed a borderline 
improvement (P = .053). PL use was marginally associated with improved OS in multivariate analysis (HR: 0.614; 95% CI: 
0.376-1.002; P = .051). Subgroup analysis showed no significant OS or RFS benefit with PL in patients receiving FOLFIRINOX. 
However, among patients treated with non-FOLFIRINOX regimens, PL use led to significantly better OS (43.9 months vs 
35.0 months; P = .021), though RFS remained similar. Notably, the OS of the non-FOLFIRINOX + PL group was comparable 
to that of the FOLFIRINOX group (P = .332) and superior to the non-FOLFIRINOX control group (P = .021).
Conclusion: PL may enhance survival in resected pancreatic cancer, particularly in patients receiving non-FOLFIRINOX 
chemotherapy, supporting its role as a potential adjunct when FOLFIRINOX is not feasible.
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adjuvant chemotherapy, has provided hope that pancreatic 
cancer can be cured in the near future.3 However, conven-
tional chemotherapeutic approaches often fail to provide 
significant improvements in survival rates, highlighting the 
urgent need for alternative therapeutic strategies.

In recent years, there has been growing interest in the 
use of nutraceuticals—natural products with medicinal 
properties—as potential adjuncts in cancer therapy.4 
Among these, Phellinus linteus (Pl), known as Sanghuang 
mushroom in Korea, has garnered significant attention. 
This medicinal mushroom has been used for centuries in 
traditional Asian medicine and is known for its diverse 
bioactive compounds that exhibit a wide range of pharma-
cological effects, including anti-inflammatory, antioxi-
dant, and anti-cancer effects.5,6

PL is rich in polysaccharides, polyphenols, and triter-
penoids, which are believed to contribute to its therapeutic 
effects.5,6 Research has shown that these compounds can 
modulate various molecular pathways involved in cancer 
progression, including apoptosis, angiogenesis, and 
metastasis.7 The potential of PL as a nutraceutical in can-
cer treatment is supported by a growing body of preclini-
cal studies demonstrating its ability to inhibit tumor 
growth and enhance the efficacy of conventional chemo-
therapeutic agents.8

In the context of pancreatic cancer, PL has shown prom-
ise in several in vitro and in vivo studies.9-11 The findings of 
these studies suggest that the bioactive components of the 
mushroom can induce apoptosis in pancreatic cancer cells, 
suppress tumor growth, and improve overall survival rates 
in animal models.12 Furthermore, its anti-inflammatory and 
immune-modulating properties may help mitigate the 
adverse effects of chemotherapy, thereby improving the 
quality of life of patients undergoing treatment.

We previously performed a pivotal study highlighting 
the potential mechanisms through which PL exerts its anti-
cancer effects.13 In that study, we reviewed the potential 
role of the polysaccharides extracted from PL, which sig-
nificantly inhibited the proliferation of pancreatic cancer 
cells by inducing cell cycle arrest and promoting apopto-
sis.13 These findings are consistent with those of other stud-
ies, suggesting that PL can activate key apoptotic pathways, 
thereby enhancing the susceptibility of cancer cells to che-
motherapeutic agents.9-11 We also investigated the synergis-
tic effects of the PL extract and conventional postoperative 
adjuvant chemotherapy for patients with resected pancre-
atic cancer.8 It was found that the combination of PL with 
gemcitabine, a standard chemotherapeutic agent for pancre-
atic cancer, resulted in a marked increase in cancer cell 
death compared to gemcitabine alone. This synergistic 
effect is attributed to the ability of PL to modulate the tumor 
microenvironment, reduce inflammation, and enhance 
immune responses, thereby improving the overall therapeu-
tic outcomes.8

In the present study, based on our accumulated clinical 
experience, we investigated the potential long-term onco-
logical role of the perioperative application of PL as a nutra-
ceutical in patients with resected pancreatic cancer. In 
addition, we examined the adverse events that occurred dur-
ing adjuvant chemotherapy in patients who received PL.

Methods

Study Population and Design

This retrospective cohort study was conducted at a single 
institution. The study population consisted of patients diag-
nosed with pancreatic cancer at Severance Hospital from 
January 2012 to June 2022 who underwent curative resec-
tion followed by adjuvant chemotherapy. The study was 
reported in accordance with the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
guidelines.14

Mesima® (Phellinus linteus mycelium extract) is pro-
duced by Han Kook Shin Yak Pharmaceutical Co., Ltd. 
(Choongnam, Korea) under GMP-certified conditions using 
standardized manufacturing processes to ensure product 
quality and consistency. The product has been approved by 
the Korean Food and Drug Administration. The supplement 
was administered orally at a dose of 1100 mg, 3 times a day, 
starting after surgery and continuing during adjuvant 
chemotherapy.

