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Abstract
Background Immune checkpoint inhibitors (ICI) represent the backbone treatment for advanced non-small cell lung cancer
(NSCLC). Emerging data suggest that increased gut microbiome diversity is associated with favorable response to ICI and that
antibiotic-induced dysbiosis is associated with deleterious outcomes. 18F-FDG physiologic colonic uptake on PET/CT increases
following treatment with antibiotics (ATB) and could act as a surrogate marker for microbiome composition and predict
prognosis. The aim of this study was to determine if 18F-FDG physiologic colonic uptake prior to ICI initiation correlates with
gut microbiome profiling and clinical outcomes in patients with advanced NSCLC.
Methods Seventy-one patients with advanced NSCLC who underwent a PET/CT prior to ICI were identified. Blinded colonic
contouring was performed for each colon segment and patients were stratified according to the median of the average colon
SUVmax as well as for each segment in low vs. high SUVmax groups. Response rate, progression-free survival (PFS), and overall
survival (OS) were compared in the low vs. high SUVmax groups. Gut microbiome composition was analyzed for 23 patients
using metagenomics sequencing.
Results The high colon SUVmax group had a higher proportion of non-responders (p = 0.033) and significantly shorter PFS (4.1
vs. 11.3 months, HR 1.94, 95% CI 1.11–3.41, p = 0.005). High caecum SUVmax correlated with numerically shorter OS (10.8 vs.
27.6 months, HR 1.85, 95% CI 0.97–3.53, p = 0.058). Metagenomics sequencing revealed distinctive microbiome populations in
each group. Patients with low caecum SUVmax had higher microbiome diversity (p = 0.046) and were enriched with
Bifidobacteriaceae, Lachnospiraceae, and Bacteroidaceae.
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Conclusions Lower colon physiologic 18F-FDG uptake on PET/CT prior to ICI initiation was associated with better clinical
outcomes and higher gut microbiome diversity in patients with advanced NSCLC. Here, we propose that 18F-FDG physiologic
colonic uptake on PET/CT could serve as a potential novel marker of gut microbiome composition and may predict clinical
outcomes in this population.
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Background

Immune checkpoint inhibitors (ICI) now represent the thera-
peutic backbone for patients with advanced non-small cell
lung cancer (NSCLC). Landmark trials first compared PD-1/
PD-L1 inhibitors to standard chemotherapy in previously
treated metastatic NSCLC and demonstrated superior overall
survival (OS) in the ICI groups with a sustained response in
20% of patients at 4 years [1–5]. These results led to the study
of ICI in first-line settings, with unprecedented improvements
in OS with either single-agent anti-PD-1 [6] or in combination
with chemotherapy [7] leading to implementation of these
treatments as the standard-of-care [8].

Despite these positive results, primary resistance rates of
47–63% remain the major therapeutic hurdle [9–11], and
existing biomarkers of response including PD-L1 expres-
sion and tumor mutational burden are unable to consistently
and accurately predict response to ICI [12]. Addressing
these unmet needs, the gut microbiome has emerged as a
potential biomarker of response to ICI with a scope across a
wide array of immunogenic malignancies including ad-
vanced NSCLC [13]. Indeed, several studies have demon-
strated the association between high baseline bacteria di-
versity as a positive predictor of response across a myriad
of cancers. In addition, specific gut microbial bacteria have
been associated with response to ICI in NSCLC [13–17], as
well as melanoma and renal cell carcinoma (RCC).
Furthermore, the use of antibiotics (ATB) prior to the initi-
ation of ICI has been associated with worse clinical out-
comes in more than 2300 patients receiving ICI [18–21].
Two recent studies indicated that in patients with RCC and
NSCLC, ATB prior to ICI initiation decreases gut microbial
diversity as well as increases specific deleterious bacteria
such as Clostridium hathewayi [22, 23].

However, there is currently a paucity of easily accessible
and routinely performed clinical tools to accurately collect and
define gut microbiome composition. 2-deoxy-2-[fluorine-18]-
fluoro-D-glucose (18F-FDG) positron emission tomography
combined with computed tomography (PET/CT) is a marker
of tissue glucose metabolism and is routinely used to stage and
to assess therapeutic response in NSCLC [8]. Due to the gut
microbiota’s metabolism of glucose [24], it was hypothesized
that 18F-FDG colon uptake on PET/CT could describe shifts
in the microbiota composition after ATB use in patients [25].
Indeed, Boursi et al. showed that patients who received ATB

had a higher physiologic colon uptake potentially correlating
with decreased bacterial diversity compared to patients who
did not receive ATB. Therefore, we sought to determine
whether 18F-FDG PET/CT could serve as a novel, non-
invasive tool to assess gut microbiome composition and as a
prognostic biomarker in patients with advanced NSCLC treat-
ed with ICI.

