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Abstract. The present study selected two patients with 
lung cancer and epidermal growth factor receptor (EGFR) 
mutations who were treated with a programmed cell death 
protein 1 (PD‑1) antibody and an immunomodulatory arabi‑
nomannan extracted from Mycobacterium tuberculosis. In 
the first case, a 67‑year‑old female was diagnosed with lung 
adenocarcinoma with an EGFR mutation (exon 19 deletion) 
and Stage IVB disease. Initial treatment with an EGFR 
mutation‑targeted tyrosine kinase inhibitor (TKI), erlotinib, 
demonstrated a partial response. After disease progression 
this was followed by carboplatin and pemetrexed with beva‑
cizumab, and re‑challenged by erlotinib plus bevacizumab; 
however, the tumor eventually progressed. Subsequently, the 
patient was treated with immunomodulatory arabinomannan 
for 3 months. Immediately after, she was treated with 
nivolumab and showed a partial response. In the second case, 
a 57‑year‑old male with a history of smoking was diagnosed 
with stage IVB pulmonary adenocarcinoma with an EGFR 
mutation (exon 19 deletion). He was treated with afatinib, 
followed by osimertinib when a T790M mutation was identi‑
fied later. After disease progressed with TKIs, cisplatin plus 
pemetrexed and re‑challenge with erlotinib plus bevacizumab 
were administered subsequently. Nivolumab was administered 
for recurrent disease. Although he experienced tumor remis‑
sion, regrowth of the tumors was observed. Under continuing 
nivolumab, he was treated by palliative irradiation treatments 
to the right pelvic bone metastasis and left adrenal metastasis 

with immunomodulatory arabinomannan. A chest computed 
tomography scan showed a reduction in the sizes of the primary 
site and pulmonary metastases, with a decreasing trend of 
carcinoma embryonic antigen. Overall, these cases may indi‑
cate that the immune adjuvant actions of immunomodulatory 
arabinomannan extracted from Mycobacterium tuberculosis 
improves the effect of PD‑1 antibody treatments.

Introduction

Sequencing of DNA to identify polymorphisms has cata‑
lyzed the quest for protein kinase ‘driver’ mutations, which 
contribute to the transformation of a normal cell to a prolifer‑
ating cancerous cell. Approximately one‑third of patients in 
Asian populations with non‑small cell lung cancer (NSCLC) 
harbor epidermal growth factor receptor (EGFR) muta‑
tions. For these patients, EGFR‑targeted tyrosine kinase 
inhibitors (TKIs) have shown improved efficacy and longer 
progression‑free survival (PFS) than standard chemothera‑
pies (1). Currently, TKI treatment is considered the standard 
of care for EGFR‑mutated NSCLC. However, most patients 
eventually develop resistance with a PFS from 10 months 
to 18.9 months (1,2).

For NSCLC, recent alternative treatments include 
immune checkpoint inhibitors (ICIs) such as programmed 
cell death 1 (PD‑1) antibody (nivolumab or pembrolizumab) 
or a programmed cell death 1 ligand (PDL‑1) antibody 
(atezolizumab or durvalumab). ICI monotherapy with 
nivolumab or pembrolizumab is efficacious for NSCLC, 
achieving response rates of ~20%, with a 5‑year survival rate 
of ~15%. However, EGFR‑mutated NSCLC is insensitive to 
ICIs (3,4).

Previous researchers, Coley W and Maruyama C, expe‑
rienced immune responses to human malignant tumors by 
erysipelas and tuberculosis, respectively, indicating there 
might be a relationship between infection and cancer immu‑
nity (5,6). Previously, the effect of erysipelas was partially 
explained via the production of interleukin (IL)‑12 and tumor 
necrosis factor (7). Regarding tuberculosis, Maruyama (6) 
developed Specific Substance Maruyama (SSM), a hot‑water 
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extract from human bacillus tuberculosis containing polysac‑
charides including arabinomannan and mannan (8). SSM is an 
immunomodulatory agent and its carcinostatic potential was 
reported in 1966 (6). Later studies indicated that SSM acts as 
an immune adjuvant, resulting in a change from innate immu‑
nity to adaptive immunity (9‑12).

No report has described ICI and immunomodulatory 
arabinomannan extracted from Mycobacterium tuberculosis 
in humans.

Material and methods

The two cases presented below gave oral consents as for 
presenting this case‑report, and written consents were also 
obtained from the families. This manuscript followed a 
Japanese law, Act on the Protection of Personal Information.

