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The existence of tumor heterogeneity is widely recognized; however, heterogeneity of the antitumor response in multiple tumor nodules in the same patient has not been reported. Sintilimab, a monoclonal antiprogrammed cell death receptor-1 (PD-1) antibody, was used to treat patients with unresectable hepatocellular carcinoma (HCC). In the present study, we report a case of therapeutic heterogeneity in relapsed HCC with lung metastases. A 57-year-old female patient was diagnosed with HCC and underwent radical hepatectomy. One and a half years later, imaging scans found multiple metastatic tumors in the lung, which were accompanied by an increased α-fetoprotein (AFP) level. The patient then started to receive sintilimab. In the first 6 months after sintilimab treatment, all the metastatic nodules regressed gradually and ultimately disappeared, except for one nodule, which remained stable in the following 3 months. Finally, the patient underwent pulmonary lobectomy to remove the remaining nodule. Thereafter, follow-up visits showed the AFP level decreased to normal and imaging scans showed no signs of recurrence, confirming that the patient exhibited a clinically complete response. Pathological assessments showed that in the primary tumor site, the tumor comprised moderately differentiated HCC with a few infiltrated cytotoxic T cells and negative PD-L1 expression. While in the metastatic site, the nodule was composed of poorly differentiated HCC with cytotoxic T-cell infiltration with few cells inside the tumor and expressed PD-L1 in some areas of the tumor. There were dynamic alterations of PD-L1 expression and cytotoxic T-cell infiltration in the primary and relapsed HCC lesions after anti-PD-1 treatment. This case presented the heterogeneities of both the tumor microenvironment and the following antitumor response among the metastatic nodules in the same patient and revealed the importance of comprehensive therapy in cancer treatment.
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Introduction

Tumor heterogeneity, including interindividual, intertumor, and intratumor types, has been widely recognized (1). The antitumor responses to chemotherapy, targeted therapy, or immune therapy among patients also vary widely (2, 3). However, no heterologous effects of these therapies have been observed in one patient with multiple tumor sites.

Sintilimab is a monoclonal antibody that binds to programmed cell death receptor-1 (PD-1), thereby blocking the interaction of PD-1 with its ligands (PD-L1 and PL-L2). Sintilimab has been approved in China for patients with relapsed or refractory Hodgkin’s lymphoma (4). The ORIENT-32 study found that compared to sorafenib monotherapy, a combination of sintilimab and IBI305 (a bevacizumab biosimilar) showed significantly prolonged survival as a first-line treatment for unresectable HCC (5). In the present study, we report a case of therapeutic heterogeneity of sintilimab in the treatment of relapsed HCC with lung metastases and report the follow-up treatments.



Case report

In November 2018, a 57-year-old female patient was admitted to our hospital because of tumor relapse with multiple lung metastases after hepatectomy of HCC over 2 years ago. She had no chronic viral hepatitis, fatty liver, liver cirrhosis, or any liver diseases. Furthermore, she had no history of long-term drinking, diabetes mellitus, autoimmune diseases, or any other underlying disease.

In February 2016, the patient was diagnosed with HCC in liver segments V and VI (6*5 cm) (Figure 1B) and underwent hepatectomy with R0 resection. The pathological report showed the surgical margin was tumor negative, and there was no lymph node invasion. Seven months later, the patient received trans-hepatic arterial chemotherapy and embolization (TACE) twice because of suspected tumor recurrence indicated by re-increased α-fetoprotein (AFP) levels (Figure 1A). In September 2017, imaging scans revealed multiple relapsed metastatic tumors in the lung but not in the liver (Figure 1B). Therefore, the patient was treated with sorafenib in a dose of 400 mg twice daily from April 2018 and was discontinued 3 weeks later due to an intolerable side effect of severe rash. After the cessation of sorafenib treatment, the patient’s AFP level continued to increase (Figure 1A).




