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Abstract

:

Hodgkin lymphoma is characterized by a high cure rate in the modern era of medicine regardless of stage, but patients suffer from a high risk of comorbidity associated with the administered therapy. The main aim of this review article is to assess and analyze the various comorbidities associated with Hodgkin lymphoma and address the survivorship of patients, including fertility, secondary cancers due to cardiovascular toxicity, and quality of life. Furthermore, this review explores the optimal strategy for detecting relapse. The treatment paradigm of Hodgkin lymphoma has shifted, with a paradigm shift toward achieving a high cure rate and low toxicity as a standard of care in this patient population. Checkpoint inhibitors, especially nivolumab, in combination with chemotherapy are increasingly being studied in the first line of therapy. However, their long-term toxicity remains to be assessed in longer follow-up. In conclusion, Hodgkin lymphoma survivors, regardless of their treatment, should be followed up individually by a multidisciplinary survivorship team in order to detect and properly treat the long-term side effects of therapy.
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1. Introduction


Hodgkin lymphoma (HL) is a rare hematological malignancy, with the incidence estimated as 2.5 cases per 100,000 men and women [1]. The median age at diagnosis is 39 years old, with a high 5-year relative survival rate of 88.9%. HL is certainly a story of success, with the breakthrough of the MOPP (mechlorethamine, vincristine, procarbazine, and prednisone) regimen showing for the first time that cancer malignancy can be treated with chemotherapy and offering a cure for 50% of patients [2]. This regime was deemed by the American Society of Clinical Oncology (ASCO) as the first modern and important advance in oncology [3]. With the development of novel regimens, such as ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) and BEACOPPesc (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone), the outcomes of patients have improved greatly. However, a new paradigm in HL has arisen, which focuses on how to maintain a low mortality rate and reduce comorbidities in this patient population. The main aim of this review is to describe the long-term consequences of HL treatment and provide strategies for clinicians on how to deal with them.




2. The Short Overview of Hodgkin Lymphoma Treatment


To understand the follow-up of patients with HL, a brief overview of the ever-changing treatment paradigm of HL is presented.



While the treatment of early, favorable HL typically involves around two cycles of ABVD and INRT, there is a heated debate about the treatment of early, unfavorable (two cycles of ABVD plus two cycles of BEACOPPesc followed by 30 Gy of INRT) and advanced disease, which is guided by positron emission tomography–computed tomography (PET-CT) [4]. There is a heated debate regarding the approach for patients with advanced disease, specifically about the use of ABVD or BEACOPPesc in this clinical scenario. Skoetz et al. performed a meta-analysis on 3427 subjects included in five randomized controlled trials [5]. The patients treated in the BEACOPPesc arm had better progression-free survival (PFS) (HR = 0.54, 95% CI 0.45–0.64) and overall survival (OS) (HR = 0.74, 95% CI 0.57–0.97). However, this meta-analysis suffers from publication bias due to the time of publication and novel paradigms such as four cycles of BEACOPPesc, which have shown the best outcomes in advanced HL as demonstrated by the HD18 trial in PET-negative patients [6]. Nevertheless, there is still heated ongoing discussion about the use of this regimen. The choice of chemotherapy depends on the physician’s and patient’s preference, or the country. Central Europe tends to use BEACOPPesc as a standard of care, unlike Italy, Great Britain, and the US, which are more prone to ABVD. An Italian group conducted an RCT comparing four cycles of BEACOPPesc followed by four cycles of BEACOPPbaseline with ABVD in 331 patients with unfavorable characteristics [7]. The primary endpoint was freedom from first progression, favoring BEACOPPesc with a 7-year freedom from progression rate of 85% and 73%, respectively (p = 0.004). However, there was no difference in event-free survival (EFS). This lack of EFS may be attributed to high acute toxicity, treatment-related mortality (TRM), and secondary malignancies. In conclusion, despite the initial HL-related outcomes, the acute and long-term toxicities limit this protocol. However, further trials are needed to examine the current BEACOPPesc GHSG standard to ABVD.



The greatest breakthrough is the addition of brentuximab vedotin (BV), an antiCD30 antibody–drug conjugate, to the AVD backbone as demonstrated by the ECHELON-1 RCT comparing this new regimen to ABVD on 1134 subjects with advanced HL [8]. The 6-year PFS rate was 82.3% in the experimental group compared to 74.5% in the ABVD group (HR = 0.68, 95% CI 0.53–0.86). However, the significance of the ECHELON-1 study lies in the OS benefit, which had not been seen for decades in HL research. The 6-year OS rate was 93.9% in the BV group compared to 89.4% in the ABVD group (HR = 0.59, 96 CI% 0.40–0.88). Furthermore, this regimen is not PET driven, as it overcomes Deauville 4 interim PET in terms of PFS and OS. This regimen should become the standard of care in the treatment of advanced HL, although it has not been tested against BEACOPPesc.



Another attractive strategy is certainly PET-driven treatment [9,10,11,12,13,14]. While interim PET-negative patients benefit from such strategies as the omission of bleomycin, interim PET-positive patients face challenges in terms of PFS rate and the risk of death, representing the unmet need in the field of treating HL [9]. The PET guided trials are shown in Table 1, titled “PET Adapted Approach in Hodkin Lymphoma” [10].




3. How to Detect the Relapse of Hodgkin Lymphoma


It is estimated that around 15% of patients with early disease and 30% of patients with advanced disease develop relapse of HL and are treated by salvage therapy followed by autologous stem cell transplantation [15,16]. In a meta-analysis concerning advanced disease, Dalal et al. estimated 5-year PFS rates of 58–81% for ABVD and rates of 83–96% for BEACOPP variants [17]. Furthermore, even though treatments in RCTs are well defined, “real-life” treatments are heterogenous and their impact on HL relapse remains unexplored. The European Society of Medical Oncology (ESMO) recommends anamnesis, physical examination and a laboratory analysis during follow-up (grade IVB) [18]. It is important to note that follow-up is frequent after achieving complete remission (CR) or complete metabolic remission (CMR). The British guidelines are somewhat vague, stating that follow-up should be based on patient and physician preferences, but are against routine imaging [19]. In US National Comprehensive Cancer Care (NCCN) hospitals, computed tomography (CT) scans are performed every 6 months in the context of clinical trials [20]. However, it is important to note that other physicians, mainly from Europe, often follow these guidelines. The American College of Radiology (ACR) recommends MSCT surveillance every 6 months for 2 years and then once per year for 3 years [21]. A possible rationale for the NCCN and ACR guidelines is that HL relapse is most common in the first two years after first achieving CR, and functional cure of HL is defined as being in CR for 5 years. Earlier studies, such as the one by Zinzani et al., considered this notion outdated [22]. Gandigota et al. performed serial CT surveillance in early HL on 78 patients [23]. None of the patients relapsed, with nine false positive scans. As expected, this mode of surveillance was not cost-effective, totaling USD 296,817. The MD Anderson’s retrospective experience regarding early HL (n = 179) showed that only 0.2% of relapses were detected by routine surveillance, with 463 scans needed to detect one relapse [24]. Lee at al. estimated a positive predictive value (PPV) of 28.6 for CT scans in detecting relapses with a high economic burden (USD 61,820.48 to detect one relapse) [25]. With the advent of PET-CT and the Lugano criteria (despite not recommending routine imaging during follow-up), this imaging technique is increasingly being used in HL surveillance [26]. In a study with 67 patients who were routinely followed up via PET-CT, Mochikova et al. reported a true positive scan in 9% of cases, while it was inconclusive in 17.9% of cases [27]. It is important to note that the value of PET-CT increased, if clinically indicated, to 18.5% (RR = 0.21, p = 0.02). Another retrospective study included 211 patients who were routinely followed up, and 81 patients showed clinical indication for PET-CT [28]. The true positive rate of PET-CT was only 5%, rising to 13% if clinically indicated (p < 0.05). The largest study in this area was conducted by the GELTAMO group (n = 640) [29]. The patients were divided into five groups, who underwent clinical assessment (n = 202), CT every 3 months (n = 58), CT every 6 months (n = 232), PET-CT every 3 months (n = 43), or PET-CT every 6 months (n = 82). During follow-up, 68 patients relapsed. It is important to note that in the majority of cases, the suspicion was raised by the patient themselves, based on their symptoms (lymphadenopathy, constitutive symptoms) (61.8%), with the PPV being 64%, in contrast to CT (PPV = 59%) and PET-CT (PPV = 47%). This study included long-term follow-up, with the PFS and OS rates not being statistically significant among the groups, thus prompting the authors to conclude that a clinical approach toward this patient group is the method of choice. Furthermore, imaging techniques are a concern due to exposure to radiation. The median millisievert (mSV) at two years is highest for CT scans performed every 3 months (126.68) compared to routine clinical imaging (19.9). These data are worrisome due to the risk of secondary cancers because of unnecessary exposition to radiation, especially in younger and vulnerable groups of HL patients [30].



Due to the pitfalls of CT or PET-CT imaging, Picardi et al. designed a randomized control trial comparing ultrasound and chest X-ray imaging to routine PET-CT follow-up on 300 patients with advanced disease [31]. The study met its endpoint, showing no difference in the detection of relapses due to the techniques used. The PPV for ultrasound imaging was 91% compared to 73% for PET-CT, with the NPV being 99% and 100%, respectively. This is “a proof-of concept” study showing that easily accessible and cost-effective techniques with minimal irradiation could be used in everyday clinical work.



One other feature of monitoring HL is late relapses [32]. An analysis of Swedish registry data including 2242 HL patients found 58 late relapses, with the incidence being 2.7% at 10 years, 4% at 15 years, and 5.4% at 20 years. When compared to HL patients in CR, the outcomes were poor, with the 10-year OS rate being 51%, which is similar to early relapses. It is important to note that the treatment strategy in these cases is unknown. On the other hand, the incidence of late relapses has diminished since the year 2000, indicating the improvement in first-line treatment. The GHSG analyzed their trials and found 45 patients with late relapses [33]. The outcomes of these patients were better than those with early relapses (HR = 0.7, p = 0.03). Contrary to patients with early relapses, autologous stem cell transplantation was used in a minority of cases and patients mostly received BEACOPPesc or ABVD.



In conclusion, expert clinical assessment combined with patients’ symptomatology is the preferred method for detecting relapse, along with the biopsy of a suspicious lesion. If the biopsy is positive, CT or PET-CT should be used to restage the disease. However, there remains an unmet need in this area, concerning iPET-positive patients who are prone to relapses. There is no scientific consensus on how to follow up with these patients.




