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Abstract

Background Immune checkpoint inhibitors have revolutionized therapy of advanced and metastatic cancers.
However, a significant proportion of patients do not respond to immune checkpoint inhibitors or develop resist-
ance. Therefore, novel therapies or combinations of therapies that may act synergistically are needed. It has been
suggested that induction of trained immunity may increase the response to immune checkpoint inhibitor therapy,
through reprogramming myeloid cells toward an antitumor phenotype. On the other hand, activation of the immune
system also carries the risk of potentially sustaining tumorgenicity and increasing immune- related toxicity.

Case presentation \We report the case of a 37-year-old Dutch male suffering from gastric neuroendocrine carcinoma
with liver metastases and high risk for an unfavorable outcome, who was treated with a combination of programmed
cell death protein 1 inhibitor nivolumab and the trained immunity-inducer Bacillus Calmette—Guérin vaccine as a sal-
vage therapy. Three doses of BCG vaccine were administered at 3-month intervals, in conjunction with the immune
checkpoint inhibitor regimen. At a certain point, radiation therapy was added to the treatment regimen. During

the combination of these therapies, the patient developed immune-mediated colitis, which necessitated discon-
tinuation of all treatments. Bacillus Calmette—Guérin vaccination induced a trained immune response with elevated
monocyte-derived interleukin-6 and interleukin-13 production capacity. From the first vaccination with Bacillus Cal-
mette—Guérin until 3 months after the last vaccination with Bacillus Calmette—Guérin, the patient displayed only mild
progression of the primary tumor and no progression of the metastases.

Conclusion In this study, we show the feasibility to combine checkpoint inhibitor therapy with inducers

of trained immunity in a patient with an aggressive neuroendocrine tumor. Autoimmune side effects are common
under programmed cell death protein 1 inhibitor therapy, which was considered the most likely cause of colitis,
although an additive effect of Bacillus Calmette—Guérin vaccination or radiotherapy cannot be excluded. The patient
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displayed only mild progression during the combination therapy, but larger studies are warranted to fully explore
the potential benefit of trained immunity inducers as an adjuvant to immune checkpoint inhibitor therapy.

Keywords Neuroendocrine tumors, BCG, Checkpoint inhibitors, Trained immunity, Immunotherapy

Background

Neuroendocrine tumors (NETs) constitute a heterogene-
ous group of neoplasms that arise from secretory cells
throughout the diffuse neuroendocrine system. Uncon-
trolled cellular proliferation can occur in almost every
endocrine gland or organ, but NETSs originate most com-
monly from cells in the gastrointestinal tract, pancreas,
and lungs. Although considered rare tumors (2.5-5 per
100,000 per year), the incidence of NETs is rising due to
diagnostic improvements [1]. The behavior and progno-
sis of the tumor is based on the location, grading, and
staging. The most severe form of NETs are poorly differ-
entiated neuroendocrine carcinomas (NECs).

Currently, surgical resection is regarded as the pri-
mary curative option for patients with localized carcinoid
tumors [2]. However, for cases of advanced or metastatic
disease where surgery is not feasible, systemic therapy
such as cytotoxic chemotherapy is typically the stand-
ard of care. A new field in NET therapy is immunother-
apy with immune checkpoint inhibitors (ICIs), but their
effectiveness in NECs is also limited.

ICIs exert their antitumor effects by blocking inhibitory
molecules (so-called checkpoint proteins) that mediate
inhibition of T-cell function by myeloid cells with immu-
nosuppressive properties [3]. Various T-cell immune
checkpoint molecules have been described, among the
most important being cytotoxic T-lymphocyte-associ-
ated protein 4 (CTLA-4) and programmed cell death pro-
tein 1/programmed cell death ligand 1 (PD-1/PD-L1) [4].
CTLA-4 engages in the initial stage of T-cell maturation,
typically in lymph nodes. In contrast, PD-1 acts on previ-
ously activated T-cells, typically in peripheral tissues [5].

Unfortunately, approximately 60-70% of patients
treated with ICIs are nonresponsive, and it is believed
that the inhibitory effects exerted by tumor-associated
macrophages or myeloid-derived suppressor cells on
CD8 cytotoxic effects are one of the main reasons for this
lack of response [6, 7]. To address this challenge, differ-
ent approaches are investigated to overcome resistance
to immunotherapy and improve the outcome of patients
treated with IClIs.