Some patients who underwent curative resection for 
pancreatic cancer were informed about PL and a previous 
pivotal study, and were prescribed the supplement before 
initiating adjuvant chemotherapy based on patient prefer-
ence. Clinical data of patients who received PL and those 
who did not were retrospectively collected from electronic 
medical records (EMRs).

As shown in Figure 1, a total of 439 patients who were 
diagnosed with pancreatic ductal adenocarcinoma (PDAC) 
and underwent surgery at Severance Hospital between 
January 2012 and June 2022 were identified. After exclud-
ing 11 patients who underwent palliative procedures such as 
bypass surgery, a total of 428 patients were included in the 
final analysis. Among them, 124 consented to receive PL 
and began supplementation before undergoing adjuvant 
chemotherapy. Of these 124 patients, 103 who started tak-
ing PL before chemotherapy were designated as the PL 
group, whereas 21 who began taking PL during chemother-
apy were excluded. The remaining 304 patients who did not 
undergo PL were assigned to the control group.

Data Collection

The clinicopathological factors, perioperative management, 
short-term outcomes, and pathological results of the patients 
were collected from electronic medical records, including 
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pathology reports, progress notes, and surgical records. Patient 
baseline comorbidity and general condition were classified 
using the American Society of Anesthesiologists grade.15 
Operative type was divided into distal pancreatectomy (DP), 
central pancreatectomy (CP), pancreaticoduodenectomy 
(PD), pylorus preserving pancreaticoduodenectomy (PPPD), 
and total pancreatectomy (TP). Surgical approach was classi-
fied as open pancreatectomy, laparoscopic pancreatectomy, or 
robot-assisted pancreatectomy. Postoperative complications 
were graded according to the Clavien–Dindo classification 
system, with severe complications defined as those of grade 
IIIa or higher.16 Tumor stage was determined according to the 
American Joint Committee on Cancer (AJCC) eighth edition 
TNM staging system.17 The variable “symptoms” was defined 

based on whether the patient presented with clinical symp-
toms that led to further evaluation and the eventual diagnosis 
of pancreatic cancer. Relevant symptoms included jaundice, 
weight loss, abdominal pain, dyspepsia, cholangitis, general 
weakness, anorexia, and nausea/vomiting. Vascular resection 
was defined as intraoperative resection of the superior mesen-
teric vein, splenic vein, or portal vein. The adjuvant chemo-
therapy regimen was categorized as either FOLFIRINOX-based 
or non-FOLFIRINOX-based. The non-FOLFIRINOX group 
included gemcitabine-based and other chemotherapy regi-
mens. The duration of PL administration was recorded from 
outpatient clinic records. To evaluate the potential adverse 
effects of PL, liver function tests and serum creatinine levels 
were collected during the preoperative period and at each 

Figure 1.  Flow chart of patients who received adjuvant chemotherapy after pancreatic resection, showing the inclusion of patients in 
the study.
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hospital visit for adjuvant chemotherapy administration. 
Chemotherapy-related adverse events were evaluated and 
graded according to the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events (CTCAE), version 
5.0.18 Only grade 3 or higher toxicities were considered clini-
cally significant and included in the analysis. The analysis 
focused on hepatotoxicity and nephrotoxicity. Information 
about the adjuvant chemotherapy regimen, recurrence, and 
cancer-related deaths was obtained from outpatient records 
and data from the Korean National Health Insurance Service.

Statistics

We conducted a comparative analysis between patients in 
the PL and control groups. Categorical variables were ana-
lyzed using the chi-square test or Fisher’s exact test, while 
continuous variables were assessed, after checking for nor-
mality, using either the Student’s t-test or Mann-Whitney U 
test. Recurrence-free survival (RFS) and overall survival 
(OS) were compared using the Kaplan-Meier method and 
log-rank tests. Median survival times were reported when 
estimable. In cases where fewer than 50% of patients expe-
rienced the event of interest, median survival could not be 
calculated, and mean survival times were reported instead. 
To minimize potential bias resulting from differing treat-
ment periods between the 2 groups, the follow-up duration 
was limited to 60 months from the initiation of treatment.

The Cox proportional hazards model was used to ana-
lyze the prognostic factors associated with cancer-related 
deaths. For multivariate analysis, stepwise regression was 
performed with a threshold P-value less than .2, using back-
ward elimination, and the therapeutic effect of PL was ana-
lyzed after adjusting for other factors that may influence 
OS. Variables included in the multivariable Cox regression 
analysis were selected based on either statistically signifi-
cant differences between the 2 groups or prior evidence of 
prognostic relevance in pancreatic cancer. For instance, 
variables previously reported to be associated with sur-
vival—such as perioperative transfusion, postoperative 
complications, TNM stage, resection margin status, vascu-
lar resection, ASA grade, and adjuvant chemotherapy regi-
men (eg, FOLFIRINOX vs gemcitabine)—were included in 
the model.19,20 Conversely, variables that differed between 
groups but have not been shown to affect prognosis in pre-
vious studies (eg, minimally invasive surgery vs open sur-
gery) were excluded from the multivariable analysis.21-25 To 
minimize the confounding effects of chemotherapy regi-
mens, which may directly affect survival, we conducted a 
subgroup analysis by stratifying patients according to their 
treatment regimen. Cases with missing values in key vari-
ables were excluded from the analysis. Statistical signifi-
cance was considered at a P-value less than .05, and all 
statistical analyses were performed using SPSS Version 24 
(IBM, Chicago, IL, USA) and R 3.6.3.

