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Abstract

Background: Numerous studies have investigated components of the tumor microenvironment, such as cancer associated fibroblasts (CAF),
and their role in pancreatic cancer prognosis. Nonetheless, the prognostic value of CAF in cancer is still controversial.

Aim: The current meta-analysis sought to determine the impact of CAF in pancreatic cancer prognosis.

Methods: A literature screening of articles involving the prognostic significance of CAF in pancreatic cancer was done on PubMed, EMBASE,
as well as Web of Science covering the period from databases establishment to Oct 31, 2021. Overall survival (0S) along with disease-free
survival (DFS) were explored through data pooling. We adopted the pooled HRs (hazard ratios with 95% CI (confidence intervals) to determine
the relationship of CAF with survival of individuals with pancreatic cancer. Overall, 10 studies involving 1308 pancreatic cancer patients were
enrolled in our meta-analysis.

Results: Elevated invasion with CAF were remarkably linked to dismal OS (HR=2.20, 95% CI: 1.68-2.87, p=<0.05). Subgroup analysis revealed
that being older than 65 years correlated with poor pancreatic cancer prognosis (HR=2.04, p=<.05, 95% CI: 1.5-2.78).

Conclusion: Our findings indicate that CAF is a negative prognostic factor in pancreatic cancer.
Keywords: Cancer associated fibroblasts; Prognosis; Pancreatic cancer

Abbreviations: CAF: Cancer Associated Fibroblasts; OS: Overall Survival; DFS: Disease-Free Survival; HRs: Hazard Ratios; 95% Cis: 95%
Confidence Intervals; PDAC: Pancreatic Ductal Adeno-Carcinoma; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
MOOSE: Meta-analysis of Observational Studies in Epidemiology; TME: Tumor Microenvironment; myCAFs: Myofibroblastic Cancer-Associated
Fibroblast; a-SMA Alpha Smooth Muscle Actin; iCAFs: Inflammatory Cancer-Associated Fibroblasts; CXCL1: C-X-C Chemokine Ligand 1; CXCL2:
C- X-C Chemokine Ligand 2; rCAFs: Cancer-restraining CAFs; MMT: Monocyte-to-Myofibroblast Trans-Differentiation; FDAL Food and Drug
Administration; NA: Not Applicable; IHC: Immunohistochemistry; qRT-PCR: quantitative Real-Time Polymerase Chain Reaction; WB: Western
Blot; M: Male; F: Female

Introduction
an abundant desmoplastic stroma, dominated by CAFs, which

Pancreatic cancer, notably pancreatic ductal adenocarcinoma influence the behavior of cancer cells [5]. Recent studies show that

(PDAC), is characterized by very poor prognosis and has a five- CAFs are highly heterogeneous, although their role and clinical
year survival of <8% [1,2]. Despite extensive research, there
are no effective predictors of pancreatic cancer prognosis [3].
The tumor microenvironment, a complex stromal network that
supports cancer cells, may contribute to treatment resistance

by pancreatic cancer [4]. Pancreatic cancer is characterized by

significance are not well established [6]. Moreover, the prognostic
importance of CAF in pancreatic cancer is still controversial.
Here, we conducted a meta-analysis to determine the prognostic
significance of CAF in PDAC.
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Materials and Methods
Search strategy and selection of articles

Aliterature search for studies involving CAFs in the prediction
of the prognosis of diverse cancers was done on PubMed,
EMBASE, as well as Web of Science (last update by Oct 31, 2021)
using the following search terms: Cancer-associated Fibroblasts,
Tumor-associated Fibroblasts, Fibroblasts, Tumor-associated or
Fibroblasts, Cancer-associated and Pancreatic Cancer, Pancreatic
Neoplasms or Cancer of Pancreatic. We utilized free text along
with MeSH search of the keywords. The function of “related
information” was adopted for broadening of the screening. We
reviewed all abstracts, references along with full texts. The study
was as per PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [7], as well as the MOOSE (Meta-
analysis Of Observational Studies in Epidemiology) guidelines
[8]. First, screening of the titles along with the abstracts of
searched articles was done and retrieved those that could not be
categorized on the basis of the title coupled with the abstract alone
for screening of the full text. The main search was done by the first
author (Huaging Shi) and any discrepancy resolved by consensus
or consultation with another investigator (Wence Zhou).