Figure 1 | Course of the patient’s treatments. (A) Timelines of main treatments and changes in α-fetoprotein (AFP) levels during each period.(B) Representative imaging assessments during each period, including hepatic magnetic resonance (T2-weighted) and pulmonary computerized tomography (CT) in three different sections. Red arrows indicate the tumors.



Beginning in November 2018, she received 200 mg of sintilimab every 3 weeks for 9 months. There was no fatigue, fever, nausea, erythema, or any other severe side effects during treatment. The AFP level soon decreased to 19.0 g/L after three cycles of sintilimab and remained stable between 12.0 to 20 g/L from January 2019 to July 2019 (Figure 1A). During follow-up visits, we did not find any tumor recurrence in the abdomen. In the lung, surprisingly, except for one nodule in the superior lobe of the left lung, all the other nodules regressed gradually, and 6 months after sintilimab, they finally disappeared. The single remaining pulmonary nodule neither regressed nor progressed during 9 months of sintilimab treatment (Figure 1B). After a full discussion by the multidisciplinary team in our hospital, in July 2019, the patient underwent a pulmonary lobectomy to remove the remaining nodule. The AFP level decreased to normal thereafter. The imaging scans also showed no signs of recurrence in recent months (Figure 1B). In subsequent follow-up visits every 3 months, the patient’s AFP remained at normal levels, and no obvious signs of recurrence have been found on imaging. We also performed pathological assessments to further show the heterogeneity between the primary site (Figure 2A) and the resected metastatic nodule (Figure 2B) after sintilimab treatment. The results showed that in the primary tumor site (Figure 2A), the tumor was composed of moderately differentiated HCC with a few infiltrated cytotoxic T cells and negative PD-L1 expression. While in the metastatic site, the nodule (Figure 2B) was composed of poorly differentiated HCC with cytotoxic T-cell infiltration, especially in the mesenchymal tissue around the tumor. However, there were few cytotoxic T cells inside the tumor, and PD-L1 expression was observed in some areas of the tumor. Furthermore, regulatory T cells (Tregs) were only identified in the metastatic site while more T and B cells were found in the metastatic site compared to that in the primary tumor site. The infiltration of other immune cells such as macrophages, natural killer cells, and dendritic cells was comparable between these two sites (Supplementary Figure S1). All this evidence indicated heterogeneity of tumor development during HCC recurrence and the existence of divergent antitumor effects on different tumor nodules by anti-PD-1 treatment in the same patient.




Figure 2 | Representative pathological sections of primary and recurrent tumors. (A) In the primary tumor in the liver, H&E staining and IHC showed infiltration of a few CD8-positive T cells and negative PD-L1 expression. (B) In the remaining tumor in the lung after sintilimab treatment, H&E staining and IHC showed infiltration of CD8-positive T cells in the mesenchymal area but not in the tumor and focal PD-L1 expression.





Discussion

We reported a case of heterogeneous antitumor efficacy of anti-PD-1 treatment on multiple lung metastatic lesions in a patient with recurrent HCC. Sintilimab treatment resulted in the disappearance of all except one of the metastatic nodules, which was finally removed surgically. By combining immune and surgical therapy, the patient achieved clinically complete remission (CR). Accordingly, we found the different pathological features of tumor differentiation level, cytotoxic T-cell infiltration, and PD-L1 expression in the tumor between the primary site and metastatic site, indicating intertumor heterogeneity along with tumor development.

