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Abstract
It is unclear whether the use of antibiotics is related to the efficacy of gemcitabine plus nab-paclitaxel (GnP). Therefore, we
investigated the association between the use of antibiotics and efficacy of GnP.
We conducted a retrospective single center study from January 2014 to December 2018 in Hokkaido University Hospital.
Ninety-nine patients were eligible for the study. Thirty-seven used antibiotics (U) and 62 did not use antibiotics (NU) during GnP

therapy. In the U group, 15 patients used b-lactam antibiotics, 21 used new quinolones, and 1 used carbapenem. The median
progression-free survival was 5.8 and 2.7 months (hazards ratio [HR] .602, 95% confidence interval [CI] .391–.928, P= .022) and the
median overall survival was 11.0 and 8.4 months (HR .768, 95% CI .491–1.202, P= .248) in the U and not use antibiotics groups,
respectively. Antibiotic use (HR .489, 95%CI .287–.832, P= .008) and locally advanced pancreatic cancer (HR 1.808, 95%CI 1.051–
3.112, P= .032) were independent prognostic factors for progression-free survival.
Antibiotic use was associated with a higher efficacy of GnP, and therefore, it may be employed as a novel treatment strategy.

Abbreviations: CDD = cytidine deaminase, CI = confidence interval, GnP = gemcitabine plus nab-paclitaxel, HR = hazards ratio,
NU = “not used” group, OS = overall survival, PFS = progression-free survival, U = “used” group.
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1. Introduction

Pancreatic cancer is the seventh leading cause of cancer-related
death worldwide.[1] In the metastatic stage, systemic intensive
chemotherapies, such as FOLFIRINOX[2] and gemcitabine plus
nab-paclitaxel (GnP),[3] significantly increase the overall survival
(OS) of patients compared with gemcitabine monotherapy. It is
not clear whether FOLFIRINOXor GnP is a better regimen as the
first-line treatment[4]; a randomized phase II trial to compare
these 2 regimens for locally advanced pancreatic cancer is
ongoing in Japan.[5]
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Gemcitabine is a crucial agent in pancreatic cancer chemothera-
py. However, in many cases, the effects of gemcitabine are limited
owing to primary resistance, and even when it shows anticancer
effects, most of the tumors soon acquire resistance. The
mechanisms of resistance to gemcitabine include p53 function
loss,[6] environment-related resistance pathways such as enriched
stroma-related gene pathways,[7] micro-RNA regulation,[8] and
gemcitabinemetabolism pathway-associated resistance.[9] Recent-
ly, Geller et al reported that gemcitabine is inactivated by a
particular isoform of cytidine deaminase (CDD) produced by
microorganisms and that the intratumor microbiome contains
thesemicroorganisms; this implies that the intratumormicrobiome
reduces the efficacy of gemcitabine. Furthermore, antibiotics
eliminate these microorganisms and restore the efficacy of
gemcitabine.[10] In clinical settings, a fewmonocenter retrospective
studies have reported the association between the use of antibiotics
before or during chemotherapy and clinical outcomes of
gemcitabine monotherapy[11] and combination therapy.[12] How-
ever, little is known about the association between the use of
antibiotics and efficacy of GnP combination therapy, which is
regarded as the standard therapy for advanced pancreatic cancer.
Therefore, we conducted a retrospective study to elucidate the
association between the use of antibiotics and efficacy of GnP.

2. Material and methods

2.1. Patients and study design

We retrospectively collected the clinical data of patients with
advanced pancreatic cancer treated with GnP from January 2014
to December 2018 in Hokkaido University Hospital. The
inclusion criteria were as follows: patients aged 20 years and
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Table 1

Patient characteristics.