Selection criteria

Two authors independently selected and evaluated the
studies. Articles that met the the following criteria were enrolled:
(a) study subjects were humans, (b) study involved association
between CAF and pancreatic cancer survival outcomes, (c) CAF
expression levels were determined using immunohistochemistry,
(d) the reported data was sufficient to determine hazard ratio
(HR) and 95% CI. We excluded the following types of articles: (a)
review articles, conference abstracts, letters, as well as case report
articles; (b) duplicate articles; (c) studies lacking key information
for further analysis; (d) studies that did not involve pancreatic
cancer and CAF, and other indicators were mainly observed, so
data could not be obtained. Disagreement was resolved through
discussion amongst the investigators.

Data extraction

Two investigators independently abstracted data from
included articles. For each article, the following data was
abstracted: first author, ethnicity, year of publication, country,
overall number of cases, examination methods, tumor stage,
grade, gender, threshold value, follow up and HR of CAF for OS,
DFS (with 95% CI), and number of lymph node metastases.

Statistical analysis

We employed pooled HR along with its 95% CI to assess the
influence of CAF on OS and DFS for individuals with pancreatic
cancer with regards to time-to-event outcomes. A remarkable
number of enrolled articles had HR along with 95% Cls, which
were directly abstracted from the text. In case of the provision of
Kaplan-Meier curves instead of HR, HR was determined indirectly

from the curves via the Engauge Digitizer v4.1 (http:// digitizer.
Source forge. net/) as documented before [9]. The HR from
every article presented an estimate of the ratio of the HR for CAF
expression a high level over a low-level or positive over negative,
CAF expression depicted a dismal prognosis if the HR>1, whilst an
HR<1 depicted a good prognosis.

Across the articles, heterogeneity was evaluated with the chi-
square-dependent Q statistical test and quantification done via the
12 statistic, with 12 = >50% signifying remarkable heterogeneity.
If heterogeneity was not remarkably different (12 = <50%), we
computed pooled effect via the fixed-effects approach. Else, pooled
statistics were computed using the random-effects approach. Sub-
group analyses were conducted according to country, ethnicity,
examination methods, survival analysis outcome, sample size, age,
and rate of lymph node positivity. Publication bias was explored
via visual inspection of funnel plots and quantitation done
with the Egger’s or Begg's regression approach, with p=<0.10
signifying statistical significance. Meta-regression assessment
was done to explore the possible risk factors for heterogeneity.
Sensitivity assessment was implemented to assess the stability of
the pooled data. Statistical analyses were implemented in STATA
(v16.0), with p=<0.05 signifying statistical significance.

Results
Study selection and characteristics

Of the 3454 studies retrieved from the literature screening
(Figure 1), 10 met the inclusion criteria (Table 1). These studies
involved 1308 individuals with pancreatic cancer. The individual
sample size ranged from 30-258 (mean 237.818). These studies
were conducted in France, Korea, Canada, Sweden, China, and
Japan. Survival data were abstracted from Kaplan-Meier curves
in 3 studies [4,10,11]. Four studies had sample sizes of >150.
Seven studies involved patients of Asian ethnicity, while three
involved Caucasians. Ten articles had OS as a prognostic indicator
to explored CAF in pancreatic cancer tissues. Four studies had 0S
along with DFS as indicators.

CAF and prognosis of pancreatic cancer

We pooled OS along with DFS to explore the influence of
CAF on pancreatic cancer prognosis. The main findings of this
meta-analysis are given in Table 2. We established that CAF
predicts worse poor OS (combined HR=2.2, 95% CI: 1.68-2.87,
Pheterogeneity = 0.012, Figure 2). Sub-group assessment via
ethnicity exhibited that negative predictor of CAF for OS was
depicted both in Asian cases (HR = 2.14, 95% CI: 1.57-2.91,
Pheterogeneity, 0.004) and in Caucasian populations (HR = 2.51,
95% CI: 1.43-4.4). Subgroup analyses of sample size revealed
excess risk of pancreatic cancer in sample sizes >150 (HR=2.05,
p=0.003, 95% CI: 1.27-3.31) and sample sizes <150 (HR=2.34,
95% CI: 1.69-3.22). When country (HR=2.2, 95% CI: 1.68-2.87;
P=0.012), examination methods (HR=2.2, 95% CI: 1.68-2.87;
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P=0.012), survival analysis outcome (HR=2.2, P=0.012, 95% CI:
1.68-2.87), age and lymph node positive were considered, lymph