Recent studies have suggested that epigenetic and func-
tional reprogramming of myeloid cells, a process also
called trained immunity, may induce immunostimula-
tory effects and improve outcome in experimental mod-
els of cancer [8, 9]. Bacillus Calmette—Guérin (BCG), the
only registered anti-tuberculosis vaccine has a strong

capacity to induce trained immunity. BCG vaccination
has been reported to improve outcome of leukemia, lung
cancer, and melanoma [10]. Furthermore, BCG blad-
der instillations are highly effective in the first stages of
high-risk non-muscle-invasive bladder cancer (NMIBC).
Recent studies indicate that both innate and adaptive
cell responses may play an important role in the antitu-
mor activity, including the induction of trained immunity
[11-14].

Based on these immunological effects of BCG, we have
hypothesized that BCG-induced trained immunity may
reverse the immunosuppressive properties of myeloid
cells in cancer and improve the response to ICIL. Here,
we report a patient with an aggressive form of NET in
which treatment with the PD-1 inhibitor nivolumab was
combined with BCG vaccination. We report and discuss
the immunological response to this therapy, as well as
aspects related to feasibility and safety.

Case presentation

A 37-year-old healthy Dutch man with abdominal pain,
abdominal distension, dyspepsia, back pain, and fatigue
presented to the emergency department of the Meander
Medical Center of Amersfoort, the Netherlands. A com-
puterized tomography (CT) scan was performed and
revealed the presence of a gastric tumor. Initially it was
suspected to be gastric cancer. However, subsequent pos-
itron emission tomography (PET) imaging and biopsy of
the gastric tumor confirmed the diagnosis of gastric small
cell neuroendocrine carcinoma with liver metastases
(grade 3, stage IV), which carries a high risk for an unfa-
vorable outcome. The patient was initially treated with
cisplatin/etoposide chemotherapy for 7 months. Under
this treatment, the disease progressed rapidly accord-
ing to a CT of the thorax/abdomen and the RECIST 1.1.
criteria. As a result, in September 2019, treatment was
switched into ipilimumab/nivolumab immunotherapy.
After two cycles, immunotherapy was terminated due
to the development of symptoms including watery diar-
rhea up to 10 times per day, stomach aches, and bright
red, rectal bleeding, which were diagnosed as autoim-
mune colitis. Against expectations, a stable disease was
observed until June 2020 when nivolumab was reintro-
duced as monotherapy. While on this therapy, a CT scan
showed moderate tumor growth. Due to this progression
and the likelihood of a rapid deterioration of the clini-
cal condition of the patient, coupled with the recent data
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suggesting strong synergism between ICIs and trained
immunity inducers [8, 9], we decided to combine ICI
therapy with BCG vaccinations every 3—4 months.

The BCG-naive patient received his first intradermal
BCG vaccination (0.1 mL, 0.75 mg/mL, Mycobacterium
bovis, Danish strain 1331, SSI, Denmark) at the end of
December 2020. A subsequent CT scan performed in
February 2021 showed mild progression of the primary
tumor and stable liver metastases. After having received
the second dose of BCG in March 2021, radiation ther-
apy (radiotherapy) was also initiated to treat the primary
tumor because of slow progression of the tumor (a total
dosage of 39 Gy, in 13 fractions of 3 Gy). The primary
tumor responded and decreased in size from 6.6 cm to
5 cm. However, in April 2021, the patient developed diar-
rhea up to five times per day and stomach aches, which
was identified as a second episode of immune-mediated
colitis (IMC). As a result, both immunotherapy and radi-
otherapy were terminated. He was successfully treated
with infliximab and prednisone.

In June 2021, the patient received his third and last
dose of BCG. Between April 2021 and July 2021, with-
out any further therapy, the cancer was stable. In July
2021, the patient developed uveitis and was treated suc-
cessfully with topical steroids. On a CT scan performed
at the end of July 2021 further progression of the pri-
mary tumor was observed. However, it is important to
note that the radiologist observed changes in density
and air bubbles within the tumor tissue, which was
interpreted as areas of necrosis and made the scan diffi-
cult to interpret. Follow-up of the patient ended in Sep-
tember 2021 when the patient started with second-line
chemotherapy carboplatin/paclitaxel based on second/
expert opinion, unfortunately without clinical response.
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In January 2022, he started an experimental person-
alized vaccination therapy based on whole genome
sequencing results of the tumor tissue in Germany,
initiated on his own and not part of a clinical trial. He
died from recurrent gastric bleeding in April 2022. A
timeline of the events and treatments is presented in
Fig. 1.