Used Not used
ABX N=37 N=62 P value

Sex
Male 22 (60) 33 (53) .676

∗

Female 15 (40) 39 (47)
Age (yr)
Median (range) 67 (41–78) 67.5 (33–80) .834†
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older, with histologically or cytologically confirmed pancreatic
cancer and a history of GnP therapy as the first-line therapy. The
study design and protocol were approved by the Institutional
Review Board of Hokkaido University Hospital and that of all
other participating institutions (approval number: 019–0240).
The need for informed consent was waived owing to the
retrospective nature of the study. This research was announced
on the website of Hokkaido University Hospital (http://www.
huhp.hokudai.ac.jp/).
Location
Head 27 (73) 20 (32) <.001

∗

Body/tail 10 (27) 42 (68)
ECOG PS
0 11 (30) 26 (42) .285

∗

1� 26 (70) 36 (58)
Status
Locally advanced 10 (27) 15 (24) .813

∗

2.2. Treatment: GnP therapy

GnP was administered via intravenous infusion on days 1, 8, and
15 in a 4-week cycle of 1000 and 125mg/m2 gemcitabine and
nab-paclitaxel, respectively. The treatment was continued until
the progression of disease, the occurrence of unacceptable
adverse effects, or a patient expressed refusal to continue.
Metastatic or relapse 27 (73) 47 (76)
Number of metastatic organs
0 18 (49) 24 (39) .402

∗

1� 19 (51) 38 (61)
Stent
Yes 12 (32) 9 (15) .044

∗

No 25 (68) 53 (85)
CEA
Median (range) 5.3 (.9–271.3) 8.2 (1.1–2058) .551†

CA19–9
†

2.3. Use of antibiotics

Antibiotic use was defined as the use of equal to or more than 1
dose of oral or intravenous antibiotics during GnP chemothera-
py. Patients who used antibiotics while receiving the GnP regimen
were included in the “used” group (U). Patients who did not use
antibiotics during the GnP chemotherapy were included in the
“not used” group (NU).
Median (range) 563.4 (1.0–500000) 301.5 (1.0–85531.7) .837

ABX= antibiotics, ECOG=Eastern Cooperative Oncology Group.
∗
Fisher exact test.

†Mann–Whitney U test.
2.4. Outcome assessment

Efficacy was assessed using OS (defined as the time from the start
of first GnP administration to death) and progression-free
survival (PFS) (defined as the time from the start of first GnP
administration to progression at the time of survival investiga-
tion). Patients whose treatment regimens were changed without
evidence of progression were censored. Tumor response of
patients who had an evaluable site was evaluated according to the
Response Evaluation Criteria in Solid Tumors (ver. 1.1).[13]

Toxicity was graded using the Common Toxicity Criteria for
Adverse Events (ver. 4.0).[14]
2.5. Statistical analysis

Categorical and continuous variables were compared using the
chi-squared test or Fisher exact test and the nonparametric
Mann–Whitney U test, respectively. Data are presented with
95% confidence interval (CI), which was calculated using
standard methods based on binomial distribution. Survival
analyses were performed using the Kaplan–Meier method. A log-
rank test and the Cox proportional hazards model were used to
compare patient groups based on the use of antibiotics. All
analyses included patients who received at least one dose of GnP.
All analyses were conducted using SPSS version 25 (IBM,
Armonk, NY). All tests were 2 sided, and the results with a P-
value of < .05 were considered statistically significant.
Figure 1. Flow diagram of the study.
3. Results

Ninety-nine patients were included in this retrospective study.
The major clinicopathological characteristics of these patients are
listed in Table 1. Ninety-six patients had adenocarcinoma or
squamousadenocarcinoma, 2 had anaplastic carcinoma, and 1
had intraductal papillary mucinous carcinoma. Among the
2

99 patients, 37 were in the U group and 62 in the NU group
during the GnP chemotherapy (Fig. 1). Between the U and NU
groups, the location of tumor and stent implantation was
significantly different (P=<.001 and .044, respectively). In the U
group, 15 patients used b-lactam antibiotics, 21 used new
quinolones, and 1 used carbapenem.
At the cutoff date, October 31, 2019, 93 patients discontinued

GnP treatment, with a median follow-up time of 9 months. The
median treatment cycle was 6.0 and 3.0months (P= .025) in the U
andNU groups, respectively. The median relative dose intensity in
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Table 2

Response rate and disease control rate.