node positive rate <60 (HR=2.41, 95% CI: 1.39-4.16; P=0.031),
age >65 (HR=1.09, 95% CI: 1.27-2.83) and age <65 (HR=2.25,

node positive rate >60 (HR=1.63, 95% CI: 1.32-2.01) and lymph

Table 1: Main characteristics of eligible studies.

P=0.046, 95% CI: 1.28-3.93).

Eth- Num- Age Gender
Author Year | Country S ber (Median) (M/F) Stage Methods Outcome Lymph Node
Wang Y 2021 China Asian 94 62 63/31 NA IHC 0S NA
Cauca- T1T2T3 NO(18)/N1(21)
Delayre T | 2020 France sian 43 68 27/16 T4(17/19/5/2) IHC OS,DFS N2(4)
. [HC(WB)
Yamao T 2019 Japan Asian 157 69 83/74 T1(20)/T2-4(136) qRT-PCR OS,DFS NO(71)/N1(86)
. I-11(96) /111- NO(97)/N1-
Yamada M | 2018 Japan Asian 258 66.8 133/125 IV(162) IHC 0S N2(161)
Wei L 2018 | China | Asian 243 NA 142/101 T1T2T3 HC 0s NO0(96)/N(147)
T4(4/28/176/35)
Cauca-
Wang T 2017 Canada sian 98 NA 48/50 [11111(8/88/2) [HC 0S NA
Park H 2017 Korea Asian 155 64.56 91/64 [HC 0S NA
Zheng B 2016 Japan Asian 125 67 77/48 T1T2T3 [HC OS,DFS NO(34)/N1(91)
5 P T4(8/111/3/3) '
ShindoK | 2013 | Japan | Asian 105 65 70/35 T Tzsgzgzt/ 10 IHC,gRT-PCR |  OS,DFS NO(34)/N1(71)
Tjomsland Cauca- T1T2T3
v 2011 | Sweden | "~ 30 NA NA TA(3/14/12/1) IHC, RT-PCR 0S NO(6)/N1(24)

reaction; WB: western blot analysis; M: male; F: female.

0S: overall survival; DFS: disease-free survival; NA: not applicable; IHC: Immunohistochemistry; qRT-PCR: quantitative real-time polymerase chain

Table 2: Meta-analysis results.

Fixed-effect model Random-effect model Hetel_‘oge-
neity
Analysis N | References HR(95%CI) P HR(95%CI) tzg) 12 Ph
Country 10 [4,10-18] 2.06(1.77, 2.39) 0.012 2.2(1.68,2.87) 0 57.60% 0.012
China 2 [12,15] 3.14(2.38,4.15) 0.43 3.14(2.38,4.15) 0 0.00% 0.43
Japan 4 | [11,13,14,18] 1.6(1.32,1.95) 0.677 1.6(1.32,1.95) 0 0.00% 0.677
Korea 1 [17] 5.2(1.28,21.05) 5.2(1.28,21.05) 0.021 0.00%
France 1 [4] 4.07(1.32,12.52) 4.07(1.32,12.52) 0.014 0.00%
Canada 1 [16] 3.13(1.04,9.41) 3.13(1.04,9.41) 0.042 0.00%
Sweden 1 [10] 1.73(0.77,3.88) 1.73(0.77,3.88) 0.183 0.00%
Ethnicity 10 [4,10-18] 2.02(1.77,2.39) 0.012 2.2(1.68,2.87) 0 57.60% 0.012
Caucasian 3 [4,10,16] 2.51(1.43,4.4) 0.431 2.51(1.43,4.4) 0.001 0.00% 0.431
Asian 7 15,[117{_w] 2.02(1.73,2.37) 0.004 2.14 (1.57,2.91) 0 68.50% 0.004
Examination |, [4,10-18] 2.06(1.77,2.34) 0.012 2.2(1.68,2.87) 0 57.60% 0.012
methods
IHC,qRT-PCR 2 [10,11] 1.92(1.15,3.18) 0.749 1.92(1.15,3.18) 0.012 0.00% 0.749
IHC 7 [4,12,14-18] 2.18(1.83,2.59) 0.005 2.5(1.74,3.6) 0 68.10% 0.005
IHC, W 1 [13] 1.54(1.01,2.34) 1.54(1.01,2.34) 0.043 0.00%
B,qRT-PCR
Z‘:l’;{;‘;‘; 10 [4,10-18] 2.06(1.77,2.39) 0.012 2.2(1.68,2.87) 0 57.60% 0.012
0S 6 [10,14-17] 2.27(1.86,2.77) 0.006 2.51(1.63,3.88) 0 69.30% 0.006
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OSEDFS 4 [4,11,13,18] 1.79(1.41,2.27) 0.436 1.79 (1.41,2.27) 0 0.00% 0.436