At baseline in December 2020 and before every BCG
vaccination, blood was collected, and peripheral blood
mononuclear cells (PBMCs) were isolated using Ficoll-
paque (Sigma Aldrich, Taufkirchen, Germany) density
gradient centrifugation. Cytokine production capac-
ity was assessed after stimulation with Mycobacterium
tuberculosis (M. tb) or Escherichia coli (E. coli) (the lat-
ter being used to reflect heterologous stimulation) for
24 h over 7 days. Tumor necrosis factor alpha (TNFa),
interleukin-6 (IL-6), interleukin-1 beta (IL-1B), and
interferon gamma (IFNY) cytokine concentrations were
measured using enzyme-linked immunosorbent assay
(ELISA) with DuoSet® ELISA kits (R and D Systems,
MN, USA) according to the manufacturer’s protocols.
A healthy, 29-year-old male, who received BCG admin-
istrations at the same time with the patient, served as
control. Both the patient and the healthy volunteer gave
written informed consent.

BCG vaccination led to elevated IL-6 and IL-1p pro-
duction in PBMCs of the patient compared with base-
line, following stimulation with both M. tb and E. coli,
suggesting the induction of trained immunity (Fig. 2).
BCG had no clear stimulatory effect on TNFa and IFNy
production capacity (Fig. 3). The increase of IL-6 and
IL-1B production was less pronounced in the PBMCs
from the control.
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Fig. 1 Summary of the treatments and events. Syringe depicts Bacillus Calmette-Guérin vaccination. Arm with winged infusion set and blood tube
depicts blood collection. Tumor progression occurred before the addition of, or switch to, a new therapy. Created with https://www.BioRender.com
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Fig. 2 Interleukin-1 beta and Interleukin-6 production of Peripheral blood mononuclear cells incubated with a specific and non-specific stimulus.
Interleukin-1 beta production of Peripheral blood mononuclear cells incubated with A E. coli and B M. tuberculosis, and Interleukin-6 production
of Peripheral blood mononuclear cells incubated with C £. coli and D M. tuberculosis after 24 h was measured by Enzyme-linked immunosorbent
assay. Red color represents the patient, while gray shows the age and sex-matched healthy control
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Fig. 3 Tumor necrosis factor alpha and Interferon gamma production of Peripheral blood mononuclear cells incubated with a specific

and non-specific stimulus. Tumor necrosis factor alpha production of Peripheral blood mononuclear cells after 24 h-stimulation with A E. coli and B
M. tuberculosis, and Interferon gamma production of Peripheral blood mononuclear cells after 7-day stimulation with C E. coli and D M. tuberculosis
was detected by Enzyme-linked immunosorbent assay. Red color represents the patient, while gray shows the age and sex-matched healthy

control



Fohse et al. Journal of Medical Case Reports (2023) 17:377

Discussion

The discovery of ICIs represents a breakthrough in can-
cer therapy. While very effective at enhancing antitumor
T-cell activity, in the clinical setting ICIs induce long-
lasting effects only in a minority of patients [15]. One
of the main reasons for that is the presence of myeloid
cells with strong immunosuppressive activities in both
circulation and the tumor of many patients with can-
cer. It is believed that reprogramming of these cells to
enhance their antitumorigenic properties would be cru-
cial for improvement of ICI efficacy and patient outcome
[16]. Moreover, impaired mitochondrial metabolism has
been associated with increased expression of PD-1 on T
cells, which can contribute to the development of immu-
notherapy resistance [17]. In addition to its antitumor
effects, ICIs also activate global T-cell responses that may
potentially result in inflammatory toxicities referred to as
immune-related adverse events (irAEs) [18], which can
also limit the capacity to deploy ICIs in some patients.
Recently it has been suggested that inducers of trained
immunity could ameliorate the function of myeloid
cells in cancer, and subsequently synergize with ICIs to
improve the outcome of the patients [14]. We therefore
evaluated the safety of combining PD-1 inhibitor therapy
with BCG vaccination (a well-known and strong inducer
of trained immunity) in a patient with an aggressive NEC.

Although this is an n=1 clinical trial, and any con-
clusion should be taken with caution, there are several
important indications in this study for potential useful-
ness of this combination immunotherapy approach.
First, BCG vaccination induced trained immunity in this
patient with NEC. Previously, BCG vaccination stud-
ies on trained immunity have been done only in healthy
volunteers and showed effects on the recruitment, acti-
vation, and production of proinflammatory cytokines by
monocytes, but also neutrophils, NK cells, and T lym-
phocytes [19]. Our observation that similar immunologi-
cal effects can be obtained in patients with cancer is of
great clinical importance and encourages future research
to analyze the whole spectrum of BCG-induced cellular
responses in this new target population.