To produce a hot‑water extract from human bacillus 
tuberculosis, Mycobacterium tuberculosis, Aoyama B strain, 
grown on the surface of Sauton's media for 5 weeks at 37 
degrees Celsius is diluted in distilled water. To extract polysac‑
charides, it is kept at 100˚C for 120 min, and, after filtering it 
to delete Mycobacterium tuberculosis, the filtrate is adjusted 
at the following concentrations (8). There are three types of 
hot water extracts from human Mycobacterium tuberculosis 
strain Aoyama B: SSM A at a dose of 2 mg as D‑arabinose, 
SSM B at a dose of 0.2 mg as D‑arabinose, and Ancer®, 1 ml 
ampoule containing Z‑100 for subcutaneous injection, at a 
dose of 20 mg as D‑arabinose. Ancer® has been approved 
in Japan as a granulocyte‑macrophage (GM)‑colony stimu‑
lating factor (CSF) under radiation therapy. SSM and Ancer® 
are supplied by Zeria Pharmaceutical Co. Ltd.

The cases were treated in clinical practice, and computed 
tomography (CT), positron emission tomography (PET), 
magnetic resonance imaging (MRI), and measurement of carci‑
noembryonic antigen (CEA) by a kit of CEA‑ABOTT JAPAN 
were performed when needed in clinical practice. CT was 
performed by Light Speed VCT (GE, USA), and Biograph 
mCT 16 (Siemens Healthcare, Erlangen, Germany) was used 
for PET‑CT using 193.8MBq of F‑18 FDG.

Case reports

Case one. In 2016, a 67‑year‑old woman was diagnosed 
as NSCLC (adenocarcinoma) harboring a sensitive EGFR 
mutation, exon 19 deletion of the right lower lung. TNM and 
staging were cT1bN3M1c (lymph nodes metastasis, bone 
metastases, and adrenal metastasis) and Stage IVb disease. 
Thus, an EGFR‑TKI, erlotinib, was started in February 2016, 
and achieved a partial response (PR). However, her disease 
progressed 10 months after starting the treatment. Second 
line treatment with carboplatin and pemetrexed with beva‑
cizumab was immediately started, and achieved a PR. As 
disease progressed again and her tumor had no T790M muta‑
tion, erlotinib plus bevacizumab were administered from 
July 2017, and this maintained stable disease (SD). However, 
in December 2017, the disease progressed to the neck lymph 
nodes and left axillary lymph nodes with multiple bone 
metastases, and bilateral adrenal metastases. At this point, the 
patient requested to be treated with SSM of her own free will. 
Between March and May 2018, SSM at doses of 0.2 and 2 mg 

as D‑arabinose were alternatively administered every other 
day, but the disease progressed further and the SSM treat‑
ment stopped. Immediately after it, she was treated with 
nivolumab as fifth line treatment from June 2018. Nivolumab 
after SSM treatment achieved a marked PR, resulting in the 
disappearance of the neck lymph nodes and the left axillary 
lymph nodes, and decreased the size of the primary site and 
bone metastases (Fig. 1). Nivolumab treatment was continued 
for 10 cycles until December 2018. Then, interstitial lung 
disease of Grade 2 common toxicity criteria occurred, and 
nivolumab treatment was terminated. Its efficacy continued 
until February 2019, and then the disease progressed. She 
was treated by osimertinib due to having T790M, followed by 
nab‑paclitaxel, and died in November 2020.

Case two. A 57‑year‑old male with a history of smoking 
was diagnosed with pulmonary adenocarcinoma harboring 
an EGFR mutation, exon 19 deletion, in the left upper lobe 
(TNM and staging: cT2aN2M1c (brain metastasis and bone 
metastases) and Stage IVb disease, respectively) in 2015. 
Afatinib was initiated in November 2015, and achieved PR. 
Tumor recurrence and a T790M mutation were found in 
December 2016; therefore, osimertinib was administered. 
Six months after its initiation, progressive disease was 
observed. Then cisplatin plus pemetrexed was administered, 
and he also received erlotinib plus bevacizumab. However, 
apparent disease progression was observed in September 2017, 
and cancer histology by bronchial rebiopsy was changed from 
adenocarcinoma to undifferentiated carcinoma. Nivolumab 
was administered for the recurrent disease. Although he expe‑
rienced tumor remission, regrowth of the primary tumor was 
observed in December 2019. Adding celecoxib (400 mg/day) 
due to lumbar pain produced a tentative effect and chest 
radiography revealed a shrinkage of the primary site (13). 
However, his disease progressed again in both the primary 
site and distant metastases in October 2020. He also felt pain 
and disturbance of motility in the bilateral legs, and it was 
later diagnosed as leptomeningeal metastases by MRI. Under 
continuing nivolumab, he was treated with palliative irradia‑
tion to the right pelvic bone metastasis at a total dose of 20 Gy 
in 4 fractions and left adrenal metastasis at a total dose of 
30 Gy in 10 fractions with a subcutaneous injection of Ancer® 
for two months. In December 2020, a chest computed tomog‑
raphy scan showed a reduction in the sizes of the primary site 
and pulmonary metastases, which were not irradiated, with 
a decreasing trend in carcinoma embryonic antigen (CEA) 
blood levels (Fig. 2). However, active treatments stopped 
and he moved another hospital for palliative care because of 
progressing leptomeningeal metastases, which made him bed 
rest in January 2021 and died in late January 2021, indicating 
that the patient with leptomeningeal metastases could survive 
for 3 months.