4. Survivorship among HL patients with First Complete Remission


As shown above, the majority of patients will be cured from HL after first-line therapy. Yet, a question has been raised regarding whether these patients have excess morbidity and mortality. Núñez et al., in their retrospective single-institution study (n = 383), analyzed the standard mortality ratio (SMR) not related to HL (1967–2020) [34]. Female sex (SMR = 5.61) and age younger than 30 years at diagnosis (SMR = 12.5) were risk factors for death. Interestingly, despite the progress in the treatment of HL, the SMR in the years 2000–2022 was 3.88 (95% CI = 2.41–6.24), which was greater than before the year 2000 (SMR = 2.73), indicating that the treatment of HL has a great impact on the OS of these patients. This is a cautionary tale suggesting that hematologists do not adequately follow up with this vulnerable group of patients.




5. Secondary Solid Tumors


5.1. Secondary Breast Cancer


Ibrahim et al. performed a meta-analysis of 34 studies on secondary breast tumor [35]. The median age at HL diagnosis was 23.7 years, while the median age at secondary breast cancer (SBC) diagnosis was 35 years. The latency between HL diagnosis and SBC diagnosis was 17.7 years. The rate of excess cases was 22.9 per 10,000 persons per year, with a relative risk of 8.23. As expected, the risk was highest in young HL survivors, i.e., children, while older patients (21–30-year-old) had a relative risk of 5.3 (95% CI = 1.9–16.6). It is important to note that women older than 40 (at HL diagnosis) were not at risk for SBC. Concerning treatment modalities, radiotherapy was the main risk factor for the development of this secondary tumor (RR = 4.7). Interestingly, combined treatment with an alkylating agent was also a risk factor for SBC (RR = 5.65). However, there are limitations to this meta-analysis due to the treatment modalities being explored (mantle cell radiotherapy) and the inclusion of studies of historical importance. With the advent of novel radiotherapeutic strategies such as EFRT and INFRT, the risk has become lower (OR = 3.25), while the SBC occurrence in patients receiving a smaller field of radiotherapy is relatively low (20-year incidence rate = 3.5%) [36]. It is important to note that other radiation variables, such as the total number of grays delivered or the fractions of radiotherapy, play a role in SBC occurrence. Concerning the outcome, SBC confers poorer overall survival when compared to sporadic breast cancer regardless of disease stage [37].



The primary solution to this problem is prevention and screening [38]. Routine mammograms are recommended despite additional radiation. Concerning breast magnetic resonance imaging, the evidence is based on expert opinions, though no advantage has been shown for this patient population. However, there is another issue that needs to be assessed, i.e., patients’ adherence to screening.



In a study by Diller et al., 40% of patients were not aware of the increased risk for SBC, with only 47% having received a mammogram in the last two years [39]. This indicates the need for proper education by multidisciplinary teams and evidence-based programs to offer appropriate care to female HL survivors.




5.2. Secondary Pulmonary Cancer


Lorigan at al. performed a systematic review on secondary pulmonary cancer in HL survivors (n = 32,951) [40]. In general, RR was 2.9 with an absolute excess risk of 9.7. Both mediastinal radiation greater than 5 Gy (RR = 7.2) and use of alkylating agents (RR = 4.3) were predictors of this neoplasm with an additive effect (RR = 7.2 95% CI = 2.8–21.6%). However, the magnitude of pulmonary cancer was much more pronounced in cigarette smokers (at least one pack per day). In this population, irradiation carried an RR of 20.2, with the RR of alkylating agent chemotherapy being 16.8. The additive effect was greatest with an RR of 49.1 (95% CI = 15.1–187). The latency period was between 5 and 9 years, with the risk persisting for up to 20 years. Concerning the outcomes, an analysis using the SEER database compared secondary lung cancer to primary lung cancer [41]. Non-small cell lung cancer (NSCLC) was diagnosed in 466 HL survivors, while small cell lung cancer (SCLC) was diagnosed in 93 cases. The median latency of diagnosis was associated with the stage, with local pulmonary cancer having a median latency of 7 years. Furthermore, the year of diagnosis was significant concerning the stages at diagnosis, with patients being diagnosed with an early stage from 2000 to 2016, indicating that chemotherapy, different radiation techniques, and survivorship programs may have changed the approach to HL survival. However, HL survivors with NSCLC had a worse prognosis than the comparison group irrespective of stage, while there was no difference in survivors with SLCL.



As shown above, secondary lung cancer is an important secondary solitary tumor in HL survivors that confers poor prognosis. There are several prevention techniques to avoid this dismal prognosis. The first primary prevention is offering patients multidisciplinary support to stop smoking. Another possible secondary prevention is using low-dose CT to detect lung cancer in the early stage. A meta-analysis by Hoffman et al. included 96,559 subjects screened by means of MSCT or chest X-ray [42]. Lung cancer screening detected more stage I cases (RR = 2.93) and resulted in reduced mortality (RR = 0.84), with 265 cases needed to be screened to avoid one lung cancer death. The false positive rate was 8%. Yet, these findings cannot be translated directly into HL survival for various reasons; a feasibility study of low-dose CT screening to detect lung cancer in this population is being carried out on 200 survivors (NCT04396119). If positive, it could change our paradigm in detecting this fatal complication.





6. Secondary Hematological Malignancies


Two of the most common secondary hematological malignancies following chemotherapy are therapy-related acute myeloid leukemia (tAML) and therapy-related myelodysplastic syndrome (tMDS), which confer dismal prognosis [43]. In three prospective trials comparing the MOPP and ABVD regimens, the 15-year actuarial risk for developing AML in the ABVD group was 0.7% compared to 2.4% in the MOPP group [44]. It is important to note that irradiation in the ABVD group did not have an additive effect on the development of secondary hematological malignancies. A Stanford group evaluated retrospectively three clinical trials (n = 754), with the rate of t-AML being 3.2% [45]. However, the difference was significant among the trials, with none of the patients developing t-AML in the Stanford V group. The authors attributed these findings to the cumulative dose of cytostatic drugs used in the various regimens, mainly mechlorethamine, melphalan, and procarbazine. The GHSG evaluated the rates of t-AML and t-MDS in 11,952 subjects in 11 RCTs [46]. The total rate of t-AML/MDS was 0.9% (n = 106). Unlike secondary solid tumors, the latency to secondary hematological malignancies was shorter, occurring during the first three years after CR. In the multivariate analysis, age, number of BEACOPPesc (≥4), and extended-field radiotherapy were independent risk factors. The median OS was poor at 7.2 months. However, younger patients could be treated with allogeneic stem cell transplantation, with the median OS not yet determined.



Furthermore, HL survivors are prone to develop secondary non-Hodgkin lymphoma, as demonstrated by a Cochrane meta-analysis (frequency of 0.9%) [47]. In conclusion, secondary hematologic malignancies are rare events in HL survivorship, unlike secondary solid cancers, but they represent a clinical challenge due to the lack of primary or secondary prevention and limited therapeutic strategies.




7. Cardiovascular Toxicity


One of the largest studies on late cardiovascular toxicity in HL survivors was conducted by a Dutch collaborative group involving 2524 HL survivors, with a median follow-up of 20.3 years [48]. It is important to note that this is a historical cohort study due modalities such as mantle cell radiotherapy being used in the treatment. A total of 1713 events were recorded, including chronic heart disease (CHD) in 401 patients, valvular heart disease (VHD) in 374 patients, and heart failure (HF) in 140 patients. When graded according to the Common Terminology Criteria for Adverse Events, most events were grade 3 or higher. When compared to the general population, the standardized incidence ratio (SIR) was higher, with the SIRs for CHD and HF being 3.2 and 6.8, respectively. HL survivors younger than 25 at the age of diagnosis had statistically significant elevated SIRs for cardiovascular toxicity than older survivors. The risks for CHD and HD were higher during the 20-to-47-month follow-up after the first CR, indicating the latency of these events. In the multivariate analysis, mediastinal radiotherapy, intensity of radiation, anthracycline use, and smoking status at diagnosis were significant prognostic factors for cardiovascular events.



Another study on cardiovascular disorders was carried out by the EORTC and LYSA groups using the self-reported measure, Life Situation Questionnaire (LSQ), in subjects enrolled in RCTs [49]. A total of 4735 patients were eligible for the LSQ (all baseline data regarding treatment were obtained), with 1919 responders. The majority of patients were treated in the years between 1995 and 2004 with a combined modality of treatment. Ischemic heart disease was reported in 24% of cases, followed by congestive heart failure in 21% of cases and VHD in 14% of cases. Another adverse event was arrythmia, occurring in 17% of cases. As reported by the study using Dutch registry data, these were late onset events, with a gradual increase of up to 25 years after the initial treatment. In the multivariate analysis, the mean dose of radiation to the heart and the mean dose of anthracyclines were important factors. Furthermore, increases in these variables were associated linearly with cardiovascular events. Hodgson et al. performed a large population study involving HL survivors, with the primary endpoint being hospitalization due to a cardiac event (n = 3.964, median age at HL diagnosis = 35) [50]. Doxorubicin-containing chemotherapy, followed by mediastinal irradiation, was the most prominent risk factor (HR = 1.8). Furthermore, the authors analyzed patients receiving only ABVD. The risk for cardiac-related hospitalization at 10 years was 5.5% for males and 3.3% for females, showing that the most used regimen in HL has serious cardiac morbidity. A small retrospective study compared acute and early cardiac toxicities between the ABVD and BEACOPP regimens by measuring heart indices using ultrasound before and one year after therapy [51] Although the BEACOPP regimen was associated with the detection of cardiac function indices, the result was not clinically significant. Due to the relative novelty of this regimen, longer follow-up with a large cohort of patients is needed to assess the long-term cardiac morbidity associated with it. In this clinical scenario, prevention has a role. One prevention strategy involves the correction of additional risk factors (smoking, obesity, diet, and modification of risk factors such as blood pressure). Furthermore, in patients suffering from HL with underlying cardiac disease or risk factors, treatment with liposomal doxorubicin can be the treatment of choice in the so-called PBVD regimen [52]. Liu et al. analyzed this regimen in 46 HL patients, with 32 of the patients having a history of cardiovascular disease or risk factors. The overall response rate was 91%, with 25 CRs in this group. Similar results were obtained in the group of patients without underlying cardiovascular disorders or risk factors. The 3-year PFS rate for the entire group was 70% with an OS rate of 82%, showing no difference between the groups. It is important to note that long-term outcomes were similar to those seen with ABVD. Cardiac events were recorded in nine patients, but they were all grade I or II. This study serves as a “proof of concept” demonstrating the feasibility of liposomal doxorubicin. However, this strategy should be evaluated in a larger number of patients in future research.