Results

Patient Demographics

A comparison of the clinicopathological results between the 
103 patients in the PL group and 304 patients in the control 
group is presented in Table 1. There were no significant dif-
ferences between the 2 groups in terms of preoperative age, 
weight, or comorbidities. In contrast, a significant differ-
ence was observed in the presence of symptoms between 
the groups (P = .012), with details provided in Supplemental 
Table 1.

Regarding the timing of surgery, most patients in the PL 
group underwent surgery after 2018, as shown in 
Supplemental Figure 1a. Temporal variations were also 
noted in both the surgical approach and the selection of 
adjuvant chemotherapy regimens (FOLFIRINOX vs non-
FOLFIRINOX), as illustrated in Supplemental Figures 1b 
and 1c.

A significantly higher proportion of patients in the PL 
group underwent minimally invasive surgery (MIS), includ-
ing both robot-assisted and laparoscopic approaches, com-
pared to the control group (P < .001). Furthermore, a 
notable difference in adjuvant chemotherapy regimens was 
observed: only 6.9% of patients in the control group 
received FOLFIRINOX, whereas 45.6% of those in the PL 
group received this regimen (P < .001).

Intraoperative transfusion rates, estimated blood loss, 
and tumor size also differed significantly between the 2 
groups. In contrast, no significant differences were observed 
in the type of surgery performed, presence of vascular 
resection, TNM stage, resection margin status, or the inci-
dence of postoperative complications.

Survival Analysis

The total follow-up duration was 13,825 person-months 
(1152.1 person-years). The mean follow-up time was 
34.0 months, and the median follow-up was 33.0 months 
(IQR: 16.5-46.0). Survival analysis was conducted to eval-
uate the long-term oncologic outcomes of patients who 
underwent PL treatment. The mean OS time was 47.0 months 
for the PL group (95% confidence interval [CI]: 42.8-51.1) 
and the median OS time for the control group was 
35.0 months (95% CI: 30.3-39.7), showing a statistically 
significant difference, as illustrated in Figure 2A (P < .001). 
Analysis of RFS showed that the PL group exhibited a trend 
toward improved recurrence rates, although this was bor-
derline significant (P = .053; Figure 2B). In terms of 
FOLFIRINOX regimen and non-FOLFIRINOX regimen, 
the median RFS of patients with FOLFIRINOX regimen 
was 24.0 months (95% CI: 10.3-37.7), whereas the median 
RFS of patients with non-FOLRINOX regimen was 
13.0 months (95% CI: 11.4-14.6; log-rank test, P = .009). 
The mean OS of patients with FOLFIRINOX regimen was 
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Table 1.  Baseline Demographic and Clinical Characteristics of the Subjects.

Variables
Control group
(N = 304)

PL group
(N = 103) P-value

Age 65.0 (58.0; 72.0) 66.0 (60.0; 71.5) .506
Sex .16
  Male 165 (54.3%) 47 (45.6%)  
  Female 139 (45.7%) 56 (54.4%)  
Preoperative BMI 23.0 (21.3; 25.0) 22.7 (21.3; 24.3) .274
Hospital stay (days) 14.0 (11.0; 19.0) 10.0 (9.0; 14.0) <.001
ASA grade .671
  Grade 1 17 (5.6%) 8 (7.8%)  
  Grade 2 141 (46.4%) 43 (41.7%)  
  Grade 3 145 (47.7%) 52 (50.5%)  
  Grade 4 1 (0.3%)  0 (0.0%)  
Symptom 175 (57.6%) 44 (42.7%) .012
Operation type .237
  PD 14 (4.6%) 3 (2.9%)  
  PPPD 140 (46.1%) 46 (44.7%)  
  DP 138 (45.4%) 47 (45.6%)  
  TP 12 (3.9%) 5 (4.9%)  
  CP  0 (0.0%) 2 (1.9%)  
Operation method <.001
  Open 197 (64.8%) 25 (24.3%)  
  Laparoscopic 106 (34.9%) 59 (57.3%)  
  Robot-assisted 1 (0.3%) 19 (18.4%)  
Estimated blood loss (cc) 300.0 (150.0; 550.0) 150.0 (100.0; 300.0) <.001
Perioperative transfusion 47 (15.5%) 2 (1.9%) .001
Vascular resection 40 (13.2%) 11 (10.7%) .628
Tumor size (cm)  2.7 [ 2.2; 3.4]  2.5 [ 1.9; 3.0] .019
T stage .131
  T1 60 (19.7%) 31 (30.1%)  
  T2 202 (66.4%) 62 (60.2%)  
  T3 41 (13.5%) 10 (9.7%)  
  T4 1 (0.3%)  0 (0.0%)  
N stage .275
  N0 141 (46.4%) 54 (52.4%)  
  N1 115 (37.8%) 39 (37.9%)  
  N2 48 (15.8%) 10 (9.7%)  
AJCC eighth stage .255
  Stage 1A 41 (13.5%) 20 (19.4%)  
  Stage 1B 83 (27.3%) 31 (30.1%)  
  Stage 2A 17 (5.6%) 3 (2.9%)  
  Stage 2B 114 (37.5%) 39 (37.9%)  
  Stage 3 49 (16.1%) 10 (9.7%)  
Resection status .222
  R0 244 (80.3%) 77 (74.8%)  
  R1 52 (17.1%) 25 (24.3%)  
  R2 8 (2.6%) 1 (1.0%)  
Complication 188 (61.8%) 62 (60.2%) .857
Severe complication

