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Fusobacterium nucleatum: caution with interpreting
historical patient sample cohort

Kate L. F. Johnstone', Sinead Toomey', Stephen Madden’, Brian D. P. O'Neill’, Bryan T Hennessy'

"Medical Oncology Laboratory, Department of Molecular Medicine, Royal College of Surgeons in Ireland, Beaumont Hospital, Dublin;
“Data Science Centre, Royal College of Surgeons in Ireland, Dublin;
%St Luke’s Radiation Oncology Network, Dublin, Ireland

Fusobacterium nucleatum (Fn) was first noted to be associated
with colorectal cancer (CRC) in 2012 [1]. Since then there have
been several publications in retrospective cohorts analyzing the
relationship between colorectal tumor fusobacterial abundance,
clinical and molecular characteristics and clinical outcomes [1].
The majority of studies, including ‘Prognostic impact of Fusobacte-
rinm nucleatum depends on combined tumor location and microsatellite
instability status in stage I/ colovectal cancers treated with adjuvant
chemotherapy’ by Oh et al. [2] published in_Journal of Pathology
amd Translational Medicine, utilize quantative polymerase chain
reaction for the NusG gene in Fn relative to a control prosta-
glandin transporter gene (SLCO2A1). Many of these studies
utilize formalin-fixed paraffin-embedded (FFPE) tissue that has
been stored for up to two decades. Although this enables a long
follow-up period for clinical outcomes, recent data from our lab
shows that advanced age of sample significantly impairs the ability
to detect Fn.

Oh et al. [2] analyzed 747 surgical samples of stage III and
high-risk stage II CRCs that had been preserved in FFPE for-
mat. These participants had surgery between 2005 and 2012—
making their specimens 6—13 years old at time of analysis. Five
hundred and ninety-three samples were of quality to be included
in the analysis. Oh et al. [2] noted a detection rate for Fn of 68.8%.
They used a median cutoff to divide Fn-positive results into Fn-
high and -low then grouped Fn-low with Fn-negative for analy-
sis. Oh et al. [2] found participants with Fn-high CRCs to have
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significantly higher T score and were more likely to be proximal
cancers. Fn-high non-sigmoid colon cancers that subsequently
received adjuvant chemotherapy had significantly improved sur-
vival compared to Fn-low/negative. This association was intensi-
fied among the MSI-low sub-group.

In their discussion, Oh et al. [2] make note of their unpub-
lished data showing more recently collected and embedded speci-
mens had higher rates of Fn positivity. They infer Fn detection
rate could be affected by storage time.

Based on our data, we would like to support this unpublished
finding of Oh et al. [2] and demonstrate a significant negative
relationship between storage time of FFPE tissue and detection
of Fn.

We analyzed fusobacterial abundance in diagnostic biopsies
from 202 locally advanced rectal cancers (LARCs) from patients
diagnosed and treated in Irish hospitals between 2000 and
2020, using the same qPCR method as Oh et al. [2].

Ten point four percent of LARC diagnostic biopsies were posi-
tive for Fn. The age of sample at time of analysis was measured
in months between diagnostic biopsy and analysis by gPCR. Posi-
tive samples were more likely to be younger. The median sample
age among Fn-positive samples was 57 months, compared to
134 months for Fn-negative samples. The age of samples was
significantly different between negative and positive groups on
Wilcoxon Rank-sum (z=3.568, p <.001) (Fig. 1).

The samples in our study, and that by Oh et al. [2], were pre-
served in FFPE format. FFPE processing can induce DNA dam-
age itself and over time DNA slowly degrades in FFPE format
and length of amplifiable DNA fragments become shorter [3,4].
Most research on DNA degradation focuses on mammalian,
eukaryotic DNA but there is emerging evidence that FFPE
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Fig. 1. Age of sample at time of analysis in months by fusobacteri-
al status (negative for Fn vs. positive for Fn). The negative samples
are significantly older than the positive samples (median age, 134
months vs. 57 months; p<.001 Wilcoxon rank-sum).

preservation may disproportionately affect bacterial DNA [4,5].

A review of published studies detecting Fn with the same
qPCR method with change in cycle thresholds (qPCR ACT)
shows some tendency for older sample cohorts to have lower rates
of Fn detection. Table 1 compares rates of Fn detection from low-
est to highest between publications that used similar methods to
evaluate Fn in CRC tumor samples, format samples were stored
in and the age of the samples at time of analysis. Sample age was
calculated from the difference between years of collection and
date of publication, but it is likely DNA may have been extracted
years before analysis and that analysis may have occurred some-
time before publication in some cases [6-27]. Only Oh et al. [2]
and Mima et al. [8-10] commented that year of diagnosis (and
therefore age of sample) was associated with Fn detection rates.
There appears to be a pattern between age of cohorts and rates
of detection of Fn, but frozen samples and fluorescent in situ
hybridization or ddPCR method appear to increase sensitivity
too. Unfortunately, as studies did not include supplementary
data or reports of age of samples meta-analysis was not possible,
but we acknowledge this would be ideal.