Currently, the study for tumor heterogeneity demonstrated that there was both spatial heterogeneity and temporal heterogeneity during tumor development (6), and an accurate assessment of tumor heterogeneity usually benefits the judgment of therapeutic effect. A recent study shows that the heterogeneity of recurrent liver cancer contributes to the development of autoimmune paraneoplastic syndrome through antitumor immune responses (7). Some evidence supports a close relationship between primary tumors and metastatic outgrowths (8), while more reports revealed the divergent tumor microenvironment among tumor primary and metastatic sites. In the new era of immunotherapy, PD-L1 expression and cytotoxic T-cell infiltration are regarded as two key factors for assessing tumor heterogeneity. A heterogeneous expression of PD-L1 and infiltration of CD8+ TILs have been reported in several tumors, within the same tumor, and between a primary tumor and its metastasis in the same patient (9, 10). Furthermore, many studies reported there was a positive association between PD-L1 expression in tumor cells and the presence of TILs in melanoma, lung, breast cancer, and other solid tumors (10–12). In this case, we observed dynamic alterations of PD-L1 expression and cytotoxic T cells, i.e., some infiltrated cytotoxic T cells and negative PD-L1 expression in the primary and, on the contrary, few T cells but expressed PD-L1 in the relapsed HCC lesions after sintilimab treatment, which implied heterogeneous microenvironments between the primary tumor and its metastasis in this case. On the other hand, the clonal heterogeneity and immune microenvironments within metastases remain unexplored. One limitation of this study was that it is hard to assess the immune status of other lung metastatic nodules in this case. Due to the existence of divergent efficiency of sintilimab among multiple lung nodules in this patient, it is reasonable to speculate the intermetastases heterogeneity. In a word, this case demonstrated the existence of both spatial heterogeneity and temporal heterogeneity in the same patient.

For the efficacy of anti-PD-1 treatment, increased cytotoxic T-cell infiltration and PD-L1 expression in the tumor microenvironment are always considered two important favorable factors. For PD-L1 expression, it is generally believed that high PD-L1 expression is related to increased response rate and clinical benefit in the anti-PD-1/anti-PD-L1 treatment of many solid tumors (13, 14). However, there are also reports showing that in many cases, tumors classified as PD-L1 negative also respond to treatment (15, 16), and there was no significant difference in observed objective response rate between PD-L1 expression-positive and PD-L1 expression-negative subgroups (17), revealing the complexity to use PD-L1 expression as a predictive marker for antitumor efficacy. On the other hand, the density of cytotoxic T-cell infiltration, or tumor-infiltrating lymphocyte (TIL), has been confirmed to be associated with clinical benefits in the immunotherapy of many cancers (18, 19). When considering both TIL status (presence or absence) and PD-L1 expression status (positive or negative), the tumor type with both TIL presence and PD-L1-positive expression is most likely to respond to PD-1/PD-L1 blockade therapy (20). However, in this case, there was PD-L1-positive expression but a lack of cytotoxic T-cell infiltration in the lung-remaining metastatic tumor, which seems to be the type (PD-L1+TIL−) that was prone to resist monotherapy of PD-1/PD-L1 inhibitors (20), giving the rationale that it did not show any response to sintilimab. CD4+CD25+ Tregs, which express a panel of chemokine receptors and surface molecules such as CTLA4, PD-1, and others, are among the most prevalent suppressor cells in TME. Chemokines secreted by hepatoma cells, such as CCL5, CCL22, and CCL28, increase the infiltration of those Tregs, leading to the impaired activity of antigen-presenting cells (APCs) and immune cells in TME (21). Therefore, it can be speculated that CD4+CD25+ Tregs in different tumor microenvironments are a potential mechanism of the heterologous effects of anti-PD-1 treatment. In this case, the infiltration of Tregs was observed in the remaining lesions of the lung, which was possibly associated with the treatment resistance of PD-1 inhibitors. Additionally, other tumor microenvironment-related biomarkers like IFN-γ signaling, tumor mutational burden, and microsatellite instability, which were not assessed in this patient, could also affect the antitumor efficacy of anti-PD-1 treatment (22).

