
Abstract. Background: BTH1677 is a beta-glucan pathogen-
associated molecular pattern (PAMP) being evaluated as a
novel immunotherapy of cancer. We previously described that
the presence of antibodies against beta-glucan (ABA) in serum
is necessary for BTH1677 antitumoral activity. We hypothesized
that infusion of immunoglobulin can reinstate responses to
BTH1677 in individuals with low ABA levels. Patients and
Methods: We report two single-patient studies: one in a patient
with metastatic colorectal cancer who received BTH1677,
combined with tumor targeting antibody cetuximab; and a
second in a patient with metastatic neuroendocrine tumor who
received BTH1677 combined with immune checkpoint inhibitor
pembrolizumab. Results: The patients had low serum titers of
ABA and low innate immune effector functionality induced by
BTH1677. Addition of intravenous immunoglobulins restored
innate immune activity of BTH1677 and induced clinically
meaningful anti-tumoral activity, with long-term disease control.
Conclusion: Infusion of immunoglobulin can restore activity of
BTH1677 in individuals with low serum ABA level.

BTH1677, a yeast-derived soluble β-1,3/1,6-glucan [Imprime
PGG; β(1,6)-[poly-(1,3)-D-glucopyranosyl]-poly-β-(1,3)-D-
glucopyranose) pathogen-associated molecular pattern (PAMP)
is a dectin-1 agonist that is being evaluated as a novel cancer
therapy in combination with tumor-targeting, anti-angiogenic
and immune checkpoint inhibitor antibodies. In phase II
randomized clinical studies, BTH1677 has shown promising

potential to enhance the efficacy of tumor targeting antibodies
(cetuximab and rituximab) in metastatic colorectal cancer, non-
small cell lung cancer (NSCLC), chronic lymphocytic leukemia,
non-Hodgkin lymphoma, anti-angiogenics (bevacizumab) in
patients with NSCLC (1-5). An encouraging trend of enhanced
overall survival with the combination of BTH1677 and
programmed cell death protein 1 (PD-1) inhibitor
pembrolizumab has also been reported in an ongoing phase II
trial in patients with triple-negative breast cancer (6).
Mechanistic investigations exploring these different therapeutic
combinations in pre-clinical tumor models have shown that
BTH1677, being a PAMP, primes the innate immune effector
functions to ultimately inspire an adaptive immune response-
based anticancer immunity cycle. BTH1677 enhances the
antitumor immune effector functions of myeloid cells,
specifically, stimulating antibody-dependent cellular
cytotoxicity and antibody-dependent cellular phagocytosis
functions of neutrophils and macrophages respectively,
reprogramming the immunosuppressive cells in the
microenvironment including tumor-associated M2-macrophages
and myeloid-derived suppressor cells, and enhancing the
antigen presentation capabilities of dendritic cells (7-12).
Recently, BTH1677 was also shown to enhance the antibody-
dependent cellular cytotoxicity mechanism of natural killer
cells, mainly via cross-talk with myeloid cells (13). 

In order to exert its pleiotropic effects on myeloid cells,
BTH1677 needs to form a tripartite immune complex
comprising BTH1677, naturally occurring antibodies to beta-
glucan (ABA) and cleaved by factor 1 complement protein
C3b (iC3b) opsonin in individuals with a certain threshold
level of ABA (12, 14). Ex vivo human and in vivo mouse
studies have shown that the innate Fc portion of
immunoglobulin G receptor II A (FcgRIIa), and the pattern
recognition receptors complement receptor 3 and dectin-1 are
critical for innate immune functional responses of BTH1677
(11, 12, 14). Innate immune cells from healthy individual with
an insufficient ABA level neither bound nor functionally
responded to BTH1677 unless rescued by the addition of
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purified ABA or commercial intravenous immunoglobulin G
(IVIG) (12). Results from a phase I healthy volunteer trial
confirmed that those with an ABA level above a threshold
showed immunopharmacodynamic responses to BTH1677,
including complement activation and cytokine production,
while minimal immune activation was observed in those with
a low ABA level (15). Furthermore, retrospective analyses of
a randomized phase II clinical trial in which patients with
NSCLC were treated with BTH1677 in combination with
cetuximab, carboplatin and paclitaxel showed that while
overall survival was not different among all study patients, the
survival hazard ratio by Kaplan–Meier analysis for those
treated with the combination was 0.48 for immunoglobulin G
ABA-positive versus -negative patients (p=0.03) (3). 

Encouraged by these findings, we hypothesized that
BTH1677 could be administered along with IVIG in order to
replenish the ABA concentration to a threshold sufficient to
induce critical immunopharmacodynamic responses in
patients with cancer with a low ABA level. Herein, we
provide clinical evidence based on two single-use,
investigator-initiated Investigational New Drug application
(IND) clinical cases that IVIG is sufficient to boost the
serum ABA level of individuals with low pre-treatment ABA
concentrations, and thereby induce BTH1677-dependent
immunopharmacodynamic responses that may generate
clinically significant outcomes.