N CR PR SD PD NE RR (%) DCR (%)

Used 31 0 6 17 7 1 19.4 74.2
Not used 55 0 11 20 17 7 20.0 56.4

CR= complete response, DCR=disease control rate, N=number, NE=not evaluated, PD=progressive disease, PR=partial response, RR= response rate, SD= stable disease.

Figure 2. Kaplan–Meier curves for (A) progression-free survival and (B) overall survival.
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Figure 3. Kaplan–Meier curves for (A) progression-free survival and (B) overall survival according to the use of antibiotics.
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the U and NU groups was .65 and .73 (P= .205) for gemcitabine
and .59 and .70 for nab-paclitaxel (P= .025), respectively.
In the U and NU groups, 33 (89%) and 60 (97%) patients

discontinued GnP treatment, respectively. Among them, 20
(61%) and 31 (52%) patients received subsequent chemotherapy
and 1 and 3 patients received conversion surgery.
The response and disease control rates are summarized in

Table 2. Of the 99 patients, 86 had measurable lesions. The
objective response rate was 19.4% and 20.0% in the U and NU
groups (P=1.00), respectively. The disease control rate was
74.2% and 56.4% in the U andNU groups (P= .11), respectively.
The median PFS was 5.8 and 2.7 months in the U and NU groups
[hazard ratio (HR) .602, 95% CI .391–.928, P= .022],
respectively (Fig. 2A). The median OS was 11.0 and 8.4 months
in the U and NU groups (HR .768, 95% CI .491–1.202,
P= .248), respectively (Fig. 2B). In the U group, b-lactam showed
a good efficacy compared with quinolone (8.5 and 4.1 months,
respectively); however, there was no significant difference (HR
.592 95% CI .281–1.246, P= .167) (Fig. 3).
The univariate and multivariate analyses of PFS and OS are

shown in Table 3. Locally advanced pancreatic cancer and
antibiotic use were significantly associated with PFS and OS.
Locally advanced pancreatic cancer and antibiotic use were
independent prognostic factors for PFS and OS.
The treatment-relatedadverse events (AEs)are shown inTable4.

No patient died of a treatment-related cause. Severe anemia was
significantly more frequently observed in the U group (P= .018)
than in the NU group. The common (5% or higher) severe AEs
were decreased white blood cell count (30% and 36%),
neutropenia (65% and 45%), anemia (38% and 16%), thrombo-
cytopenia (5.4%and9.7%), febrile neutropenia (5.4%and5.0%),
and intestinal lungdisease (0%and6.5%) in theUandNUgroups.
4. Discussion

In this single center retrospective study, we showed that the use of
antibiotics may be associated with a higher efficacy of GnP
treatment as the first-line chemotherapy. Gemcitabine is a
4

cytidine analog and an important drug for the treatment of
various cancers, such as pancreatic,[2,3] biliary,[15,16] ovari-
an,[17,18] breast,[19] and lung cancers.[20,21] Gemcitabine is
inactivated by CDD, which is abundant in the liver and muscle
tissue.[22] In preclinical studies, CDD-related mechanisms, such
as the upregulation of CDD,[23,24] have been attributed to
gemcitabine resistance. nab-Paclitaxel, used with gemcitabine as
the standard chemotherapy for pancreatic cancer, increased the
activity of gemcitabine by reducing the CDD level in a mouse
cancer model.[25] Therefore, we speculate that CDD is related to
the efficacy and toxicity of gemcitabine. In clinical settings,
neutrophil count and malnutrition are associated with serum
CDD activity,[26] and serum CDD is a prognostic marker for
gemcitabine/platinum-treated advanced nonsmall cell lung
cancer.[27]

