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Abstract

:

Simple Summary


Soft tissue sarcomas (STS) are a large group of heterogeneous mesenchymal neoplasms. There is no standard treatment for STS and locally advanced, marginally resectable primary STS remain a treatment challenge for clinicians. Identification of a molecular biomarker of the pathological response (PR) would aid in the diagnosis and treatment of this group of patients. However, the molecular biology and genetic profile of STS are still poorly understood. The study aimed to identify a biomarker for PR prediction after neoadjuvant treatment in STS. We have chosen six markers (HIF-1α, CD163, CD68, CD34, CD105, γH2AFX) for immunohistochemical staining. We found a negative correlation between the expression of HIF-1α and PR, which means poor response to therapy. Furthermore, our results showed that a high expression of γH2AFX before treatment was positively correlated with PR, providing a putative biomarker of the response to treatment.




Abstract


Background: Marginally resectable and unresectable soft tissue sarcomas (STS) remain a therapy challenge due to the lack of highly active treatment. The aim of the study was to identify a biomarker to predict the pathological response (PR) to preplanned treatment of these STSs. Methods: In the phase II clinical trial (NCT03651375), locally advanced STS patients received preoperative treatment with a combination of doxorubicin-ifosfamide chemotherapy and 5 × 5 Gy radiotherapy. PR to the treatment was classified using the European Organization for Research and Treatment of Cancer–Soft Tissue and Bone Sarcoma Group recommendations. We have chosen HIF-1α, CD163, CD68, CD34, CD105, and γH2AFX proteins, rendering different biological phenomena, for biomarker study. Results: Nineteen patients were enrolled and in four cases a good PR was reported. The high expression of HIF-1α before surgery showed a negative correlation with PR, which means a poor response to therapy. Furthermore, the samples after surgery had decreased expression of HIF-1α, which confirmed the correlation with PR. However, high expression of γH2AFX positively correlated with PR, which provides better PR. The high number of positive-staining TAMs and the high IMVD did not correlate with PR. Conclusions: HIF1α and γH2AFX could be potential biomarkers for PR prediction after neoadjuvant treatment in STS.
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1. Introduction


Locally advanced, marginally resectable primary soft tissue sarcomas (STS) require intensive preoperative treatment before limb-sparing or conservative surgery [1]. Therefore, unresectable and marginally resectable sarcomas remain a treatment challenge for clinicians due to the lack of standard highly effective targeted treatment. At this point, most patients are treated with anthracycline-based neoadjuvant chemotherapy and/or radiation therapy [1,2]. While chemoradiotherapy has substantial toxicity, are still no predictive biomarkers predict the response to neoadjuvant STS treatment that are not well defined. Identifying a molecular biomarker of the pathological response (PR) will aid in personalized treatment selection. Currently, predictive markers of STS radiation therapy response include DNA damage repair genes, hypoxia signalling pathway genes, and tumor angiogenesis genes [3]. Until now, Affymetrix Hu-RSTA-2a520709 microarray—that provides data on 25,000 genes—was used to define a gene expression-based radiosensitivity index to identify radioresistant subsets of STS [4]. At the same time, RNAseq data for soft tissue sarcoma from The Cancer Genome Atlas (TCGA) were used to define a radiosensitivity biomarker. As a result of the analysis, 65 genes were selected as the radiosensitivity signature [5]. Moreover, it is known that complete pathological response (pathCR) is a predictor of a favorable long-term outcome in STS patients who are treated with pre-operative radiation (RT) alone [6]. Nevertheless, biomarkers of multidisciplinary treatment are not defined.



Currently, the molecular biology and genetic profile of STS are generally not fully understood [7,8,9,10]. In STS, the genes that are most frequently mutated are TP53 (in 47% of cases), CDKN2A (in 22%), RB1 (in 22%), NF1 (in 11%), and ATRX (in 11%). The most recent study, in a group of 1162 patients with sarcomas, identified mutations in BRCA2, ATM, ATR, and ERCC2 genes [11]. Based on a study of 2138 sarcomas of 45 pathological subtypes, the most common mutations are found in cell cycle control genes, TP53, receptor tyrosine kinases/PI3K/RAS, and epigenetic regulators. TERT amplification is typical in intimal sarcoma, while SWI/SNF alterations are typical for uterine adenosarcoma [12]. At the same time, there are no biomarkers to predict the potential effectiveness of chemotherapy and radiotherapy for sarcomas (soft tissues and bones) [10,13]. Molecular predictive markers for sarcoma patients are also necessary to stratify patients and identify those who could benefit from more intensive therapeutic strategies [14,15], including neoadjuvant therapies such as those proposed in a phase II clinical trial (NCT03651375) reported by the authors of the present study [16]. A published biomarker study, RTOG 9514, evaluated the expression of proteins, such as CAIX, GLUT1, PARP1, and p53, before and after multidisciplinary treatment. In this study, the expression of CAIX, GLUT1, and PARP1 decreased significantly after neoadjuvant therapy. In contrast, the accumulation of p53 in the cell nucleus relative to the cytoplasm increased numerically, but no significant association was found with patient survival. Changes in expression pattern after neoadjuvant chemoradiotherapy described in this study support the concept of tumor reoxygenation, changes in HIF-1α-dependent signaling, and indicate activation of the DNA damage response pathway [17]. On the other hand, studies that evaluate radiation therapy (RT) revealed a 26-gene signature that allows the identification of patients with a good response to the treatment [18].



Due to the insufficient availability of data on the molecular basis of the development and response to STS treatment, we proposed six markers for immunohistochemical staining. Hypoxia-inducible factor 1-α (HIF1α) expression was selected as a biomarker of intratumoral hypoxia. The expression of the phosphorylated form of γ-H2A histone family X (γH2AFX) was detected to assess double-strand DNA breaks, which could be caused by radiation and chemotherapy. As biomarkers for the tumor microenvironment (TME), CD163 and CD68 (tumor-infiltrating macrophages—TAM), as well as CD34 and CD105 (intratumoral microvascular density—IMVD), were chosen.



The study aimed to identify a biomarker to predict the pathological response to STS treatment. We hypothesized that PR could be predicted using biomarkers of TME, hypoxia, and DNA damage.




2. Materials and Methods


2.1. Characteristics of the Patient


Adult patients (>18 years) with locally advanced, marginally resectable STS of the extremities or trunk wall were recruited to our prospective open-label single-arm Phase II clinical trial (NCT03651375). The inclusion criteria and treatment have been previously described [16,19,20]. All patients provided written informed consent for the study.




