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Abstract

:

Every year, over 600,000 new cases of esophageal cancer are registered worldwide. Treatment depends on the stage of the disease. In the early stages, surgical treatment is the basis (T1–T2 lesion < 3 cm, N0M0), while in more advanced stages, surgical treatment is preceded by radiochemotherapy or only radiochemotherapy is used. In the case of generalized disease, the main treatments used are systemic treatments of chemotherapy, immunotherapy and palliative teleradiotherapy or brachytherapy. Brachytherapy can be used at virtually any stage of disease, both as a radical treatment and as a palliative treatment. This paper presents the possibilities of using brachytherapy at various stages of esophageal cancer treatment. Particular attention was paid to the role of combining brachytherapy and immunotherapy and the possibility of an abscopal effect.
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1. Introduction


Esophageal cancer (EC) is the ninth most common cancer and the sixth leading cause of cancer death worldwide. More than 600,000 people suffer from esophageal cancer every year, and 10–30% die within a year [1,2]. Esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) are two major histological subtypes with different epidemiological and clinical features. While the global incidence of ESCC is decreasing, the incidence of EAC is increasing in many countries [1].



Early esophageal cancer remains asymptomatic for a long time; therefore, the vast majority of cases are detected in advanced stages of cancer. The main symptom of esophageal cancer is dysphagia, which results in progressive weight loss and cachexia.



Due to the submucosal spread of esophageal cancer, imaging diagnostics is demanding and based on the use of many diagnostic methods, each of which has its limitations. For local assessment, endoscopic examination supported by transesophageal ultrasound is used, and CT examination is used to assess the locoregional advancement, but it plays a minor role in assessing local advancement. PET CT allows the assessment of local advancement and distant metastases, but is characterized by low spatial resolution. Also, in recent years, the role of MRI in the diagnosis of local advancement of esophageal cancer has increased [3].



The treatment of esophageal cancer is complex and depends on both the stage of the cancer and its location [4]. The basic method of treatment is the use of various surgical techniques, both radical, such as esophagectomy, and palliative, such as stent implantation [5]. At the stage of locally advanced disease, radiotherapy, usually combined with chemotherapy, plays an important role. In the case of metastatic disease, the basis of treatment is systemic treatment, which in recent years has been enriched with new drugs whose action is determined by the presence of biomarkers such as the expression of the HER2 receptor, PD-1 (programmed death receptor-1) receptor or the detection of microsatellite instability (MSI) [6]. In the case of advanced disease, in addition to the above-mentioned treatment, an important local treatment plays a role, aimed at reducing the main symptom of the disease, which is dysphagia. One of the basic methods, apart from the previously mentioned stent implantation, is intraductal brachytherapy (BT). This is a widespread method of local irradiation, which involves the intraesophageal administration of a high dose of radiation to the area of the tumor responsible for swallowing problems. Due to the treatment technique, this method is mainly intended for palliative patients, but in special cases, it may play a role in radical treatment, most often in combination with external beam radiotherapy (EBRT) [7].



Brachytherapy in early stages can be used as an independent treatment because it allows the therapeutic dose to cover the area of tumor infiltration with an appropriate margin of healthy tissue, ensuring the local control of the tumor. In higher stages of advancement, due to the risk of cancer spreading beyond the esophageal wall, it is necessary to combine brachytherapy with radio or radiochemotherapy.



The following work presents reports from recent years which show that, in spite of progress in teleradiotherapy techniques and new methods of systemic treatment, brachytherapy plays an important role in the treatment of this type of cancer.



The targets of the manuscript are shown in the Figure 1 below.




2. Brachytherapy as Radical Treatment


2.1. Intraductal Brachytherapy as an Independent Treatment in Early Esophageal Cancer


The role of brachytherapy (BT) alone in the treatment of early esophageal cancer involving only the mucosa or submucosa has not been determined. Currently, the obvious and recommended method is surgery.



Surgical treatment is the standard treatment for early esophageal cancer (T1–T2 lesions, <3 cm, N0M0), but it is associated with a high risk of complications and mortality. For this reason, the endoscopic removal of esophageal tumor is increasingly used as an alternative procedure. But treatment results are ambiguous regarding the effectiveness of this procedure. Meta-analysis compares 15 studies covering a total of 2467 patients after endoscopic treatment and 2264 after surgical treatment. Endoscopic treatment is a safe procedure in early esophageal cancer (we observe fewer side effects—RR 0.46 at 95% CI and lower-treatment-related mortality—RR 0.27 at 95% CI); however, after esophagectomy, we observe fewer relapses, more R0 treatments and longer overall survival [8].



