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A 56-year-old male was diagnosed with right lung upper lobe squamous cancer
with right hilar and mediastinum lymph node metastasis. After four cycles of
neoadjuvant immunochemotherapy, reexamination by computed tomography showed
progressive disease of the primary lesion. Then, the patient underwent a right
lung upper lobectomy, and hilar and mediastinum lymph node dissection. Surgical
pathology showed a partial response to immunochemotherapy. Single-cell RNA
sequencing was used to characterize the infiltrating immune cell atlas after neoadjuvant
immunochemotherapy; the most common infiltrating immune cell types were cytotoxic
CD8+ T cells, monocyte-derived dendritic cells, and macrophages. Imaging mass
cytometry revealed a transformation from cold to hot tumor after neoadjuvant
immunochemotherapy. In this case study, we are the first to report a case of neoadjuvant
immunochemotherapy pseudoprogression, proved by surgical pathology, single-cell
RNA sequencing, and imaging mass cytometry. Both single-cell RNA sequencing
and imaging mass cytometry revealed an activated immune microenvironment after
neoadjuvant immunochemotherapy.
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INTRODUCTION

With the rapid development of immunotherapy, immune checkpoint inhibitors have become
widely used for the treatment of metastatic and locally advanced non-small-cell lung cancer
(NSCLC) (1-3). Owing to the activation of the patient’s own immune cells to kill tumor cells (4, 5),
several atypical response patterns, including hyperprogression, pseudoprogression, and dissociated
response have been reported after immunotherapy, which are not observed in conventional
cytotoxic antitumor treatment (6, 7). Pseudoprogression is a radiographic phenomenon in which
an initial increase in tumor size is observed or new lesions appear, followed by a remission of the
enlarged lesion; biopsy pathology of the enlarged lesion can be used to verify this phenomenon
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FIGURE 3 | Results of imaging mass cytometry (IMC); all markers were stained in the same paraffin section and were present in different combinations. (A-C) IMC
imaging of treatment-naive specimen; (D-Q) IMC imaging of surgical specimen. The naive specimen was mainly composed of cancer cells, with hardly any immune
cell infiltration. Compared with the naive specimen, the surgical specimen contained few cancer cells and was mainly infiltrated with CD8+ T cells, CD14+
monocytes, CD16+ monocytes, and CD68+ macrophages. (G-1) Spatial relationships between CD8+ T cells and CD144 monocyte, CD16+ monocyte, and CD68+
macrophages. (J-Q) Enlarged versions of images in parts (G-1).

Frontiers in Immunology | www.frontiersin.org 4 February 2021 | Volume 12 | Article 633534



Jia et al.

Case Report: Pseduoprogression After Neoadjuvant Immunochemotherapy in NSCLC

T cells were closely contacted with CDI144+ monocytes,
CD16+ monocytes in spatial position. The direct cell-
cell contacts are shown more clearly in the enlarged
images in Figures 3J,K,N,O, but no such phenomenon was
observed between CD8+ T cells and CD68+ macrophages
(Figures 3LL,P).

DISCUSSION

Immunotherapy has shown great progress and become a
new backbone of cancer therapy (1, 2). Pseudoprogression,
an atypical response pattern, has gained increasing attention,
but its exact mechanism has remained unclear (6, 8). In
this study, we present a lung squamous cancer patient who
was assessed to be “PD” on the basis of reexamination
CT after four cycles of neoadjuvant immunochemotherapy;
however, the surgical pathology indicated a partial response to
immunochemotherapy, the scRNA-seq results showed that only
12.20% tumor cells remained, and IMC also showed few tumor
cells remaining. Thus, we concluded that this was a case of
pseudoprogression after neoadjuvant immunochemotherapy and
showed that immune cell infiltration was responsible for the
enlarged lesion.