(greater than Clavien-Dindo classification ⅢA)
16 (5.3%) 5 (4.9%) >.999

Chemotherapy regimen <.001
FOLFIRINOX 21 (6.9%) 47 (45.6%)  
Gemcitabine-based regimen 240 (78.9%) 53 (51.5%)  
Others 43 (14.1%) 3 (2.9%)  
Time from surgery to adjuvant chemotherapy (days) 46.0 [37.0;57.0] 51.0 [45.0;65.5] <.001
Duration of PL administration (months) 6.0 [3.0;11.0]  

Continuous variables are presented as the mean ± standard deviation or median with interquartile range based on the normality test results.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; PD, pancreaticoduodenectomy; PPPD, pylorus-preserving 
pancreaticoduodenectomy; DP, distal pancreatectomy; TP, total pancreatectomy; CP, central pancreatectomy; MIS, minimally invasive surgery, PL, 
Phellinus linteus.
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Figure 2.  Kaplan-Meier curves for (A) overall survival and (B) recurrence-free survival, comparing the Phellinus linteus (PL) group and 
the control (C) group in the entire patient cohort; (C) overall survival and (D) recurrence-free survival among patients who received 
FOLFIRINOX as adjuvant chemotherapy, comparing the PL group and the C group; (E) overall survival and (F) recurrence-free 
survival among patients who received other regimens as adjuvant chemotherapy, comparing the PL group and the C group; and (G) 
overall survival among patients receiving FOLFIRINOX, non-FOLFIRINOX + PL, and non-FOLFIRINOX + no PL.
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49.2 months (95% CI: 44.0-54.5), whereas the median OS of 
patients with non-FOLFIRINOX regimen was 37.3 months 
(95% CI: 35.2 vs 39.5; log-rank test, P = .002).

Prognostic Factors Affecting Survival in Patients 
with Resected Pancreatic Cancer

A Cox proportional hazards model was used to identify the 
prognostic factors influencing survival in patients who 
underwent pancreatic cancer resection. The results are pre-
sented in Table 2. In the univariate analysis, significant prog-
nostic factors for overall survival included PL medication 
(HR: 0.439, 95% CI: 0.279-0.691, P < .001), perioperative 
transfusion (HR: 1.804, 95% CI: 1.270-2.562, P = .001), vas-
cular resection (HR: 1.757, 95% CI: 1.233–2.504, P = .002), 
N stage (N1: HR: 1.729, 95% CI: 1.284-2.328, P = .003; N2: 
HR: 2.531, 95% CI: 1.739-3.682, P < .001), resection mar-
gin status (R2: HR: 2.446, 95% CI: 1.203-4.975, P = .014), 
and use of FOLFIRINOX as an adjuvant chemotherapy regi-
men (HR: 0.426, 95% CI: 0.243-0.749, P = .003).

In the multivariate Cox regression analysis, PL medica-
tion showed a marginal association with improved survival 

(HR: 0.614, 95% CI: 0.376-1.002, P = .051). Statistically 
significant independent prognostic factors included periop-
erative transfusion (HR: 1.497, 95% CI: 1.040-2.156, 
P = .030), N stage (N1: HR: 1.661, 95% CI: 1.225-2.252, 
P = .011; N2: HR: 2.444, 95% CI: 1.674-3.567, P < .001), 
resection margin status (R2: HR: 2.240, 95% CI: 1.091-
4.598, P = .028), and FOLFIRINOX use (HR: 0.520, 95% 
CI: 0.283-0.957, P = .036).