The question that is increasingly being asked is that of whether brachytherapy can be an alternative, especially to esophagectomy in early esophageal cancer.



Few studies from many years ago cover small groups of patients and in a short observation period indicate a local response after the use of independent brachytherapy. In the study by Maingon et al. [9], out of 25 patients, 12 had tumor recurrence, 11 of which were in the irradiated area. mDFS (median disease-free survival) was 14 months and 1-, 2-, and 3-year OS was 76%, 37%, and 14%, respectively. Unfortunately, despite the low stage of advancement, overall survival was very low and did not differ significantly between patients with stage T1 and Tis 20% vs. 24%, p = 0.83. In the study by Murakami et al. [10], 44 patients with stage T1a cancer were treated with intraductal brachytherapy, administering 25–35 Gy in 5–14 fractions. The 5-year locoregional control (LC), cancer specific survival (CSS), and overall survival (OS) rates were 75%, 97%, and 84%, respectively. Hishikawa et al. [11] described six patients who were irradiated to 24 Gy in a 4 × 6 Gy/2× week schedule. All patients had a complete local response, but the follow-up period was insufficient to fully assess the treatment results. Excellent results were described in the analysis of 23 patients with early esophageal cancer in the study by Nemoto et al. [12], which compared various radiotherapy techniques, including HDR brachytherapy alone. The 5-year LC in stage T1a was 100% and T1b was 54%. Based on all the above data, brachytherapy alone cannot be recommended for the radical treatment of early esophageal cancer. The role of brachytherapy in this indication may only be limited to selected patients whose general condition prevents the use of radical surgical treatment, radiochemotherapy or teleradiotherapy, and who do not consent to endoscopic treatment.




2.2. Brachytherapy Combined with Teleradiotherapy in the Treatment of Early Esophageal Cancer


As the degree of local advancement increases, the risk of lymph node metastases increases, e.g., in stage T1b, it is 20% [2,13]. In the case of local advancement in stages above T1a–T2, the combination of brachytherapy with teleradiotherapy is justified (Figure 2). However, such treatment is not the standard of care, and surgical treatment remains the basis of treatment in these stages of advancement [6]. Despite this, the results of treatment using teleradiotherapy with brachytherapy are very good [9,14]. The effectiveness of treatment decreases with an increasing depth of infiltration and is the greatest when the mucous membrane is involved. Studies indicate that the 5-year local control in such cases reaches 100% in patients with mucosa involvement and 75% in those with submucosa involvement [15], although some analyses indicate that the 2-year local control rate is only 63% [16]. In the case of submucosal invasion, the local control rate is slightly lower, usually approximately 10%, compared to stage T1a [12,17].



Five-year survival rates vary in different analyses and range from 31 to 66% [14,18,19,20,21,22,23] (Table 1). There are no studies directly comparing the effectiveness of combined EBRT and BT vs. surgical treatment, but the results seem to be slightly worse than those of surgical treatment (5-OS 77–85.5%) [24,25]. The diversity of results is influenced by the retrospective nature of the studies and the variety of treatment regimens. Teleradiotherapy doses range from 50 to even 70 Gy, conventionally fractionated in the dose range of 1.8–2 Gy [14,18,19,20,21,22,23]. The variety of brachytherapy regimens is even greater when low dose rate (LDR) and high dose rate (HDR) techniques are used. The number of fractions was from 1 to 4, and the fractional dose was from 3 to 7.5 Gy, which gave a different biologically effective dose (EQD2). EQD2 for the alpha/beta = 10 ratio ranged from nearly 10 to even 32 Gy, which gave a total biologically equivalent dose of over 70 Gy. Some studies also used concurrent chemotherapy, mainly based on cisplatin with 5FU. Current indications for radiochemotherapy alone recommend a dose of 50.4 Gy, conventionally fractionated without the use of brachytherapy, which is a much lower dose than in the above analyses. Late complications were related to BT dose and the number of fractions—17% for 12 Gy compared to 80% for 24 Gy [22]. Ulcers occurred in 3.5–20%, depending on the study. Less common complications included fistula, esophageal stricture, radiation pneumonia, and heart failure [10,12,14,15,16,17,18,19,20,21,22,23,26].