Sample size 10 [4,10-18] 2.06(1.77,2.39) 0.012 2.2(1.68,2.87) 0 57.60% 0.012

>150 4 [13-15,17] 1.98(1.62,2.41) 0.003 2.05(1.27,3.31) 0.003 78.30% 0.003

<150 6 12[41’201-8] 2.18(1.72,2.77) 0.218 2.34(1.69,3.22) 0 28.90% 0.218

[4,11-

Age 7 141718] 1.82(1.52,2.17) 0.037 2.04(1.51,2.78) 0 55.30% 0.037

>65 4 [4,13,14,18] 1.69(1.35,2.11) 0.107 1.09(1.27,2.83) 0.002 50.80% 0.107

<65 3 [11,12,17] 2.08(1.53,2.81) 0.046 2.25(1.28,3.93) 0.005 67.60% 0.046
Lymph node [4,10,11,13- o

positive(%) 7 15.18] 1.92(1.64,2.26) 0.03 1.94(1.48,2.53) 0 57.10% 0.03

>60 4 [10,11,14,18] 1.63(1.32,2.01) 0.683 1.63(1.32,2.01) 0 0.00% 0.683

<60 3 [4,13,15] 2.41(1.88,3.07) 0.031 2.41(1.39,4.16) 0.002 71.20% 0.031

Potential relevant studies were identified and screened after
searching(n=3454):PubMed(n=437).Embase(n=1038):Web of

l Studies remaining after excluding duplicates(n=2536) |

Science(n=1979)

[

v

»  Exclude duplicate studies(n=918)

o Exclude upon reading the title and/or
»

v

Remaining(n=50)evaluated in detail with full text

\4

———————— for OS.observation of other indicators.

Studies eligible for inclusion(n=17)

abstract(n=2486)

Review letter.not full text in English
or failed to present CAF specific data

data cannot be obtained.irrelevant to
the study (n=33)

A

Studies included in final analyses(n=10)

Figure 1: Selection of studies.

»  Exclude for insufficient data(n=7)

%
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Tjomsland V (2011)
Shindo K (2013)
Zheng B (2016)
Wang T (2017)
Park H (2017)
Yamada M (2018)
Wei L (2018)
Yamao T (2019)
Delayre T (2020)

Wang Y (2021)

Overall, DL (F* = 57.6%, p = 0.012)
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Figure 2: Forrest plots of studies evaluating HRs of CAF for overall survival.
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Sensitivity analysis influenced the data. Sensitivity assessment results exhibited that

L i ) HR did not change remarkably after removing any article (Figure
Leave-one-out sensitivity assessment, in which one study

is excluded at a time, was used to check if individual studies

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit

Wang Y (2021) | O |

Yamada M (2018) [ I

Tjomsland V (2011) | |

Zheng B (2016) | I

Delayre T (2020) | |

Wei L (2018) o |

Shindo K (2013) | i

Wang T (2017) I |

Yamao T (2019) | |

Park H (2017) I |
0.43 0.57 0.72 0.87 1.00

Figure 3: Sensitivity analysis plots of OS.