As shown by us and Oh et al. [2], the ability to detect Fn
from FFPE CRC tissue using qPCR declines significantly with
time. Even with adjustment for age of sample, the association
between Fn-status and prognosis (or other clinical outcomes)
may be underestimated by using older cohorts with FFPE spec-
imens. This is important to bear in mind for interpretation of
previously published retrospective cohorts and suggests that
more recently diagnosed cohorts may be more appropriate to
use in the future.
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Table 1. Comparison of Fn detection rates in publications analyzing CRC tumors by detection method, sample storage format, and sample age

Storage time affects detection of Fn e

Rate of Fn detection

Author (year published) in CRC tumors (%) Detection method of Fn Sample form Sample age
Nosho et al. (2016) [6] 8.6 gPCR ACT FFPE Unclear
Author’s work 10.4 gPCR ACT FFPE 0-20yr
Leeetal (2018)[7] 12 in FFPE gPCR ACT FFPE, methacarn or frozen 6-13 yr
98 in methacarn
100 in frozen tissues
Mima et al. (2015, 2016) [8-10] 13 gPCR ACT FFPE 7-20 yr
Borowsky et al. (2021) [11] 18.7 gPCR ACT FFPE 810 >26 years
NB updated same cohort used by
Mima et al., may have used FN
data from previous analysis
in 2015 for older samples
Shariati et al. (2021) [12] 23 gPCR ACT Fresh frozen 0-2yr
Kunzmann et al. (2019) [13] 31 ‘high’ for FN but unclear gPCR ACT Fresh frozen 6-10yr
% positive
Yan et al. (2017) [14] 38 gPCR ACT Frozen 4-5yr
Okita et al. (2020) [15] 38 gPCR ACT FFPE Age unclear
(different human genome
control gene)
Yamamoto et al. (2021) [16] 45 gPCR ACT FFPE 3-4yr
Tahara et al. (2014) [17] 52 for FN gPCR ACT Unclear Unclear
73.8 for pan-fusobacterium
Lee et al. (2020) [18] 54 gPCR ACT FFPE Age unclear
Chen et al. (2019) [19] 55 gPCR ACT FFPE <2yr
lto et al. (2015) [20] 56 gPCR ACT FFPE 1-13yr
Serna et al. (2020) [21] 57 pre-treatment FISH for Fn RNA FFPE 2-13yr
(rectal cancers only)
Tunsjo et al. (2019) [22] 60 gPCR ACT Allprotect tissue reagent,  2-5yr
(used B-globin as unclear time to DNA
control gene) extraction or storage
before analysis
Yu et al. (2016) [23] 61.3 overall FISH for Fn RNA FFPE 1-2yr
Kashani et al. (2020) [24] 68 PCR of Fnand Fresh samples 1-3 years but may have extracted
electrophoresis without DNA immediately
control gene
Ohetal. (2019) [2] 68.8 gPCR ACT FFPE 5-13 yr
Excluded 20% due to poor quality
Yamaoka et al. (2018) [25] 75 ddPCR Frozen 10-18 yr
Kim et al. (2020) [26] 82 gPCR relative to other Fresh samples with 4-5yr
bacterial genes immediate DNA
extraction
Lietal (2016) [27] 87.1 PCR ACT Frozen 3-4 yr
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Comparison of Fn detection rates in publications analyzing CRC tumors by detection method, sample storage format and sample age. There is some tenden-
cy for older sample cohorts to have lower rates of detection, for frozen or fresh samples to have higher detection rates compared to FFPE, and ddPCR and
FISH may be more sensitive methods than the ubiquitous quantitative polymerase chain reaction for Fn relative to control gene (QPCR ACT).

Fn, Fusobacterium nucleatum; CRC, colorectal cancer; gPCR ACT, ubiquitous quantitative polymerase chain reaction for Fn relative to control gene; FFPE,
formalin-fixed paraffin-embedded; ddPCR, digital droplet polymerase chain reaction; FISH, fluorescent in situ hybridization.

10.

11.

and T cells in colorectal carcinoma. JAMA Oncol 2015; 1: 653-61.

. Mima K, Cao Y, Chan AT, et al. Fusobacterium nucleatum in

colorectal carcinoma tissue according to tumor location. Clin Trans]
Gastroenterol 2016; 7: €200.