PL Improves Survival in Resected Pancreatic 
Cancer with non-FOLFIRINOX Chemotherapy

Subgroup analysis was conducted to demonstrate the effect 
of PL on improving survival by stratifying patients according 
to whether they received FOLFIRINOX or non-FOLFIRI-
NOX regimen as adjuvant chemotherapy. Among patients 
who received FOLFIRINOX as adjuvant chemotherapy, 
there was no statistically significant difference in overall sur-
vival (OS) between the 2 groups (FOLFIRINOX + PL group: 
mean OS, 44.9 months; 95% CI: 41.0-48.7 vs FOLFIRINOX 
control group: mean OS, 43.1 months; 95% CI: 33.3-53.0; 
P = .107).

Table 2.  Univariate and Multivariate Analyses of Prognostic Factors Associated with Overall Survival in Patients Undergoing Adjuvant 
Chemotherapy After Pancreatic Resection for Pancreatic Cancer.

Univariate analysis Multivariate analysis

Variables HR 95% CI P-value HR 95% CI P-value

Age (continuous) 0.999 0.984–1.014 .874  
PL medication 0.439 0.279-0.691 <.001 0.614 0.376–1.002 .051
ASA grade 3, 4 0.981 0.751–1.282 .891  
(Ref: grade 1, 2)  
Perioperative transfusion 1.804 1.270–2.562 .001 1.497 1.040–2.156 .030
Vascular resection 1.757 1.233–2.504 .002  
Hospital stay (continuous) 1.015 1.000-1.031 .056  
Tumor size (continuous) 1.093 0.995-1.201 .064  
T stage (ref: T1)
  T2 1.344 0.947–1.908 .098  
  T3 1.372 0.854–2.204 .191  
  T4 4.049 0.554–29.589 .168  
N stage (ref: 

N0)
 

  N1 1.729 1.284–2.328 .003 1.661 1.225–2.252 .011
  N2 2.531 1.739–3.682 <.001 2.444 1.674–3.567 <.001
Resection status (ref: R0)  
  R1 1.089 0.766–1.548 .636 1.182 0.826–1.691 .362
  R2 2.446 1.203–4.975 .014 2.240 1.091–4.598 .028
Severe complication* 1.508 0.876–2.595 .138 1.620 0.939-2.796 .083
Chemotherapy regimen
(ref: non-FOLFIRINOX regimens)
FOLFIRINOX 0.426 0.243-0.749 .003 0.520 0.283-0.957 .036

Multivariate analysis was performed using backward stepwise regression with a P-value threshold of .2.
*Severe complications were defined as Clavien-Dindo grade IIIa or above.
Abbreviations: HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; PL, Phellinus linteus.
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Similarly, there was no significant difference in recurrence-
free survival (RFS) between the groups (FOLFIRINOX + PL 
group: median RFS, 24.0 months; 95% CI: 14.5-33.5 vs 
FOLFIRINOX control group: median RFS, 14.0 months; 
95% CI: 8.2-19.8; P = .292; Figure 2C and D). In the subgroup 
of patients who received non-FOLFIRINOX chemotherapy, 
long-term outcomes were compared between those who 
received PL and those who did not. In terms of overall sur-
vival (OS), the PL group showed a statistically significant 
improvement compared to the control group (non-FOLFIRI-
NOX + PL: mean OS, 43.9 months; 95% CI: 38.0-49.8 vs 
non-FOLFIRINOX control group: mean OS, 35.0 months; 
95% CI: 30.0-40.0; P = .021; Figure 2E).

However, there was no significant difference in recur-
rence-free survival (RFS) between the 2 groups (non-FOL-
FIRINOX + PL: median RFS, 24.0 months; 95% CI: 
14.5-33.5 vs non-FOLFIRINOX control group: median 
RFS, 14.0 months; 95% CI: 8.2-19.8; P = .292; Figure 2F).

Finally, we analyzed long-term outcomes among 3 sub-
groups: (1) patients who received FOLFIRINOX, (2) 
patients who received non-FOLFIRINOX chemotherapy 
with PL, and (3) patients who received non-FOLFIRINOX 
chemotherapy without PL.

The mean OS in the FOLFIRINOX group was 
49.2 months (95% CI: 44.0-54.5), while the non-FOLFIRI-
NOX + PL group had a mean OS of 43.9 months (95% CI: 
38.7-49.8), with no statistically significant difference 
between the 2 groups (log-rank test, P = .332).

In contrast, the non-FOLFIRINOX control group (with-
out PL) had a median OS of 35.0 months (95% CI: 30.0-
40.0), which was significantly lower than both the 
FOLFIRINOX group (log-rank test, P = .001) and the non-
FOLFIRINOX + PL group (log-rank test, P = .021), as 
shown in Figure 2G.