Methods

Study population

We retrospectively identified 71 patients at the Centre
hospitalier de l’Université de Montréal (CHUM) with ad-
vanced NSCLC who underwent a 18F-FDG PET/CT prior
to ICI. Inclusion criteria for the study were patients with
advanced NSCLC (stage IV or those with unresectable or
recurrent disease not amenable to definitive treatment),
treated with anti-PD-1/PD-L1 monotherapy or in combina-
tion with chemotherapy at recommended dose either as
first-line or later-line therapy, between December 2015
and September 2019. Patients who had received ATB
2 months prior to ICI were excluded. Patients on metformin
were also excluded, since this can impact the uptake of 18F-
FDG in the colon [26]. Fecal samples were available for 23
patients that are included in a separate ongoing prospective
biobank of NSCLC patients amenable to immunotherapy.
All clinical data were extracted through the CHUM’s elec-
tronic medical records. The study protocol was approved by
the local Ethics Committee “Comité d’éthique de la
recherche du CHUM” (Ethics number CER CHUM:
18.039 and 18.085-17.035) and conducted in accordance
with the tenets of the Declaration of Helsinki. The need
for informed patient consent was waived.

PET/CT imaging protocol

Patients were required to be fasting at least 4 h prior to FDG
injection. Blood sugar below 11.0mmol/Lwas required for all
patients. A total of 3.5 MBq/kg of 18F-FDG was injected
intravenously, followed by standard whole-body PET/CT
scan at 60‑90 min post-injection. Images were obtained with
either a GE Discovery IQ (GE Healthcare, Milwaukee, USA)
or a Siemens Biograph mCT (Siemens Healthcare, Erlangen,
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Germany). CT without intravenous contrast was used for at-
tenuation correction and localization and CT acquisitions’ pa-
rameters were 120 kV, 10‑20 mA, 0.5–0.8 s per rotation, and
3.0–3.75 mm slice thickness.

PET/CT image analysis

For each patient, colonic segmentation and contouring were
performed by a single nuclear medicine physician blinded to
all clinical information. To perform the segmentation, the co-
lon was divided in its five anatomic segments (caecum, right,
transverse, left, and rectosigmoid) and contouring of each por-
tion was performed separately.

Contouring was performed by manually drawing regions
of interest (ROI) surrounding the colon on axial CT images,
which were then transposed automatically onto the corre-
sponding axial PET-AC images. Coregistration of PET and
CT images was reviewed for each study visually by the nu-
clear medicine physician. For the first 10 patients analyzed,
we compared two distinct techniques. In the first technique,
every single axial slice containing the colon was contoured,
while in the second technique, only 1 out of 4 consecutive
axial slices was contoured. We analyzed the agreement be-
tween the two methods using Bland-Altman plots and found
excellent agreement. Based on this, the second technique was
used for all patients. A representative sample of a colonic
segmentation is presented in Fig. 1. After contouring, the
SUVmax of each ROI were recorded. An average SUVmax

was calculated for the whole colon and for each segment.
Patients were stratified in two groups according to the median
of the average colon SUVmax: low vs. high uptake groups.
Patients were also stratified in groups according to the median
SUVmax of each individual segment.18F-FDG uptake for the
entire colon and each segment was then compared to response
rate, progression-free survival (PFS), and overall survival
(OS).

Metagenomic analysis of patient fecal samples

Fecal samples were collected by patients at home and con-
served at 5 °C, then frozen 4‑24 h later at − 80 °C according
to International Human Microbiome Standard guideline [27].
Twenty-three patients had available fecal samples at baseline
and 3 patients were collected for a second sample after 2
cycles of ICI.

Total fecal DNA was extracted as described previously by
Suau et al. [28] and sequenced using ion-proton technology
(Thermo Fisher) resulting in 22.7 ± 0.9 million (mean ± SD)
single-end short reads of 150-base-long single-end reads as a
mean. Single-end reads were processed using the YAMP
pipeline, v0.9.4.3 [29]. In the QC step, identical reads,
adapters, known artifacts, and phix174 were removed. Reads
were quality trimmed (PhRED quality score < 10) and

resulting reads that became too short after trimming (N <
60 bp) were discarded. Then, contaminant reads belonging
to the host genome were removed (build: GRCh37). We ob-
tained an average number of reads of 20.8 million per sample.
Finally, YAMP was used to characterize the microbial com-
munity (via MetaPhlAn2, v. 2.6.0 [30]).