However, it appears that routine cardiac follow-up is mandatory in HL survivors. As mentioned above, HL survivors are at risk for coronary artery disease, but are usually asymptomatic. Coronarography is not the procedure of choice since its risks outweigh its benefits. Unfortunately, traditional non-invasive testing methods such as stress echo or radionuclide testing are inappropriate due to their low sensitivity. Novel techniques such as CT and MR angiography are promising, but the coronary artery calcium score may be the diagnostic tool of choice in this setting due to its high sensitivity and specificity [53]. It is recommended to use this tool every 5 years starting at 10 years after the first CR. Screening for VHD depends on age, and it is recommended that HL survivors older than 45 years are screened at the time of first CR, while in younger patients, screening should start at 10 years after the first CR. Yet, the impact of screening is controversial because there is no evidence-based approach to screening HL survivors with VHD. A multidisciplinary team is needed to weigh the benefits and risks of valvular replacement on an individual basis. Concerning arrythmia, routine ECG is warranted at each follow-up visit because it can easily detect heart conduction disorders.



In conclusion, cardiovascular toxicity is one of the major reasons underlying the morbidity and mortality of HL survivors, and an experienced cardiologist must be involved as part of the follow-up of these patients.




8. Sexual Gonadal Toxicity


Due to the fact that HL survivors are young, fertility is of great importance in regard to survivorship. As expected, male fertility and female fertility are managed differently due to physiological and pathophysiological differences; thus, this section is divided into two subsections [54].



8.1. Male Survivors


One of the particularities of the male gonadal system is the quality of sperms prior to therapy. An early report comes from the GHSG trials including 158 patients [55]. Various abnormalities such as oligo-, astheno-, and azoospermia were found in 70% of cases, causing the authors to conclude that infertility was present prior to treatment. Interestingly, advanced disease was an independent predictor of these findings, indicating that HL itself may affect the fertility of male HL patients due to an unknown mechanism regulation. However, a larger study by the EORTC group involving 474 patients with early HL did not confirm these findings [56]. The authors divided the patients into three different groups according to their sperm quality based on the number and motility of sperms. The majority of patients had intermediate sperm (49%) or good (41%) sperm quality. Once again, the independent factors for poor sperm quality were related to HL characteristics. Due to the abundant literature on sperm quality in HL patients prior to therapy, a meta-analytical approach is needed to concisely answer this question. However, the main impact on male fertility is the choice of first-line chemotherapy. Amin et al. performed a meta-analysis of five studies (n = 1344) to compare the gonadal toxicity of the ABVD and BEACOPP regimens [57]. At 6 months following ABVD, the majority of patients had changes in sperm quality (oligospermia in 38% of cases and azoospermia in 40% of cases). These findings were associated with the number of drug cycles given. Yet, this was a transient finding since at 24 months following ABVD, the majority of patients recovered their sperm quality. Following treatment with the BEACOPP variants, 89% of patients became azoospermic and 11% of cases showed dyspermia. A negligible number of HL survivors recovered spermatogenesis. The authors pointed out that the main limitation was that neither of these studies assessed fertility preservation. Although cryopreservation is a gold standard prior to gonadotoxic therapy, the real-life situation is different, as reported by the EORTC group [58,59]. By using a specific self-reported questionnaire, 913 HL survivors were identified. Surprisingly, cryopreservation was only carried out in 40% of patients (n = 363). Concerning pregnancies, 334 HL survivors wanted a child, with spontaneous success in 206 cases. Among HL survivors who had undergone the procedure, artificial reproductive techniques (ART) resulted in 48 successful pregnancies. The main limitation of this study was that it covered the years 1974–2004, thus not representing real-world data on HL treatment in the present time. Every patient with HL and a wish for a child, regardless of the planned treatment type, must be offered cryopreservation.




8.2. Female Survivors


The main issue among HL female survivors is premature ovarian failure (POF) diagnosed in younger patients with secondary amenorrhea or unsuccessful pregnancies. The main etiological factor is the type of chemotherapy given. Machet et al. investigated the association of various protocols with fertility in 67 patients, with two controls per case [60]. The main outcome was the number of pregnancies and births. In the ABVD group (n = 37), a total of 32 pregnancies were recorded, with 26 births; there was no significant difference compared to the controls, thus corresponding to 81% of patients with at least one birth. No association between ABVD and pregnancy termination was found. These data support that the ABVD regimen is not gonadotoxic and fertility is preserved. The GHSGG group studied 762 women participating in the HD13-HD15 RCTs [61]. The probability of amenorrhea at 4 years after therapy was highest in patients with advanced HL who were treated with BEACOPP in the HD15 trial and was correlated with age (25% risk at the age of 25 vs. 50% risk at the age of 30). Severe menopausal symptoms were present in women older than 30 years of age, with a fivefold increase in risk for POF. Yet, only 48.9% of the patients took hormone replacement therapy. Concerning pregnancies and births, 51.9% of patients expressed a desire for a child. Only 15% of the HD15 subjects reported pregnancy after 4 years of follow-up. These results establish the BEACOPP variants as a truly gonadotoxic therapy in advanced HL. One of the possible solutions to this problem is to offer ABVD therapy or a PET-adapted approach, as shown in the AHL2011 RCT [62]. A second solution is to provide a referral to a specialized gynecologist for fertility preservation methods, such as in vitro fertilization for embryo cryopreservation, mature oocyte cryopreservation, or cryopreservation of ovarian tissue [63]. However, these are time-consuming techniques that can lead to a delay of therapy, and a multidisciplinary team must weigh the risks and benefits for individual patients. Concerning the use of gonadotropin-releasing hormone analogs (GnRH-a) among HL patients receiving BEACOPP therapy, the GHSG phase II trial was stopped after the interim analysis due to not detecting any differences between the treatment arms receiving estradiol, follicle-stimulating hormone and anti-Mullerian hormone, translating into the possibility of the ovarian follicle preservation rate being 0% [64].





9. Brentuximab Vedotin-Induced Neuropathy


Brentuximab vedotin-induced neuropathy (BVIN) has emerged as a novel toxicity after the introduction of BV + AVD as a first-line therapy for advanced Hodgkin lymphoma due to antibody–-conjugate mechanism of action, i.e., off-target effects of monomethyl auristatin E [65]. In a pivotal trial, it occurred in 67% of subjects with grades 2 and 3, with a rate of 20% and 11%, respectively [8]. Complete resolution occurred in 43% of patients, with the one-grade improvement rate being estimated to be 24% during the last follow-up. It is important to note that BV was discontinued in 10% of cases. However, the real-world data show a higher incidence of this AE [66]. In a study by Steiner et al. involving 179 patients receiving BV + AVD, the rate of BVIN was 75%, with the grade 3 rate being 12%. One of the possible risk factors for grade 3 BVIN was a higher age at the time of treatment, irrespective of the cumulative BV dose. Improvement in BVIN occurred in 34% of patients, with complete resolution achieved in 35% of cases. Concerning the management of BVIN, the most common approach is a reduction in BV dose or its omission (starting a new type of chemotherapy). However, the main cause of worry is whether a reduction in BV dose compromises the outcomes of patients. The decrease in cumulative BV dose was not associated with the rate of CMR, but it was statistically, marginally associated with an inferior PFS. Concerning patient expectations regarding BVIN (n = 381), a recent survey involving patients with different treatment profiles showed that the outcomes in terms of PFS and OS were more important than this AE, indicating that BVIN is acceptable in this patient population [67]. However, data on quality of life and BVIN are lacking, so the full impact and burden of BVIN is not known.




10. Fatigue and Quality of Life


HL survivors suffer from decreased functioning, mainly fatigue, as demonstrated by the GHSG in their early trials when compared to controls [68]. A recent survey involving 120 HL survivors showed severe levels of general fatigue (28%), physical fatigue (26%), and reduced activity (22%) when measured using the Multidimensional Fatigue Inventory [69], In contrast, 21 patients reported no fatigue-related symptoms. Concerning associations with treatment type, patients who received ABVD and radiotherapy reported the highest levels of fatigue compared to patients treated with BEACOPP. Further findings of this study included a decline in quality of life (Qol), with 16% of patients reporting very poor QoL and 36% of patients reporting low physical function. In a Norwegian study involving 298 patients (treated between 1997 and 2016), 42% of patients reported chronic fatigue that was associated with a lower QoL [70]. A systematic review on fatigue in HL survivors included 22 studies, with most of them being cross-sectional studies [71]. The estimated rates of fatigue were 26–30% when compared to 10% in the general population. It is important to note that these two prospective studies showed decreased fatigue during follow-up. Concerning treatment, the majority of studies found an association with the modality of treatment. In the analysis of fatigue and comorbidities, patients with cardiac or respiratory dysfunction showed greater levels of fatigue. In conclusion, fatigue in HL survivors is an important comorbid issue and, although the exact mechanism is not known, it is likely to be multifactorial, ranging from cytokine dysregulation to comorbidities such as depression and anxiety [72].



Another important aspect of survivorship is anxiety and depression. Unfortunately, no data exist for HL survivors, but a recent study examined this issue in lymphoma survivors (n = 224, n of HL patients = 102) [73]. The rates of anxiety and depression among all patients included in the study were 17% and 12.3%, respectively. Furthermore, 8% presented with concomitant anxiety and depression. Higher anxiety levels were more prevalent in HL survivors (p = 0.037). Although the rate was seemingly low, a comorbid psychiatry illness affected all SF36 QoL variables (p = 0.01). Concerning intervention, psychological support did not have an impact on these comorbidities, unlike prescribed psychiatric drugs (p = 0.001). In conclusion, HL survivors should be screened for anxiety and depression using simple questionnaires, such as the Hospital Depression and Anxiety Scale, in order to intervene early when patients are presented with these comorbid psychiatric conditions [74].




11. Thyorid Dysfunction


Hodgkin lymphoma survivors are at high risk for thyroid malfunction [75]. A retrospective single-institution study involving 237 female HL survivors found hypothyroidism in 30% of cases and thyroid nodules in 6.8% of cases. Chemotherapy was not a risk factor, but neck radiotherapy was (RR = 5.0). It is recommended that endourologists are part of the team caring for this patient population, with regular screening for thyroid hormone status and, occasionally, thyroid gland ultrasound.