In our previous review, we summarized some potential
mechanisms of pseudoprogression and noted that hemorrhage,
necrosis, edema, and infiltration of immune cells were the main
reason for pseudoprogression (8), but until now, there still
have little research focus on the exact molecular mechanism
of pesudoprogression. The mechanism of pesudoprogression
was mainly reported in case study, and the most commonly
report was melanoma, NSCLC and renal cancer, the location
of pseudoprogression was mainly reported in central nerve
system and liver metastasis lesions (18-25). Summarize
all of these case studies, we found the histopathology of
pseudoprogression was mainly comprised of hemorrhage,
necrosis, edema, and infiltration of immune cell, among them,
the infiltrating immune cell attracted almost all attention.
In 2018, Rocha et al. (21) reported a stage IV squamous cell
lung cancer experience a pseudoprogression in liver lesions
after five cycles of nivolumab, compared to the lung biopsy at
diagnosis, the liver biopsy after pseudoprogression revealed
an increased number of CD4, CD8, CD103 positive cells, the
ratio of CD4/CD8 decreased to 0.875 from 1.25. In 2017,
Curioni-Fontecedro et al. (22) reported a metastatic NSCLC
treated with nivolumab, after six cycles nivolumab experience
a metastatic lymph node pseudoprogression, and the biopsy
revealed 60% CD3+ T cell and 30% CD19+ B cell infiltrate in
tumor. Cohen et al. reported a patient experience melanoma
brain metastasis pseudoprogression after pembrolizumab, the
brain metastasis lesion was resected and the histopathology
showed small clusters of tumor cells surrounded by hemorrhage
and inflammatory cell, an abundance of CD68 positive
microglial cells and CD45 positive cells were also scattered
in inflammatory cell. In our study, scRNA-seq and IMC
were first used to characterize the exact cell infiltration atlas

after neoadjuvant immunochemotherapy pseudoprogression
(18). According to the scRNA-seq results, the most common
infiltrating immune cell types were cytotoxicity CD8+ T
cells, monocyte-derived dendritic cells, and macrophages. We
also identified a specific CD8+ T cell type, mitotic CD8+
T cells, with high expression of CDK1 and MKI67. IMC
revealed a significant increase in infiltration of CD8+ T
cells, CD14+ monocytes, CD16+ monocytes, and CD68+
macrophages after neoadjuvant immunochemotherapy, as
well as obvious cell-cell contacts between CD8+ T cells
and CD144 monocytes, CD164+ monocytes in the tumor
microenvironment. In general, the scRNA-seq results
were consistent with the IMC results after neoadjuvant
immunochemotherapy, with both indicating an activated tumor
immune microenvironment.

According to both scRNA-seq and IMC, the most
common infiltrating immune cell types after neoadjuvant
immunochemotherapy were CD8+ T cells, monocytes,
dendritic cells, and macrophages. The IMC results also revealed
obvious cell-cell contacts between CD8+ T cells and CD14+
monocytes, CD16+ monocytes. As monocytes are the main
antigen processing cell (26, 27), we speculated that CD14+
monocytes and CD16+ monocytes may present antigens to
CD8+ T cells in situ. However, the antigen presentation process
mainly occurs in secondary lymphoid organs; it has been
unclear whether it also occurs in the tumor microenvironment
(28). In this study, we provided evidence for in situ antigen
presentation in the tumor microenvironment. The scRNA-seq
results identified a specific T cell subtype, mitotic CD8+
T cells, which have previously only been reported in uveal
melanoma; this subtype reflected the rapid proliferation
status of CD8+ T cells and indicated that more cytotoxic
CD8+ T cells were produced to execute cytotoxic functions
(10). IMC revealed a transformation from cold to hot tumor
after neoadjuvant immunochemotherapy in this patient (29).
This phenomenon has also been observed in pancreatic
cancer and NSCLC after neoadjuvant therapy (30, 31). The
significantly increased infiltration of CD8+ T cells, CD14+
monocytes, CD16+ monocytes, and CD68+ macrophages
represents an actived immune microenvironment. These results
indicate that pseudoprogression patients can benefit from
immunotherapy and provide a theoretical foundation for
continuing immunotherapy in these patients.

In this study, we are the first time to report a neoadjuvant
immunotherapy pseudoprogression case proved by surgical
pathology, scRNA-seq, and IMC. Through scRNA-
seq, we described the tumor-infiltrating immune cell
atlas after neoadjuvant immunochemotherapy, and also
identified a specific cell subtype, mitotic CD8+ T cells,
which represent rapidly proliferative CD8+ T cells. IMC
revealed a transformation from cold to hot tumor after
neoadjuvant immunochemotherapy, with obvious cell-cell
contacts between CD8+ T cells and CDI14+ monocytes,
CD16+ monocytes, providing evidence of in situ antigen
presentation in the tumor microenvironment. In summary,
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this case study described the tumor infiltration immune
cell atlas of a pseudoprogression patient after neoadjuvant
immunochemotherapy, showed that the activated tumor
immune microenvironment and provided a theoretical
foundation for the continuation of immunotherapy in
pseudoprogression patients.
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