2.2. Pathological Response


The evaluation of pathological response (PR) was conducted as per recommendations of the European Organisation for Research and Treatment of Soft Tissue and Bone Sarcoma Group (EORTC–STBSG) [21] with: A type response—no stainable tumor cells, while B—single stainable tumor cells or small groups (overall below 1% of the whole specimen), C—1%–<10% stainable tumor cells, D—10%–<50% stainable tumor cells, and E—50% stainable tumor cells [21].




2.3. Hypoxia Response


The evaluation of immunohistochemical expression of HIF-1α (1:200, pH 6.0, Abcam, Cambridge, UK) was evaluated in preoperative and postoperative tissues, due to changes in the hypoxic state of the tumor during treatment. HIF-1 expression of HIF-1α was rated on the H score-scale, including intensity: 0—none, 1—weak, 2—moderate, 3—strong, and percentage of stained cells in each category (range: 0–300), as previously described [22,23].




2.4. Immune Infiltration


To estimate the number of TAMs samples (M1 and M2 classes) from patients before surgery were used. We have chosen CD163 (1:200, pH 9.0, Cell Marque, Rocklin, CA, USA), CD68KP (RTU, pH 9.0, Dako Agilent), and CD68 PG-M1 (RTU, pH 9.0, Dako Agilent, Santa Clara, CA, USA) to evaluate the number of TAMs. We scored TAM by counting the number of positive-staining macrophages per mm2: 0—none, 1—low, and 2—high.




2.5. Microvessel Density Analysis


Changes in IMVD were assessed by differences in CD105 (1:50, pH 9.0, Cell Signaling) and CD34 (RTU, pH 9.0, Dako Agilent) immunohistochemical expression. IMVDs were counted in five randomly selected fields at 200× magnification (>>6.9 mm2), and a total number of microvessels included a scoring scale: 1 (1–25), 2 (26–50), 3 (51–100), 4 (101–499) and 5 (>500) [24]. MVD was assessed based on immunohistochemical staining of CD34 (MVD/CD34) and CD105 (MVD/CD105), consistent with the method developed by Weidner [25]. The MVD was defined as the mean number of microvessels in the three most vascularized fields of view per 1 mm2.




2.6. DNA Damage Analysis


Analysis of changes in histone γH2AX expression was based on immunohistochemical staining of foci of the phosphorylated form of histone γH2AX (1:200, pH 9.0, Sigma Aldrich, St. Louis, MO, USA) in preoperative and postoperative STS tissues fixed on microscope slides. γH2AFX were rated on the H score scale, including intensity—0 none, 1 weak, 2 moderate, 3 strong—and percentage of stained cells in each category (range: 0–300) [22].




2.7. Statistical Analysis


Spearman rank correlations were measured to identify the correlation between biomarkers and PR. Statistical significance was established at p < 0.05. Statistical analysis was performed using R package version 3.6.3 software (R Foundation for Statistical Computing, Vienna, Austria).





3. Results


3.1. Characteristics of the Patient


Patients with marginally resectable and unresectable high-grade STS participated in the phase II clinical trial (NCT03651375) [16]. Due to the quantity and quality of the material, we analyzed the core biopsy tissue samples from 19 patients in this clinical trial. The enrolled patients included 11 patients with undifferentiated pleomorphic sarcoma (UPS), 4 patients with myxofibrosarcoma (MFS), 2 patients with leiomyosarcoma (LMS), 1 patient with pleomorphic liposarcoma (PLPS) and 1 patient with malignant peripheral nerve sheath tumor (MPNST). The patients were treated with 5 × 5 Gy RT combined with three cycles of AI chemotherapy, except for two patients who received one cycle of AI chemotherapy. One of these two patients did not receive RT. These patients were referred for limb amputation due to poor tolerance to chemotherapy. The characteristics of the patients are shown in Table 1.




3.2. Pathological Response


Good PR was noticed only in four cases (grades A = 1, B = 2, C = 1). In the other 15 cases, poor PR was reported (D = 11, E = 4). The summary of pathological evaluation was presented in Table 2.




3.3. Hypoxia Response


The expression of HIF-1α in the samples before surgery was higher than after surgery (Figure 1). The high initial expression of HIF-1α showed a negative correlation with PR (Spearman’s rho: −0.431), which means poor response to therapy. Additionally, decreased expression of HIF-1α after therapy confirmed the correlation between PR and HIF-1α expression.




3.4. Immune Infiltration


In 15 samples, a high positive staining of TAM was detected (scores 2–4 cases, 3–4 cases, 4–2 cases, 5–5 cases) (Figure 2A). Low positive staining of the TAM was found in four cases (score 1–4 cases). There were no samples with a score of 0.



In addition, a high number of positive staining TAMs did not correlate with PR.




3.5. Microvessel Density Analysis


A total number of microvessels greater than 100 was observed in five cases (scores 4–2 cases, 5–3 cases). In four cases, the total number of microvessels reached 51–100 (scores 3–4 cases). The total number of microvessels under 50 was found in ten cases (scores 1–7 cases, 2–3 cases) (Figure 2B).



A high number of positive stainings of IMVD did not correlate with PR.




3.6. DNA Damage Analysis


High expression of γH2AFX before treatment positively correlated with PR (Spearman’s rho: 0.416), providing better PR. After treatment, the interpretation of γH2AFX was challenging: viable cells morphologically with a lower histological grade of malignancy have a lower expression, disintegrating during apoptosis and high grade pleomorphic cells showed higher expression. The γH2AFX expression profile in different histological patterns of STS was presented in Figure 3, Figure 4 and Figure 5.