Downstream analyses were performed at the species level
through the R software v4.0.0 and phyloseq R package
v1.30.0 [31]. The alpha-diversity was calculated as number
of observed species. Mann-Whitney U test was used to com-
pare groups according to this value. Bray–Curtis distance [32]
was used as beta-diversity metrics and visualized through
NMDS (non-metric multidimensional scaling) method [33].
PERMANOVA test was used to compare groups according
to Bray‑Curtis distance. DESeq2 [34] was used to perform
differential abundance analysis at the genus level. The p values
were corrected with the Benjamin-Hochberg procedure for the
DESeq2 differential abundance analysis.

Statistical analysis

Statistical analysis was performed using the GraphPad Prism
software (v7, GraphPad Software, San Diego, USA). Clinical
endpoints were response rate and survival. Objective response
was defined by the rate of complete response (CR) and partial
response (PR). Responder status was defined by proportion of
patients with CR + PR + stable disease (SD) > 6 months. We
also measured the rate of progression of disease (PD).
Survival was assessed with PFS (defined by time of first in-
jection of ICI to the first event (tumor progression or death
from any cause)) and OS (defined by time of first injection of
ICI to the date of death from any cause). Patient outcomes
were reported using RECIST1.1 criteria [35]. Patients with
no events were censored at the date of last follow-up.
Fisher’s exact test was used to analyze response rate.
Survival curves were estimated through the Kaplan-Meier
method and compared with the log-rank test [36, 37]. T test
was used to determine the difference in SUVmax between the
high and low SUVmax groups for each segment of the colon.
Statistical significance was defined as p value < 0.05.

Results

Patient population and segregation of patients into
high and low colon SUVmax

Seventy-one patients with advancedNSCLC treated with anti-
PD-1, either as monotherapy or in combination with chemo-
therapy, were included in this study with a median follow-up
of 17.9 months. Baseline characteristics of all patients are
presented in Supplemental Table 1. Median age was 68 years
and 33 (46%) patients were female. Sixty patients (85%) had
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stage IV disease. Forty-four patients (62%) had
chemotherapy-refractory disease and were treated with anti-
PD-1 monotherapy in the second-line setting, while 27 pa-
tients (38%) were treated with first-line anti-PD-1. Eight pa-
tients (11%) received anti-PD-1 in combination with
chemotherapy.

As described in the methods, after contouring of the colon
(Fig. 1), patients were divided into two groups based on the
median of the average colon SUVmax: low colon SUVmax (be-
low the median) and high colon SUVmax (above the median)
groups. The average colon SUVmax for the low SUVmax and
high SUVmax groups were 1.41 (95% CI 1.35–1.47) and 2.18
(95% CI 1.90–2.46) respectively. Representative physiologic
colonic uptake is presented in one patient from the low colon
SUVmax and one patient from the high colon SUVmax group in
Fig. 2. Baseline characteristics were well balanced between the
two SUVmax groups with no significant differences with re-
spect to sex, ECOG performance status, lung cancer histology,
lung cancer stage, PD-L-1 expression, type of anti-PD-1 mono-
clonal antibody, and line of ICI (Supplemental Table 1).

Individual colon segment SUVmax analysis

The SUVmax of each segment for the low colon SUVmax

group was compared to the respective segment of the high
colon SUVmax group. There was a significant difference
between the low colon SUVmax and the high colon
SUVmax for each of the five segments of the colon (p =
0.001) respectively (Fig. 3). Interestingly, we identified
that the SUVmax in the left colon and transverse colon were
significantly lower than the three other segments, namely
caecum, right colon, and rectosigmoid (p < 0.001).
Altogether, these results demonstrated that the average co-
lon SUVmax was homogeneously distributed throughout the
entire colon.

Whole colon 18F-FDG uptake vs. clinical outcome

We compared the response rates for the patients in each colon
SUVmax group. In the low colon SUVmax group, 11.4%,
17.1%, 34.3%, and 37.2% patients achieved CR, PR, SD,

Fig. 1 Representative example of colonic segmentation and contouring on PET/CT
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and PD respectively. In the high colon SUVmax group, 17.5%,
17.5%, and 65% patients achieved PR, SD, and PD respec-
tively. No patient achieved CR in the high colon SUVmax

group. The high colon SUVmax group had a higher proportion
of patients with progressive disease (n = 22, 65%) compared
to the low colon SUVmax group (n = 13, 37.2%) (p = 0.033)

(Fig. 4a). In addition, patients in the high colon SUVmax group
had a significantly shorter PFS of 4.1 months vs. 11.3 months
in the low SUVmax group (HR 1.94, 95% CI 1.11–3.41) (p =
0.005) (Fig. 4b). When comparing the high colon SUVmax

group to the low colon SUVmax group, there was no difference
in OS.