12. Where Are We Now in 2023? Maximizing Cure Rate and Minimizing Toxicity


12.1. Advanced Disease


12.1.1. BrECADD


To minimize the toxicities of BEACOPPesc for the treatment of advanced HL, the GHSG developed two new regimens, BrECAPP (brentuximab vedotin, etoposide, doxorubicin, procarbazine, and prednisone) and BrECADD (brentuximab vedotin, etoposide, doxorubicin, cyclophosphamide, dacarabazine, and dexamethasone) and tested them in a phase II trial involving 104 subjects with advanced HL [76]. The primary endpoints were complete response and complete remission. The complete response rates were 86% in the BrEACAPP group and 88% in the BrECADD group. Due to the fact that the null hypothesis was rejected, complete remission was excluded as a primary co-endpoint. Concerning PFS, the 18-month rates were 95% and 89%, respectively, for the BrEACAPP and BrECADD groups. Toxicity was mainly hematological, with few infections. The peripheral neuropathy incidence was low, mostly associated with stages I and II, unlike the result for the BV + AVD regimen. Due to the fact that BrECADD had a more adequate safety profile, especially concerning organ toxicity, this regimen was preferred by the GHGG to be explored in a phase III trial. The non-inferiority HD21 trial was conducted with 1482 subjects being randomized into the BEACOPPesc arm or BrECADD arm in a 1:1 ratio [77]. It was a PET-adapted trial with the number of cycles of each regimen being varied based on the iPET status. This trial defined the co-primary endpoints as non-inferiority to BEACOPPesc and treatment-related morbidity (TRMB). TRMB was defined as acute hematological toxicity and acute organ toxicity. Per protocol, irradiation was allowed in EOT PET-positive patients with a lymph node size ≥ 2.5 cm. The three-year PFS rate was 92.3% for the BEACOPPesc group compared to 94.9% for the BrECADD group, with the HR for the inferiority margin being 1.02. After a median follow-up of 40 months, the median OS was not reached in either of the groups. Concerning TRMB, acute hematological toxicities and infections were more profound in the BEACOPPesc group (p < 0.0001), while TRMB was lower in the experimental group (c-RR = 0.72, 95%CI 0.65–0.79, p < 0.0001). Concerning the AEs of interest, sensory peripheral neuropathy was more pronounced in the BECOPPesc arm, with gonadal function estimated based on follicle-stimulating hormones being within the normal range in the BrECADD arm in both male and female patients. This regimen is characterized by appropriate efficacy and low TRMB and is now considered the standard of care by the GHSG for advanced HL. An updated analysis of the HD21 trial showed CMR rates of 80% and 82%, respectively, at the end of treatment [78]. Concerning interim PET, 5% of patients achieved CRM and were treated with four cycles of therapy. In the BrECADD group, the 3-year PFS rate was 94.9% compared to 92.3% in the group treated with BEACOPesc (HR = 0.63, 95% CI = 0.42–0.94). When stratified by interim PET, in PET-negative patients, the 3-year PFS rate was 97.1% and 93.6%, respectively. In PET-positive patients, the 3-year PFS rate was 93.5% in the experimental group compared to 90.6% in the standard treatment group. In the sub-analysis, the HRs regarding patients’ characteristics favored BrECADD, except for older age. Concerning TRMB, the RR was 0.72 and in favor of the experimental group. The authors concluded that the BrECADD regimen resulted in unprecedented, advanced HL disease control in the RCTs, further establishing it as a standard of care in the real-world setting. To examine TRMB, an analysis of the pregnancy rate was performed at the end of treatment [79]. The majority of male patients had cryopreservation (76.4%) when compared to females (46.1%). A total of 97 patients with at least one pregnancy was reported, with the percentage being higher in the experimental group. It is important to note that cryopreservation was used in a minority of patients, showing lower gonadal toxicity with an increase in female pregnancy rate. However, due to the short follow-up, the long-term toxicities of this regimen are unknown.



Yet, among hematologists treating HL, the BrECADD regimen remains a topic of debate. The main reason for this is its acute toxicities. A total of 24% of subjects received at least one red cell transfusion, while 17% needed at least one platelet transfusion [77]. Another concern is the lack of reporting on other serious side effects, such as infections or febrile neutropenia. Furthermore, since the HD21 study has not been published as a full article, the complete toxicity profile of the regimen remains unknown. It is expected that BrEACADD will become the standard of care for advanced HL in Central Europe, whereas other hematologists may opt for different regimens.




12.1.2. Nivolumab


One of the major axes involving Reed–Stenberg cells is the PD-1/PD-L axis, which is encoded by 9p24.1 chromosome amplification and responsible for immune evasion and T-cell exhaustion [80]. Nivolumab, an anti-PD-1 monoclonal antibody, targets this axis, thereby restoring the immune microenvironment and leading to HL cell death. Checkpoint inhibitors are attractive options in first-line treatment of HL, and several preliminary studies have incorporated nivolumab as a possible therapeutic option. The first study by Ramchandren et al. was CheckMate 205, a Cohort D phase II trial exploring nivolumab in patients with newly diagnosed advanced HL (n = 51) [81]. All patients received four doses of nivolumab, followed by 12 cycles of nivolumab-AVD. The primary endpoint was safety. Apart from hematological toxicities and febrile neutropenia (10%), immune-related AEs were of interest. Nivolumab showed an adequate safety profile, with a minority of patients exhibiting immune AEs such as ALT and AST elevations and hepatitis. The most common AE was dysfunction of the thyroid gland, which occurred in 13 cases. Concerning efficacy, the CMR rate was 80% at the end of treatment. However, the follow-up was short, being only 12.1 months, and the modified 9-month PFS rate was 92%. This was a “proof-of-concept” study of nivolumab efficacy in first-line treatment of HL, leading to the phase III SWOG S1286 trial comparing nivolumab + AVD to BV-AVD in 994 patients, with the primary endpoint being PFS [82]. It is important to note that pediatric patients aged 12 or older were included in the trial (24%). At the first interim analysis after a median follow-up of 12.1 months, the 1-year PFS rate in the nivolumab group was 94% compared to 86% in the BV group (HR = 0.48, 95% CI = 0.27–0.87, p = 0.0005). Furthermore, less than 1% of patients needed consolidative radiotherapy. Concerning Aes, hematological toxicity was predominant, with a similar occurrence of febrile neutropenia across the groups (5.6% vs. 6.4%). Immune-related AEs of interest were rare. The nivolumab group had more thyroid gland-related AEs (10%), while, as expected, the BV group had PN. However, there are some limitations to this RCT. The first limitation is certainly its short follow-up, and currently, it is impossible to assess whether patients in the nivolumab group will maintain response. Even though the authors claimed that one of the study aims is to harmonize pediatric and adult HL protocols, currently, BV-APE-PC remains the standard of care in pediatric patients with advanced HL [83].




12.1.3. The Role and Improvement of Radiotherapy in HL


Historically, mantle and inverted Y radiotherapies were the standard of care in the treatment of HL, but due to late toxicities, these modalities were abandoned [84]. Furthermore, the need for these modalities to treat advanced HL diminished with the rise of novel regimens. The main question remains if they can be omitted in early HL. The long-term follow-up of the HD16 RCT showed inferior outcomes among patients treated with ABVD only [85]. In the PET-negative group, combined modality resulted in a superior 5-year PFS rate of 94.2% compared to 86.7% in the ABVD group (HR = 2.05, inferiority margin = 3.01). The incidence of previous HL localization relapse was 2% in the combined modality group compared to 10.4% in the ABVD group (p = 0.0005 The analysis of the SEER database by Koshy et al. on 12,247 patients with stage I or II HL showed a steady decline in the use of radiotherapy, with only 43.7% of patients receiving it in the era 2004–2006, which affected the outcome [86]. Irradiated patients had significantly better OS, with a 5-year OS rate of 87% compared to only 76% in patients who did not receive radiotherapy. The authors did not find an elevated risk for secondary malignancy in irradiated subjects. However, one of the major RCTs is certainly the HD17 trial, which explored the effect of radiotherapy after a 2 × 2 regimen [87]. In this study, 548 patients were randomized to combined modality, while 552 patients were irradiated according to end-of-treatment PET-CT. There was no difference in 5-year progression-free survival, it being 97.3% and 95.1%, respectively, with the inferiority margin being 2.2%, suggesting that early, unfavorable HL should not be treated with combined therapy. These striking differences in findings could be explained by various biases such as different therapies used, not stratifying patients into risk groups, and other biases inherent to SEER data. However, given the increasing importance of real-world data in science, the findings by Koshy et al. should not be simply disregarded, especially in stage I HL patients. Regarding bulky disease, some hematologists are inclined to refer their patients to radiotherapists to consolidate the disease, but it remains questionable whether this is evidence-based. Gallamini et al. in the GITIL/FIL HD 0607 Trial performed a second randomization according to disease bulk and radiotherapy [13]. There was no significant improvement in the 3-year PFS rate, it being 93% and 97%, respectively. Zinzani et al. found a statically insignificant increase in PFS in irradiated patients with bulky disease in the HD0801 Study [12]. In conclusion, irradiation of bulky disease can be safely omitted, improving safety by avoiding unnecessary lung injury. Yet, the largest study concerning PET-guided therapy was the HD15 trial, despite the primary objective being the number of BEACOPPesc cycles as a standard of care in advanced HL [88]. The radiation therapy of 30 Gy was limited to PET-positive areas equal to or greater than 2.5 cm and Deauville scores of 1 and 2. The mains bias of this study is the inclusion of patients with a Deauville score 3, despite research indicating CMR [89]. A total number of 175 patients were irradiated. The rates of 2-year PFS were 86.2% and 92.5%, with only 11% of patients having primary refractory disease or early relapse, respectively. This indicates adequate disease control in this population, becoming the standard of care in ongoing clinical trials and clinical practice. Subsequent research, particularly the primary HD18 study, established a Deauville score of 3 as CMR, resulting in fewer patients being irradiated [6]. Based on this research, radiotherapy in advanced HL lymphoma is in decline, offering reduced toxicity and appropriate disease control. Another option may include the extirpation of PET-positive lymph nodes to differentiate false-positive PET residual mass and limit further therapy in HL patients in CMR. Regarding ABVD, in the RATHL study, only 20 patients were irradiated at the researcher’s discretion, making it impossible to comment on its impact on the outcome [9]. Gallamini et al. performed a randomized clinical trial on radiotherapy in three groups, stratified based on pretreatment bulky disease (n = 296) [89]. Following CMR in ABVD, the authors randomized the subjects to a radiation therapy group with no further treatment. The 6-year PFS was not significantly different among the groups (p = 0.44), with 6-year PFS rates of 93% and 91%, respectively. In a multivariate analysis for radiotherapy, no significant factor was identified. All these data show a real decline in radiotherapy, except in specific clinical scenarios, with minimization of toxicity in HL.