Neoadjuvant radiochemotherapy according to the CROSS regimen is the cornerstone of treatment for more advanced (T2–T3, N0-1, M0) operable esophageal cancer. Pre-operative radiotherapy up to 41.4 Gy concurrent with paclitaxel and carboplatin significantly improved OS and DFS compared to surgery alone in patients with the resectable (T1N1M0, T2–T3, N0-1.M0) cancer of the esophagus or gastroesophageal junction (GEJ).



The median OS in the study group was 5 years, and in the control group, 2 years [27]. Improved OS in patients with gastric adenocarcinoma and GEJ was noted when surgery was combined with subsequent radiochemotherapy in the SWOG/INT 0116 study. The median OS was 36 months in the group treated with chemoradiotherapy compared to 27 months in patients treated with surgery alone [28]. In the CALGB 9781 study, in the group of patients treated with induction radiochemotherapy with cisplatin and 5FU, the median OS was nearly 4.5 years, and in patients treated solely with surgery, almost 1.8 years [29]. Based on the above studies, induction radiochemotherapy has become the standard in the treatment of early cancer of the esophagus and gastroesophageal junction.



The role of surgical treatment in patients who achieve a complete response after radiochemotherapy remains controversial. On the one hand, studies indicate that omitting surgical treatment in such a case is beneficial in terms of OS and quality of life, but on the other hand, the diagnostic method assessing complete response remains a problem. The data indicate that only a combination of histopathological examination with PET-CT and MRI allows for an accurate assessment of complete response and the omission of surgical treatment [30].





3. Brachytherapy Combined with Teleradiotherapy in Advanced, Non-Operative Stages


Most patients with esophageal cancer are in poor general condition and with advanced local disease, where treatment with the intention of surgery is impossible. A multicenter, randomized phase III trial (NROG-001) [31] showed that in the high-dose arm (59.4 Gy) there was no improvement in OS (HR = 0.93, p = 0.54), but an improvement in PFS was demonstrated (29.1 months–20.0 months, HR = 0.77, p = 0.023) compared with the lower dose arm (50.4 Gy). In the study by Herskovitz et al. [32], the median OS was 8.9 months in the group with radiotherapy alone and 12.5 months in patients with radiochemotherapy. In non-operative cases, attempts to improve treatment results were made by escalating the dose using brachytherapy (Table 2). The most frequently used radiotherapy doses were in the range of 40–50 Gy, conventionally fractionated [33,34,35,36,37], although in some studies, the dose administered using EBRT was as high as 60 Gy [38,39,40,41]. The dose from brachytherapy ranged from 10 Gy to 24 Gy hypofractionated in the range of 5–10 Gy/fraction [33,34,35,36,37,38,39,40,41]. Some studies also used chemotherapy. Due to the poor prognosis in this group of patients, some regimens included hypofractionated radiotherapy with a brachytherapy boost, and the aim of the treatment was primarily palliative. Dose escalation using brachytherapy increased the local effectiveness, but at the cost of an increased rate of complications such as ulceration, esophageal stenosis, and bleeding.



Because the results of treatment with radiotherapy alone are poor and the combination with chemotherapy or surgery does not bring satisfactory results, checkpoint inhibitors (CPIs) are introduced. In the PALACE-1 trial [45], pembrolizumab was added to typical chemoradiotherapy from the CROSS trial. At this point, the available data showed good treatment tolerance with a pCR (pathological complete response) rate of 55.6%. Currently, the PALACE 2 phase 2 study is underway. In the ongoing CRISEC study [46], tislelizumab was added to chemoradiotherapy according to the same regimen. The interim analysis of this study showed a high pathological response of 86.7% with good tolerability of the combination of immunotherapy and chemoradiotherapy. Similarly, the atezolizumab trial [47] only analyzed the pCR rate. pCR was 25% and was similar to that in the CROSS study. Also, the addition of toripalimab to induction chemoradiotherapy in the phase II study [48] did not bring any breakthrough. The pCR rate was 50% and 36% in the immunotherapy group and chemoradiotherapy alone group, respectively. Although it differed numerically, this difference was not statistically significant. The first survival data on small groups of patients in combination with Camrelizumab showed 12 m and 24 m OS of 85.0% and 69.6%, and 12 m and 24 m PFS of 80.0% and 65.0%, and in combination with pembrolizumab, 6, 12, and 18 m OS of 89.3%, 80.8%, and 73.1%, respectively [49,50].



