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Hodgkin’s lymphoma (HL) is a malignant disease of the lymphatic system with two peaks of incidence. Often one of the first
symptoms of the disease is non-painful enlargement of the lymph nodes. The development of diagnostic techniques has allowed more
efficient evaluation of the lesions. Classification of patients according to stage and the presence of risk factors has made it possible
to tailor treatment regimes to the individual patient. The article discusses the diagnosis and contemporary treatment options for HL.
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Background

Hodgkin’s lymphoma (HL) belongs to tumors of the lym-
phatic system. The disease is characterized by clonal prolifera-
tion of Reed-Sternberg giant cells and mononuclear Hodgkin
cells. They induce a reactionary proliferation of lymphocytes,
monocytes and other cells.

Epidemiology

In Europe, the incidence of Hodgkin’s lymphoma is estimat-
ed at 2-3/100,000 cases per year. It is slightly more frequently
diagnosed in men. There are two peaks of incidence: the first
around age 20-30, and the second after age 55 [1].

Etiopathogenesis

No direct risk factors for the disease or its causes have
been defined. Important in the pathogenesis of the disease
is the presence of giant Reed-Sternberg (RS) cells with a mul-
tilobed nucleus and large mononuclear Hodgkin cells. RS cells
occupy a small portion of the affected lymph node. They are
monoclonal in nature and originate from mature B lymphocytes
[2]. These cells have the ability to produce immunoglobulins as
a result of downregulation of transcription factors typical of B
lymphocytes, including OCT2, BOB1 and EBF1 [3]. They show
high expression of nuclear transcription factor kB and NOTCH 1
pathway activity [4].

A key role in the diagnosis of lymphoma is played by the
CD30 antigen localized on RS cells. It is a transmembrane pro-
tein that functions as a cytokine receptor from the tumor ne-
crosis factor a group [5]. It is characterized by low expression
in healthy tissues. Anti-CD30 and anti-CD20 staining has been
used to distinguish histologic subtypes of Hodgkin’s lymphoma,
including classical (cHL, classical HL) CD30+, CD20- and nodular
lymphocyte predominant HL (NLPHL, nodular lymphocyte pre-
dominant HL) CD30-, CD20+ forms [6].

There are epidemiological factors that may show an associa-
tion with the incidence of HL. These factors include family pre-
disposition, exposure to certain viruses and immunosuppres-
sion. Same-sex siblings of HL patients have a 10-fold increased
risk of developing the disease [7]. In monozygotic twins of HL
patients, the risk of siblings developing the disease is much
higher than in dizygotic twins [8].

There is a higher risk of developing the disease when the so-
cioeconomic situation is worse. However, this does not apply to
the group of young adults, in whom the trend is the opposite [9].

Another important factor is compulsive smoking, which
doubles the risk of the disease [6]. Infection with human im-
munodeficiency virus (HIV) also contributes to an increased like-
lihood of HL compared to the general population [10]. Immu-
nocompromised individuals, including HIV positive individuals,
have advanced disease at the time of diagnosis. In addition, this
group often has atypical localization of the disease and a worse
prognosis after initial therapy [11].

The EBV virus has been linked to the pathogenesis of Hodg-
kin’s lymphoma. People who have had infectious mononucleo-
sis have a fourfold increased risk of developing the disease [12].
In about 40% of cases of this lymphoma, latent infection with
the virus is found [13]. Identification of EBV DNA may reflect
lymphoblastoid cell proliferation. Due to decreased immune
competence (often observed in Hodgkin’s disease). Identifica-
tion of EBV DNA may also indicate the presence of EBV genomes
in Reed-Sternberg cells [14]. A history of childhood infectious
diseases such as chicken pox, measles, mumps, rubella and per-
tussis decreases the risk of HL [15].

Symptoms

The most characteristic symptom of HL is non-painful en-
largement of lymph nodes. Most often these are lymph nodes
above the diaphragm (cervical, supraclavicular and axillary), less
often inguinal and retroperitoneal. The disease tends to spread
through continuity, occupying successive groups of lymph
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nodes according to the direction of lymph flow. Less frequently,
it spreads via the bloodstream [16]. Tumor masses can reach
large sizes before a diagnosis is established. Symptoms associ-
ated with enlarged lymph nodes depend on their location. If
the condition involves the mediastinum, there is shortness of
breath, cough, superior vena cava syndrome or pressure on
the airways and difficulty breathing. In cases of retroperitoneal
space involvement, abdominal discomfort, obstruction of uri-
nary outflow, bloating, constipation and symptoms of obstruc-
tion occur.