Duration of PL Intake and Adverse Events

Among the 103 patients who elected to receive PL follow-
ing curative resection for pancreatic cancer, the median 
duration of PL intake was 6.0 months (95% CI: 3.0-11.0). 
The distribution of PL intake duration is illustrated using a 
violin plot (Figure 3). The time interval from surgery to the 
initiation of adjuvant chemotherapy was significantly 
shorter in the PL group compared to the control group 
(median, 46.0 days [IQR, 37.0-57.0] vs 51.0 days [IQR, 
45.0-65.5]; P < .001). Chemotherapy-related hepatotoxic-
ity and nephrotoxicity were analyzed according to CTCAE 
version 5.0. Table 3 summarizes the incidence of grade 3 or 
higher toxicity across treatment regimens in both the PL 
and control groups.

Grade 3 or higher hepatotoxicity was observed in 15 
patients (4.9%) in the control group and 12 patients (11.7%) 
in the PL group. When stratified by chemotherapy regimen 
(FOLFIRINOX, gemcitabine-based, and other agent-based 
regimens), no significant difference in hepatotoxicity was 
noted between the 2 groups for the FOLFIRINOX or other 
regimens. However, among patients receiving gemcitabine-
based regimens, the incidence of grade ≥ 3 hepatotoxicity 
was significantly higher in the PL group compared to the 
control group (4.2% vs 15.1%; P = .008). Notably, all hepa-
totoxicity cases were grade 3, and no grade 4 or higher 
events were observed.

Discussion

Pancreatic cancer is well known to be one of the most lethal 
malignant diseases of the gastrointestinal system.1 The diffi-
culty in treating pancreatic cancer mainly stems from the dif-
ficulty of early detection and its biological characteristics. 
Pancreatic cancer often presents with minimal symptoms, 
and the initial symptoms can be very vague. Therefore, pan-
creatic cancer is usually found to be at an advanced stage at 
the time of diagnosis. Margin-negative pancreatectomy is 
thought to be the most effective monotherapy to cure the dis-
ease; however, resectable pancreatic cancer accounts for less 
than 20% of cases.2 In addition, most patients with resected 
pancreatic cancer show a very high recurrence rate (espe-
cially in the liver, lung, and peritoneum), and the 5-year sur-
vival rate after surgery is still low.26 Recurrence is mainly 
caused by micrometastases or residual cancer cells, which 
highlights the need for additional adjuvant therapy.26

In the treatment of pancreatic cancer, nutraceutical studies 
have shown great potential as adjuvant therapies.13,27 
Nutraceuticals are bioactive substances based on dietary 
ingredients, and various health improvement effects have 
been reported, including anti-cancer effects.28 In particular, 
natural compounds, such as curcumin, resveratrol, and 

Figure 3.  Violin plot of duration of PL prescription in patients 
who received adjuvant chemotherapy after pancreatic resection.
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epigallocatechin gallate, have anti-inflammatory, antioxidant, 
and antiproliferative properties, which may contribute to the 
inhibition of the growth and metastasis of pancreatic cancer 
cells.13,27 In addition, these nutraceuticals may work synergis-
tically with traditional chemotherapy and radiotherapy treat-
ments and may help overcome treatment resistance.8 However, 
further research and clinical trials are required to clinically 
demonstrate these benefits.

In a previous study, we investigated the potential onco-
logical role of PL as a nutraceutical agent for treating pan-
creatic cancer.8,13 PL is a medicinal mushroom that is 
attracting attention for its anti-cancer effects, and its efficacy 
has been demonstrated in various studies.5,12,27,29 Its main 
active ingredients include polysaccharides, beta-glucan, and 
various polyphenols, which strengthen the immune system 
and exert anti-inflammatory and antioxidant effects.5,12 PL 
extract has been reported to inhibit the proliferation of can-
cer cells and promote apoptosis, especially in pancreatic 
cancer cell lines.11 In addition, it has the potential to increase 
the therapeutic effect by showing a synergistic effect when 
combined with existing anti-cancer treatments.8 In this con-
text, several prior studies have demonstrated the potential of 
PL as an adjunct to conventional anti-cancer therapy. At our 
institution, two retrospective studies have reported on the 
efficacy of PL in resected pancreatic cancer.8,13 The first, 
involving 53 patients, showed improved disease-free sur-
vival (11.0 months vs 2.8 months, P = .017) without a signifi-
cant OS difference.8 The second, a propensity score-matched 
study of 217 patients, demonstrated improved DFS and OS, 
along with higher adherence to adjuvant chemotherapy.13 
Another external study involving gastric cancer patients 
showed that PL contributed to improved outcomes in patients 
receiving postoperative adjuvant therapy, with no serious 
adverse effects reported.8,13,30 The current study builds upon 
these findings and serves as a follow-up investigation to 

evaluate the clinical impact of PL in patients with resected 
pancreatic cancer.

