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In recent years, it has been established that gut microbiota is 
closely linked to various intestinal human disease including 
colorectal cancer (CRC) via microbiome dysbiosis [1-3]. Among 
the heterogeneous microbiota, Fusobacterium nucleatum, an anaer-
obic, gram-negative bacteria, has been enriched in CRC tumor 
tissues and stool specimen compared with normal tissues [4,5]. 
Abundance of F. nucleatum is gradually increased from normal 
to precancerous adenomatous lesions to carcinoma in CRC and 
suggests a significant role of F. nucleatum in tumor progression 
of CRC [6,7]. 

F. nucleatum has various mechanisms that influence carcino-
genesis which includes promoting of E-cadherin/β-catenin sig-
naling via adhesion protein FadA [8], adhering to cancer cells, 
colonizing, and inhibiting immunity by leptin Fap2 [2,9], in-
ducing development of CRC by mircoRNA-21–mediated path-

way [10], and increasing chemoresistance via autophagy [11,12]. 
Recently, it has been reported that F. nucleatum is positive in 
CRC cells in liver metastases, which suggests that F. nucleatum 
may also act as an integral component in CRC metastasis [13]. 
Furthermore, in xenograft tumor model, treating F. nucleatum 
with antibiotics resulted in reduction of tumor growth.

Even though F. nucleatum plays a key role in CRC progression 
and metastasis, studies that report the characteristics of F. nu-
cleatum in prognosis and clinicopatholigcal features by using CRC 
tissues, nevertheless, has shown conflicting results. Several studies 
considered F. nucleatum level as a suitable biomarker for worse sur-
vival [14-16] in CRC patients while other studies did not detect 
correlation between F. nucleatum level and prognosis in overall 
CRC patients [17,18]. Similar discrepancies between studies arise 
from other clinicopathological studies such as KRAS mutation, 
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tumor location, and microsatellite instability (MSI) status. Al-
though the reason for discordance could be due to heterogeneity 
in CRC patient populations [19], this could also be affected by 
the type of biospecimen used for each study, namely formalin-
fixed paraffin-embedded (FFPE) tissue or fresh frozen (FF) tissue. 
A recent article addresses differences between paired FFPE and 
FF samples when detecting F. nucleatum in CRC [20], but a sys-
temic review that discuss the impact of biospecimen in detecting 
F. nucleatum has not been available.

In this study, we conducted a systemic review and meta-anal-
ysis to determine the prognostic and clinicopathological signifi-
cance of F. nucleatum in CRC. Our aim is to clarify how the selec-
tion of biospecimen could allocate different roles of microbiome 
of CRC by affecting the association between F. nucleatum level 
and survival or clinicopathological features.

MATERIALS AND METHODS

Literature search strategy

Articles relevant with the subject were retrieved from elec-
tronic databases, PubMed, Embase, and Web of Science until 
December 3 of 2020. Search terms were, “Fusobacterium nu-
cleatum, Fusobacterium, Fusobacteria, or F. nucleatum” and 
“colorectal cancer, colon cancer, rectal cancer, colorectal carcinoma, 
or CRC”. Each article was examined carefully to determine studies 
with identical patient population. When multiple studies present 
overlapping patient data, we selected the studies with the largest 
patient cohort for clinical data and survival data, respectively. 

Inclusion and exclusion criteria

Studies that were eligible for the inclusion in this meta-analysis 
were as follows: (1) full length articles published in English that 
detected Fusobacterium nucleatum from human tumor samples 
derived from CRC tissue, (2) studies with CRC samples divided 
into high and low (or high and low/negative) according to F. nu-
cleatum level, (3) studies that included clinicopathological, molec-
ular, or survival-associated data that were correlated with F. nuclea-
tum level. Studies that only contain abstract or posters, studies 
could not be arranged as dichotomized F. nucleatum level data, 
studies with insufficient data, studies that used more than one 
type of biospecimen to detect F. nucleatum level, and studies that 
detected F. nucleatum level in stools were excluded.