Mima K, Nishihara R, Qian ZR, et al. Fusobacterium nucleatum in
colorectal carcinoma tissue and patient prognosis. Gut 2016; 65:
1973-80.

Borowsky J, Haruki K, Lau MC, et al. Association of Fusobacterium
nucleatum with specific T-cell subsets in the colorectal carcinoma
microenvironment. Clin Cancer Res 2021; 27: 2816-26.

https://doi.org/10.4132/jptm.2021.08.27

12.

13.

14.

Shariati A, Razavi S, Ghaznavi-Rad E, et al. Association between
colorectal cancer and Fusobacterium nucleatum and Bacteroides fra-
gilis bacteria in Iranian patients: a preliminary study. Infect Agent
Cancer 2021; 16: 41.

Kunzmann AT, Proenca MA, Jordao HW, et al. Fusobacterium nu-
cleatum tumor DNA levels are associated with survival in colorectal
cancer patients. Eur J Clin Microbiol Infect Dis 2019; 38: 1891-9.
Yan X, Liu L, Li H, Qin H, Sun Z. Clinical significance of Fusobac-
terium nucleatum, epithelial-mesenchymal transition, and cancer
stem cell markers in stage III/IV colorectal cancer patients. Onco

https://jpatholtm.org/



418

15.

16.

17.

18.

19.

20.

21.

e Johnstone KLF et al.

Targets Ther 2017; 10: 5031-46.

Okita Y, Koi M, Takeda K, et al. Fusobacterium nucleatum infection
correlates with two types of microsatellite alterations in colorectal
cancer and triggers DNA damage. Gut Pathog 2020; 12: 46.
Yamamoto S, Kinugasa H, Hirai M, et al. Heterogeneous distribu-
tion of Fusobacterium nucleatum in the progression of colorectal
cancer. ] Gastroenterol Hepatol 2021; 36: 1869-76.

Tahara T, Yamamoto E, Suzuki H, et al. Fusobacterium in colonic
flora and molecular features of colorectal carcinoma. Cancer Res
2014;74: 1311-8.

Lee MS, Keku TO, McCoy A, et al. Association of Fusobacterium
nucleatum (F. nucleatum) with progression-free survival (PFS) and
overall survival (OS) with 2nd-line FOLFIRI+/-regorafenib in met-
astatic colorectal cancer (mCRC). Cancer Res 2020; 80(8 Suppl):
A03.

Chen Y, Lu Y, Ke Y, Li Y. Prognostic impact of the Fusobacterium
nucleatum status in colorectal cancers. Medicine (Baltimore) 2019;
98: e17221.

Ito M, Kanno S, Nosho K, et al. Association of Fusobacterium nu-
cleatum with clinical and molecular features in colorectal serrated
pathway. Int ] Cancer 2015; 137: 1258-68.

Serna G, Ruiz-Pace E Hernando J, et al. Fusobacterium nucleatum

https://jpatholtm.org/

22.

23.

24.

25.

26.

27.

persistence and risk of recurrence after preoperative treatment in
locally advanced rectal cancer. Ann Oncol 2020; 31: 1366-75.
Tunsjo HS, Gundersen G, Rangnes E Noone JC, Endres A, Bema-
nian V. Detection of Fusobacterium nucleatum in stool and colonic
tissues from Norwegian colorectal cancer patients. Eur ] Clin Mi-
crobiol Infect Dis 2019; 38: 1367-76.

Yu J, Chen Y, Fu X, et al. Invasive Fusobacterium nucleatum may
play a role in the carcinogenesis of proximal colon cancer through
the serrated neoplasia pathway. Int ] Cancer 2016; 139: 1318-26.
Kashani N, Bezmin Abadi AT, Rahimi F, Forootan M. FadA-posi-
tive Fusobacterium nucleatum is prevalent in biopsy specimens of
Iranian patients with colorectal cancer. New Microbes New Infect
2020; 34: 100651.

Yamaoka Y, Suehiro Y, Hashimoto S, et al. Fusobacterium nuclea-
tum as a prognostic marker of colorectal cancer in a Japanese pop-
ulation. ] Gastroenterol 2018; 53: 517-24.

Kim M, Lee ST, Choi S, et al. Fusobacterium nucleatum in biopsied
tissues from colorectal cancer patients and alcohol consumption in
Korea. Sci Rep 2020; 10: 19915.

Li YY, Ge QX, Cao J, et al. Association of Fusobacterium nucleatum
infection with colorectal cancer in Chinese patients. World ] Gas-
troenterol 2016; 22: 3227-33.

https://doi.org/10.4132/jptm.2021.08.27