Meta-regression analysis response variables.

Meta-regression analyses indicated that age (p=0.082, Publication bias
R2=87.68%), sample size (p=0.512, R2=-17.11%), ethnicity
(p=0.618, R2=-8.96%), survival analysis outcome (p=0.391,
R2=-3.79%, examination methods (p=0.257, R2=-7.7%, and
lymph node positivity rate (p=0.742, R2=-27.52%) did not cause
study heterogeneity. Adjusted R2 = -27.52 to -87.68% indicated
that these regressors slightly contributed to the explanation of

Begg's test revealed no publication bias after examining the
funnel plot for the articles enrolled in this meta-analysis (Figure
4). The funnel plots did not reveal obvious asymmetry (p=0.283),
indicating that there was no remarkable publication bias in the
articles that utilized OS to assess survival outcome.

Begg's funnel plot with pseudo 95% confidence limits

-1 -

Figure 4: Funnel plots of studies included in the meta-analysis.
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Discussion

Pancreatic cancer is the primary cause of cancer morbidity
alongwithmortalityand PDACisresponsiblefor>90% ofpancreatic
cancers [12,13]. Pancreatic cancer has a dense interstitial
composition (such as CAFs) and is not efficiently penetrated by
drugs, which contributes to resistance. Hence, novel, effective
therapies and early diagnostic strategies for pancreatic cancer
are urgently needed. CAFs are an important component of can-
associated stromal cells and are also a primary component of the
TME (tumor microenvironment). CAFs influence tumorigenesis,
invasion, metastasis, immunosuppression, and chemoresistance
through various pathways [14]. There are several CAF subtypes,
including myCAFs (myofibroblastic cancer-associated fibroblast)
that are characteristically expressed by a-SMA (alpha smooth
muscle actin) and transgelin. It plays an indispensable role in
cancer proliferation, migration and infiltration [15,16]. Along
with iCAFs (inflammatory cancer-associated fibroblasts), its
characteristic expression of CXCL1 (C-X-C chemokine ligand
1), CXCL2 (C- X-C chemokine ligand 2). Its main function is
Immune promotion [17]. Although CAFs generally exhibit cancer-
promoting effects, cancer-restraining CAFs (rCAFs) have been
identified [18]. Several factors have been shown to promote CAFs,
including TGF-f, ROS (reactive oxygen species), as well as FGF-
2 that convert tissue-resident fibroblasts along with quiescent
stellate cells into CAFs [19-21], as well as drive monocyte-to-
myofibroblast trans-differentiation (MMT) [22]. Drugs targeting
CAF-linked effector biomolecules, for instance tumor stromal
hyaluronan-targeted depletion in combination with gemcitabine
along with nab-paclitaxel enhance survival with fewer systematic
side effects [23].

In this meta-analysis, we analyzed 10 studies involving 1308
patients. The HRs for the association between CAF and OS was 2.2.
Subgroup analysis revealed that the HRs for sample sizes >150,
age >65, lymph node positive rate, and ethnicity, were 2.2, 2.04,
1.94, and 2.2, respectively. These pooled results showed that CAFs
are associated with poor pancreatic cancer survival. Numerous
CAF subtypes have been identified. In addition to myfibroblast
myCAF, which is highly expressed by a-SMe A, the TME also
contains inflammatory cytokines like interleukin (IL-6), and iCAF
[24], and its related functions and effects need further study.
These results provide crucial information on the prognosis and
treatment of pancreatic cancer. Thus, further studies involving
large sample sizes are needed to validate our findings.

However, this study has some limitations. First, because this
study was limited to studies published in English, important
studies in other languages may be missed. Second, the patients
included in the 10 studies did not essentially have consistent
treatments and the TNM classification and histological typing
varied. However, the sensitivity analysis exhibited that individual
articles had little influence on the overall outcome. Thirdly, some
clinicopathological data were missing. Finally, HR and 95% Cls

abstracted from survival curves but not directly obtained from the
studies may be less reliable.

Conclusion

This meta-analysis revealed that CAF predicts poor pancreatic
cancer survival and has potential therapeutic value in pancreatic
cancer.
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