Data extraction and quality assessment

Two reviewers (Y.K. and G.H.K.) independently collected 
data from eligible articles according to the criteria. Newcastle-

Ottawa Scale was used to evaluate study quality. A score higher 
than six out of nine criteria was defined as qualified. Name of 
author, year of publication, number of total patients, number of 
F. nucleatum positive patients, type of biospeicmen (FFPE or FF), 
method of F. nucleatum level detection, survival data, and clini-
copathological data associated with F. nucleatum level were collected 
from each study. Survival data were extracted as hazard ratio [HR] 
and 95% confidence intervals [CIs] from univariate Cox analysis. 
When only Kaplan-Meier curves were presented for survival anal-
ysis, HR and 95% CIs were estimated by using Engauge Digi-
tizer V9.8 (http://digitizer.sourceforge.net) and spreadsheets 
provided by Tierney et al. [21]. When a three-tier survival was 
given (negative, low, and high) we pooled negative and low as 
reference to calculate HR and 95% CIs for high and rearranged 
it into two-tier (low/negative and high).

Statistical analysis

Meta-analysis was conducted using R software ver. 3.5.3 
(https://cran.r-project.org/). Pooled HR and 95% CIs for overall 
survival (OS), disease-free survival (DFS), and cancer-specific sur-
vival (CSS) and pooled odds ratio and 95% CIs for clinicopatho-
logical features were analyzed via R package ‘meta’ and ‘dmetar’. 
Subgroup analysis was performed if multiple types of biospeci-
men existed within a pooled analysis. Statistic heterogeneity was 
determined by Cochran’s Q and I2. When heterogeneity was ob-
served (p < .05 or I2 > 50%) random effect model was used for the 
analysis instead of fixed effect model. A graphical funnel plot was 
used to evaluate publication bias. 

RESULTS

Literature search and study characteristics 

Four hundred and thirty-two records were collected from 
PubMed, Embase, and Web of Science (Fig. 1). After removing 
76 duplications, 356 records were screened by abstract and 32 
records were categorized as being relevant with the subject. 
These records were reviewed in detail and 10 articles, eight 
studies with survival-related features involving 3,199 patients 
[14-18,22-24] and nine studies with clinical features involving 
2,655 patients [14-17,22-25], were selected eligible for the meta-
analysis (Table 1). Seven studies were included in the meta-
analysis for both survival-related and clinical features [14-17,22-
24]. Two studies had overlapping patients but were used for meta-
analysis of either clinical or survival-related features, respectively 
[18,25]. Six out of the 10 articles assessed F. nucleatum level 
with FFPE tissues [6,16-18,24,25] and four articles used FF tissues 
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to detect F. nucleatum [14,15,22,23].

Meta-analysis between F. nucleatum level and survival

The meta-analysis between F. nucleatum level and prognostic 
values of OS (Fig. 2A), DFS (Fig. 2B), and CSS (Fig. 2C) in CRC 
has shown that high F. nucleatum level is associated with poor OS, 
DFS, and CSS (OS: HR, 1.58; 95% CI, 1.28 to 1.94; p < .001; 
DFS: HR, 1.76; 95% CI, 1.06 to 2.93; p = .030; CSS: HR, 1.72; 
95% CI, 1.05 to 2.83; p = .031, respectively). In subgroup anal-

ysis, studies with FF samples (p < .001), but not those with FFPE 
samples (p = .168) retained prognostic significance between F. 
nucleatum level and OS (Table 2, Supplementary Fig. S1). Fur-
thermore, studies with FFPE samples did not show significant 
correlation between F. nucleatum level and DFS (p = .214). Ana-
lyzing studies with stage I though IV CRC did not affect prog-
nostic significance between F. nucleatum level and OS (HR, 1.41; 
95% CI, 1.11 to 1.80; p = .005).