Taking into account the still unsatisfactory results of neoadjuvant immunotherapy, further research on adjuvant immunotherapy after chemoradiotherapy was conducted. The study with the addition of durvalumab turned out to be negative, with no differences in DFS or OS [51]. However, the study on nivolumab turned out to be positive [49]. However, not all patients were included in this study, but only those who did not achieve pCR after chemoradiotherapy. The addition of nivolumab extended mDFS from 11.0 to 22.4 months [52].




4. Brachytherapy in the Palliative Treatment of Esophageal Cancer


The palliative treatment of patients with esophageal cancer is based on both local therapy and systemic treatment. This very heterogeneous group includes patients in good general condition with a small tumor mass and single metastases as well as patients with a large local extension or massive spread in multiple organs. For this reason, the effect of local treatment on overall survival is difficult to demonstrate and local treatment is primarily important for symptom relief. Intraesophageal brachytherapy has a major role in relieving dysphagia. It results in a reduction in dysphagia in 70–90% of cases and achieves a complete endoscopic response in 50% of cases, which, depending on the study, lasts between 2 and 9 months [53]. Studies indicate that both fractional and total dose should be adjusted according to the patient’s general condition and life expectancy, as well as any previously administered dose of external beam irradiation. The most common irradiation schedules range from a single dose of 10–12 Gy through two fractions of 8 Gy to three fractions of 6–7.5 Gy. This allows for an EQD2 of alpha/beta 10 ranging from 16.6 to 32.8 Gy [13].



A comparative analysis between intraesophageal brachytherapy and other palliative techniques indicates a benefit of brachytherapy in relieving dysphagia. This was demonstrated both in a review paper with a meta-analysis of prospective studies by Fuccio et al. [7] and in an Italian literature review by Lancelotta et al. [54]. These studies also highlight the relatively low toxicity of the treatment, which was 8–12% in grades 3 and 4. Studies comparing brachytherapy with other palliative techniques have also been conducted. In 2002, the first randomized study comparing stenting and endobronchial brachytherapy (one fraction—12 Gy) was published. It showed an advantage of brachytherapy over stenting in terms of dysphagia-free time, weight loss, and improved quality of life [55]. There are no randomized trials directly comparing brachytherapy with EBRT. The results of the NTR7397 trial comparing three palliative treatment regimens—brachytherapy 12 Gy once and EBRT five times of 4 Gy up to 20 Gy—have still not been published. Only an indirect comparison is possible. Based on a comparison of the POLDER 1 study in which EBRT (20 Gy/5 fr/4 Gy) was used to relieve dysphagia and the SIREC study in which a single dose of 10 Gy was used, it was shown that both therapies offered similar results in terms of relieving dysphagia at 3 months after treatment, but EBRT was more effective in controlling pain, nausea, vomiting, and loss of appetite [56].



The standard of first-line treatment for patients with advanced or metastatic esophageal cancer is chemotherapy. Various chemotherapy regimens based on platinum derivatives, fluoropyrimidine, and taxanes are used in the treatment of metastatic esophageal cancer. In the first line, mainly a combination of platinum with fluoropyrimidine derivatives, in subsequent lines, taxanes or irinotecan. In the case of the overexpression of the HER 2 receptor in adenocarcinoma, the use of trastuzumab is possible.