Both single-patient IND studies were approved by either
Human Subject Protection Committee of University of
Minnesota ("Compassionate Use BTH1677 with Cetuximab
for a Patient with Metastatic Colorectal Cancer", Institutional
Review Board (IRB) Code Number: 1202M10289,
IND#114684) (case 1), or by Regions Hospital Human Subject
Protection Committee (“A Pilot Study of Anti-PD-1 Antibody
Pembrolizumab and Imprime PGG for Patients with
Metastatic Solid Tumor Stable or Progressing on Immune
Checkpoint Inhibitor Therapy”) IRB Code Number: A17-330,
IND# 137112) (case 2). Patients gave their written informed
consent to participate in these compassionate-use studies.

Patients and Methods

ABA IgG. The level of IgG ABA in plasma or serum was measured
by enzyme-linked immunosorbent assay (Biothera Pharmaceuticals
Inc., Eagan, MN, USA) as previously described (12). Briefly,
samples were diluted and incubated on a solid phase coated with
BTH1677 before washing and incubation with an anti-human IgG
secondary antibody labeled with horseradish peroxidase. After
washing again, the plate was developed with a 3,3’,5,5’-
tetramethylbenzidine substrate and the amount of IgG ABA
determined by comparison to a serum standard. 

Soluble terminal complement complex C5b-9 (SC5b-9) complement
activation assay. Serum and plasma samples were thawed on ice and
the presence of SC5b-9 was quantitated by MicroVue SC5b-9 Plus

enzyme immunoassay kit according to the manufacturer’s
instructions (Quidel, San Diego, CA, USA). 

Chemokines and cytokines. All or a subset of cytokines and
chemokines including eotaxin, granulocyte-macrophage colony-
stimulating factor, interferon gamma (IFNγ), IFNα1, interleukin 1
beta (IL1β), IL1 receptor antagonist, IL4, IL5, IL6, IL7, IL8, IL10,
IL12, IL13, IL15, IL17, IL2, IL2 receptor, C-X-C motif chemokine
ligand 9 (CXCL9), CXCL10, C-C motif chemokine ligand 2
(CCL2), CCL3, CCL4, CCL5 (RANTES), IFN-inducible T-cell
alpha chemoattractant and tumor necrosis factor α were tested using
multiplex or single-plex Luminex kits (EMD Millipore, Billerica,
MA, USA; and ThermoFisher Scientific, Pittsburg, PA, USA) at
various time points before and after BTH1677 infusion. Results
were obtained on Luminex xMAP 200 (ThermoFisher Scientific),
using xPΟΝΕΝΤ software and analyzed on Milliplex Analyst
software.

Case 1

An otherwise healthy 54-year-old woman presented with
bowel obstruction in 2006. The patients underwent left hemi-
colectomy which revealed colorectal adenocarcinoma which
was metastatic to six out of the eight lymph nodes removed.
She was offered adjuvant therapy for her locally advanced
disease, but she declined. One year later computed
tomography of the abdomen and pelvis revealed enlarged
para-aortic lymph nodes. The patient was started on a
chemotherapy regimen of FOLFOX with bevacizumab for
recurrent disease but was only able to tolerate three cycles.
During subsequent follow-up she noted abdominal pain,
which correlated with disease progression in a retroperitoneal
lymph node. Single-agent bevacizumab was restarted and
resulted in improvement of pain. Subsequently, bevacizumab
was given intermittently for worsening abdominal pain with
improvement in symptoms, however, in November 2011,
intolerable and persistent pain developed despite
bevacizumab infusions. Positron-emission tomography
computed tomography revealed a 2.2×1.8 cm left para-aortic
lymph node with increased metabolic activity. Consequently,
she underwent open resection of the lymph node in January
2012. It was a difficult procedure with significant blood loss
needing transfusions as the lymph node was adherent to the
left renal artery. Histopathology from this resection
confirmed lymph node involvement of colorectal
adenocarcinoma with extracapsular extension. The tumor did
not harbor Kirsten ras oncogene homolog (KRAS) mutation.
The resection did not help improve abdominal pain.
Computed tomography in February 2012 demonstrated rapid
re-growth of tumor with a conglomerate of lymph nodes in
the retro-peritoneum with increased metabolic activity. The
patient was then offered participation in single-patient IND
study of cetuximab and BTH1677. She received standard
dose of cetuximab along with BTH1677 at 4 mg/kg. Initially
both infusions were given weekly (Figure 1). Treatment
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Figure 1. Schematic summary of treatment regimen used for compassionate use for case 1. IVIG: Intravenous immunoglobulin; PBMC: peripheral
blood mononuclear cells.