4. Discussion


In our study, high expression of HIF-1α correlates with poor response to therapy. HIF-1α is a biomarker of the hypoxia microenvironment. This study shows an association between the expression of HIF-1α and the response to radiation therapy in STS patients. Hypoxic cells within a tumor limit the effectiveness of radiation therapy, requiring free oxygen to covert free radicals initiated by ionizing radiation to form DNA strand breaks. Measurement of the expression of the alpha subunit of HIF-1 may, therefore, be a predictor of response to treatment. High expression of HIF-1α may be a predictor of tumor radioresistance [26]. Most available studies on solid tumors, including breast [27], cervical [28], and brain cancer [29] studies, have shown significant overexpression of the HIF-1α protein regardless of oxygenation of the tumor tissue and its adverse prognostic effect on the RT used. The use of RT affects the release of reactive oxygen species (ROS), which inhibit the hydroxylation of the alpha subunit. Based on feedback, the HIF-1α protein accumulates, and pathways effect is the increase in the production of factors responsible for neo-angiogenesis, for example, vascular endothelial growth factors (VEGF) and fibroblast growth factors (FGFs) [30]. Overexpression of HIF-1α protein is known as an independent negative prognostic factor for STS. It was reported that patients with a strong or moderate expression of HIF-1α in STS have a significantly shorter OS in comparison with patients with a weak or no expression [31]. These results were confirmed by a recent analysis that high expression of HIF-1α is significantly correlated with shorter DFS (HR 2.05, p < 0.001), higher rate of metastasis (RR 3.21; p < 0.001), and shorter OS (HR 2.05, p < 0.001) in STS and bone sarcoma [32]. Moreover, downregulation of HIF-1α sensitizes sarcomas cells in vivo to radiation and decreases their clonogenic potential [26]. The nuclear accumulation of HIF-1α was shown in malignant peripheral nerve sheath tumor (MPNST) samples. HIF-1α accumulation was significantly correlated with poor prognosis. In an in vitro model, when HIF-1α was knockdown in MPNST cell lines, the cells’ proliferation was inhibited and cells underwent apoptosis. Inhibitor of Hsp90-HIF1α binding interaction in HIF1α’s N-terminus—chetomin treatment—also inhibited the growth of MPNST cells and induced their apoptosis [33]. In general, tumor hypoxia is associated with the aggressive biological behavior of the tumor, chemotherapy resistance, and treatment failure [34]. HIF-1α expression was recently correlated with radiotherapy response in breast cancer, oropharyngeal cancer [35], head and neck cancer [36], early esophageal cancer [37], and nasopharyngeal carcinomas [38] or cervical cancer [39]. The overexpression of HIF-1α is associated with a poor prognosis. HIF-1α signalling was also shown to be involved in drug resistance in multiple cancer types, including RCC, gastric, pancreatic, and gall bladder cancers. Overexpression of HIF-1α is correlated with poor prognoses and relapses during treatment [34,40].



Recent reports also emphasize the importance of TAMs. TAMs regulate the TME [3,4]. M1 is characterized by expression of main histocompatibility complex class II (MHC-II) cell surface receptor (HLA-DR), C-C Motif Chemokine Receptor 7 (CCR7, CD197), CD68, CD40, CD11c, CD80, and CD86 [11,12,13,14], while M2—CD163, CD209, CD206, CD204, CCL2, arginase-1 (ARG 1), and colony-stimulating factor receptor 1 (CSF1R) [3,11,12,13]. STS subtypes with the highest number of TAMs are dedifferentiated liposarcoma, leiomyosarcoma, undifferentiated pleomorphic sarcoma, and myxofibrosarcoma [41]. It was reported that high infiltration of TAMs correlates with poor overall survival (OS) and distant metastasis-free survival (DMFS) in STS and bone sarcomas [4,31,35]. In particular, high infiltration of CD68+ TAMs in the dedifferentiated chondrosarcoma with osteosarcoma compartment is correlated with short OS [31]. At the same time, in in embryonic rhabdomyosarcoma high levels of CD163+ are positively associated with survival [42], while in synovial sarcoma low CD163+ levels are associated with longer survival [43]. In a recent study of almost 200 STSs, infiltration of CD68+ macrophages was shown to be an independent biomarker of a higher risk of local recurrence in sarcomas [44,45]. Alteration in the density of CD163+ TAMs, CD68+ TAMs, and the CD163/CD68 ratio were reported in STS patients responding to neoadjuvant chemotherapy [46]. It was concurrently shown that programmed death cell receptor (PD-1), the ligand for PD-L1, and CD80-CD28/Cytotoxic T-Lymphocyte Associated Protein 4 (CTLA-4) ligand are expressed on TMAs. Such an expression profile enhances sarcoma tumor immune escape [2,4]. Moreover, TAMs may stimulate angiogenesis and metastases development [44,45], and their presence in most sarcomas (e.g., Ewing’s sarcoma, leiomyosarcoma) is significantly correlated with an unfavorable prognosis, including short OS [47,48].



Microvessel density that is measured most often by the number of CD105 and/or CD31-positive vessels/mm2 is a possible surrogate of angiogenesis [49,50]. This pathological feature of the tumors has shown an association with greater tumor aggressiveness [24]. Subsequently, in multiple types of cancer, including breast cancer, colon cancer, head and neck cancers, lung cancer, and prostate or ovarian cancer, it was shown that high IMVD correlates with poor prognosis in terms of survival, metastasis development, and therapy response [51,52]. We expected that assessing IMVD of STS at the time of diagnosis could give prognostic information for clinicians. In fact, angiogenic CD31 expression was correlated with chemotherapy resistance in sarcomas previously [53]. CD31 was also indicated to play a significant role in immune cell adhesion and integrin activation [53]. At the same time, CD34—an endothelial cell marker—is also considered as one of the main activators of angiogenesis in sarcomas, including sarcoma recurrence [54]. In a sarcoma study, median CD34 based IMVD was 44.6 for Ewing’s sarcoma, 39.7 for osteosarcomas, and 12.9 for chondrosarcomas [55]. Moreover, CD105 is also overexpressed in sarcomas in a HIF-1α dependent manner [56]. Higher levels of CD105-positive vessels correlate with high risk of death in RMS [57]. All the markers—CD31, CD34, and CD105—were shown as highly expressed within vessels with abnormal morphology, which further confirms the role of these molecules in tumor pathological growth [52]. Attempts to target CD105 and, as a result, the cells that express this protein in sarcoma tumor were promising in mice, but this was not successful approach in phase III trial in humans [58,59]. More research is needed to define the role of angiogenesis and anti-angiogenic therapies in sarcomas.