The extraperitoneal form is rare. The lungs, liver, bone mar-
row and bones are most commonly involved in this variety.
Rarely, the Waldeyer ring and gastrointestinal tract are also in-
volved. Very rarely, there are neurological symptoms of parane-
oplastic syndromes [17]. There may be general symptoms in the
form of weakness, excessive fatigability, lymph node pain after
alcohol consumption and so-called B symptoms — fever, chills,
night sweats or unexplained weight loss > 10% of body weight.
B-symptoms occur in about 30% of patients and are common
in those with advanced stage or massive disease. They show
a prognostic character and are therefore included in the stag-
ing system. Severe, unremitting pruritus without apparent skin
pathology on physical examination may be refractory to topical
and systemic agents and may indicate the presence of clinically
latent HL [18].

Diagnostics

In addition to subject and physical examination, laboratory
and imaging tests are used in the diagnosis. The panel of labora-
tory tests for Hodgkin’s lymphoma includes morphology, eryth-
rocyte sedimentation rate (ESR), electrolytes (sodium, potas-
sium), urea, creatinine, calcium, ALT, ASTcom, bilirubin, alkaline
phosphatase, lactate dehydrogenase, uric acid and phosphorus.
Computed tomography (CT) scans of the neck, chest, abdomen
and pelvis are most commonly performed during diagnostic im-
aging. Other methods used are PET-CT (fluorine F 18-fludeoxy-
glucose positron emission tomography) and PET MRI [19]. Viro-
logical tests for HIV, HBV and HCV infection are also performed.
PET-CT is routinely used to determine the stage of disease [20].
Formerly, a bone marrow biopsy was performed, as 5% of HL
patients had a disease involving the marrow. This has now been
replaced by PET-CT, as focal bone lesions seen on the scan pre-
dicted marrow involvement with high sensitivity and specificity
[21]. There are various diagnostic methods to diagnose massive
mediastinal disease. Some investigators use the thoracic ratio
of the maximum diameter of the transverse mass to the inter-
nal thoracic transverse diameter (measured at the level of the
Th5/6 intervertebral disc on thoracic radiography) [22]. Some
researchers measure the maximum width of the mediastinal
mass, which they divide by the maximum intrathoracic diameter
[23]. Others measure the mass of lymph nodes at their greatest
dimension [24].

The prognostic factors evaluated are the presence or ab-
sence of general symptoms, the so-called B-symptoms, the
stage of the lymphoma, the presence of large masses and the
type and effectiveness of the treatment used. Other important
factors are age, gender, erythrocyte sedimentation rate (ESR),
hematocrit, size of lesions present in the abdominal cavity and
number of lymph nodes involved [25-27]. A PET-CT scan is per-
formed after two cycles of chemotherapy to assess the effec-
tiveness of treatment [28, 29]. Biomarkers and calculation of
metabolic tumor volume are also used to better determine the
prognostic course of the disease [28, 30-32].

Pathomorphological diagnosis

The diagnosis is based on histopathological evaluation of
the entire lymph node or other suspicious infiltrated tissue. To

establish a definitive diagnosis, it is necessary to identify Reed-
Sternberg cells pathognomonic for the condition. Aspiration bi-
opsy is not a reliable diagnostic method due to the negligible
percentage of RS cells present in the tumor mass. Therefore,
a small biopsy sample may not contain a sufficient number of
malignant cells [33, 34]. Reed-Sternberg cells are large cells with
multiple cell nuclei or a single biplanar nucleus. Both variants
have a large prominent nucleus [35]. The diagnosis is confirmed
by immunophenotypic examination of the tumor cells.

Histological types of HL

There are two main types of the disease: the classical form
(cHL, classical Hodgkin lymphoma), which accounts for 95% of
cases, and the nodular lymphocyte-predominant Hodgkin’s lym-
phoma (NLPHL) subtype in about 5% of cases [36]. In classical
Hodgkin’s lymphoma, 4 subtypes are distinguished due to the
differentiation of the cellular environment surrounding the tu-
mor cells [6, 34, 37, 38]:

1. Nodular sclerosis Hodgkin’s lymphoma (NSHL) occurs
in 60—80% of patients with classical Hodgkin’s lympho-
ma. It is found mainly in young people and adults.