Figure 2. Intravenous immunoglobulin (IVIG) administration prior to BTH1677 resulted in increased immunoglobulin G antibodies against
betaglucan (ABA IgG), complement activity and chemokine production. Serum was collected on day 1 prior to infusion, the end of infusion (EOI)
or 168 h post infusion. Left panel: ABA IgG levels were measured by enzyme-linked immunosorbent assay. Center panel: Soluble terminal
complement complex C5b-9 (SC5b-9) levels were assessed by solid-phase enzyme immunoassay assay. Right panel: Chemokine levels were measured
by Luminex multiplex assay and plotted as fold change in chemokine at the end of infusion relation to the pre-infusion level. IL: Interleukin; CXCL:
C-X-C motif chemokine ligand; CCL: C-C motif chemokine ligand; TNFα: tumor necrosis factor alpha. 

Figure 3. Schematic summary of treatment regimen used for compassionate use for case 2. IVIG: Intravenous immunoglobulin; PBMC: peripheral
blood mononuclear cells.



improved abdominal pain so that the patient was able to
discontinue narcotic pain medications. She had fatigue, mild
acneiform rash, diarrhea, and hypomagnesemia from
cetuximab therapy. Radiographically, she had stable disease.
In August 2012, after 6 months of treatment, it was realized
that she had a low level of ABA (2.1 μg/ml at cycle 6) and
might not be gaining optimal benefit from BTH1677 therapy.
It was hypothesized that administering immunoglobulins
would increase the ABA level and permit a robust immune
response to her cancer. The patients received IVIG at a first
dose of 500 mg/kg, and the next dose was increased to 1,000
mg/kg. Subsequently, she developed a mild infusion reaction
and acneiform rash from cetuximab worsened. IVIG infusion
was then administered one day prior to cetuximab, with no
further episodes of infusion reaction. ABA level and innate
immune response were monitored by analysis of pre- and
post-treatment serum samples. As shown in the left panel of
Figure 2, the infusion of IVIG increased the serum level of
ABA. Activation of the complement cascade (determined by
the level of C5a, Figure 2, center panel) and cytokine
production (Figure 2, right panel) in response to BTH1677
treatment were only achieved at the 1,000 mg/kg dose of
IVIG which elevated the ABA level above 30 μg/ml. The
patient continued to remain asymptomatic on treatment
although there was a mild increase in size of para-aortic
lymphadenopathy after 3 months of therapy with cetuximab,
BTH1677, and IVIG. Subsequently, she received radiation
treatment to the enlarging lymph nodes, at which time all
treatment was discontinued. She had a complete radiographic
response and remains disease-free after more than 5 years
without additional therapy.

Case 2

An 84-year-old female presented in September 2017 with
metastatic islet cell carcinoma whose disease progressed after
multiple lines of therapy including octreotide, tyrosine kinase
inhibitors (sunitinib and cabozantinib), mammalian target of
rapamycin inhibitor (everolimus), and immune checkpoint
inhibitor (pembrolizumab). At that time, she was considered
for compassionate use of BTH1677 therapy but because her
serum baseline ABA level (1 μg/ml) was below the limit
thought to be necessary for BTH1677 activation of an
immune response, the decision was made to increase serum
ABA using IVIG. Subsequently, she enrolled in single-patient
IND study with pembrolizumab, BTH1677, and IVIG (Figure
3). Treatment started with IVIG (500 mg/kg) one day prior to
BTH1677 (4 mg/kg), followed by intravenous pembrolizumab
(200 mg) once every 21 days. The ABA titer was monitored
after each treatment. The initial dose of IVIG (500 mg/kg)
resulted in an increase of ABA level from 1 μg/ml at baseline
to 49.9 μg/ml on the day of IVIG infusion. On the next day,
the pre-dose ABA level was 33.2 μg/ml that was insufficient
to show immune activation (cycle 1; Figure 4). Subsequent
doses of IVIG were administered on the same day as
BTH1677 and pembrolizumab. The IVIG treatment was
increased to 1,000 mg/kg, which increased the patient’s ABA
level to 89.9 μg/ml (Figure 4, left panel) which then dropped
to 17.9 μg/ml post-BTH1677 administration. As shown
previously, this drop of free ABA level after BTH1677
infusion is due to complexation with ABA (15). This drop in
the ABA level was not observed post pembrolizumab
infusion, indicating the specific interaction of ABA with
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Figure 4. Intravenous immunoglobulin (IVIG) administration prior to BTH1677 resulted in increased immunoglobulin G antibodies against
betaglucan (ABA IgG), complement activity and chemokine production. Serum was collected on day 1 prior to infusion, the end of infusion (EOI)
or 168 h post infusion. Left panel: ABA IgG levels were measured by enzyme-linked immunosorbent assay. Center panel: Soluble terminal
complement complex C5b-9 (SC5b-9) levels were assessed by solid-phase enzyme immunoassay assay. Right panel: Chemokine levels were measured
by Luminex multiplex assay and plotted as fold change in chemokine at the end of infusion relation to the pre-infusion level. IL: Interleukin; IL1RA:
IL1 receptor antagonist; CXCL: C-X-C motif chemokine ligand; CCL: C-C motif chemokine ligand; TNFα: tumor necrosis factor alpha; ITAC:
IFN-inducible T-cell alpha chemoattractant. 