We used the expression of γH2AX to assess DNA double-strand breaks by detecting phosphorylated histone γH2AX. In our study, high expression of γH2AX correlated with favorable response to therapy. H2AX histones are a variant of histone H2A that possess a specific Ser-Gln motif in its C-terminal end. In response to DNA breakage, PI3 kinases phosphorylate H2AX histones [60]. Histone variant H2AX is phosphorylated at serine 139 due to double-strand breaks, and as a result gamma-H2AX is formed [61]. γH2AX is a highly specific and sensitive marker that indicates double-stranded DNA damage and genomic instability. Analysis of the frequency of histone γH2AX foci allows estimation of the radiation dose in the range of 0.1–5.0 Gy, because histone H2AX phosphorylation occurs after DNA damage and is associated with the repair of DNA double-strand breaks, which are characteristic of ionizing radiation [62]. Specifically, gamma-H2AX has already been studied in a variety of cancers including colon, breast, lung, ovarian, and cervix cancers. Although gamma-H2AX predicts survival in certain types of cancers (such as breast cancer and endometrial cancer), further research is needed to determine whether gamma-H2AX predicts survival in sarcomas [61]. γH2AX, combined with other DNA damage markers, may be more accurate in predicting survival. The combined expression of PARP1, γH2AX, BRCA1, and BRCA2 was an independent prognostic predictor of shorter disease-specific survival (DSS) and event-free survival (EFS) in the study of 112 STSs [63]. The major limitation in sarcoma research is the low number of cases studied due to the epidemiology of the disease. We expect to recruit more patients in future biomarkers trials if studied cohort characteristics allow recruitment of higher number of patients for pre-planned therapy approach.




5. Conclusions


HIF-1α and γH2AFX are potential biomarkers for STS neoadjuvant treatment response prediction. Further research is needed to provide validation of these markers in an independent cohort. Biomarker studies should be incorporated in the clinical trial design to improve care for patients with metastatic sarcoma in the future. Hypoxia and DNA damage response are pathways involved in sarcoma cells response to multidisciplinary treatment and pathway-wide studies could provide additional biomarkers potentially increasing prediction specificity.







Author Contributions


Conceptualization, A.S.-C., M.J.S., P.R. and A.M.C.; methodology, A.S.-C., M.J.S. and A.M.C.; software, A.S.-C.; validation, A.S.-C., M.W., K.S., D.O., M.K. and B.P.; formal analysis, A.S.-C.; investigation, all authors; resources, P.R. and H.K.-P.; data curation, A.S.-C.; writing, K.B., A.M.C. and A.S.-C.; revision and editing, A.S.-C., M.J.S. and A.M.C.; visualization, A.S.-C. and K.S.; supervision, A.M.C., P.R. and M.J.S.; project administration, A.M.C. and M.J.S.; funding acquisition, A.M.C. and M.J.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Maria Sklodowska-Curie National Research Institute of Oncology Internal Grants No. SN/GW20/2017 and SN/GW06/2020.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by Bioethics Committee at the Oncology Center-Institute in Warsaw (8/2017/1/2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data may be obtained from PI of the study upon scientific collaboration request and DTA agreement.




Conflicts of Interest


The authors declare that they have no conflict of interest.




References


	



Gronchi, A.; Miah, A.B.; Dei Tos, A.P.; Abecassis, N.; Bajpai, J.; Bauer, S.; Biagini, R.; Bielack, S.; Blay, J.Y.; Bolle, S.; et al. Soft tissue and visceral sarcomas: ESMO-EURACAN-GENTURIS Clinical Practice Guidelines for diagnosis, treatment and follow-up(☆). Ann. Oncol. 2021, 32, 1348–1365. [Google Scholar] [CrossRef]

	



Rutkowski, P.; Koseła-Paterczyk, H.; Kozak, K.; Ługowska, I.; Fijuth, J.; Jeziorski, A.; Ryś, J.; Spałek, M.; Borkowska, A.; Wągrodzki, M.; et al. Postępowanie diagnostyczno-terapeutyczne u chorych na mięsaki tkanek miękkich u dorosłych—Zalecenia ekspertów. Onkologia w Praktyce Klinicznej Edukacja. 2022. Available online: https://journals.viamedica.pl/onkologia_w_praktyce_klin_edu/article/view/91853 (accessed on 27 March 2023).

	



Chan, C.H.; Wong, P. Molecular Predictors of Radiotherapy Response in Sarcoma. Curr. Treat. Options Oncol. 2016, 17, 2. [Google Scholar] [CrossRef] [PubMed]

	



Yang, G.; Yuan, Z.; Ahmed, K.; Welsh, E.A.; Fulp, W.J.; Gonzalez, R.J.; Mullinax, J.E.; Letson, D.; Bui, M.; Harrison, L.B.; et al. Genomic identification of sarcoma radiosensitivity and the clinical implications for radiation dose personalization. Transl. Oncol. 2021, 14, 101165. [Google Scholar] [CrossRef] [PubMed]

	



Tang, Z.; Zeng, Q.; Li, Y.; Zhang, X.; Suto, M.J.; Xu, B.; Yi, N. Predicting radiotherapy response for patients with soft tissue sarcoma by developing a molecular signature. Oncol. Rep. 2017, 38, 2814–2824. [Google Scholar] [CrossRef] [PubMed]

	



Shah, D.; Borys, D.; Martinez, S.R.; Li, C.-S.; Tamurian, R.M.; Bold, R.J.; Monjazeb, A.; Canter, R.J. Complete Pathologic Response to Neoadjuvant Radiotherapy is Predictive of Oncological Outcome in Patients with Soft Tissue Sarcoma. Anticancer Res. 2012, 32, 3911–3915. [Google Scholar] [PubMed]

	



Taylor, B.S.; Barretina, J.; Maki, R.G.; Antonescu, C.R.; Singer, S.; Ladanyi, M. Advances in sarcoma genomics and new therapeutic targets. Nat. Rev. Cancer 2011, 11, 541–557. [Google Scholar] [CrossRef] [PubMed]

	



Sbaraglia, M.; Dei Tos, A.P. The pathology of soft tissue sarcomas. Radiol. Med. 2019, 124, 266–281. [Google Scholar] [CrossRef]

	



Zhang, R.S.; Liu, J.; Deng, Y.T.; Wu, X.; Jiang, Y. The real-world clinical outcomes and treatment patterns of patients with unresectable locally advanced or metastatic soft tissue sarcoma treated with anlotinib in the post-ALTER0203 trial era. Cancer Med. 2022, 11, 2271–2283. [Google Scholar] [CrossRef]

	



Fiedorowicz, M.; Bartnik, E.; Sobczuk, P.; Teterycz, P.; Czarnecka, A.M. Molecular biology of sarcoma. Oncol. Clin. Pract. 2018, 14, 307–330. [Google Scholar] [CrossRef]