Since the prognosis after such treatment remains poor, attempts are made to use immunotherapy alone or in combination with chemotherapy. The indications for its use vary depending on histology. In squamous cell carcinomas, the CheckMate 648 study, in which patients were randomized to three cohorts of nivolumab with ipilimumab, nivolumab with cisplatin-fluorouracil chemotherapy and chemotherapy alone, showed that, in patients with PD-L1 positive status, prolonged survival was achieved in both the immunotherapy alone and chemotherapy with immunotherapy groups compared to chemotherapy alone [57]. Similarly, the benefit of adding immunotherapy to chemotherapy was shown in the PD-L1 CPS 10 or above group after pembrolizumab in the Keynote 590 trial and in the overall patient group after Camrelizumab in the ESCORT first trial [58,59]. The benefit of immunotherapy has also been demonstrated in patients with adenocarcinoma. The CheckMate 649 study showed an OS benefit in CPS greater than or equal to five when nivolumab was added to standard chemotherapy, and the Keynote 590 study showed a benefit with pembrolizumab [58,60]. A benefit in OS was also highlighted for second and subsequent lines of treatment for esophageal cancer with pembrolizumab in the Keynote 181 study (for CPS 10 and above) and for nivolumab in the ATTRACTION-3 study (squamous or adenocarcinoma) [61,62]. The primary predictor of response to immunotherapy in esophageal cancer is the PD-1 (programmed death receptor-1) receptor protein, the high expression of which is responsible for a 25% response rate to immunotherapy in this cancer. Studies indicate the possibility of increasing the expression of the PD-1 molecule under the influence of chemoradiotherapy. In a study by Kelly et al. [63], it was shown that in a tumor burden, there is an increased level of interferon γ and activated CD8+ T cells. The upregulations of PD-L1 and many other immune checkpoints, including TIM3 (T-cell immunoglobulin and mucin domain 3), GITR (glucocorticoid-induced tumor necrosis factor receptor family-related protein IDO1(Indoleamine 2,3-dioxygenase 1), LAG3 (lymphocyte-activation gene 3), OX40 and KIRs (killer immunoglobulin-like receptors), have also been demonstrated. The upregulation of PD-L1 is dose-dependent and transiently elevated after radiation exposure. Similar conclusions come from the study by Osipov et al. [64] in which 28 patients with stomach and gastrointestinal junction cancer were analyzed in terms of PD1 and PDL1 expression before and after chemoradiotherapy, as well as the impact of PD1 expression on prognosis. Increased PD1 expression has been shown to be associated with poor OS in gastroesophageal (GE) cancer patients. Neoadjuvant chemoradiotherapy increases both PDL1 and PD1 levels. In patients with stomach cancer, this led to significantly poorer survival.



In general, higher doses of radiation appear to have more immunostimulatory effects, while lower doses of radiation (approximately 2 Gy) may produce greater immunosuppressive and anti-inflammatory effects [65]. It is believed that brachytherapy may have a potential advantage over EBRT in terms of stimulating the immune response within the tumor. Whereas in EBRT radiation, beams pass through a significant volume of healthy tissue to achieve appropriate dose distribution in the target volume, brachytherapy allows for a highly conformal dose distribution, with a rapid dose decay outside the irradiated target volume and a high but also heterogeneous radiation dose in the target volume (Figure 3). This dose heterogeneity depends on the distance of the source from the target volume [66]. Patel et al. [65] assumed that a highly conformal dose distribution in the target volume allows the sparing of healthy tissue, especially the circulating components of the immune system and lymphatic tissue, which minimizes the immunological effect outside the target volume. The dose gradient resulting from the inverse square law produces multiple immunological mechanisms, ranging from immunogenic cell death and the release of tumor-specific antigens in the highest dose regions, to increased cytokine release in the mid-dose region, and finally to the short-term depletion of tumor-infiltrating suppressive lymphocytes in the surrounding cancer tissues [65].



Current progress in radiotherapy largely relies on the precise administration of high fractional doses. However, the effect of damaging cancer cells outside the irradiation area has long been described [66]. The so-called abscopal effect results from the activation of the body’s immune system caused by radiation. The mechanism of the abscopal effect is based on several phenomena. In addition to double-strand DNA breaks, the tumor microenvironment is damaged by the action of reactive oxygen species on the endothelium of tumor blood vessels [67]. Moreover, damaged cancer cells release tumor antigens and damage-associated molecular patterns (DAMPs) into the environment [68,69]. Additionally, Calreticulin is released, which increases the ability to present tumor antigens on dendritic cells. As a result, the release of antigens stimulates the immune system and produces CD8+ cytotoxic lymphocytes against cancer cells [70]. Low and intermediate doses of radiation can modulate the inflammatory environment by releasing pro-inflammatory cytokines from irradiated tumor cells, such as tumor necrosis factor-α (TNF-α), interferon-α (IFN-α), IFN-β, and IFN-γ [71,72]. Furthermore, in the cytoplasm of irradiated cells, cyclic GMP-AMP synthase (cGAS) binds to translocated double-stranded DNA (dsDNA) fragments induced by irradiation and activates a signaling cascade via the second messenger 2′3′-cGAMP (cGAMP) and the stimulator of interferon gene (STING), which leads to the increased production of type 1 interferon (IFN 1) in the tumor microenvironment [73,74]. INF 1 plays an important role in radiation-induced tumor destruction by activating the production of cytotoxic lymphocytes with the upregulation of PD1 and PD-L1 [72,74]. A similar mechanism of action has been demonstrated for pro-inflammatory chemokines such as CCL5, CXCL16, and CXCL10 [75,76].