Fig. 2 a Maximum intensity
projection (MIP) of the 18F-FDG
PET study of a representative pa-
tient from the high colon SUVmax

group with a mean colon SUVmax

of 2.6, and from a patient from the
low colon SUVmax group bwith a
mean colon SUVmax of 1.3

Caecum

Rectosigmoid

Transverse colon

Right colon

Left colon

Low colon SUVmax

High colon SUVmax

***

***

***
***

***

Fig. 3 Radar plot showing the differences in SUVmax throughout the segments of the colon between the low colon SUVmax and the high colon SUVmax

groups. ***p = 0.001
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Colonic segment 18F-FDG uptake vs. clinical outcome

Each of the 5 segments were also analyzed individually with
respect to clinical outcome. The average caecum SUVmax for
the low and high caecum uptake groups were 1.61 (95% CI
1.49–1.73) and 2.82 (95% CI 2.61–3.02) respectively. When
evaluating response rate, the high caecum SUVmax group had a
higher proportion of patients with progressive (n = 23, 67.6%)
disease compared to low caecum SUVmax group (n= 13, 34.3%)
(p = 0.03) (Fig. 5a). Furthermore, we found that patients in the
high caecum SUVmax group had a significantly shorter PFS
compared to the low caecum SUVmax group (4.1 months vs.
8.2 months, HR 1.97, 95% CI 1.14–3.39) (p = 0.01) (Fig. 5c)
and an important numerical disadvantage inOS (10.8months vs.
27.8 months, HR 1.97, 95% CI 1.14–3.39) (p = 0.058) (Fig. 5b).
None of the analysis for the right, transverse, left, and
rectosigmoid colon reached statistical significance.

Metagenomics sequencing of fecal sample analysis

Metagenomics sequencing on available fecal samples (n = 23)
was performed in an attempt to link SUVmax to gut

microbiome diversity and composition. Alpha-diversity
analysis—which represents the number of bacteria in each
sample—showed highermicrobiome diversity in patients with
low caecum SUVmax (p = 0.046) (Fig. 6a). Beta-diversity
analysis showed that patients with low caecum SUVmax and
patients with high caecum SUVmax had a significant differ-
ence in the global composition of their microbiome (p = 0.04)
(Fig. 6b).

Finally, differential abundance analysis using DESeq2 al-
gorithm revealed that patients with low caecum SUVmax were
enriched with bacteria species of Bifidobacteriaceae,
Lachnospiraceae, and Bacteroidaceae families compared to
high caecum SUVmax (Fig. 6c).

Discussion

In this study in patients with advanced NSCLC who
underwent 18F-FDG PET/CT prior to ICI, those in the high
colon SUVmax group had a higher proportion of non-
responders (p = 0.033), and significant shorter PFS
(4.1 months vs. 11.3 months, p = 0.005) and no difference in
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OS. Sub-analysis of the colon segments was performed, and
the patients in the high caecum SUVmax group also
trended towards a shorter OS (10.8 vs. 27.6 months, p =
0.058) compared to low caecum SUVmax group.
Subsequently, gut microbiome metagenomics showed a
higher microbial alpha-diversity amongst the low caecum
SUVmax group. Beta-diversity analysis showed different
bacterial species, with segregation of two distinct bacterial
clusters in the two SUVmax groups. Finally, specific ben-
eficial bacteria were enriched in the low SUVmax group
such as Bifidobacteriaceae, Lachnospiraceae, and
Bacteroidaceae.