	



Ballinger, M.L.; Goode, D.L.; Ray-Coquard, I.; James, P.A.; Mitchell, G.; Niedermayr, E.; Puri, A.; Schiffman, J.D.; Dite, G.S.; Cipponi, A.; et al. Monogenic and polygenic determinants of sarcoma risk: An international genetic study. Lancet Oncol. 2016, 17, 1261–1271. [Google Scholar] [CrossRef]

	



Nacev, B.A.; Sanchez-Vega, F.; Smith, S.A.; Antonescu, C.R.; Rosenbaum, E.; Shi, H.; Tang, C.; Socci, N.D.; Rana, S.; Gularte-Mérida, R.; et al. Clinical sequencing of soft tissue and bone sarcomas delineates diverse genomic landscapes and potential therapeutic targets. Nat. Commun. 2022, 13, 3405. [Google Scholar] [CrossRef]

	



Czarnecka, A.M.; Synoradzki, K.; Firlej, W.; Bartnik, E.; Sobczuk, P.; Fiedorowicz, M.; Grieb, P.; Rutkowski, P. Molecular Biology of Osteosarcoma. Cancers 2020, 12, 2130. [Google Scholar] [CrossRef] [PubMed]

	



Marino-Enriquez, A.; Bovee, J.V. Molecular Pathogenesis and Diagnostic, Prognostic and Predictive Molecular Markers in Sarcoma. Surg. Pathol. Clin. 2016, 9, 457–473. [Google Scholar] [CrossRef] [PubMed]

	



Bui, N.Q.; Przybyl, J.; Trabucco, S.E.; Frampton, G.; Hastie, T.; van de Rijn, M.; Ganjoo, K.N. A clinico-genomic analysis of soft tissue sarcoma patients reveals CDKN2A deletion as a biomarker for poor prognosis. Clin. Sarcoma Res. 2019, 9, 12. [Google Scholar] [CrossRef] [PubMed]

	



Spalek, M.; Kosela Paterczyk, H.M.; Borkowska, A.; Wagrodzki, M.; Cieszanowski, A.; Castaneda-Wysocka, P.; Switaj, T.; Dudzisz-Sledz, M.E.; Czarnecka, A.M.; Dabrowska-Szewczyk, E.; et al. Preoperative hypofractionated radiotherapy (RT) combined with chemotherapy in primary marginally resectable high grade soft tissue sarcomas (STS) of extremities or trunk wall: Interim analysis of prospective phase II clinical trial. Ann. Oncol. 2018, 29, viii585–viii586. [Google Scholar] [CrossRef]

	



Kane, J.M., 3rd; Magliocco, A.; Zhang, Q.; Wang, D.; Klimowicz, A.; Harris, J.; Simko, J.; DeLaney, T.; Kraybill, W.; Kirsch, D.G. Correlation of High-Risk Soft Tissue Sarcoma Biomarker Expression Patterns with Outcome following Neoadjuvant Chemoradiation. Sarcoma 2018, 2018, 8310950. [Google Scholar] [CrossRef]

	



Tang, Z.; Zeng, Q.; Li, Y.; Zhang, X.; Ma, J.; Suto, M.J.; Xu, B.; Yi, N. Development of a radiosensitivity gene signature for patients with soft tissue sarcoma. Oncotarget 2017, 8, 27428–27439. [Google Scholar] [CrossRef]

	



Spałek, M.J.; Koseła-Paterczyk, H.; Borkowska, A.; Wągrodzki, M.; Szumera-Ciećkiewicz, A.; Czarnecka, A.M.; Castaneda-Wysocka, P.; Kalinowska, I.; Poleszczuk, J.; Dąbrowska-Szewczyk, E.; et al. Combined Preoperative Hypofractionated Radiotherapy With Doxorubicin-Ifosfamide Chemotherapy in Marginally Resectable Soft Tissue Sarcomas: Results of a Phase 2 Clinical Trial. Int. J. Radiat. Oncol. Biol. Phys. 2021, 110, 1053–1063. [Google Scholar] [CrossRef]

	



Spalek, M.; Koseła-Paterczyk, H.; Borkowska, A.; Wągrodzki, M.; Szumera-Ciećkiewicz, A.; Cieszanowski, A.; Castaneda-Wysocka, P.; Świtaj, T.; Dudzisz-Śledź, M.; Czarnecka, A.; et al. 5 × 5 Gy with chemotherapy in borderline resectable soft tissue sarcomas: Early results of a trial. Radiother. Oncol. 2019, 133, S31–S32. [Google Scholar] [CrossRef]

	



Wardelmann, E.; Haas, R.L.; Bovée, J.V.M.G.; Terrier, P.; Lazar, A.; Messiou, C.; LePechoux, C.; Hartmann, W.; Collin, F.; Fisher, C.; et al. Evaluation of response after neoadjuvant treatment in soft tissue sarcomas; the European Organization for Research and Treatment of Cancer–Soft Tissue and Bone Sarcoma Group (EORTC–STBSG) recommendations for pathological examination and reporting. Eur. J. Cancer 2016, 53, 84–95. [Google Scholar] [CrossRef]

	



Godbole, G.B.; Modi, D.N.; Puri, C.P. Regulation of homeobox A10 expression in the primate endometrium by progesterone and embryonic stimuli. Reproduction 2007, 134, 513–523. [Google Scholar] [CrossRef] [PubMed]

	



Gaber, G.; El Achy, S.; Khedr, G.A.; Parimi, V.; Helenowksi, I.; Donnelly, E.D.; Strauss, J.B.; Woloschak, G.; Wei, J.-J.; Small, W.; et al. Impact of p53, HIF1a, Ki-67, CA-9, and GLUT1 Expression on Treatment Outcomes in Locally Advanced Cervical Cancer Patients Treated With Definitive Chemoradiation Therapy. Am. J. Clin. Oncol. 2021, 44, 58–67. [Google Scholar] [CrossRef] [PubMed]

	



Weidner, N. Current pathologic methods for measuring intratumoral microvessel density within breast carcinoma and other solid tumors. Breast Cancer Res. Treat. 1995, 36, 169–180. [Google Scholar] [CrossRef] [PubMed]

	