13. Conclusions


Despite the robust data, research in HL (phase II studies) treatment is changing with the incorporation of BV in early Hodgkin lymphoma, and checkpoint inhibitors in first-line treatment [90]. One of the largest studies on BV in early-stage, unfavorable HL was the BREACH study (n = 170) [91]. The initial treatment consisted of two cycles of either ABVD or BV-AVD, followed by interim PET. Subsequent therapy included two more cycles, but it was not PET-adapted. The primary outcome was the rate of interim PET negativity in the BV group, which was achieved with 82.3% in the BV group compared to 75.4% in the ABVD group. There was no difference in iPET-negative groups among the regimes, unlike in iPET positive groups, where the 2-year PFS was 93.8% and 71.8%, respectively. This suggests that a BV-based regimen may overcome this negative prognostic factor. Regarding checkpoint inhibitors, most data are available on nivolumab. The Phase II NIVAHL study, which included 109 patients, is illustrated in Figure 1 [92].



To the best of the author’s knowledge, the NIVAHL study is the largest phase II randomized trial exploring nivolumab in early stage, unfavorable HL with 109 patients. It is important to note that treatment solely with nivolumab, as shown in arm B, yielded lower CMR rates than nivolumab combined with AVD (51% vs. 87%). This indicates that using this agent alone does not control the disease properly and requires a chemotherapy backbone. The long-term results are impressive, with a 3-year PFS and OS rate of 100% in arm A, which is unprecedented in HL, indicating a paradigm shift in treating early-stage, unfavorable HL. Concerning immune-related adverse events, the regimen was feasible, with hypothyroidism being the main event, occurring in 21% of patients. Upper respiratory tract disorders were common but self-limited.



The follow-up of HL patients after first achieving CR or CMR should be continuous and life-long due to the possibility of relapse and long-term AEs. In the follow-up process, the inclusion of the treating hematologist is not sufficient and a multidisciplinary survivorship team consisting of other specialists, such as a cardiologist, should be established. As outlined above, the treatment modalities of patients vary over the years and the follow-up plan should be tailored on an individual basis (the type of chemotherapy regimen, the type of radiation, and the expected long-term AEs). Despite the high cure rate of HL, early- and late-onset morbidities should be the central point during the follow-up of this vulnerable patient population. The paradigm of treatment for HL is changing, with a focus on maximizing the cure rate and minimizing toxicity, possibly leading us to a new era in our approach to HL.
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Abbreviations




	HL
	Hodgkin lymphoma



	MOPP
	mechlorethamine, vincristine, procarbazine, and prednisone



	ASCO
	American Society of Clinical Oncology



	ABVD
	doxorubicin, bleomycin, vinblastine, and dacarbazine



	BEACOPPesc
	bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone



	INRT
	involved-node radiotherapy



	PET-CT
	positron emission tomography–computed tomography



	PFS
	progression-free survival



	OS
	overall survival



	HD
	Hodgkin disease



	EFS
	event-free survival



	GHSG
	German Hodgkin Study Group



	BV
	brentuximab vedotin



	AVD
	doxorubicin, vinblastine, and dacarbazine



	RCT
	randomized clinical trial



	PET
	positron emission tomography



	ESMO
	European Society of Medical Oncology



	US
	United States



	NCCN
	National Comprehensive Cancer Care



	CT
	computed tomography



	ACR
	American College of Radiology



	MSCT
	multislice computed tomography



	USD
	Unites States dollar



	PPV
	positive predictive value



	GELTAMO
	group of lymphomas/autologous bone marrow transplantation



	mSV
	millisievert



	NPV
	negative predictive value



	iPET
	interim positron emission tomography



	SMR
	standard mortality ratio



	CI
	confidential interval



	SBC
	secondary breast cancer



	RR
	relative risk



	Gy
	gray



	SEER
	surveillance, epidemiology, and end results



	NSLC
	non-small cell lung cancer



	SCLC
	small cell lung cancer



	tAML
	therapy-related acute myeloid leukemia



	tMDS
	therapy-related myelodysplastic syndrome



	CHD
	chronic heart disease



	VHD
	valvular heart disease



	HF
	heart failure



	CR
	complete remission



	EORTC
	European Organisation for. Research and Treatment of Cancer



	LYSA
	The Lymphoma Study Association



	LSQ
	Life Situation Questionnaire



	PBVD
	lyposomal doxorubicin, bleomycin, vinblastine, and dacarbazine



	MR
	magnetic resonance



	ART
	artificial reproductive techniques



	POF
	premature ovarian failure



	GNRH-a
	gonadotropin-releasing hormone analogs



	BVIN
	brentuximab vedotin-induced neuropathy



	CMR
	complete metabolic remission



	AE
	adverse event



	QoL
	quality of life



	SF36
	36-Item Short Form Health



	BrECAPP
	brentuximab vedotin, etoposide, doxorubicin, procarbazine, and prednisone



	BrECADD
	brentuximab vedotin, etoposide, doxorubicin, cyclophosphamide, dacarbazine, and dexamethasone



	TRMB
	treatment-related morbidity



	HR
	hazard ratio



	PD-1/PD-L1
	programmed death-1, programmed death-ligand 1



	ALT
	alanine transaminase



	AST
	aspartate transferase



	BV-APE-PC
	brentuximab vedotin, doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cyclophosphamide







References


	



SEER Cancer Stat Facts: Hodgkin Lymphoma. Available online: https://seer.cancer.gov/statfacts/html/hodg.html (accessed on 16 September 2023).

	



Cooper, I.A.; Rana, C.; Madigan, J.P.; Motteram, R.; Maritz, J.S.; Turner, C.N. Combination chemotherapy (MOPP) in the man-agement of advanced Hodgkin’s disease. A progress report on 55 patients. Med. J. Aust. 1972, 1, 41–49. [Google Scholar] [CrossRef]

	



ASCO Connection. ASCO Announces “Top 5” Advances in Modern Oncology. Available online: https://connection.asco.org/magazine/features/asco-announces-%E2%80%9Ctop-5%E2%80%9D-advances-modern-oncology (accessed on 16 September 2023).

	



Fuchs, M.; Goergen, H.; Kobe, C.; Kuhnert, G.; Lohri, A.; Greil, R.; Sasse, S.; Topp, M.S.; Schäfer, E.; Hertenstein, B.; et al. Positron Emission Tomography–Guided Treatment in Early-Stage Favorable Hodgkin Lymphoma: Final Results of the International, Randomized Phase III HD16 Trial by the German Hodgkin Study Group. J. Clin. Oncol. 2019, 37, 2835–2845. [Google Scholar] [CrossRef]

	



Skoetz, N.; Will, A.; Monsef, I.; Brillant, C.; Engert, A.; Von Tresckow, B. Comparison of first-line chemotherapy including escalated BEACOPP versus chemotherapy including ABVD for people with early unfavourable or advanced stage Hodgkin lymphoma. Cochrane Database Syst. Rev. 2017, 5, CD007941. [Google Scholar] [CrossRef]

	



Borchmann, P.; Goergen, H.; Kobe, C.; Lohri, A.; Greil, R.; Eichenauer, D.A.; Zijlstra, J.M.; Markova, J.; Meissner, J.; Feuring-Buske, M.; et al. PET-guided treatment in patients with advanced-stage Hodgkin’s lymphoma (HD18): Final results of an open-label, international, randomised phase 3 trial by the German Hodgkin Study Group. Lancet 2017, 390, 2790–2802. [Google Scholar] [CrossRef]

	



Viviani, S.; Zinzani, P.L.; Rambaldi, A.; Brusamolino, E.; Levis, A.; Bonfante, V.; Vitolo, U.; Pulsoni, A.; Liberati, A.M.; Specchia, G.; et al. ABVD versus BEACOPP for Hodgkin’s Lymphoma When High-Dose Salvage Is Planned. N. Engl. J. Med. 2011, 365, 203–212. [Google Scholar] [CrossRef]

	



Ansell, S.M.; Radford, J.; Connors, J.M.; Długosz-Danecka, M.; Kim, W.-S.; Gallamini, A.; Ramchandren, R.; Friedberg, J.W.; Advani, R.; Hutchings, M.; et al. Overall Survival with Brentuximab Vedotin in Stage III or IV Hodgkin’s Lymphoma. N. Engl. J. Med. 2022, 387, 310–320. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, P.; Federico, M.; Kirkwood, A.; Fosså, A.; Berkahn, L.; Carella, A.; D’amore, F.; Enblad, G.; Franceschetto, A.; Fulham, M.; et al. Adapted Treatment Guided by Interim PET-CT Scan in Advanced Hodgkin’s Lymphoma. New Engl. J. Med. 2016, 374, 2419–2429. [Google Scholar] [CrossRef] [PubMed]

	



Vellemans, H.; André, M.P.E. Review of Treatment Options for the Management of Advanced Stage Hodgkin Lymphoma. Cancers 2021, 13, 3745. [Google Scholar] [CrossRef] [PubMed]

	



Casasnovas, R.-O.; Bouabdallah, R.; Brice, P.; Lazarovici, J.; Ghesquieres, H.; Stamatoullas, A.; Dupuis, J.; Gac, A.-C.; Gastinne, T.; Joly, B.; et al. PET-adapted treatment for newly diagnosed advanced Hodgkin lymphoma (AHL2011): A randomised, multicentre, non-inferiority, phase 3 study. Lancet Oncol. 2019, 20, 202–215. [Google Scholar] [CrossRef] [PubMed]

	



Zinzani, P.L.; Broccoli, A.; Gioia, D.M.; Castagnoli, A.; Ciccone, G.; Evangelista, A.; Santoro, A.; Ricardi, U.; Bonfichi, M.; Brusamolino, E.; et al. Interim Positron Emission Tomography Response–Adapted Therapy in Advanced-Stage Hodgkin Lymphoma: Final Results of the Phase II Part of the HD0801 Study. J. Clin. Oncol. 2016, 34, 1376–1385. [Google Scholar] [CrossRef]

	



Gallamini, A.; Tarella, C.; Viviani, S.; Rossi, A.; Patti, C.; Mulé, A.; Picardi, M.; Romano, A.; Cantonetti, M.; La Nasa, G.; et al. Early Chemotherapy Intensification with Escalated BEACOPP in Patients with Advanced-Stage Hodgkin Lymphoma with a Positive Interim Positron Emission Tomography/Computed Tomography Scan After Two ABVD Cycles: Long-Term Results of the GITIL/FIL HD 0607 Trial. J. Clin. Oncol. 2018, 36, 454–462. [Google Scholar] [CrossRef]

	