Meta-analysis between F. nucleatum level and 
clinicopathological features

Meta-analysis for correlation between F. nucleatum level and 
clinicopathological features of CRC are assessed in Table 3. High 
F. nucleatum level was associated with proximal colon location 
(p < .001), worse tumor differentiation (p = .002), high pT cate-
gory (p < .001), presence of distal metastasis (p = .007), MLH1 
hypermethylation (p < .001), and MSI-high CRC (p = .001) 
when all studies were considered. In subgroup analysis (Table 4), 
studies with FFPE samples showed significant correlation between 
high F. nucleatum level and proximal colon location (p = .001), 
worse tumor differentiation (p = .015), high pT category (p < .001), 
MLH1 hypermethylation (p < .001), CpG island methylator 
phenotype (CIMP)–high status (p < .001), and MSI-high status 
(p < .001). Studies with FF samples, on the other hand, demon-
strated that high F. nucleatum level is significantly correlated with 
high pT category (p = .001), presence of lymph node metastasis 
(p = .001), and presence of KRAS mutation (p = .007), which 
showed borderline significance with high F. nucleatum level in 
overall studies (p = .052).

Publication bias

Begg’s funnel plot was evaluated for presence of potential 
publication bias in meta-analysis associated with survival (Fig. 3). 
Visible asymmetry was observed with Egger’s test reporting p-

Table 1. Characteristics of articles included in the meta-analysis 

Authors Year No. of patients No. of positives Biospecimen Method Survival Clinical Stage

Yan et al. [16] 2017    280 187 FFPE qPCR O O III/IV
Wei et al. [14] 2016    180   90 FF qPCR O O I–III
Yamaoka et al. [15] 2018    100   50 FF ddPCR O O I–IV
Samkamoto et al. [18] 2018 1,069   67 FFPE qPCR O I–IV
Sun et al. [22] 2016    152   59 FF qPCR O O I–IV
Kunzmann et al. [23] 2019    190   61 FF qPCR O O I–IV
Oh et al. [17] 2019    593 204 FFPE qPCR O O II/III
Chen et al. [24] 2019      91   25 FFPE qPCR O O II/III
Ito et al. [6] 2015    511 143 FFPE qPCR O I–IV
Mima et al. [25] 2015 1,102   69 FFPE qPCR O I–IV

FFPE, formalin-fixed paraffin-embedded; qPCR, quantitative polymerase chain reaction; FF, fresh frozen; ddPCR, droplet digital polymerase chain reaction.

Records identified from
PubMed (n = 184)
Embase (n = 71)

Web of Science (n = 177)

Articles included (n = 10)
Clinical features (n = 9)
Survival-related (n = 8)

Records after duplication 
removed (n = 356)

Records screened by abstract 
(n = 356)

Records excluded due to 
Review articles (n = 133) 

Irrelevant organ/subject (n = 92) 
Non-clinical (n = 76)

Abstract or poster (n = 7)
Not in English (n = 7)

Not human (n = 9)

Overlapping patiens 
(n = 6) 

No abailable clinical data 
(n = 14) 

Used vairous biospecimen 
(n = 2)

Records reviewed in detail 
(n = 32)

Fig. 1. Flow chart of literature search and study selection. 
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value of .006 for OS but not for DFS (p = .935). 

DISCUSSION

F. nucleatum has been associated with cancer development and 
progression of CRC, as well as a potential target of cancer treat-
ment. F. nucleatum is abdudnant in CRC tissues from patients 
with metastasis than those from non-metastatic CRC patients [26]. 
Presence F. nucleatum was essential in establishment of CRC pa-
tients-derived xenografts in mice [13]. Not only does infection 
of F. nucleatum has promoted metastasis in CRC cells via auto-
phage but also is found in distant metastasis sites including liver, 
lung, and lymph nodes, although the mechanism is yet to be un-

veiled [9,13,26,27]. Moreover, previous studies have suggested 
that F. nucleatum provoke chemoresistance inhibiting caspase cas-
cade and activating autophagy pathway to prevent apoptosis in 
CRC cells [11,28].

It is still unclear if F. nucleatum is a significant driver of tumor 
initiation and F. nucleatum level detected from CRC tissues and 
association with prognosis and clinicopathological variables has 
not been consistent among studies. Herein, we hypothesized that 
this could be partially caused by different type of biospecimen 
being used for each study and investigated its affect by a systemic 
review and meta-analysis with the difference between FFPE and 
FF into consideration.

