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Abstract

Background: Programmed Death 1 (PD-1) has a controversial role in the treatment of Tuberculosis
(TB). Several clinical cases of TB development have been reported by administration of anti-PD-1
antibodies for patients with advanced unresectable cancers.

Case Report: In this article, we report an interesting case about a male patient with history of cured
pulmonary tuberculosis and a 4-month history of repeated hemoptysis. Imaging showed one mass
in the lower lobe of left lung and the other in the left upper lobe. The diagnosis of Non-Small-Cell
Lung Cancer (NSCLC) was determined by biopsy specimens in the lower lobe nodule and cured
pulmonary tuberculosis determined by past medical history. He was given neoadjuvant treatment
with an anti-PD-1 inhibitor and chemotherapy. He underwent surgery. Pathological examination
revealed Mtb in left upper lobe nodule but previous imaging showed without reactivation and slight
reduction in tubercular infection inflammation. The left lower lobe nodule was poorly differentiated
carcinoma.

Conclusion: Overall, the role of immune checkpoint inhibitors in patients with cancers and latent
tuberculosis infection is inconclusive. Although we cannot establish whether patients with stage
IITA NSCLC and concurrent latent pulmonary tuberculosis after surgical evaluation can receive a
PD-1 and chemotherapy as neoadjuvant therapy without the activation of pulmonary tuberculosis,
our case endorses the need of further evaluation.
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PD-1: Programmed Death 1; Mtb: Mycobacterium tuberculosis; NSCLC: Non-Small-Cell
Lung Cancer; irAEs: immune-related Adverse Events; pPR: part Pathological Response; 18F-FDG
PET-CT: 18F-Fluorodeoxyglucose Positron Emission Tomography combined with Computed
Tomography

Background

Approximately 35% of Non-Small Cell Lung Cancer (NSCLC) patients are considered locally
advanced non-metastatic disease at the time of diagnosis [1]. After surgical evaluation, patients
may be treated with induction chemotherapy as a standard-of-care treatment for cT4NOMO, clinical
stage IITA. A recent report evidenced that neoadjuvant administration of two doses of Programmed
Death 1 (PD-1) inhibitors in surgically resectable NSCLC (stage I, II, or IIIA) led to a major
pathological response in about half of tumor (45%) without delays in planned surgery [2].

On the other hand, checkpoint inhibitors including PD-1 inhibitors can induce immune-
related Adverse Events (irAEs) which can affect normal tissues [3]. Multiple cases of tuberculosis
after immunotherapy have been observed [4-8], but all types of cancer are unresectable, including
relapsed and metastatic diseases. Here, we report a stage IITA NSCLC patient with concurrent
pulmonary tuberculosis having a pathological Part Response (pPR), but without the activation of
pulmonary tuberculosis after the neoadjuvant treatment with pembrolizumab and chemotherapy.

Case Presentation

A 60-year-old male patient with history of cured pulmonary TB was admitted to West China
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Figure 1: ¥F-FDG PET-CT images and response evaluation of the tumor lesion after neoadjuvant treatment with pembrolizumab and chemotherapy. (A and B)
CT scan at diagnosis. C) ***FDG-PET shows abnormal FDG uptake of the dorsal segment of lower lobe of left lung before neoadjuvant treatment. (D and E) CT
scan after two cycles of neoadjuvant treatment. F) ***"FDG-PET shows marked reduction of FDG uptake in the previous tumor lesion after neoadjuvant treatment.
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Figure 2: *F-FDG PET-CT images and response evaluation of the tuberculosis lesion after neoadjuvant treatment with pembrolizumab and chemotherapy
(arrow). A) CT scan at diagnosis (arrow). B) *"FDG-PET shows slightly abnormal FDG uptake of the apical and posterior segment of the left upper lobe before
neoadjuvant treatment (arrow). C) CT scan after neoadjuvant treatment (arrow). D) ¥FFDG-PET shows slightly reduction of FDG uptake in the tuberculosis lesion

after neoadjuvant treatment (arrow). A and C: Lung window. E) Timeline of therapy and disease status.

Hospital of Sichuan University in October 2019. He was a never smoker
and with a 4-month history of repeated hemoptysis, but without
other relevant clinical details such as fever, chest pain, anorexia,
and weight loss. For previous pulmonary TB, he suffered from this
disease in 2016 and was cured with a three-drug regimen for one year
at an outside institution. The 18F-Fluorodeoxyglucose (18F-FDG)
Positron Emission Tomography (PET) combined with Computed
Tomography PET- (CT) images showed intense uptake at the mass
in the dorsal segment of lower lobe of left lung whose maximum cross
section was approximately 6.4 cm x 5.3 cm (Figure 1A, 1B) and which