Recently, Geller et al reported that some bacteria, mainly
Gammaproteobacteria members, possess a long isoform of CDD,
CDDL, which inactivates gemcitabine and reduces its anticancer
efficacy.[10] A few studies have revealed that patients with
pancreatic cancer have more microorganisms in the pancreatic
tissue than patients without pancreatic cancer, and the intra-
tumor microbiome predominantly consists of Proteobacteria
members.[10,28] This implies that these intratumor microorgan-
isms inactivate gemcitabine and impair its anticancer effects. In
clinical settings, a few studies have reported the association
between the use of antibiotics and efficacy of gemcitabine.
Sunakawa et al showed that the use of antibiotics before
gemcitabine monotherapy in patients with advanced pancreatic
cancer is associated with a higher efficacy of gemcitabine
monotherapy.[11] Imai et al reported that the use of antibiotics
during a gemcitabine-containing regimen for various cancers is
associated with increased survival.[12] However, little is known
about whether the use of antibiotics leads to a better clinical
outcome of GnP.
Our study showed that the use of antibiotics during GnP was

associated with increased survival. It also supports the possibility
that the microbiome influences the efficacy of gemcitabine
combination therapy. In addition, GnP may be a better target for



Table 3

Univariate and multivariate analyses of (a) progression-free survival and (b) overall survival.

(a)
Univariate analysis Multivariate analysis

Progression-free survival N Median HR (95% CI) P HR (95% CI) P

Age (yr)
≥65 68 4.1 1 .227 1 .198
<65 31 3.7 1.311 (.844–2.036) 1.347 (.856–2.119)

Sex
Male 55 3.9 1 .681 1 .957
Female 44 4.6 .917 (.608–1.383) .988 (.642–1.520)

ECOG PS
0 37 5.2 1 .315 1 .375
1–2 62 2.9 1.245 (.812–1.908) 1.234 (.776–1.964)

Location
Head 47 3.9 1 .630 1 .780
Body/tail 52 4.1 .904 (.598–1.365) .925 (.535–1.599)

Locally advanced metastatic/relapse
LA 25 4.1 1 .073 1 .032
MC 74 3.9 1.573 (.958–2.581) 1.808 (1.051–3.112)

Use of antibiotics
Not used 62 2.7 1 .022 1 .008
Used 37 5.8 .602 (.391–.928) .489 (.287–.832)

Stent
yes 21 2.9 1 .506 1 .173
no 78 4.1 .838 (.498–1.410) .656 (.537–1.204)

CEA
<6.1 48 5.2 1 .269 1 .725
≥6.1 51 2.7 1.261 (.836–1.901) 1.097 (.655–1.836)

CA19–9
<355.4 50 4.6 1 .968 1 .918
>355.4 49 3.5 1.009 (.669–1.521) 1.027 (.617–1.709)

(b)
Overall survival Univariate analysis Multivariate analysis

N Median HR (95% CI) P HR (95% CI) P

Age (yr)
≥65 68 9.0 1 .255 1 .566
<65 31 10.0 .760 (.475–1.218) .866 (.531–1.414)

Sex
Male 55 10.0 1 .912 1 .853
Female 44 9.0 1.025 (.663–1.583) 1.045 (.655–1.668)

ECOG PS
0 37 9.3 1 .075 1 .245
1–2 62 9.3 1.521 (.959–2.415) 1.342 (.817–2.206)

Location
Head 47 9.7 1 .573 1 .272
Body/tail 52 9.3 .883 (.574–1.360) .729 (.415–1.281)

Locally advanced metastatic/relapse
LA 25 17.0 1 <.001 1 <.001
MC 74 8.5 2.834 (1.607–4.998) 2.937 (1.610–5.357)

Use of antibiotics
Not used 62 8.4 1 .248 1 .011
Used 37 11.0 .768 (.491–1.202) .482 (.275–.845)

Stent
yes 21 9.0 1 .870 1 .566
no 78 9.7 .956 (.560–1.632) .836 (.453–1.542)

CEA
<6.1 48 12.4 1 .006 1 .151
≥6.1 51 6.7 1.857 (1.194–2.888) 1.446 (.874–2.392)

CA19–9
<355.4 50 11.0 1 .233 1 .529
>355.4 49 9.0 1.305 (.843–2.020) 1.171 (.717–1.913)

CI= confidence interval, ECOG=Eastern Cooperative Oncology Group, HR=hazards ratio, PS=performance status.
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Table 4

Safety profile.