Weidner, N.; Semple, J.P.; Welch, W.R.; Folkman, J. Tumor angiogenesis and metastasis--correlation in invasive breast carcinoma. N. Engl. J. Med. 1991, 324, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, M.; Qiu, Q.; Li, Z.; Sachdeva, M.; Min, H.; Cardona, D.M.; DeLaney, T.F.; Han, T.; Ma, Y.; Luo, L.; et al. HIF-1 Alpha Regulates the Response of Primary Sarcomas to Radiation Therapy through a Cell Autonomous Mechanism. Radiat. Res. 2015, 183, 594–609. [Google Scholar] [CrossRef]

	



Yehia, L.; Boulos, F.; Jabbour, M.; Mahfoud, Z.; Fakhruddin, N.; El-Sabban, M. Expression of HIF-1α and Markers of Angiogenesis Are Not Significantly Different in Triple Negative Breast Cancer Compared to Other Breast Cancer Molecular Subtypes: Implications for Future Therapy. PLoS ONE 2015, 10, e0129356. [Google Scholar] [CrossRef]

	



Ellingsen, C.; Andersen, L.M.; Galappathi, K.; Rofstad, E.K. Hypoxia biomarkers in squamous cell carcinoma of the uterine cervix. BMC Cancer 2015, 15, 805. [Google Scholar] [CrossRef]

	



Kim, Y.H.; Yoo, K.C.; Cui, Y.H.; Uddin, N.; Lim, E.J.; Kim, M.J.; Nam, S.Y.; Kim, I.G.; Suh, Y.; Lee, S.J. Radiation promotes malignant progression of glioma cells through HIF-1alpha stabilization. Cancer Lett. 2014, 354, 132–141. [Google Scholar] [CrossRef]

	



Lee, H.J.; Yoon, C.; Park, D.J.; Kim, Y.J.; Schmidt, B.; Lee, Y.J.; Tap, W.D.; Eisinger-Mathason, T.S.; Choy, E.; Kirsch, D.G.; et al. Inhibition of vascular endothelial growth factor A and hypoxia-inducible factor 1α maximizes the effects of radiation in sarcoma mouse models through destruction of tumor vasculature. Int. J. Radiat. Oncol. Biol. Phys. 2015, 91, 621–630. [Google Scholar] [CrossRef]

	



Shintani, K.; Matsumine, A.; Kusuzaki, K.; Matsubara, T.; Satonaka, H.; Wakabayashi, T.; Hoki, Y.; Uchida, A. Expression of hypoxia-inducible factor (HIF)-1α as a biomarker of outcome in soft-tissue sarcomas. Virchows Archiv 2006, 449, 673–681. [Google Scholar] [CrossRef]

	



Li, Y.; Zhang, W.; Li, S.; Tu, C. Prognosis value of Hypoxia-inducible factor-1α expression in patients with bone and soft tissue sarcoma: A meta-analysis. Springerplus 2016, 5, 1370. [Google Scholar] [CrossRef] [PubMed]

	



Najbauer, J.; Fukushima, S.; Endo, M.; Matsumoto, Y.; Fukushi, J.-I.; Matsunobu, T.; Kawaguchi, K.-I.; Setsu, N.; Iida, K.; Yokoyama, N.; et al. Hypoxia-inducible factor 1 alpha is a poor prognostic factor and potential therapeutic target in malignant peripheral nerve sheath tumor. PLoS ONE 2017, 12, e0178064. [Google Scholar] [CrossRef]

	



Nie, C.; Lv, H.; Bie, L.; Hou, H.; Chen, X. Hypoxia-inducible factor 1-alpha expression correlates with response to neoadjuvant chemotherapy in women with breast cancer. Medicine 2018, 97, e13551. [Google Scholar] [CrossRef] [PubMed]

	



Aebersold, D.M.; Burri, P.; Beer, K.T.; Laissue, J.; Djonov, V.; Greiner, R.H.; Semenza, G.L. Expression of hypoxia-inducible factor-1alpha: A novel predictive and prognostic parameter in the radiotherapy of oropharyngeal cancer. Cancer Res. 2001, 61, 2911–2916. [Google Scholar]

	



Koukourakis, M.I.; Giatromanolaki, A.; Sivridis, E.; Simopoulos, C.; Turley, H.; Talks, K.; Gatter, K.C.; Harris, A.L. Hypoxia-inducible factor (HIF1A and HIF2A), angiogenesis, and chemoradiotherapy outcome of squamous cell head-and-neck cancer. Int. J. Radiat. Oncol. Biol. Phys. 2002, 53, 1192–1202. [Google Scholar] [CrossRef]

	



Koukourakis, M.I.; Giatromanolaki, A.; Skarlatos, J.; Corti, L.; Blandamura, S.; Piazza, M.; Gatter, K.C.; Harris, A.L. Hypoxia inducible factor (HIF-1a and HIF-2a) expression in early esophageal cancer and response to photodynamic therapy and radiotherapy. Cancer Res. 2001, 61, 1830–1832. [Google Scholar]

	



Hui, E.P.; Chan, A.T.; Pezzella, F.; Turley, H.; To, K.F.; Poon, T.C.; Zee, B.; Mo, F.; Teo, P.M.; Huang, D.P.; et al. Coexpression of hypoxia-inducible factors 1alpha and 2alpha, carbonic anhydrase IX, and vascular endothelial growth factor in nasopharyngeal carcinoma and relationship to survival. Clin. Cancer Res. 2002, 8, 2595–2604. [Google Scholar]

	



Bachtiary, B.; Schindl, M.; Potter, R.; Dreier, B.; Knocke, T.H.; Hainfellner, J.A.; Horvat, R.; Birner, P. Overexpression of Hypoxia-inducible Factor 1α Indicates Diminished Response to Radiotherapy and Unfavorable Prognosis in Patients Receiving Radical Radiotherapy for Cervical Cancer1. Clin. Cancer Res. 2003, 9, 2234–2240. [Google Scholar]

	



Xia, Y.; Jiang, L.; Zhong, T. The role of HIF-1alpha in chemo-/radioresistant tumors. Onco Targets Ther. 2018, 11, 3003–3011. [Google Scholar] [CrossRef]

	



Tsagozis, P.; Augsten, M.; Zhang, Y.; Li, T.; Hesla, A.; Bergh, J.; Haglund, F.; Tobin, N.P.; Ehnman, M. An immunosuppressive macrophage profile attenuates the prognostic impact of CD20-positive B cells in human soft tissue sarcoma. Cancer Immunol. Immunother. 2019, 68, 927–936. [Google Scholar] [CrossRef]