Press, O.W.; Li, H.; Schöder, H.; Straus, D.J.; Moskowitz, C.H.; LeBlanc, M.; Rimsza, L.M.; Bartlett, N.L.; Evens, A.M.; Mittra, E.S.; et al. US Intergroup Trial of Response-Adapted Therapy for Stage III to IV Hodgkin Lymphoma Using Early Interim Fluorodeoxyglucose–Positron Emission Tomography Imaging: Southwest Oncology Group S0816. J. Clin. Oncol. 2016, 34, 2020–2027. [Google Scholar] [CrossRef]

	



Viviani, S.; Vanazzi, A.; Frassoni, S.; Rusconi, C.; Rossi, A.; Romano, A.; Patti, C.; Schiavotto, C.; Sorasio, R.; Marasco, V.; et al. High-dose chemotherapy and autologous stem cell transplant as first salvage treatment for relapsed or refractory Hodgkin Lymphoma in the era of PET-adapted strategies. Leuk. Lymphoma, 2024; online ahead of print. [Google Scholar] [CrossRef]

	



Brice, P. Managing relapsed and refractory Hodgkin lymphoma. Br. J. Haematol. 2008, 141, 3–13. [Google Scholar] [CrossRef]

	



Dalal, M.; Gupta, J.; Price, K.; Zomas, A.; Miao, H.; Ashaye, A. Efficacy and safety of front-line treatments for advanced Hodgkin lymphoma: A systematic literature review. Expert Rev. Hematol. 2020, 13, 907–922. [Google Scholar] [CrossRef]

	



Eichenauer, D.A.; Aleman, B.M.P.; André, M.; Federico, M.; Hutchings, M.; Illidge, T.; Engert, A.; Ladetto, M.; ESMO Guidelines Committee. Hodgkin lymphoma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2018, 29, iv19–iv29. [Google Scholar] [CrossRef] [PubMed]

	



Follows, G.A.; Barrington, S.F.; Bhuller, K.S.; Culligan, D.J.; Cutter, D.J.; Gallop-Evans, E.; Kassam, S.; Osborne, W.; Sadullah, S.; Townsend, W.; et al. Guideline for the first-line management of Classical Hodgkin Lymphoma—A British Society for Haematology guideline. Br. J. Haematol. 2022, 197, 558–572. [Google Scholar] [CrossRef] [PubMed]

	



Hoppe, R.T.; Advani, R.H.; Ai, W.Z.; Ambinder, R.F.; Armand, P.; Bello, C.M.; Benitez, C.M.; Chen, W.; Dabaja, B.; Daly, M.E.; et al. NCCN Guidelines® Insights: Hodgkin Lymphoma, Version 2.2022. J. Natl. Compr. Cancer Netw. 2022, 20, 322–334. [Google Scholar] [CrossRef] [PubMed]

	



Ng, A.; Constine, L.S.; Advani, R.; Das, P.; Flowers, C.; Friedberg, J.; Hodgson, D.C.; Schwartz, C.L.; Wilder, R.B.; Wilson, L.D.; et al. ACR Appropriateness Criteria: Follow-Up of Hodgkin’s Lymphoma. Curr. Probl. Cancer 2010, 34, 211–227. [Google Scholar] [CrossRef] [PubMed]

	



Zinzani, P.L.; Stefoni, V.; Tani, M.; Fanti, S.; Musuraca, G.; Castellucci, P.; Marchi, E.; Fina, M.; Ambrosini, V.; Pellegrini, C.; et al. Role of [18F]Fluorodeoxyglucose Positron Emission Tomography Scan in the Follow-Up of Lymphoma. J. Clin. Oncol. 2009, 27, 1781–1787. [Google Scholar] [CrossRef] [PubMed]

	



Gandikota, N.; Hartridge-Lambert, S.; Migliacci, J.C.; Yahalom, J.; Portlock, C.S.; Schöder, H. Very low utility of surveillance imaging in early-stage classic Hodgkin lymphoma treated with a combination of doxorubicin, bleomycin, vinblastine, and dacarbazine and radiation therapy. Cancer 2015, 121, 1985–1992. [Google Scholar] [CrossRef]

	



Glober, G.; Gunther, J.; Fang, P.; Milgrom, S.; Korivi, B.R.; Jensen, C.T.; Wagner-Bartak, N.A.; Ahmed, S.; Lee, H.J.; Nair, R.; et al. Imaging Surveillance of Limited-stage Classic Hodgkin Lymphoma Patients After PET–CT-documented First Remission. Clin. Lymphoma Myeloma Leuk. 2020, 20, 533–541. [Google Scholar] [CrossRef] [PubMed]

	



Lee, A.I.; Zuckerman, D.S.; Abbeele, A.D.V.D.; Aquino, S.L.; Crowley, D.; Toomey, C.; Lacasce, A.S.; Feng, Y.; Neuberg, D.S.; Hochberg, E.P. Surveillance imaging of Hodgkin lymphoma patients in first remission: A clinical and economic analysis. Cancer 2010, 116, 3835–3842. [Google Scholar] [CrossRef] [PubMed]

	



Cheson, B.D.; Fisher, R.I.; Barrington, S.F.; Cavalli, F.; Schwartz, L.H.; Zucca, E.; Lister, T.A. Recommendations for initial evaluation, stag-ing, and response assessment of Hodgkin and non-Hodgkin lymphoma: The Lugano classification. J. Clin. Oncol. 2014, 32, 3059–3068. [Google Scholar] [CrossRef] [PubMed]

	



Mocikova, H.; Obrtlikova, P.; Vackova, B.; Trneny, M. Positron emission tomography at the end of first-line therapy and during follow-up in patients with Hodgkin lymphoma: A retrospective study. Ann. Oncol. 2010, 21, 1222–1227. [Google Scholar] [CrossRef] [PubMed]

	



El-Galaly, T.C.; Mylam, K.J.; Brown, P.; Specht, L.; Christiansen, I.; Munksgaard, L.; Johnsen, H.E.; Loft, A.; Bukh, A.; Iyer, V.; et al. Positron emission tomography/computed tomography surveillance in patients with Hodgkin lymphoma in first remission has a low positive predictive value and high costs. Haematologica 2012, 97, 931–936. [Google Scholar] [CrossRef] [PubMed]

	



Oreiro, M.B.; Martín, R.; Gomez, P.; Muñoz, N.L.; Rodriguez, A.; Liébana, M.; Navarro, B.; Sánchez-González, B.; Marí, P.; de Oteiza, J.P.; et al. SEGHI Study: Defining the Best Surveillance Strategy in Hodgkin Lymphoma after First-Line Treatment. Cancers 2021, 13, 2412. [Google Scholar] [CrossRef] [PubMed]

	



Smith-Bindman, R.; Lipson, J.; Marcus, R.; Kim, K.P.; Mahesh, M.; Gould, R.; de González, A.B.; Miglioretti, D.L. Radiation Dose Associated with Common Computed Tomography Examinations and the Associated Lifetime Attributable Risk of Cancer. Arch. Intern. Med. 2009, 169, 2078–2086. [Google Scholar] [CrossRef]

	



Picardi, M.; Pugliese, N.; Cirillo, M.; Zeppa, P.; Cozzolino, I.; Ciancia, G.; Pettinato, G.; Salvatore, C.; Quintarelli, C.; Pane, F. Advanced-stage Hodgkin Lymphoma: US/Chest Radiography for Detection of Relapse in Patients in First Complete Remission—A Randomized Trial of Routine Surveillance Imaging Procedures. Radiology 2014, 272, 262–274. [Google Scholar] [CrossRef]

	



Andersen, M.D.; Hamilton-Dutoit, S.; Modvig, L.; Vase, M.; Christiansen, I.; Christensen, J.H.; Dahl-Sørensen, R.B.; Stoltenberg, D.; Kamper, P.; D’Amore, F. Late recurrence of lymphoid malignancies after initial treatment for Hodgkin lymphoma—A study from the Danish Lymphoma Registry. Br. J. Haematol. 2022, 198, 50–61. [Google Scholar] [CrossRef]

	



Bröckelmann, P.J.; Goergen, H.; Kohnhorst, C.; von Tresckow, B.; Moccia, A.; Markova, J.; Meissner, J.; Kerkhoff, A.; Ludwig, W.-D.; Fuchs, M.; et al. Late Relapse of Classical Hodgkin Lymphoma: An Analysis of the German Hodgkin Study Group HD7 to HD12 Trials. J. Clin. Oncol. 2017, 35, 1444–1450. [Google Scholar] [CrossRef]

	



Núñez-García, B.; Clemente, M.B.; Sánchez, J.C.; Royuela, A.; de Ibargüen, B.C.S.; Méndez, M.; López-Ibor, J.V.; Martínez, M.; Traseira, C.; Garitaonaindia, Y.; et al. Long-term outcomes in Hodgkin lymphoma survivors. Temporary trends and comparison with general population. Hematol. Oncol. 2023, 41, 407–414. [Google Scholar] [CrossRef]

	



Ibrahim, E.M.; Abouelkhair, K.M.; Kazkaz, G.A.; Elmasri, O.A.; Al-Foheidi, M. Risk of second breast cancer in female Hodgkin’s lymphoma survivors: A meta-analysis. BMC Cancer 2012, 12, 197. [Google Scholar] [CrossRef] [PubMed]

	



Conway, J.L.; Connors, J.M.; Tyldesley, S.; Savage, K.J.; Campbell, B.A.; Zheng, Y.Y.; Hamm, J.; Pickles, T. Secondary Breast Cancer Risk by Radiation Volume in Women with Hodgkin Lymphoma. Int. J. Radiat. Oncol. Biol. Phys. 2017, 97, 35–41. [Google Scholar] [CrossRef]

	



Milano, M.T.; Li, H.; Gail, M.H.; Constine, L.S.; Travis, L.B. Long-Term Survival Among Patients with Hodgkin’s Lymphoma Who Developed Breast Cancer: A Population-Based Study. J. Clin. Oncol. 2010, 28, 5088–5096. [Google Scholar] [CrossRef]

	



Bakkach, J.; Pellegrino, B.; Elghazawy, H.; Novosad, O.; Agrawal, S.; Mechita, M.B. Current overview and special considerations for second breast cancer in Hodgkin lymphoma survivors. Crit. Rev. Oncol. Hematol. 2021, 157, 103175. [Google Scholar] [CrossRef] [PubMed]

	



Diller, L.; Nancarrow, C.M.; Shaffer, K.; Matulonis, U.; Mauch, P.; Neuberg, D.; Tarbell, N.J.; Litman, H.; Garber, J. Breast Cancer Screening in Women Previously Treated for Hodgkin’s Disease: A Prospective Cohort Study. J. Clin. Oncol. 2002, 20, 2085–2091. [Google Scholar] [CrossRef]

	