To assess the internal and external validity of our find-
ings, we compared the long-term survival outcomes of 
patients in our study with those reported in the PRODIGE 
24/CCTG PA.6 trial, a landmark phase III study on adjuvant 
chemotherapy in pancreatic cancer.31,32 That trial included 
493 patients and demonstrated a significant survival benefit 
with FOLFIRINOX over gemcitabine-based therapy: the 
median overall survival was 53.5 months (95% CI: 43.5-
58.4) versus 35.5 months (95% CI: 30.1-40.3; HR, 0.68; 
95% CI: 0.54-0.85; P = .001), and the median disease-free 
survival was 21.4 months (95% CI: 17.5-26.7) versus 
12.8 months (95% CI: 11.6-15.2; HR, 0.66; 95% CI: 0.54-
0.82; P < .001). In our study, the long-term survival out-
comes for each adjuvant chemotherapy regimen were 
generally comparable to those reported in the PRODIGE 
24/CCTG PA.6 study.31,32

Differences in baseline clinical characteristics between 
the PL and control groups must be considered when inter-
preting the validity of this study. Notably, the timing of sur-
gery differed substantially between the 2 groups, leading to 
differences in follow-up duration. To mitigate potential 
bias, we limited the follow-up period to 60 months. 
Nonetheless, substantial differences remained in both the 
chemotherapy regimens and surgical approaches used. 
FOLFIRINOX became the standard of care for adjuvant 
chemotherapy following the publication of the PRODIGE 
24/CCTG PA.6 trial in 2018.31,32 Prior to this, most patients 
received gemcitabine-based regimens.33,34 Despite the sur-
vival advantage associated with FOLFIRINOX, some 
patients continued to receive alternative regimens due to 
intolerance or toxicity concerns.35

To account for these confounding effects, subgroup analyses 
and multivariable Cox regression models were used to evaluate 

Table 3.  Comparison of Grade ≥ 3 Hepatotoxicity and Nephrotoxicity between PL and Control Groups According to 
Chemotherapy Regimen.

FOLFIRINOX Non-FOLFIRINOX based regimen

  Gemcitabine-based regimen Others agent-based regimen

 
Control 
group PL group P

Control  
group PL group P

Control 
group PL group P

Toxicity (N = 43) (N = 3) (N = 239) (N = 53) (N = 21) (N = 47)  

Liver toxicity (over CTCAE 
grade 3)

4 (9.3%) 0 (0.0%) >.999 10 (4.2%) 8 (15.1%) .008 1 (4.8%) 4 (8.5%) .965

Kidney toxicity (over CTCAE 
grade 3)

2 (4.7%) 0 (0.0%) >.999 0 (0.0%)  0 (0.0%) >.999 0 (0.0%)  0 (0.0%) >.999

There were no cases of grade 4 or higher hepatotoxicity or nephrotoxicity observed in the study population. One patient who received a 
gemcitabine-based regimen in the control group was excluded from the toxicity analysis due to missing follow-up data, as the patient received adjuvant 
chemotherapy at an outside institution.
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; PL, Phellinus linteus.
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the independent impact of PL on survival. Furthermore, with 
the growing adoption of minimally invasive surgery (MIS), 
particularly in more recent years, a higher proportion of patients 
undergoing surgery during the later study period received lapa-
roscopic or robot-assisted procedures. Given that recent litera-
ture, including studies from our institution, has shown that MIS 
achieves long-term oncologic outcomes comparable to open 
surgery in pancreatic cancer, we opted not to include surgical 
approach as a covariate in the multivariable analysis, as it was 
not considered a decisive prognostic factor for adjuvant chemo-
therapy effectiveness.21-25

Consistent with previous studies, established prognostic 
factors such as resection margin status, nodal stage, and use 
of FOLFIRINOX were independently associated with long-
term survival in our analysis.21-25 While the effect of PL use 
did not reach the conventional levels of statistical signifi-
cance, it demonstrated a marginal association with improved 
survival. These findings suggest a potential benefit that 
warrants further investigation through prospective or ran-
domized controlled trials.

In the present study, a higher proportion of patients in the 
PL group than the control group received FOLFIRINOX as 
adjuvant chemotherapy, which might explain the higher sur-
vival rates observed in the PL group. However, even after 
adjusting for chemotherapy regimens and other factors affect-
ing survival in the multivariate Cox analysis, PL supplementa-
tion was marginally associated with improved survival.

Among patients treated with FOLFIRINOX, the addi-
tion of PL did not appear to yield additional survival bene-
fits. Given the small sample size in this subgroup, caution is 
warranted in interpreting these findings. In contrast, patients 
who received non-FOLFIRINOX regimens, such as fluoro-
uracil- or gemcitabine-based therapies, appeared to benefit 
from the addition of PL, suggesting a potential role in less 
intensive chemotherapy settings.

The enhanced survival observed in the PL group likely 
reflects the beneficial effects of PL in patients treated with 
regimens other than FOLFIRINOX. This suggests that PL is 
a potential strategy to enhance the effectiveness of chemo-
therapy, particularly for patients who need to receive alter-
native regimens because of the side effects of FOLFIRINOX. 
In addition, despite no statistically significant differences, a 
minor tendency toward superior long-term oncological out-
comes was observed in patients in the PL group treated with 
FOLFIRINOX. Based on this observation, the potential 
oncological role of PL should be re-evaluated even in 
patients undergoing FOLFIRINOX treatment in the near 
future, because a very small proportion of the patients in 
control group (6.9%) were treated with FOLFIRINOX.