	



Kather, J.N.; Hörner, C.; Weis, C.-A.; Aung, T.; Vokuhl, C.; Weiss, C.; Scheer, M.; Marx, A.; Simon-Keller, K. CD163+ immune cell infiltrates and presence of CD54+ microvessels are prognostic markers for patients with embryonal rhabdomyosarcoma. Sci. Rep. 2019, 9, 9211. [Google Scholar] [CrossRef]

	



Pervaiz, N.; Colterjohn, N.; Farrokhyar, F.; Tozer, R.; Figueredo, A.; Ghert, M. A systematic meta-analysis of randomized controlled trials of adjuvant chemotherapy for localized resectable soft-tissue sarcoma. Cancer 2008, 113, 573–581. [Google Scholar] [CrossRef] [PubMed]

	



Dumars, C.; Ngyuen, J.M.; Gaultier, A.; Lanel, R.; Corradini, N.; Gouin, F.; Heymann, D.; Heymann, M.F. Dysregulation of macrophage polarization is associated with the metastatic process in osteosarcoma. Oncotarget 2016, 7, 78343–78354. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, S.; Yang, Y.; Fang, M.; Li, X.; Yuan, X.; Yuan, J. Co-evolution of tumor-associated macrophages and tumor neo-vessels during cervical cancer invasion. Oncol. Lett. 2016, 12, 2625–2631. [Google Scholar] [CrossRef] [PubMed]

	



Raj, S.K.; Kooshki, M.; Winters, M.; Russell, G.B.; Miller, L.D.; Laurini, J.A.; Pierre, T.; Savage, P.D. Prognostic implications of tumor associated macrophages (TAMs) in soft tissue sarcoma. J. Clin. Oncol. 2019, 37, e22548. [Google Scholar] [CrossRef]

	



Fujiwara, T.; Fukushi, J.; Yamamoto, S.; Matsumoto, Y.; Setsu, N.; Oda, Y.; Yamada, H.; Okada, S.; Watari, K.; Ono, M.; et al. Macrophage infiltration predicts a poor prognosis for human ewing sarcoma. Am. J. Pathol. 2011, 179, 1157–1170. [Google Scholar] [CrossRef]

	



Ganjoo, K.N.; Witten, D.; Patel, M.; Espinosa, I.; La, T.; Tibshirani, R.; van de Rijn, M.; Jacobs, C.; West, R.B. The prognostic value of tumor-associated macrophages in leiomyosarcoma: A single institution study. Am. J. Clin. Oncol. 2011, 34, 82–86. [Google Scholar] [CrossRef]

	



Avdalyan, A.; Bobrov, I.; Klimachev, V.; Lazarev, A. Prognostic Value of Microvessel Density in Tumor and Peritumoral Area as Evaluated by CD31 Protein Expression and Argyrophilic Nucleolar Organizer Region Count in Endothelial Cells in Uterine Leiomyosarcoma. Sarcoma 2012, 2012, 594512. [Google Scholar] [CrossRef] [PubMed]

	



Marioni, G.; Franz, L.; Ottaviano, G.; Contro, G.; Tealdo, G.; Carli, A.; Frigo, A.C.; Nicolai, P.; Alessandrini, L. Prognostic Significance of CD105- and CD31-Assessed Microvessel Density in Paired Biopsies and Surgical Samples of Laryngeal Carcinoma. Cancers 2020, 12, 2059. [Google Scholar] [CrossRef]

	



Yudoh, K.; Kanamori, M.; Ohmori, K.; Yasuda, T.; Aoki, M.; Kimura, T. Concentration of vascular endothelial growth factor in the tumour tissue as a prognostic factor of soft tissue sarcomas. Br. J. Cancer 2001, 84, 1610–1615. [Google Scholar] [CrossRef]

	



Guo, C.-R.; Han, R.; Xue, F.; Xu, L.; Ren, W.-G.; Li, M.; Feng, Z.; Hu, B.-C.; Peng, Z.-M. Expression and clinical significance of CD31, CD34, and CD105 in pulmonary ground glass nodules with different vascular manifestations on CT. Front. Oncol. 2022, 12, 956451. [Google Scholar] [CrossRef] [PubMed]

	



Venkataramani, V.; Küffer, S.; Cheung, K.C.P.; Jiang, X.; Trümper, L.; Wulf, G.G.; Ströbel, P. CD31 Expression Determines Redox Status and Chemoresistance in Human Angiosarcomas. Clin. Cancer Res. 2018, 24, 460–473. [Google Scholar] [CrossRef]

	



Nepomnyashchaya, E.M.; Ulianova, E.P.; Sagakyants, A.B.; Novikova, I.A.; Vashchenko, L.N.; Ausheva, T.V.; Shulgina, O.G.; Dashkova, I.R.; Vladimirova, L.Y.; Kit, O.I. Factors of angiogenesis (VEGF and CD34) in primary and recurrent soft tissue sarcomas. J. Clin. Oncol. 2020, 38, e23545. [Google Scholar] [CrossRef]

	



Kubo, T.; Shimose, S.; Fujimori, J.; Arihiro, K.; Ochi, M. Diversity of angiogenesis among malignant bone tumors. Mol. Clin. Oncol. 2013, 1, 131–136. [Google Scholar] [CrossRef]

	



Ollauri-Ibanez, C.; Lopez-Novoa, J.M.; Pericacho, M. Endoglin-based biological therapy in the treatment of angiogenesis-dependent pathologies. Expert Opin. Biol. Ther. 2017, 17, 1053–1063. [Google Scholar] [CrossRef]

	



Radzikowska, J.; Krzeski, A.; Czarnecka, A.M.; Klepacka, T.; Rychlowska-Pruszynska, M.; Raciborska, A.; Dembowska-Baginska, B.; Pronicki, M.; Kukwa, A.; Sierdzinski, J.; et al. Endoglin Expression and Microvessel Density as Prognostic Factors in Pediatric Rhabdomyosarcoma. J. Clin. Med. 2021, 10, 512. [Google Scholar] [CrossRef] [PubMed]

	



Puerto-Camacho, P.; Diaz-Martin, J.; Olmedo-Pelayo, J.; Bolado-Carrancio, A.; Salguero-Aranda, C.; Jordan-Perez, C.; Esteban-Medina, M.; Alamo-Alvarez, I.; Delgado-Bellido, D.; Lobo-Selma, L.; et al. Endoglin and MMP14 Contribute to Ewing Sarcoma Spreading by Modulation of Cell-Matrix Interactions. Int. J. Mol. Sci. 2022, 23, 8657. [Google Scholar] [CrossRef] [PubMed]