invades the apical and posterior segment of the left upper lobe and
adjacent pleural (SUVmax 16.21) (Figure 1C). In the remaining lobes
of bilateral lungs, there are many solid nodules, streak shadows, patch
shadows, consolidation shadows and light transmission areas without
lung texture. The nodules are mainly located in the bilateral upper
to middle lobes, and most of them are distributed in clusters, with
calcification. The largest nodule is located in another part of the apical
and posterior segment of the left upper lobe which was measured
1.3 cm x 0.8 cm, with faint uptake (SUVmax 2.13) (Figure 2A, 2B).
¥F-FDG PET/CT scanning demonstrated without lymph node
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Figure 3: Immunohistopathological analysis of fine-needle aspiration biopsy specimens. A) Pan-Cytokeratin (PCK) (+), B) Cytokeratin (CK) 7 (+), C) Epithelial
Membrane Antigen (EMA) (+), D) Thyroid Transcription Factor-1 (TTF-1) (+). (HE staining, x200).

Figure 4: Histopathological findings of examination of the surgical specimens in left upper lobe nodule and left lower lobe nodule. A) Positive acid-fast stain was
observed in left upper lobe specimens (acid-fast stain, x400). B) massive necrosis areas in left lower lobe nodule specimens (HE staining, x100).

involvement. Unfortunately, the initial investigations for pulmonary
TB such as sputum examination for acid-fast bacilli and GeneXpert
were not performed. CT-guided, trans-cutaneous fine-needle
aspiration was taken on the dorsal segment of lower lobe of left lung
nodule. Immunohistochemistry staining revealed that he had a poorly
differentiated lung adenocarcinoma, with Pan-Cytokeratin (PCK) (+)
(Figure 3A), Cytokeratin (CK) 7 (+) (Figure 3B), Epithelial Membrane
Antigen (EMA) (+) (Figure 3C), Thyroid Transcription Factor-1
(TTF-1) (+) (Figure 3D), Cytokeratin (CK) 5/6 (-), Desmin (-), S-100
(-), Synaptophysin (Syn) (-), P63 (-), Chromogranin A (CgA) (-),
ALK-V (-), ROS-1 (-). After systemic evaluation, he was diagnosed
with poorly differentiated adenocarcinoma, c¢T4NOMO, clinical
stage IITA lung cancer based on the AJCC Cancer Staging Manual,
Eighth Edition (2018). Thoracic surgeon suggested neoadjuvant
treatment instead of upfront surgery. The patient received two cycles
of neoadjuvant treatment with a PD-1 inhibitor pembrolizumab 200
mg (2 mg/Kg) plus carboplatin area under curve 5 mg/mL per min
and pemetrexed 500 mg/m? in cycles of once every 3 weeks (Figure
2E). Subsequently, the PET-CT scans revealed marked reduction of
FDG uptake in the previous involved fine-needle aspiration nodule
(SUVmax 2.35 compared with 16.21 at the outset) (Figure 1D-1F)
and slight reduction in another nodule (SUVmax 1.66 compared

with 2.13 at the outset) (Figure 2C, 2D). Then he underwent left
lower lobectomy and left upper wedge resection with mediastinal
lymph node dissection for lung cancer. Pathological examination
revealed Mycobacterium TB (Mtb) in left upper lobe nodule and
TB A Polymerase Chain Reaction (TB-qPCR) detection Mtb DNA
fragments. In addition, positive acid-fast stain was observed in that
surgical specimens (Figure 4A). The pathologic specimens in the left
lower lobectomy revealed that poorly differentiated carcinoma with
massive necrosis areas where there was only remaining 10% tumor
tissues (Figure 4B). Circulating Tumor Cells prior to operation also
did not be found (CTCs) in this patient.

After surgery, the patient not only continue receiving adjuvant
treatment with the PD-1 blockade pembrolizumab and chemotherapy
but also begin receiving antituberculosis treatments of combined of
isoniazid 300 mg once daily (QD) and rifampicin 450 mg QD and
ethambutol 750 mg QD for six months. In the last follow-up imaging
assessment, there were no signs of recurrence or metastases and no
activation of tuberculosis.

Discussion and Conclusions

To the best of our knowledge, the present case report of a
patient without the development of active pulmonary TB after the
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neoadjuvant treatment with anti-PD-1 antibody therapy combined
with chemotherapy, is unprecedented in previous clinical reports.
Additionally, we assessed the probability of the Adverse Drug
Reaction (ADR) being related to pembrolizumab using Naranjo
algorithm. A score of -2 indicates an impossible ADR.