NU group (N=62) U group (N=37) P value
∗

All grades (%) Grade ≥ 3 (%) All grades (%) Grade ≥ 3 (%) All grades Grade ≥ 3

Leukopenia 42 (68) 22 (36) 30 (81) 11 (30) 0.169 0.661
Neutropenia 47 (76) 28 (45) 31 (84) 24 (65) 0.449 0.065
Anemia 58 (94) 10 (16) 37 (100) 14 (38) 0.294 0.018
Thrombocytopenia 49 (79) 6 (9.7) 31 (84) 2 (5.4) 0.609 0.706
Febrile neutropenia 3 (4.8) 3 (4.8) 2 (5.4) 2 (5.4) 1.000 1.000
Nausea 8 (13) 1 (1.6) 9 (24) 0 0.173 1.000
Vomiting 1 (1.6) 0 3 (8.1) 0 0.146 –

Anorexia 19 (31) 2 (3.2) 17 (46) 0 0.137 0.527
Fatigue 24 (39) 1 (1.6) 22 (60) 1 (2.7) 0.061 1.000
Diarrhea 11 (18) 0 6 (16) 0 1.000 –

Alopecia 28 (45) – 19 (51) – 0.678 –

Peripheral sensory neuropathy 27 (44) 1 (1.6) 19 (51) 1 (2.7) 0.534 1.000
Intestinal lung disease 5 (8.1) 4 (6.5) 0 0 0.154 0.294

NU = “not used” group, U = “used” group.

Nakano et al. Medicine (2020) 99:39 Medicine
antibiotic therapy among gemcitabine-containing therapies.
Several studies have reported that both nab-paclitaxel[25,29,30]

and gemcitabine[31] enhance the concentration of each other via a
transport-based mechanism. Therefore, the use of antibiotics
enhances the efficacy of not only gemcitabine, but also nab-
paclitaxel. Furthermore, combination chemotherapy and intra-
tumor microorganism manipulation by antibiotics can be
potential strategies for the treatment of pancreatic cancer. The
most effective type of antibiotics to modify the microbiome is still
unclear; however, our results imply the b-lactam antibiotics are
associated with a better outcome than quinolone antibiotics.
Nevertheless, the use of antibiotics may prove to be a double-
edged sword. A recent study reported that a high diversity of the
intratumor microbiome in resected pancreatic tumor tissue is
associated with a longer survival than a low diversity micro-
biome. It is not clear how the intratumor microbiome affects the
prognosis of patients with pancreatic cancer, but this study
showed that the intratumor microbiome may affect the clinical
outcome by influencing immunogenicity.[32] Antibiotics generally
disturb the diversity of the microbiome; thus, the use of
antibiotics may lead to a lower survival rate. For example,
several studies have revealed that the efficacy of immune
checkpoint inhibitor therapy is associated with the gut micro-
biome and that a highly diverse microbiome is related to an
improved response and increased survival.[33–35] Furthermore,
the use of antibiotics is associated with a poor efficacy of immune
checkpoint inhibitors.[36,37] Therefore, modifying the micro-
biome using antibiotics may lead to a better outcome in some
cases, such as during gemcitabine-containing therapy, but it may
also lead to a lower survival rate by disrupting microbiome
diversity as a whole. An appropriate choice of antibiotics is
needed to ensure better outcomes for patients.
As for safety, our study revealed that the use of antibiotics was

not associated with an increase in antibiotic-related adverse
events such as diarrhea. Although hematological adverse events
showed a higher incidence, they probably reflected the infectious
events in the U group. At least a short course of antibiotic therapy
seems safe for patients who received chemotherapy.
Our study had some limitations. First, this was a single center

retrospective study and had some biases. Second, the antibiotics
used were different among patients; thus, it is not clear which
6

antibiotic is better in enhancing the efficacy of gemcitabine.
Finally, we did not evaluate the intratumor microorganisms;
thus, we do not know whether they truly interfere with
antibiotics. Therefore, a large cohort prospective study should
be carried out to support the results.
In conclusion, our retrospective study showed that antibiotic

use during GnP combination therapy was associated with
increased survival. Although further research is needed in both
basic and clinical settings, our results may lead to the use of
antibiotics with GnP to treat advanced, gemcitabine-resistant
pancreatic cancer in the future.
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