	



Jones, R.L.; Ravi, V.; Brohl, A.S.; Chawla, S.; Ganjoo, K.N.; Italiano, A.; Attia, S.; Burgess, M.A.; Thornton, K.; Cranmer, L.D.; et al. Efficacy and Safety of TRC105 Plus Pazopanib vs Pazopanib Alone for Treatment of Patients With Advanced Angiosarcoma: A Randomized Clinical Trial. JAMA Oncol. 2022, 8, 740–747. [Google Scholar] [CrossRef]

	



Rahmanian, N.; Shokrzadeh, M.; Eskandani, M. Recent advances in γH2AX biomarker-based genotoxicity assays: A marker of DNA damage and repair. DNA Repair. 2021, 108, 103243. [Google Scholar] [CrossRef]

	



Palla, V.-V.; Karaolanis, G.; Katafigiotis, I.; Anastasiou, I.; Patapis, P.; Dimitroulis, D.; Perrea, D. gamma-H2AX: Can it be established as a classical cancer prognostic factor? Tumor Biol. 2017, 39. [Google Scholar] [CrossRef]

	



Sak, A.; Stuschke, M. Use of gammaH2AX and other biomarkers of double-strand breaks during radiotherapy. Semin. Radiat. Oncol. 2010, 20, 223–231. [Google Scholar] [CrossRef] [PubMed]

	



Kim, K.M.; Moon, Y.J.; Park, S.H.; Park, H.J.; Wang, S.I.; Park, H.S.; Lee, H.; Kwon, K.S.; Moon, W.S.; Lee, D.G.; et al. Individual and Combined Expression of DNA Damage Response Molecules PARP1, γH2AX, BRCA1, and BRCA2 Predict Shorter Survival of Soft Tissue Sarcoma Patients. PLoS ONE 2016, 11, e0163193. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 15 02960 g001 550] 





Figure 1. The differences in HIF-1α expression: the low expression before and after therapy in myxofibrosarcoma ((A), 400×) and leiomyosarcoma ((B), 400×), and high expression in undifferentiated pleomorphic sarcoma ((C), 400×) and malignant peripheral nerve sheath tumor ((D), 400×). 






Figure 1. The differences in HIF-1α expression: the low expression before and after therapy in myxofibrosarcoma ((A), 400×) and leiomyosarcoma ((B), 400×), and high expression in undifferentiated pleomorphic sarcoma ((C), 400×) and malignant peripheral nerve sheath tumor ((D), 400×).



[image: Cancers 15 02960 g001]







[image: Cancers 15 02960 g002 550] 





Figure 2. (A) Tumor macrophage infiltration showed the spectrum of immunohistochemical expression—the low (upper two images) and high (lower three images) density was seen (CD163, 200×); (B) the vessels density was evaluated according to 5th tier scale including the number of vessels per 1 mm2 (CD34, 200×). 
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Figure 3. γH2AFX in myxoid liposarcoma high-grade before ((A)—HE, 200×, (B)—γH2AFX, 200× and (C)—γH2AFX, 600×) and after treatment ((D)—HE, 200×, (E)—γH2AFX, 200×). 
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Figure 4. γH2AFX in undifferentiated pleomorphic sarcoma before ((A)—HE, 200×, (B)—γH2AFX) and after treatment ((C)—γH2AFX, 600×, asterix—“low grade” cells, arrow and white arrow—cells with apoptosis and “high grade” cells respectivelly with high γH2AFX expression level, (D)—HE, 200×, (E)—γH2AFX, 200×). 
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Figure 5. γH2AFX in malignant peripheral nerve sheath tumor ((A)—HE, 200×, (B)—γH2AFX) and after treatment ((C)—γH2AFX, 600× low expression, (D)—HE, 200×, (E)—γH2AFX, 200×). 
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Table 1. Characteristics of the patient at the time of diagnosis.
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	Characteristics
	Value, n (%)





	Age at diagnosis
	



	Median
	58



	Range
	32–75



	Gender
	



	Female
	8 (42.11%)



	Male
	11 (57.9%)



	Tumor pathology
	



	Undifferentiated pleomorphic sarcoma (UPS)
	11 (57.9%)



	Myxofibrosarcoma (MFS)
	4 (21.05%)



	Leiomyosarcoma (LMS)
	2 (10.53%)



	Pleomorphic liposarcoma (PLPS)
	1 (5.26%)



	Malignant peripheral nerve sheath tumor (MPNST)
	1 (5.26%)



	Tumor site
	



	Trunk wall
	2 (10.53%)



	Arm/shoulder
	1 (5.26%)



	Thigh/buttock
	2 (10.53%)



	Calf
	14 (73.68%)



	Grade
	



	G2
	8 (42.11%)



	G3
	11 (57.9%)



	Largest tumor dimension
	



	5–10 cm
	3 (15.79%)



	>10–15 cm
	8 (42.11%)



	>15–20 cm
	7 (36.84%)



	>20–25 cm
	1 (5.26%)



	>30 cm
	1 (5.26%)



	Given doxorubicin-ifosfamide chemotherapy
	



	1 cycle
	19 (100%)



	2 cycles
	17 (89.47%)



	3 cycles
	17 (89.47%)



	Completed radiotherapy
	



	Yes
	18 (94.74%)



	No
	1 (5.26%)
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Table 2. The summary of pathological evaluation HIF-1α, TAM, IMVD, γH2AFX and necrosis/response score after treatment.
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Before Treatment

	
After Treatment






	
HIF-1α

	
176 (range 90–240)

	
122 (range 60–180)




	
TAM

	
1–4 (21.05%);

2–4 (21.05%);

3–4 (21.05%);

4–2 (10.53%);

5–5 (26.32%)

	




	
IMVD

	
1–7 (36.84%);

2–3 (15.79%);

3–4 (21.05%);

4–2 (10.53%);

5–3 (15.79%)

	




	
γH2AFX

	
216 (range 140–300)

	




	
Necrosis

	

	
67% (range 0–100%)




	
Response score

	
A—1 (5.26%);

B—2 (10.53%);

C—1 (5.26%);

D—11 (57.89%);

E—4 (21.05%)
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