Discussion

We experienced two lung cancer patients harboring EGFR 
mutations in whom the immunomodulatory arabinomannan 
extracted from Mycobacterium tuberculosis might act as an 
immune adjuvant under ICI treatment. Although these cases 
might be considered random or serendipitous, we think these 
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cases provide interesting information. Possible mechanisms to 
the events described below are shown in Fig. 3.

Polymannan of tuberculosis is an immunogenic ligand 
for Toll‑like receptors (TLRs) (14). Although signaling 

pathways in DCs by arabinomannan extracted from 
Mycobacterium tuberculosis is unknown at present, 
TLR ligands act as adjuvants in adaptive immune 
responses (15,16). It was reported that SSM induced cluster of 

Figure 1. Case A treated with nivolumab immediately after SSM. 18F‑FDG‑PET before SSM treatment indicated metastases of the left axillar lymph node and 
vertebral bone (white arrows). After treatment with SSM followed by nivolumab, a markedly reduced uptake on FDG‑PET was observed for the left axillar 
lymph node and vertebral bone. CEA blood levels were markedly reduced after the treatments. 18F‑FDG, (18F) fluoro‑2‑deoxy‑D‑glucose; PET, positron 
emission tomography; SSM, Specific Substance Maruyama; CEA, carcinoembryonic antigen. 

Figure 2. Case B with distant metastases irradiated with Z‑100 under nivolumab treatment. Chest CT on 6 November 2020 revealed progression of the 
primary lung tumor (dotted arrow) and pulmonary metastases (arrows) under nivolumab treatment. After irradiation to distant metastases of the right pelvic 
bone metastasis and left adrenal metastasis with Z‑100, the sizes of the primary lung tumor and pulmonary metastases were decreased on chest computed 
tomography by 10 December 2020. CEA blood level was also reduced. CEA, carcinoembryonic antigen. 
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differentiation (CD)80, CD86, and major histocompatibility 
complex (MHC) class II expression on bone marrow‑derived 
dendritic cells (DCs), and that SSM treatment of mice 
increased the number of activated DCs in target lesions (9‑12). 
Z‑100 promoted a change in helper T‑cell responses from 
a type 2 dominant state to a type 1 dominant state via the 
upregulation of interferon‑γ and IL‑12 production (9‑11). 
These reports support that arabinomannan extracted from 
Mycobacterium tuberculosis acts as an immune adjuvant for 
TLRs on DCs in cancer immunity.

Although cancer cells of EGFR‑mutated NCSLC often 
express PDL‑1 on their cell‑surface, ICIs have a poor therapeutic 
effect (3,4). This PDL‑1 expression is induced directly by acti‑
vated EGFR signaling, not by tumor immunity (17). Therefore, 
PDL‑1 on cancer cells harboring EGFR mutations is not 
exposed to any cytokines (18). Type 1 cytokine (IL‑2, IFN‑γ) 
production was increased in tumor‑bearing mice treated with 
arabinomannan extracted from Mycobacterium tuberculosis 
(9,10). In case one, in addition to SSM acting as an immuno‑
logic adjuvant, pretreatment with SSM caused tumor cells to 
be exposed to cytokines.

It was reported that novel proteins were generated in 
response to γ‑irradiation, resulting in new peptides presented 
by MHC molecules expressed by DCs (19). Formenti et al 
hypothesized that ‘abscopal response’ might be related to 
the radiation‑induced exposure of immunogenic mutations to 
the immune system (20). To produce the abscopal response, 
both antigen presentation by MHC and co‑stimulation by an 
immunologic adjuvant are critical. A previous study reported 
the administration of Z‑100 in combination with radiation 
showed the inhibitory action of pulmonary metastasis in 
tumor‑bearing mice model, and prolonged survival time (11). 
In humans, a phase III placebo‑controlled double‑blind 
randomized trial of radiotherapy for stages IIB‑IVA cervical 
cancer with or without Z‑100 was reported a trend in the 
improvement of overall survival (OS) in locally advanced 
cervical cancer (21). The 5‑year OS rate was 75.7% with Z‑100 

and 65.8% without Z‑100 (hazard ratio: 0.65, P=0.07). In our 
second case receiving nivolumab treatment, palliative irradia‑
tion to distant metastases was administered with Ancer®, and 
effects on the primary site and pulmonary metastases, which 
were not irradiated, were observed.

In conclusion, these two cases might indicate 
immunomodulatory arabinomannan extracted from 
Mycobacterium tuberculosis has immune adjuvant effects 
under PD‑1 antibody treatment. This treatment strategy should 
be validated by prospective clinical studies, and the NEJ 046A 
trial is currently underway.
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