Between 1969 and 2018, only 47 cases of metastasis reduction outside the irradiation field were described, which could be explained by the abscopal effect [77]. This effect did not depend on the type of cancer, dose, or fractionation method. Only Postow et al. [78] described the effect of the slight remission of lung cancer metastases treated with irradiation and immunotherapy against CTLA 4 (immune checkpoint inhibitors—ICIs)—Ipilimumab. Since then, there has been an increase in data regarding the abscopal effect of radiotherapy induced by immunotherapy [79]. The question arises whether the abscopal effect occurs when radiotherapy is administered alone. The addition of immune checkpoint inhibitors such as anti-CTLA4 and anti-PD1/PD-L1 act synergistically with radiotherapy to promote an effective anti-tumor cytotoxic lymphocyte response [80]. Experience from studies in other cancers indicated the benefit of combining high fractional doses of radiotherapy with immunotherapy, but the optimal dose has not been determined [81]. Studies have shown the benefits of various radiation regimens. For example, the study by Shaue et al. [82] showed that fractionated radiotherapy with a mean radiation dose of 7.5 Gy/fraction in 2 fractions provided the best immunogenic effect and the highest tumor control. This effect was better compared to both a single dose of 15 Gy and the 5 × 3 Gy or 3 × 5 Gy regimens. Similarly, in a previous study by Dewan et al. [83], it was found that the abscopal effect caused by anti-CTLA 4 immunotherapy is stronger in hypofractionated radiotherapy with 10 × 3 Gy than in the case of radiosurgery with 1 × 20 Gy.



The abscopal effect in esophageal cancer has only been found in a few case reports. In the oldest of these, a study by Rees et al. [84] in a 49-year-old patient reported an abcopal effect of the regression of lung metastases after the irradiation of the primary focus with a conventional (40 Gy/20 fr/2 Gy) regimen that persisted 6 months after treatment [84]. A shorter abscopal effect lasting 1.5–2 months was obtained in more recent studies using a hypofractionated radiotherapy regimen of 30 Gy/10 fr/3 Gy to the primary site. In the study by Bruton et al. [85], it concerned retroperitoneal lymph nodes, and in the study by Biswas et al. [86], it concerned retroperitoneal and mediastinal lymph nodes. The study by Zhao et al. [87], a combination of docetaxel and cisplatin chemotherapy was used in a 65-year-old man treated for advanced, poorly differentiated squamous cell carcinoma of the middle part of the esophagus with metastases to numerous lymph nodes. After four cycles of chemotherapy, pembrolizumab was administered as maintenance therapy. Despite an early good response to treatment detected in the PET-CT scan, after a month of immunotherapy, progression in the retroperitoneal lymph nodes and metastases to numerous pelvic lymph nodes were observed. After applying stereotactic radiotherapy using the Cyberknife technique in the 42 Gy/6 fr/7 Gy regimen to the retroperitoneal lymph nodes, the complete regression of all metastases was achieved lasting 8 months. Throughout the entire period, the patient received maintenance treatment with pembrolizumab [87].