High F. nucleatum level was associated with worse survival in 

Table 2. Subgroup analysis associated with survival

Survival Specimen Study HR 95% CI p-value

Overall survival FFPE 2 1.43 0.85–2.42 .168 
FF 4 1.84 1.36–2.48 < .001

Disease-free survival FFPE 2 1.52 0.76–3.04 .214 

HR, hazard ratio; CI, confidence interval; FFPE, formalin-fixed paraffin-embedded; FF, fresh frozen.

A

B

C

Fig. 2. Forest plot for the correlation between Fusarium nucleatum and survival in colorectal cancer [14-18,22-24]: (A) overall survival, (B) 
disease-free survival, and (C) cancer-specific survival. HR, hazard ratio; CI, confidence interval.
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OS, DFS, and CSS in overall meta-analysis. Subgroup analysis 
revealed that studies with FF show a significant correlation be-
tween F. nucleatum level and OS. However, studies with FFPE 
tissues show that a significant correlation between F. nucleatum 

and OS or DFS is not observed. 
Association between F. nucleatum level and clinicopathological 

features are much more diverse. A pooled analysis of FFPE and 
FF studies together shows that high F. nucleatum level samples 

Table 3. Meta-analysis associated with clinical features

Clinical feature Study OR 95% CI p-value

Age 5 0.993 0.787–1.254 .954 
Sex (female/male) 9 1.087 0.910–1.299 .356 
Proximal/Distal colon 4 1.642 1.252–2.153 < .001 
Rectum/Colon 5 1.184 0.899–1.560 .229 
Tumor size 2 0.897 0.592–1.360 .609 
Differentiation 7 1.547 1.166–2.052 .002 
Vascular invasion 2 0.627 0.337–1.167 .141 
Perineural invasion (FFPE only) 2 1.022 0.722–1.448 .900 
pT category 5 2.253 1.633–3.108 < .001
Lymph node metastasis 5 1.308 0.979–1.748 .069 
Distant metastasis 4 1.912 1.196–3.058 .007 
Stage 6 1.110 0.885–1.394 .367 
CIMP status (FFPE only) 3 2.612 1.849–3.690 < .001
MLH1 hypermethylation 3 2.852 1.987–4.095 < .001 
MSI status 5 2.982 2.175–4.086 < .001 
KRAS mutation 5 1.248 0.998–1.561 .052 
BRAF mutation 4 1.869 1.273–2.745 .001 
PIK3CA mutation 3 1.440 0.965–2.147 .074 

OR, odds ratio; CI, confidence interval; FFPE, formalin-fixed paraffin-embedded; CIMP, CpG island methylator phenotype; MSI, microsatellite instability.

Table 4. Subgroup analysis for clinical features

Clinical feature Specimen Study OR 95% CI p-value

Age FFPE 2 1.158 0.871–1.539 .312 
FF 3 0.720 0.478–1.086 .117 

Sex FFPE 5 1.096 0.891–1.349 .386 
FF 4 1.063 0.753–1.501 .727 

Proximal/Distal colon FFPE 2 1.676 1.220–2.303 .001
FF 2 1.554 0.925–2.612 .096 

Rectum/Colon FFPE 2 1.259 0.841–1.884 .263
FF 3 1.120 0.767–1.636 .557 

Differentiation FFPE 4 1.513 1.083–2.112 .015
FF 3 1.632 0.958–2.778 .071 

pT category FFPE 2 2.187 1.437–3.329 < .001
FF 3 2.354 1.428–3.880 .001 

Lymph node metastasis FFPE 2 0.832 0.549–1.262 .387 
FF 3 2.009 1.337–3.017 .001 

Distant metastasis FF 3 1.669 0.863–3.228 .128 
Stage FFPE 2 0.917 0.673–1.251 .586 

FF 4 1.389 0.993–1.943 .055
MLH1 hypermethylation FFPE 2 3.210 2.208–4.667 < .001
MSI status FFPE 4 2.757 1.987–3.824 < .001
KRAS mutation FFPE 3 1.125 0.881–1.436 .345 