The median duration of PL intake was approximately 
6 months. Although the median interval between surgery and 
the initiation of adjuvant chemotherapy differed by several 
days between the 2 groups and reached statistical signifi-
cance, this difference is unlikely to be clinically meaningful. 

Thus, PL administration does not appear to have substan-
tially delayed the initiation of adjuvant chemotherapy. 
During the study period, a statistically significant difference 
in the incidence of grade ≥ 3 hepatotoxicity was observed 
among patients receiving gemcitabine-based chemotherapy, 
with fewer events in the PL group compared to the control 
group. However, no grade 4 or higher hepatotoxicity was 
reported in either group, and no grade 3 or higher nephrotox-
icity was observed in the PL group. Based on previous clini-
cal studies, PL has demonstrated a favorable safety profile, 
with most adverse events limited to mild gastrointestinal 
symptoms or skin reactions.30,36

When considering the fact that most patients with resected 
pancreatic cancer experience systemic recurrence within 1 or 
2 years after surgery, potent and effective postoperative adju-
vant chemotherapy should be mandatory.26 However, pancre-
atic surgery is associated with high complication rates and 
delays in functional recovery of the patients.37 Therefore, most 
patients can receive postoperative adjuvant chemotherapy in 
1.5 to 3 months after radical pancreatectomy.37 It has been 
hypothesized that residual cancer cells contribute to the sys-
temic recurrence of pancreatic cancer after surgery.38 Moreover, 
it has been noted that the interval from immediately after radi-
cal pancreatectomy to the initiation of postoperative chemo-
therapy is the specific period when the remaining cancer cells 
can be activated due to the influence of pancreatectomy-related 
cytokines, but no conventional systemic chemotherapy can be 
used during the recovery period after radical pancreatec-
tomy.39-41 This particular period is regarded as the “window 
period” of pancreatic cancer treatment when no anti-cancer 
treatment is available.42,43 To enhance the effectiveness of post-
operative chemotherapy, it has also been hypothesized that the 
attenuation of potential residual cancer cells during this period 
would be helpful. Systemic anti-cancer drugs that can be used 
during this window period (1) should help remove the remain-
ing cancer cells, (2) should not adversely affect the patient’s 
recovery after surgery, (3) should not reduce the patient’s 
immune function, and (4) should not adversely affect standard 
postoperative chemotherapy. With this in mind, it is highly 
likely that herbal medicines with proven anti-cancer effects 
have potential to be used in the window period. For example, 
PL used in this study is a possible option for application during 
the window period after pancreatic cancer surgery. We con-
firmed an improvement in long-term survival rates in patients 
who received PL after surgery.

This study has several limitations inherent to its retro-
spective design, including potential selection bias related 
to treatment regimens, surgical approach, and postopera-
tive management. In particular, the difference in surgical 
timing between the PL and control groups may have intro-
duced confounding, as patients in the PL group were more 
likely to receive FOLFIRINOX and undergo minimally 
invasive surgery. To mitigate these biases, we limited the 
follow-up period to 60 months and performed stratified 
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and multivariable analyses. In addition, the prescription 
and adherence to PL were not standardized, and patients 
who survived longer naturally had extended durations of 
PL intake, making it difficult to assess the direct relation-
ship between treatment duration and survival. Finally, 
subgroup analysis within the FOLFIRINOX cohort was 
limited by a small sample size, and further studies are war-
ranted to clarify potential interactions between PL and 
specific chemotherapy regimens. Further research is also 
needed to elucidate the biological mechanisms underlying 
the potential survival and anti-recurrence benefits of PL. 
Nevertheless, through methodical statistical adjustment, 
this study was able to demonstrate the potential adjunctive 
benefit of PL in the context of established pancreatic can-
cer treatment protocols.

Conclusions

The prognosis of pancreatic cancer has improved in recent 
years due to the development of more effective chemothera-
peutic agents such as FOLFIRINOX and gemcitabine/nab-
paclitaxel (GEM-ABX). However, patients must endure 
significant adverse effects, and the use of intensive anti-can-
cer agents is often restricted during the perioperative period, 
adversely affecting quality of life. Although this study was 
retrospective in nature, the observed improvement in 5-year 
survival among patients who received PL was notable and 
warrants further investigation. Moreover, no grade 4 or higher 
hepatotoxicity or nephrotoxicity was observed, indicating that 
PL has a favorable safety profile. Based on these findings, a 
prospective randomized clinical trial is needed to further vali-
date the concept of the postoperative “window period” and to 
explore the potential oncologic role of nutraceuticals, such as 
PL, in the adjuvant treatment of pancreatic cancer.
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