There are only isolated reports of the abscopal effect in patients treated with immunotherapy and brachytherapy. In a single-center analysis of a series of three cases of patients with advanced adrenocortical carcinoma, combined treatment was used—brachytherapy and pembrolizumab. Two patients had a complete response and one had a partial response, which persisted at the last follow-up after 23, 45, and 4 months, respectively. Two patients experienced immune-related adverse events such as colitis (grade 3), gastroduodenal inflammation (grade 3), pneumonia (grade 2), and thyroiditis (grade 1) [88]. Similarly, an abscopal effect was also found after the brachytherapy and nivolumab treatment of iliac metastases from renal cell carcinoma [89]. Single data also concern the occurrence of the abscopal effect in the case of brachytherapy using permanent implants. In the study by Belia et al. [90], permanent implants of the alpha emitter Ra 224 were used in the treatment of multifocal skin cancer. One year after the treatment, the complete remission of all cancer lesions was observed. The intention of the authors was to further monitor the concentration of activated T lymphocytes, the increase in which would explain the immunological effect of this phenomenon. Also, an increase in the level of T lymphocytes (CD3+HLA-DR+, CD4+HLA-DR+, and CD8+HLA-DR+), a decrease in CD8+ memory T lymphocytes and a gradual increase in the ratio of activated T lymphocytes to regulatory T lymphocytes in peripheral blood after the LDR brachytherapy of the prostate induced effective immune response in patients, which may consequently reduce the frequency of relapses and the spread of the disease in this case [91].



Brachytherapy in esophageal cancer is a valuable method of treatment, and is primarily palliative. It is used primarily as a treatment for a primary lesion to reduce dysphagia; however, there are data available for the treatment of metastases, e.g., liver metastases [92].



There are no studies confirming the abscopal effect after esophageal brachytherapy, but available data from other cancers indicate the possibility of this phenomenon occurring in esophageal cancer, especially in the increasingly common combination of irradiation with immunotherapy.




5. Conclusions


The role of brachytherapy in esophageal cancer is not fully established. It seems that it should have wider application than it does in practice. There are few papers, especially randomized trials, on this topic. Brachytherapy can be a complement to teletherapy if it is necessary to increase the dose due to local control. At the same time, brachytherapy may be an alternative to surgery in some cases in the early stages of the disease. Increasing the dose may contribute to the radicalization of treatment and thus prevent local recurrence and treatment failure in patients not qualified for surgical treatment. In recent years, the role of immunotherapy has significantly increased, mainly in the treatment of metastatic esophageal cancer. Radiobiological mechanisms such as the abscopal effect provide hope for the benefit of combining brachytherapy with immunotherapy.



The conducted studies show that combining brachytherapy with immunotherapy may also bring satisfactory results in metastatic disease due to the possibility of an abscopal effect.




6. Future Direction


Randomized studies are needed to determine whether and when the use of brachytherapy to radicalize radiochemotherapy may be an alternative to the surgical treatment of esophageal cancer. Research on the occurrence of the abscopal effect in the case of brachytherapy and the possibility of using it with immunotherapy also seems to be justified.
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Figure 1. The targets of the manuscript. 
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Figure 2. External beam radiotherapy (EBRT)—radiotherapy target volume in esophageal cancer. Tumor in the upper and middle thoracic esophagus (yellow). Planned target volume (PTV) (cyan). 
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Figure 3. Brachytherapy. Tumor in the lower esophagus. Target volume is relatively small, and one can observe rapid dose decay outside the irradiated target volume and a high radiation dose in the target volume. 
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Table 1. Study results of brachytherapy combined with teleradiotherapy in the treatment of early esophageal cancer.
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	n
	Stage
	BT
	EBRT
	CHT
	5 Years LC
	5 Years OS
	Toxicity





	Ishikawa 2006 [15]
	36
	T1
	HDR 3 × 3 Gy

LDR 2 × 5 Gy
	T1a—56 Gy

T1b—60 Gy
	-
	T1a 100%

T1b 75%
	58.7%
	Pneumonitis 3%

Esophagitis 15%



	Tamaki 2012 [17]
	54
	T1
	HDR 3 × 3 Gy

LDR 2 × 5 Gy
	T1a—56 Gy

T1b—60 Gy
	-
	LDR 81.5%

HDR 72.9%
	LDR 64.7%

HDR 53.6%
	LDR 26%

HDR 9%



	Sai 2005 [18]
	27
	T1
	8–12 Gy/2–3 fr
	52 Gy
	-
	68.4%
	58.9%
	2.9%



	Murakami 2012 [10]
	87
	T1b
	7.5 Gy/3 fr

10 Gy/2–4 fr

15 Gy/3 fr
	54–60 Gy
	-
	49%
	31%
	7%



	Yamada 2006 [19]
	63
	T1
	HDR 10–12/2–3 fr
	59.4 (55–66)
	PF
	
	66.4%
	6.3%



	Shioyama 2005 [20]
	12
	T1
	LDR 18 (12–21)