BTH1677 and not pembrolizumab. Consistent with the
finding in case 1, the increase in ABA level pre-BTH1677
dose by the increased dose of IVIG was sufficient to achieve
an immune response to BTH1677 IgG as measured by
enhanced complement activity (Figure 4, center panel) and
chemokine/cytokine levels (Figure 4, right panel). The patient
did not experience any infusion reactions or any side-effects
of treatment, with exception of transient aggravation of pre-
existing myalgias (only during the first cycle). Assessment of
disease after two cycles demonstrated a decrease in the size
of target lesions in the liver and pancreas by 5%. Imaging
after four cycles showed a 21% increase in size of target
lesions from nadir without evidence of new metastatic lesions
(Table I). Although correlative parameters suggested immune
activation, the decision was made to stop therapy. One month
after treatment discontinuation, disease resumed a fast rate of
progression similarly to that prior to study initiation.
Subsequent therapy with capecitabine and temozolomide
regimen, resulted in 9% reduction in tumors as measured by
Response Evaluation Criteria In Solid Tumors version 1.1
(RECIST 1.1) (16) after two cycles, unexpectedly for sixth-
line therapy, and led to continued control of disease for 10
months. Subsequently disease progressed and the patient died
in December 2019.

Discussion 

Our results suggest that IVIG supplementation for
individuals with a low serum ABA level can restore
BTH1677-mediated immune activation. The minimum dose
of IVIG supplementation needed to convert a patient with
low endogenous ABA titer into one with an adequate titer to
activate an immune response seems to be 1,000 mg/kg. In
addition, clinical antitumoral response was seen in both cases
with improvement in disease-related symptoms and
radiological disease stabilization. Perhaps the most intriguing
finding was cancer response to the subsequent therapy
(complete response to radiotherapy in the first case, and
minor response to chemotherapy in second case) which
continued in both patients even after stopping therapy. 

This is not surprising as there is precedence of other innate
immune modulators, including CD40 agonists, enhancing the

antitumor activity of chemotherapeutic agents (17), specifically
by modulating the tumor microenvironment. BTH1677, being
a PAMP, can prime immune effector functions broadly in
addition to eliciting direct antitumor responses through
antibody-dependent cellular cytotoxicity and antibody-
dependent cellular phagocytosis. BTH1677 modifies the tumor
microenvironment in several ways. It induces a switch of M2
to M1 macrophages, changes the chemokine milieu, increases
infiltration of CD8 T-cells versus regulatory T cells, and
reduces expression of T cell-suppressive factors such as
indoleamine-2,3-dioxygenase and transforming growth factor
β. In addition, BTH1677 enhances antigen presentation
capability of tolerogenic dendritic cells, and, most importantly,
induces a type-1 interferon signature. All these effects of
BTH1677 can collectively induce an inflammatory state
systemically such that there is an enhanced response to
subsequent therapeutic modalities (8, 9, 11, 12, 18-20).

In terms of safety, both patients tolerated therapy very
well without added toxicities due to the addition of IVIG
(with the exception of infusion reactions).

In summary, this study presented two case studies that
demonstrated the ability of IVIG to restore the
immunomodulatory ability of BTH1677 in patients with
inherently low ABA levels. This finding is critical as clinical
activity of BTH1677 may be limited to individuals with a
certain threshold level of ABA and the use of IVIG might
expand the patient population potentially responsive to
BTH1677-based immunotherapy. Planned prospective clinical
trials with BTH1677 that will use ABA level as a selection
criterion will shed further light on ABA as a binary or a
continuous biomarker. This study highlights the importance of
the need for predictive biomarkers in cancer immunotherapy.
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Table I. Size of target lesions in case 2, during therapy and in subsequent treatment.

                                                                                                                                          Time point

                                               3 Months      Baseline        After 2         After 4           1 Month after               3 Months after              2 Months after 
                                                   prior                                 cycles           cycles        stopping BTH1677        stopping BTH1677        starting CAPTEM

Target lesion size (mm)            141.2            179.9            171.1            208.6                      223                                  260                                 237

CAPTEM: Capecitabine and temozolomide. 
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