It has been reported that seven cases of acute pulmonary
tuberculosis during immune checkpoint blockade therapies have
been observed. The first reported patient was a 72-year-old man with
IV lung cancer and received an anti-PD-1 therapy, nivolumab, as
third-line therapy. After eight cycles, active pulmonary tuberculosis
developed [4]. The second case, which was an 87-year-old Chinese
man with repeatedly-relapsed Hodgkin’s lymphoma, was treated
with an anti-PD-1 therapy, pembrolizumab (2 mg/kg). After five
cycles of pembrolizumab, patients developed fever and unintentional
weight loss, and then the culture of sputum yielded Mtb [5]. Chu
et al. reported a 59-year-old male patient with IV adenocarcinoma
of the lung who received nivolumab (3 mg/Kg). After third cycle of
nivolumab, rapid accumulation of pericardial effusion was found
and then Mtb grew on the pericardial effusion culture [6]. Picchi
et al. described two cases, one was a 50-year-old male patient who
was treated with pembrolizumab for metastatic melanoma. After 4
cycles of treatment, he developed asymptomatic pleurisy and was
diagnosed with tuberculosis infection by histology and tuberculin
skin test conversion. The other male patient was 64 years old and he
was diagnosed with metastatic NSCLC. After 2 cycles of nivolumab,
he suffered from spinal cord compression and Mtb grew on bone
culture [7]. Barber et al. proposed additional two cases, the first
patient is a metastatic nasopharyngeal carcinoma patient treated
with nivolumab. After three cycles of an anti-PD-1 therapy, he
suffered from disseminated pulmonary tuberculosis. The second
patient was treated with pembrolizumab for metastatic Merkel cell
carcinoma. The culture from his lung specimen grew Mtb after
12" cycles of pembrolizumab [8]. The mechanism of checkpoint
blockade-associated tuberculosis is unknown. Reungwetwattana et
al. stated two possible reasons [9]. The first hypothesis is immune
reconstitution inflammatory syndrome, and that means the rapid
restoration of CD4 cells in patients with human immunodeficiency
virus-infected after antiretroviral therapy [10]. The second hypothesis
is lymphopenia caused by drugs, thus may leading to opportunistic
infections such as tuberculosis [9]. Barber et al. examined Mtb-
specific immune responses and found that the increase of interferon-
y-producing Mtb-specific CD4 T cells is related to a tuberculoma
developed [8]. As we can see, previous seven patients suffer from
recurrent or metastatic cancers, which means higher tumor burden
than the present case achieving neoadjuvant treatment. It needs
further studies.

However, a recent report demonstrated that immune checkpoint
blockade therapies may be a strategy for cure for treating chronic
persistent viral infections, including HIV and Hepatitis B Virus
(HBV) [11]. Fujita et al. suggested that PD-1 inhibitors reactivate
cellular immunity (the cytotoxic T cells) to unleash anti-tumor
immunity [4]. Jasenosky et al. and Puronen CE et al. also evidenced
that T-cell immunity also has a critical role in the control of Mtb
infection as well as HIV infection [12,13]. In a previous clinical study,
there were seven patients with metastatic NSCLC and HIV infection
who were treated with PD-1 inhibitors and the results showed that
nivolumab and pembrolizumab can be safe and effective among
these patients [14]. Given the potential effects of PD-1 inhibitors in
patients with NSCLC and HIV infection, presumably, we may have

the hypothesis that activating the cellular immunity may have the
same potential effects on Mtb infection. Some cell and animal models
demonstrated that immunotherapeutic regimens could have positive
effects on Mtb infection [15-18]. In one vitro cells of patient’s model,
abrogation of the PD-1 pathway enhances M. tuberculosis—specific in
vitro T-Cell proliferation, which was correlated with restoration of
protective immunity [18]. Another cell model indicated that PD-L1
blocking had effect on in vitro cytotoxicity against IFN-y-activated
macrophages loaded with Mtb [17]. A review also concluded that
PD-1 inhibitors might be an attractive strategy to improve host
immunity against Mtb [16]. Moreover, the combination of the
second- and third-line anti-TB drugs with checkpoint inhibition in
patients with multidrug-resistant TB (i.e., the resistance in vitro to
at least isoniazid and rifampicin) may allow immunity to develop
with the reduction of the bacterial load [15]. Additionally, Sakai et al.
indicated that PD-1 deficiency may not exacerbate all mycobacterial
infections, as PD-1-/— mice more readily clear Bacillus Calmette-
Guérin (BCQG). In that study, PD-1 - PD-L1 pathway impairs CD4+
T-cell response in the late stage of BCG infection [19]. Here, the
present case treated with neoadjuvant pembrolizumab did not suffer
from active pulmonary tuberculosis, and that means using a PD-1
treatment at an early stage and for short-term use. Further clinical
researches are required to elucidate this issue.

Overall, the role of immune checkpoint inhibitors in patients with
cancers and latent tuberculosis infection is inconclusive. Although
we cannot establish whether patients with stage IIIA NSCLC and
concurrent latent pulmonary tuberculosis after surgical evaluation
can receive a PD-1 and chemotherapy as neoadjuvant therapy
without the activation of pulmonary tuberculosis, our case endorses
the need of further evaluation.
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