HDR 13.5 (10–20)
	60.6 (50.4–70)
	-
	66%
	62%
	6.8%



	Pasquier 2006 [16]
	66
	T1a
	7 +/− 3.98
	60 +/− 4.83
	-
	63%
	35.6
	9%



	Nemoto 2001 [12]
	92
	T1a
	LDR 9 (3–31)

HDR 11(9–36)
	65 (54–84)
	-
	T1a 88%, T1b 77%
	T1a 62%, T1b 42%
	5.4%



	Nishimura 1999 [21]
	13
	T1a
	HDR 8–12 Gy/2–3 fr
	50–56 Gy
	-
	3 years 85%
	-
	9.5%



	Yoruzu 1999 [22]
	124
	T1–2
	HDR 8–24
	40–60 Gy
	PF
	2 years 58%
	-
	Ulcerations:

12 Gy—17%

24 Gy—80%



	Murakami 1998 [14]
	32
	T1–2
	HDR 10–12
	50–66 Gy
	PF
	2 years 70–83%
	2 years 72%
	20% ulcerations



	Okawa 1999 [26]
	43
	T1–4, N0–1
	10/2 fr
	60
	Etoposide mono-therapy
	-
	2 years 32.9%
	Early 11.6, late 8.3 (grade 3 or more)



	Gaspar 2000 [23]
	49
	T1—2
	HDR 15/4 fr

LDR 20
	50
	PF
	-
	1 year 49%
	24%,

12% fistulas







Legend: BT—brachytherapy, EBRT—external beam radiotherapy, LDR—low-dose rate, HDR—high-dose rate, CHT—chemotherapy, LC—locoregional control, OS—overall survival.













 





Table 2. Results of brachytherapy combined with teleradiotherapy in advanced, non-operative stages.
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	n
	Stage
	BT
	EBRT
	CHT
	LC
	OS
	Toxicity





	Hujala 2002 [33]
	40
	III–IV
	10
	40
	-
	-
	1 year: 30%

2 years: 17.5%
	



	Vuong 2005 [34]
	70
	T1–3, N0–1
	20
	50
	PF
	2 years 75%
	5 years: 28%
	



	Lopez 2007 [35]
	23
	II–IV
	21
	44.2
	-
	-
	5 years: 10%
	



	Muijs 2011 [38]
	62
	T1–4, N0–1
	12
	60
	-
	1 year: 71%

2 years: 50%

5 years: 45%
	1 year: 57%

2 years: 34%

5 years: 11%
	Esophagitis, ulcerations, (11%) and strictures (16%)



	Someya 2002 [39]
	77
	III–IV
	10–24
	40–65
	-
	2 years:

<5 cm: 83%,

≥5 cm: 25%
	2 years: 35.6%

5 years: 10.6%
	-



	Laskar 2015 [42]
	75
	III–IV
	16
	20–30
	-
	-
	1 year: 27%
	27% (stenosis, fistula, bleeding)



	Aggarwal 2015 [43]
	59
	I–IV
	10–15
	27–30
	-
	-
	1 year: 51%

2 years: 19%

3 years: 7%
	Stenosis: 8%

Ulcers: 3%



	Kissel 2020 [44]
	41
	III–IV
	15
	30
	-
	-
	1 year: 68%

2 years: 50%
	



	Calais 1997 [40]
	53
	IIb–III
	10
	60
	PF,

Mitomycin
	LC

1 year: 74%

3 years: 30%
	3 years: 27%
	Stenosis: 13%

Severe late toxicity: 11%



	Taal 1996 [36]
	51
	III–IV
	10
	40
	-
	-
	1 year: 20%
	2% stenosis and 1% dead by pneumonitis



	Mangesius 2023 [41]
	71
	I–IV
	10
	59.4
	Most only 5FU, some PF
	mLC 30.5 m
	mOS 22.7 m
	Esophageal stenosis 22.5%



	Mingyue Ye 2022 [37]
	64
	I–IV
	10
	50
	-
	1 year: 88%

2 years: 72%

3 years: 53%
	3 years: 38%
	2 pt: dysphagia,

3 pt: bone marrow suppression







Legend: BT—brachytherapy, EBRT—external beam radiotherapy, CHT—chemotherapy, LC—locoregional control, OS—overall survival.
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