The treatment of advanced liver cancer has taken a leap forward with the advent of immune checkpoint inhibitors. However, numerous trials have demonstrated heterogeneity in tumor responses to these immune-oncology agents. In the recently completed phase III trial of pembrolizumab (KEYNOTE-240), the overall survival and progression-free survival of patients were not improved compared to that in the control group. The trial showed that only 2% of all subjects experienced CR, while 16% and 32% experienced partial remission (PR) and disease progression (PD), respectively (23). Tumor resistance to immunotherapy is potentially linked to oncogenic pathways and mechanisms. Substantial evidence shows that the Wnt/β-catenin signaling pathway is associated with tumor immune suppression (24). Mechanisms by which tumor-intrinsic active β-catenin signaling results in T-cell exclusion and resistance to anti-PD-L1/anti-CTLA-4 monoclonal antibody therapy were discovered in an orthotopic mouse model of melanoma. This study demonstrates that the Wnt/β-catenin signaling pathway induces the expression of the transcriptional repressor ATF3, resulting in decreased CCl4 gene expression and ultimately the defective recruitment of CD103+ dendritic cells in the tumor microenvironment (25). β-Catenin activation promotes immune escape and resistance to anti-PD-1, as validated in a novel genetically engineered mouse model of HCC (26). Approximately one-third of HCCs have Wnt/β-catenin mutations (27). A recent study found that advanced HCCs with Wnt/β-catenin mutations were resistant to immune checkpoint inhibitors and were associated with inferior prognosis (28). In this case, β-catenin expression was found in the lung-remaining metastatic tumor, which may cause resistance to sintilimab through the Wnt/β-catenin signaling pathway (Supplementary Figure S1). The therapeutic options for HCC are diverse, and comprehensive treatment is always required, especially for recurrent tumors. For the advanced HCCs, systemic therapies, including tyrosine kinase inhibitor-based targeted therapy and ICI-based immunotherapy, are first considered. However, it is always hard to achieve tumor CR by single or combinational systemic therapies. This case provided the new therapeutic strategy that after effective immunotherapy, there will be a new potential to perform radical surgery for the remaining lesions, which may obtain CR and finally increase the curable rate. However, the evidence level of a single case report is actually low, and high-quality, large-scale studies with long-term follow-up are truly needed.

This case demonstrated the existence of both spatial heterogeneity and temporal heterogeneity of liver cancer in the same patient, which results in the heterologous effects of anti-PD-1 treatment. This case also provides a promising option for multiple metastatic tumors that through a combination of immune therapy and surgery, there is still the potential to achieve an outcome of CR.



Material and methods

Hematoxylin and eosin staining (H&E) and immunohistochemistry (IHC) were performed according to the common protocols in the Department of Pathology in our hospital. Staining was performed using the following antibodies: PD-L1 (Clone 22C3; Agilent Technologies, CA, USA), CD8 (Clone SP16; Novocastra, Newcastle upon Tyne, UK), CD3 (Clone EP41; ZSGB-BIO, Beijing, China), CD4 (Clone SP35; MXB, Fuzhou, China), CD57 (Clone NK-1 (RUO); BD Biosciences, NJ, USA), CD20 (Clone SP32; Abcam, Cambridge, UK); CD68 (Clone C68/684; Abcam, Cambridge, UK), CD11c (Clone Polyclonal; Affinity Biosciences, OH, USA); Foxp3 (Clone D2W8E; CST, MA, USA) and β-catenin (Clone Polyclonal; IL, USA).
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Supplementary Figure 1 | The tumor microenvironment of primary and recurrent tumors. In the primary tumor in the liver, IHC showed positive β-catenin expression and infiltration of T cells, B cells, macrophages, and natural killer cells. In the metastasis in the lung after Sintilimab treatment, IHC showed positive β-catenin expression and infiltration of T cells, B cells, macrophages, natural killer cells, and a few regulatory T cells. CD3, T cell marker; CD4, T helper cell marker; CD11c, dentritic cell marker; CD20, B cell marker; CD 57, natural killer cell marker; CD68, macrophage marker; Foxp3, regulatory T cell marker. Foxp3 staining is indicated by red arrows.
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