Lorigan, P.; Radford, J.; Howell, A.; Thatcher, N. Lung cancer after treatment for Hodgkin’s lymphoma: A systematic review. Lancet Oncol. 2005, 6, 773–779. [Google Scholar] [CrossRef]

	



Lin, L.; Wang, D.; Chen, H. The characteristics and survival of second primary lung cancer after Hodgkin’s lymphoma: A comparison with first primary lung cancer using the SEER database. PLoS ONE 2023, 18, e0285766. [Google Scholar] [CrossRef]

	



Hoffman, R.M.; Atallah, R.P.; Struble, R.D.; Badgett, R.G. Lung Cancer Screening with Low-Dose CT: A Meta-Analysis. J. Gen. Intern. Med. 2020, 35, 3015–3025. [Google Scholar] [CrossRef] [PubMed]

	



Chua, C.C.; Fleming, S.; Wei, A.H. Clinicopathological aspects of therapy-related acute myeloid leukemia and myelodysplastic syndrome. Best Pract. Res. Clin. Haematol. 2019, 32, 3–12. [Google Scholar] [CrossRef]

	



Delwail, V.; Jais, J.; Colonna, P.; Andrieu, J. Fifteen-year secondary leukaemia risk observed in 761 patients with Hodgkin’s disease prospectively treated by MOPP or ABVD chemotherapy plus high-dose irradiation. Br. J. Haematol. 2002, 118, 189–194. [Google Scholar] [CrossRef]

	



Koontz, M.Z.; Horning, S.J.; Balise, R.; Greenberg, P.L.; Rosenberg, S.A.; Hoppe, R.T.; Advani, R.H. Risk of Therapy-Related Secondary Leukemia in Hodgkin Lymphoma: The Stanford University Experience Over Three Generations of Clinical Trials. J. Clin. Oncol. 2013, 31, 592–598. [Google Scholar] [CrossRef]

	



Eichenauer, D.A.; Thielen, I.; Haverkamp, H.; Franklin, J.; Behringer, K.; Halbsguth, T.; Klimm, B.; Diehl, V.; Sasse, S.; Rothe, A.; et al. Therapy-related acute myeloid leukemia and myelodysplastic syndromes in patients with Hodgkin lymphoma: A report from the German Hodgkin Study Group. Blood 2014, 123, 1658–1664. [Google Scholar] [CrossRef]

	



Franklin, J.; Eichenauer, D.A.; Becker, I.; Monsef, I.; Engert, A. Optimisation of chemotherapy and radiotherapy for untreated Hodgkin lymphoma patients with respect to second malignant neoplasms, overall and progression-free survival: Individual participant data analysis. Cochrane Database Syst. Rev. 2017, 2017, CD008814. [Google Scholar] [CrossRef]

	



Van Nimwegen, F.A.; Schaapveld, M.; Janus, C.P.M.; Krol, A.D.G.; Petersen, E.J.; Raemaekers, J.M.M.; Kok, W.E.M.; Aleman, B.M.P.; Van Leeuwen, F.E. Cardiovascular Disease After Hodgkin Lymphoma Treatment: 40-year disease risk. JAMA Intern. Med. 2015, 175, 1007–1017. [Google Scholar] [CrossRef] [PubMed]

	



Maraldo, M.V.; Giusti, F.; Vogelius, I.R.; Lundemann, M.; van der Kaaij, M.; Ramadan, S.; Meulemans, B.; Henry-Amar, M.; Aleman, B.M.P.; Raemaekers, J.; et al. Cardiovascular disease after treatment for Hodgkin’s lymphoma: An analysis of nine collaborative EORTC-LYSA trials. Lancet Haematol. 2015, 2, e492–e502. [Google Scholar] [CrossRef] [PubMed]

	



Hodgson, D.C.; Pintilie, M.; Yun, L.; Tsang, R.; Yu, E.; Sussman, J.; Meyer, R.M. Clinically significant delayed cardiac morbidity following ABVD chemotherapy for Hodgkin lymphoma: A population-based study. J. Clin. Oncol. 2010, 28, 8059. [Google Scholar] [CrossRef]

	



Elbl, L.; Vasova, I.; Kral, Z.; Tomaskova, I.; Smardova, L.; Wagnerova, B.; Jedlicka, F.; Vorlicek, J. Evaluation of Acute and Early Cardiotoxicity in Survivors of Hodgkin’s Disease Treated with ABVD or BEACOPP Regimens. J. Chemother. 2006, 18, 199–208. [Google Scholar] [CrossRef] [PubMed]

	



Liu, W.; Yang, M.; Ping, L.; Xie, Y.; Wang, X.; Zhu, J.; Song, Y. Chemotherapy with a Pegylated Liposomal Doxorubicin-Containing Regimen in Newly Diagnosed Hodgkin Lymphoma Patients. Cardiovasc. Toxicol. 2021, 21, 12–16. [Google Scholar] [CrossRef]

	



van Leeuwen-Segarceanu, E.M.; Bos, W.-J.W.; Dorresteijn, L.D.; Rensing, B.J.; van der Heyden, J.A.; Vogels, O.J.; Biesma, D.H. Screening Hodgkin lymphoma survivors for radiotherapy induced cardiovascular disease. Cancer Treat. Rev. 2011, 37, 391–403. [Google Scholar] [CrossRef]

	



Harel, S.; Ferme, C.; Poirot, C. Management of fertility in patients treated for Hodgkin’s lymphoma. Haematologica 2011, 96, 1692–1699. [Google Scholar] [CrossRef]

	



Rueffer, U.; Breuer, K.; Josting, A.; Lathan, B.; Sieber, M.; Manzke, O.; Grotenhermen, F.-J.; Tesch, H.; Bredenfeld, H.; Koch, P.; et al. Male gonadal dysfunction in patients with Hodgkin’s disease prior to treatment. Ann. Oncol. 2001, 12, 1307–1311. [Google Scholar] [CrossRef] [PubMed]

	



van der Kaaij, M.A.; Heutte, N.; van Echten-Arends, J.; Raemaekers, J.M.; Carde, P.; Noordijk, E.M.; Ferme, C.; Thomas, J.; Eghbali, H.; Brice, P.; et al. Sperm quality before treatment in patients with early stage Hodgkin’s lymphoma enrolled in EORTC-GELA Lymphoma Group trials. Haematologica 2009, 94, 1691–1697. [Google Scholar] [CrossRef]

	



Amin, M.S.A.; Brunckhorst, O.; Scott, C.; Wrench, D.; Gleeson, M.; Kazmi, M.; Ahmed, K. ABVD and BEACOPP regimens’ effects on fertility in young males with Hodgkin lymphoma. Clin. Transl. Oncol. 2021, 23, 1067–1077. [Google Scholar] [CrossRef] [PubMed]

	



Lambertini, M.; Del Mastro, L.; Pescio, M.C.; Andersen, C.Y.; Azim, H.A.; Peccatori, F.A.; Costa, M.; Revelli, A.; Salvagno, F.; Gennari, A.; et al. Cancer and fertility preservation: International recommendations from an expert meeting. BMC Med. 2016, 14, 1. [Google Scholar] [CrossRef]

	



van der Kaaij, M.; van Echten-Arends, J.; Heutte, N.; Meijnders, P.; Abeilard-Lemoisson, E.; Spina, M.; Moser, E.; Allgeier, A.; Meulemans, B.; Lugtenburg, P.; et al. Cryopreservation, semen use and the likelihood of fatherhood in male Hodgkin lymphoma survivors: An EORTC-GELA Lymphoma Group cohort study. Hum. Reprod. 2014, 29, 525–533. [Google Scholar] [CrossRef]

	



Machet, A.; Poudou, C.; Tomowiak, C.; Gastinne, T.; Gardembas, M.M.; Systchenko, T.; Moya, N.; Debiais, C.; Levy, A.; Gruchet, C.; et al. Hodgkin lymphoma and female fertility: A multicenter study in women treated with doxorubicin, bleomycin, vinblastine, and dacarbazine. Blood Adv. 2023, 7, 3978–3983. [Google Scholar] [CrossRef]

	



Behringer, K.; Mueller, H.; Goergen, H.; Thielen, I.; Eibl, A.D.; Stumpf, V.; Wessels, C.; Wiehlpütz, M.; Rosenbrock, J.; Halbsguth, T.; et al. Gonadal Function and Fertility in Survivors After Hodgkin Lymphoma Treatment Within the German Hodgkin Study Group HD13 to HD15 Trials. J. Clin. Oncol. 2013, 31, 231–239. [Google Scholar] [CrossRef] [PubMed]

	



Demeestere, I.; Racape, J.; Dechene, J.; Dupuis, J.; Morschhauser, F.; De Wilde, V.; Lazarovici, J.; Ghesquieres, H.; Touati, M.; Sibon, D.; et al. Gonadal Function Recovery in Patients with Advanced Hodgkin Lymphoma Treated With a PET-Adapted Regimen: Prospective Analysis of a Randomized Phase III Trial (AHL2011). J. Clin. Oncol. 2021, 39, 3251–3260. [Google Scholar] [CrossRef]

	



Viviani, S.; Dellino, M.; Ramadan, S.; Peracchio, C.; Marcheselli, L.; Minoia, C.; Guarini, A. Fertility preservation strategies for patients with lymphoma: A real-world practice survey among Fondazione Italiana Linfomi centers. Tumori J. 2022, 108, 572–577. [Google Scholar] [CrossRef]

	



Behringer, K.; Wildt, L.; Mueller, H.; Mattle, V.; Ganitis, P.; van den Hoonaard, B.; Ott, H.W.; Hofer, S.; Pluetschow, A.; Diehl, V.; et al. No protection of the ovarian follicle pool with the use of GnRH-analogues or oral contraceptives in young women treated with escalated BEACOPP for advanced-stage Hodgkin lymphoma. Final results of a phase II trial from the German Hodgkin Study Group. Ann. Oncol. 2010, 21, 2052–2060. [Google Scholar] [CrossRef]

	



Velasco, R.; Domingo-Domenech, E.; Sureda, A. Brentuximab-Induced Peripheral Neurotoxicity: A Multidisciplinary Approach to Manage an Emerging Challenge in Hodgkin Lymphoma Therapy. Cancers 2021, 13, 6125. [Google Scholar] [CrossRef] [PubMed]

	



Steiner, R.E.; Hwang, S.R.; Khurana, A.; Habermann, T.M.; Epperla, N.; Annunzio, K.; Allen, P.B.; Baird, K.; Paulino, D.; Alderuccio, J.P.; et al. Impact of cumulative dose of brentuximab vedotin on outcomes of frontline therapy for advanced-stage Hodgkin lymphoma. Blood Adv. 2023, 7, 7485–7493. [Google Scholar] [CrossRef]