To our knowledge, this is the first study demonstrating a
correlation between physiologic colon SUVmax and response
to ICI in patients with advanced NSCLC treated with ICI.
Furthermore, we demonstrated an association between the
SUVmax in the colon and the gut microbiome diversity.
Altogether, these results demonstrate the potential use of 18F-
FDG PET/CT as a novel and non-invasive tool to determine gut
microbial composition. This could be potentially explained by a
correlation between low bacterial diversity and gut immune in-
flammation associated with high SUVmax. Indeed, patients with
obesity and inflammatory bowel disease have been shown to
have lower gut microbial diversities compared to healthy

individuals, and this low diversity is associated with local and
systemic inflammation [38–40]. Further linking PET/CT colon-
ic uptake with the gut microbiome, a previous study by Boursi
et al. examined the use of 18F-FDG PET/CT to further charac-
terize the complex relationship between the gut microbiota and
colon 18F-FDGPET/CT. In this prospective study, they enrolled
healthy volunteers who underwent 18F-FDG PET/CT and per-
formed gut microbial sampling before and after ATB use. Using
similar contouring methods as described in our paper, the au-
thors found a significant increase in physiologic 18F-FDG colon
uptake, with a mean increase in SUVmax of 0.63 ± 0.37 SD (p =
0.004) post ATB treatment. Boursi et al. also conducted a retro-
spective study addressing the role of 18F-FDG PET/CT as a
biomarker of response in patients with metastatic melanoma.
In this study of 14 patients with metastatic melanoma treated
with ICI, the patients with complete response (CR) had a lower
colonic mean SUVmax compared to those without CR (partial
response or disease progression) (p = 0.03) [41].

Recently, gut microbiome diversity has emerged as a prom-
ising biomarker to predict response to ICI in cancer patients [13,
16, 22]. Several papers have unraveled that ICI efficacy corre-
lated with high baseline diversity and specific immune potenti-
ating gut microbiome bacteria. Indeed, in several cohorts of
patients with NSCLC, melanoma, and RCC treated with ICI,
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low baseline microbiota diversity defined by alpha indexes cor-
related with poor outcome [13, 22]. These pre-clinical experi-
ments in germ-free or ATB-treated mice illustrate the need for
an intact microbiome [13]. Multiple observational studies dem-
onstrated that ATB use pre-ICI initiation led to a significant
decrease in outcomes. Recently, two papers identified that
ATB had a direct impact on microbiome diversity and ATB
use pre-ICI led to a decrease in microbiome diversity [22, 23].

Furthermore, gut microbiome bacteria such as
Bifidobacterium, Agathobacter member of Lachnospiraceae,
Bacteroides fragilis member of Bacteroidaceae, and
Akkermansia muciniphila were enriched in patients with fa-
vorable outcome [13, 42]. Surrogate markers of immune acti-
vation such as CD8+ and low Treg also positively correlated
with the abundances of these bacteria [15, 16]. Interestingly,
beyond the correlation between diversity and SUVmax, at the
taxonomic level, we found that Bifidobacteriaceae,
Lachnospiraceae, and Bacteroidaceae were enriched in pa-
tients with low caecum SUVmax and therefore associated with
better survival. These findings are consistent with previous
papers by Matson et al., Hakozaki et al., and Vétizou et al.
that described a higher proportion of Bifidobacterium,
Agathobacter, and Bacteroides fragilis in patients that had a
good response to ICI [16, 17, 43]. Beyond biomarker studies,
clinical trials evaluating combination oral supplementation of
Bifidobacterium probiotics with ICI are currently underway
(NCT03817125, NCT03775850).

Despite being the largest study to date demonstrating the
potential role of 18F-FDG PET/CT as a non-invasive biomark-
er linking colonic uptake of 18F-FDG to clinical outcomes and
microbiome diversity using metagenomics, our study has sev-
eral limitations. Firstly, this was a single-center retrospective
study. Therefore, external validation using different software
and hardware might be warranted before this technique can be
applied more widely. Furthermore, our study had a relatively
low sample size, which could explain why the difference in
OS between the high and low SUVmax groups did not reach
statistical significance. Also, fecal samples were not available
for all the patients included in the study. Despite this, we were
still able to find a statistically significant correlation between
low caecum SUVmax and higher microbiome diversity.
Finally, while the current segmentation technique is
operator-dependant and time-intensive, with the significant
advances that have been achieved in machine-learning and
automated segmentation over the last few years, it is only a
question of time before it can be simplified and applied in a
clinical setting.

Conclusion

In our study of 71 patients with advanced NSCLC treated
with ICI, lower colon SUVmax on 18F-FDG PET/CT is

associated with better clinical outcomes and higher baseline
gut microbiome diversity and specific differentially abun-
dant commensals. 18F-FDG physiologic colonic uptake on
PET/CT has the potential to become a novel marker of gut
microbiome composition and might predict clinical out-
comes in this population. Future prospective trials are need-
ed in order to determine whether this tool could serve as a
surrogate marker of gut microbiome composition in order
to predict clinical outcomes in patients being considered for
ICI treatment.
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