FF 2 2.220 1.246–3.954 .007 
BRAF mutation FFPE 3 1.882 1.260–2.811 .002
PIK3CA mutation FFPE 2 1.464 0.960–2.233 .076 

OR, odds ratio; CI, confidence interval; FFPE, formalin-fixed paraffin-embedded; FF, fresh frozen; MSI, microsatellite instability.
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are significantly enriched in proximal colon, but on subgroup 
analysis, only studies using FFPE samples retain statistical sig-
nificance for the same variable. Similar findings could be ob-
served for correlation between F. nucleatum level and distant me-
tastasis. On the contrary, pT category, MLH1 hypermethylation, 
and MSI status remained its positive correlation with F. nucleatum 
level regardless of the biospecimen being used. Lymph node me-
tastasis and KRAS mutation were only significant in FF tissues 
and MLH1 hypermethylation was only significant in FFPE tis-
sues but not in its amalgamated state. Interestingly, the afore-
mentioned features are all considered as hallmark characteristics 
of MSI-high CRC [29]. These findings emphasize that regardless 
of type of specimen, high F. nucleatum level is strongly indicative 
of MSI-high status. 

There are several putative explanations for discrepancy of re-
sults between biospecimen. Mean patient number for studies with 
FFPE tissue (515.4 patients per study) is more than three times 
larger than the mean patient number for studies with FF tissues 
(155.5 patients per study). On the contrary, F. nucleatum positiv-
ity is significantly higher in studies with FF tissues compared with 
those of FFPE tissue (41.8% and 24.4%. respectively) which may 

be a result of a lower threshold in studies with FF tissues to 
compensate for smaller sample size. This may allude to the fact 
that features with relatively low incidence such as KRAS muta-
tion, could have a higher chance of being categorized as high F. 
nucleatum level sample in studies with FF compared with studies 
with FFPE. 

As an alternative explanation, lower F. nucleatum positivity in 
FFPE tissues may reflect the inherited nature of FFPE samples 
rather than inflation of threshold in studies with FF tissues. In a 
study that measured F. nucleatum level in paired FFPE and FF 
tissues of CRC, FF tissues had higher detection rate of overall F. 
nucleatum resulting in difference in survival and clinicopathological 
features from FFPE-measured samples [20]. Furthermore, con-
cordance between F. nucleatum positive cases in FF and those in 
FFPE samples were low. Discrepancy between DNA results of 
FFPE and FF samples has also been reported in other paired tu-
mor tissues [30]. This was in part due to inter-strand crosslink 
between complementary DNA strands which could be aggravated 
by prolonged fixation [31]. Other potential factors of low F. nu-
cleatum detection in FFPE samples includes fragmentation and 
degeneration of DNA, paraffin embedding, and storage process 
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[25,32].
Recently, two articles analyzed the correlations between F. 

nucleatum level and prognosis in CRC with meta-analysis [33,34]. 
Both articles showed a significant correlation between F. nucleatum 
level and OS, but only one study showed a significant correlation 
between F. nucleatum level and DFS. Herein, we suggest that type 
of biospecimen that was included in each meta-analysis could have 
affected the discrepancy between the articles. 

Limitation of our study is that we cannot identify pathological 
and molecular discrepancies between FF and FFPE tissues such 
as correlation between F. nucleatum level and T cell density, CIMP, 
and various immunohistochemical results due to lack of studies 
with FF that obtain related data. Moreover, although meta-
analysis provides evidence that discordance between FF and FFPE 
samples are present in detecting F. nucleatum, we could not narrow 
down the cause of the misalignment between the two biospecimen.

In conclusion, F. nucleatum level is significantly associated with 
pathological and molecular features including pT category, MLH1 
hypermethylation, and MSI status regardless of biospecimen, 
but other survival, clinical, and molecular features, such as location 
of tumor within the colon, distant metastasis, and KRAS muta-
tion, could be affected by type of biospecimen in CRC. Therefore, 
although a strong association between MSI and F. nucleatum is 
always evident, selection of biospecimen could affect the role of F. 
nucleatum as a biomarker in CRC to predict and monitor tumor 
progression and prognosis as well as evaluate treatment effect.
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