	



Bröckelmann, P.J.; McMullen, S.; Ben Wilson, J.; Mueller, K.; Goring, S.; Stamatoullas, A.; Zagadailov, E.; Gautam, A.; Huebner, D.; Dalal, M.; et al. Patient and physician preferences for first-line treatment of classical Hodgkin lymphoma in Germany, France and the United Kingdom. Br. J. Haematol. 2019, 184, 202–214. [Google Scholar] [CrossRef] [PubMed]

	



Rüffer, J.; Flechtner, H.; Tralls, P.; Josting, A.; Sieber, M.; Lathan, B.; Diehl, V. Fatigue in long-term survivors of Hodgkin’s lymphoma; a report from the German Hodgkin Lymphoma Study Group (GHSG). Eur. J. Cancer 2003, 39, 2179–2186. [Google Scholar] [CrossRef]

	



Trachtenberg, E.; Gurion, R.; Mashiach, T.; Tadmor, T.; Kedmi, M.; Dann, E.J. Recognizing severe fatigue and decline in quality of life in Hodgkin lymphoma survivors. Leuk. Lymphoma 2019, 60, 3449–3454. [Google Scholar] [CrossRef] [PubMed]

	



Eikeland, S.A.; Smeland, K.B.; Simensen, V.C.; Fagerli, U.-M.; Bersvendsen, H.S.; Kiserud, C.E.; Fosså, A. Chronic fatigue in long-term survivors of Hodgkin’s lymphoma after contemporary risk-adapted treatment. Acta Oncol. 2023, 62, 80–88. [Google Scholar] [CrossRef]

	



Daniëls, L.A.; Oerlemans, S.; Krol, A.D.G.; van de Poll-Franse, L.V.; Creutzberg, C.L. Persisting fatigue in Hodgkin lymphoma survivors: A systematic review. Ann. Hematol. 2013, 92, 1023–1032. [Google Scholar] [CrossRef]

	



Loge, J.H.; Abrahamsen, A.F.; Ekeberg, O.; Kaasa, S. Fatigue and Psychiatric Morbidity Among Hodgkin’s Disease Survivors. J. Pain Symptom Manag. 2000, 19, 91–99. [Google Scholar] [CrossRef]

	



Agostinelli, G.; Muzzatti, B.; Serpentini, S.; Spina, M.; Annunziata, M.A. Cancer-Related Psychological Distress in Lymphoma Survivor: An Italian Cross-Sectional Study. Front. Psychol. 2022, 13, 872329. [Google Scholar] [CrossRef]

	



Carroll, B.T.; Kathol, R.G.; Noyes, R., Jr.; Wald, T.G.; Clamon, G.H. Screening for depression and anxiety in cancer patients using the Hospital Anxiety and Depression Scale. Gen. Hosp. Psychiatry 1993, 15, 69–74. [Google Scholar] [CrossRef]

	



Macklin-Doherty, A.; Jones, M.; Coulson, P.; Bruce, C.; Chau, I.; Alexander, E.; Iyengar, S.; Taj, M.; Cunningham, D.; Swerdlow, A. Risk of thyroid disorders in adult and childhood Hodgkin lymphoma survivors 40 years after treatment. Leuk. Lymphoma 2022, 63, 562–572. [Google Scholar] [CrossRef]

	



Eichenauer, D.A.; Plütschow, A.; Kreissl, S.; Sökler, M.; Hellmuth, J.C.; Meissner, J.; Mathas, S.; Topp, M.S.; Behringer, K.; Klapper, W.; et al. Incorporation of brentuximab vedotin into first-line treatment of advanced classical Hodgkin’s lymphoma: Final analysis of a phase 2 randomised trial by the German Hodgkin Study Group. Lancet Oncol. 2017, 18, 1680–1687. [Google Scholar] [CrossRef]

	



Borchmann, P.; Moccia, A.A.; Greil, R.; Schneider, G.; Hertzberg, M.; Schaub, V.; Hüttmann, A.; Keil, F.; Dierlamm, J.; Hänel, M.; et al. Brecadd is non-inferior to Ebeacopp in patients with advanced stage classical Hodgkin lymphoma: Efficacy results of the GHSG phase III HD21 Trial. Hematol. Oncol. 2023, 41, 881–882. [Google Scholar] [CrossRef]

	



Borchmann, P.; Moccia, A.; Greil, R.; Schneider, G.; Hertzberg, M.S.; Schaub, V.; Huettmann, A.; Keil, F.; Hänel, M.; Novak, U.; et al. Comprehensive Analysis of Treatment Related Morbidity and Progression—Free Survival in the GHSG Phase III HD21 Trial. Blood 2023, 142, 3057. [Google Scholar] [CrossRef]

	



Ferdinandus, J.; Schneider, G.; Fosså, A.; Moccia, A.; Greil, R.; Hertzberg, M.S.; Zijlstra, J.M.; Kamper, P.; Molin, D.L.; Kerkhoff, A.; et al. Pregnancies and Childbirth Following Advanced-Stage Hodgkin Lym-phoma Treatment with Brecadd or Beacopp in the Randomized Phase III GHSG HD21 Trial. Blood 2023, 142, 4437. [Google Scholar] [CrossRef]

	



De Goycoechea, D.; Stalder, G.; Martins, F.; Duchosal, M.A. Immune Checkpoint Inhibition in Classical Hodgkin Lymphoma: From Early Achievements towards New Perspectives. J. Oncol. 2019, 2019, 9513701. [Google Scholar] [CrossRef] [PubMed]

	



Ramchandren, R.; Domingo-Domènech, E.; Rueda, A.; Trněný, M.; Feldman, T.A.; Lee, H.J.; Provencio, M.; Sillaber, C.; Cohen, J.B.; Savage, K.J.; et al. Nivolumab for Newly Diagnosed Advanced-Stage Classic Hodgkin Lymphoma: Safety and Efficacy in the Phase II CheckMate 205 Study. J. Clin. Oncol. 2019, 37, 1997–2007. [Google Scholar] [CrossRef]

	



Herrera, A.F.; LeBlanc, M.; Castellino, S.M.; Li, H.; Rutherford, S.C.; Evens, A.M.; Davison, K.; Punnett, A.; Hodgson, D.; Parsons, S.K.; et al. Nivolumab(N)-AVD improves progression-free survival compared to Brentuximab vedotin(BV)-avd in advanced stage (AS) classic Hodgkin Lymphoma (HL): Results of Swog S1826. Hematol. Oncol. 2023, 41, 33–35. [Google Scholar] [CrossRef]

	



Castellino, S.M.; Pei, Q.; Parsons, S.K.; Hodgson, D.; McCarten, K.; Horton, T.; Cho, S.; Wu, Y.; Punnett, A.; Dave, H.; et al. Brentuximab Vedotin with Chemotherapy in Pediatric High-Risk Hodgkin’s Lymphoma. N. Engl. J. Med. 2022, 387, 1649–1660. [Google Scholar] [CrossRef] [PubMed]

	



Witkowska, M.; Majchrzak, A.; Smolewski, P. The Role of Radiotherapy in Hodgkin’s Lymphoma: What Has Been Achieved during the Last 50 Years? BioMed. Res. Int. 2015, 2015, 485071. [Google Scholar] [CrossRef] [PubMed]

	



Fuchs, M.; Jacob, A.S.; Kaul, H.; Kobe, C.; Kuhnert, G.; Pabst, T.; Greil, R.; Bröckelmann, P.J.; Topp, M.S.; Just, M.; et al. Follow-up of the GHSG HD16 trial of PET-guided treatment in early-stage favorable Hodgkin lymphoma. Leukemia 2023, 38, 160–167. [Google Scholar] [CrossRef] [PubMed]

	



Koshy, M.; Rich, S.E.; Mahmood, U.; Kwok, Y. Declining Use of Radiotherapy in Stage I and II Hodgkin’s Disease and Its Effect on Survival and Secondary Malignancies. Int. J. Radiat. Oncol. Biol. Phys. 2012, 82, 619–625. [Google Scholar] [CrossRef] [PubMed]

	



Borchmann, P.; Plütschow, A.; Kobe, C.; Greil, R.; Meissner, J.; Topp, M.S.; Ostermann, H.; Dierlamm, J.; Mohm, J.; Thiemer, J.; et al. PET-guided omission of radiotherapy in early-stage unfavourable Hodgkin lymphoma (GHSG HD17): A multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2021, 22, 223–234. [Google Scholar] [CrossRef]

	



Engert, A.; Haverkamp, H.; Kobe, C.; Markova, J.; Renner, C.; Ho, A.; Zijlstra, J.; Král, Z.; Fuchs, M.; Hallek, M.; et al. Reduced-intensity chemotherapy and PET-guided radiotherapy in patients with advanced stage Hodgkin’s lymphoma (HD15 trial): A randomised, open-label, phase 3 non-inferiority trial. Lancet 2012, 379, 1791–1799. [Google Scholar] [CrossRef]

	



Gallamini, A.; Kurlapski, M.; Zaucha, J.M. FDG-PET/CT for the Management of Post-Chemotherapy Residual Mass in Hodgkin lymphoma. Cancers 2021, 13, 3952. [Google Scholar] [CrossRef]

	



Vassilakopoulos, T.P.; Liaskas, A.; Pereyra, P.; Panayiotidis, P.; Angelopoulou, M.K.; Gallamini, A. Incorporating Monoclonal Antibodies into the First-Line Treatment of Classical Hodgkin Lymphoma. Int. J. Mol. Sci. 2023, 24, 13187. [Google Scholar] [CrossRef]

	



Fornecker, L.-M.; Lazarovici, J.; Aurer, I.; Casasnovas, R.-O.; Gac, A.-C.; Bonnet, C.; Bouabdallah, K.; Feugier, P.; Specht, L.; Molina, L.; et al. Brentuximab Vedotin Plus AVD for First-Line Treatment of Early-Stage Unfavorable Hodgkin Lymphoma (BREACH): A Multicenter, Open-Label, Randomized, Phase II Trial. J. Clin. Oncol. 2023, 41, 327–335. [Google Scholar] [CrossRef]

	



Bröckelmann, P.J.; Bühnen, I.; Meissner, J.; Trautmann-Grill, K.; Herhaus, P.; Halbsguth, T.V.; Schaub, V.; Kerkhoff, A.; Mathas, S.; Bormann, M.; et al. Nivolumab and Doxorubicin, Vinblastine, and Dacarbazine in Early-Stage Unfavorable Hodgkin Lymphoma: Final Analysis 