Second, the mild progression observed during the
combination immunotherapy treatment in our patient
with a NEC, usually associated with an unfavorable
clinical course of disease, suggests a potential antican-
cer effect via trained immunity. This approach could
be useful to optimize current anticancer treatments
and should be investigated further in future, larger
trials. In patients with NMIBC treated with intravesi-
cal BCG, local infiltration of those cells results in the
development of granulomatous inflammation [20-23].
Furthermore, BCG prompts the expression of antigen-
presenting and costimulatory molecules on tumor cells,
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making them potential targets for cytotoxic cells [24].
Another potential mechanism by which BCG vaccina-
tion exerts antitumor effect is the ability to preserve
mitochondrial function [25]. Altered energy metabo-
lism and increased production of reactive oxygen spe-
cies (ROS) have been implicated in the survival and
growth of cancer cells [26]. Moreover, evidence has
suggested that preservation of mitochondrial metabo-
lism in conjunction with the induction of nitric oxide
by BCG may result in enhanced radiosensitivity of can-
cer cells [25].

Third, in terms of safety, repeated BCG administration
was well tolerated by the patient. However, after the sec-
ond BCG vaccination and shortly after initiation of radio-
therapy, the patient developed an IMC. It is difficult to
deduce the exact trigger of the IMC. A pooled analysis of
trials in the US Food and Drug Administration database
reported that administration of ICIs within 90 days fol-
lowing radiotherapy was not associated with an increased
risk of serious adverse events [27]. Furthermore, the IMC
was a recurring episode and research has shown that the
risk of recurrence is almost 30% for most ICI regimens
[28]. No studies have reported an association between
BCG vaccination and the development of IMC. On the
contrary, several reports suggest that BCG vaccination
may protect against autoimmune diseases [29]. Consider-
ing this information, we deem it more likely that the IMC
was not triggered by BCG vaccination and was associated
with the ICI therapy. The incidence of IMC ranges from
0.7% to 1.6% in patients on anti-PD-1 agents [30]. In gen-
eral, gastrointestinal events occur in 35-50% of patients
treated with ICIs, with diarrhea being the most com-
mon manifestation. However, we cannot fully exclude an
impact of BCG vaccination on amplification of poten-
tial deleterious effects of ICI, and this aspect should be
appropriately considered in future studies.

Approximately 1% of the patients treated with ICIs
develop ocular inflammation, similar to the patient in our
case [31]. As in the case of the intestinal inflammation,
it is difficult to pinpoint what exactly triggered the ocu-
lar inflammation. Adverse events after BCG vaccination
mainly include mild and transient fever, injection site
abscesses, lymphadenitis, tuberculosis skin rash, osteo-
myelitis, and systemic disseminated BCG infection, none
of which were developed by the patient in our case [32].
Overall, receiving simultaneous immunotherapies leads
to higher rates of irAEs than monotherapy, and anti-
CTLA-4 tend to have more frequent and severe irAEs
because CTLA-4 interaction is less specific to T cells and
cancer cells than anti-PD-1/anti-PD-L1 [33-35]. Nota-
bly, those who develop irAEs seem to have better onco-
logic outcomes compared with those who do not develop
irAEs [36, 37].
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Conclusion

ICIs comprise a novel class of immunotherapy drugs
used in the treatment of cancer. Variations in clinical
response and the manifestation of drug resistance are
challenging aspects of ICI treatment [38]. Novel addi-
tional synergistic approaches are needed to improve the
clinical effectiveness of ICIs in cancer. Here, we pre-
sent repeated BCG vaccination as an adjuvant to PD-1
inhibitor therapy using nivolumab in a patient with
metastasized NEC. BCG led to the induction of trained
immunity, and the clinical condition of the patient
remained relatively stable: mild progression of the pri-
mary tumor, and no progression of the metastases. Fur-
thermore, we did not observe serious adverse events
that were likely related to the repeated BCG administra-
tion. While any conclusion regarding clinical effective-
ness in one single patient should be taken with extreme
caution, our findings warrant further investigation of
this approach. At the moment, the writing of two tri-
als evaluate the combination of ICI and BCG regarding:
(1) the efficacy and safety of nivolumab in combination
with BCG versus BCG alone (NCT04149574) and (2)
nivolumab plus experimental medication BMS-986205
with or without BCG (NCT03519256), both in patients
with NMIBC. The results of those trials will further
provide insights on the potential of combination immu-
notherapy in cancer.
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