2. Mixed cellularity Hodgkin’s lymphoma (MCHL) is present
in 15-20% of cases. The most common form is in pa-
tients over 50 years of age, mostly found in men. Com-
pared to nodular sclerosis and lymphocyte-predominant
forms, the mixed form is often associated with advanced
disease and the presence of general symptoms. It is
characterized by a worse prognosis compared to NS.

3. Lymphocyte depleted Hodgkin’s lymphoma (LDHL) is
another form that occurs in 5% of patients.

4. Lymphocyte rich classic Hodgkin’s lymphoma (LRCHL)
accounts for < 1% of cases. It occurs mainly in the el-
derly and patients with immune disorders, such as
those infected with HIV. The disease often presents
with general symptoms and rarely occupies peripheral
lymph nodes. The prognosis is worse compared to HF.

Nonclassical Hodgkin’s lymphoma (nodular lymphocyte-
majority lymphoma) most often affects young people, mostly
men. It appears mainly in peripheral nodes without mediastinal
involvement, is usually diagnosed in the early stages and pro-
gresses slowly without signs of progression [13]. Transformation
of the nodular form with lymphocyte predominance into diffuse
large B-cell lymphoma (DLBCL) is possible [38].

Table 1. Staging of primary nodal lymphomas (Lugano 2014)
— modified Ann Arbor classification [39]

Stage Characteristics

| one lymph node or one group of adjacent lymph nodes
or a single extranodal lesion without lymph node
involvement

lla > 2 groups of lymph nodes on the same side of the
diaphragm or grade | or Il for nodal lesions with limited
extranodal organ involvement through continuity

I} lymph nodes on both sides of the diaphragm or lymph
nodes above the diaphragm with simultaneous involve-
ment of the spleen

IV involvement of extra-symphatic organ not through conti-
nuity with involved lymph nodes

The tonsils, Waldeyer’s ring and spleen are considered nodal tissue.
Additionally, in Hodgkin’s lymphoma: A — general symptoms
absent; B — general symptoms present: fever (> 38°C) with no
apparent cause, night sweats or loss of > 10% of body weight in
the past 6 months.

Massive grade Il — grade |l as mentioned above and a massive
nodal (bulky) lesion, i.e. a single nodal lesion > 10 cm in size or
covering > 1/3 of the width of the thoracic spine evaluated on CT
at any height of the thoracic spine.
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Classification of patients

Patients are divided into groups taking into account the
stage of the disease (according to the modified Ann Arbor clas-
sification) and clinical and biological factors. The classification
includes patients with early, favorable classical type HL; early,
unfavorable type HL; and advanced type HL [40].

Adverse prognostic factors include the presence of B symp-
toms, extranodal disease, a tumor greater than or equal to 10
cm in size on CT or greater than 1/3 of the chest diameter on
chest X-ray, involvement of three or more lymph node groups
and a sedimentation rate greater than 50 mm/h for stage A or
greater than 30 mm/h for stage B. Cases of stage | or Il disease
without co-morbid adverse factors constitute early, favorable
Hodgkin’s lymphoma.

When one or more risk factors are present in stage | or l,
the disease is referred to as early, unfavorable, classical HL type.
An index describing adverse prognostic factors with scoring for
patients according to the stage of HL has also been developed.
The International Prognostic Index includes: albumin less than
4.0 g/L, hemoglobin less than 10.5 g/L, male gender, age greater
than or equal to 45 years, stage IV disease, WBC greater than
15,000/mm?, absolute lymphocyte count less than 600/mm? or
lymphocyte count greater than 8% of the total WBC count [41,
42]. Low risk is present when up to two risk factors are present,
and high risk above three factors [43]. Each of the aforemen-
tioned groups is characterized by a different treatment regimen.

Treatment

The main treatment modality is various chemotherapy regi-
mens with or without radiotherapy. An extratherapeutic effect
is achieved in 75% of newly diagnosed adult patients [44]. The
treatment modality for adults with Hodgkin’s lymphoma mainly
depends on the clinical stage of the disease. If low-stage dis-
ease is present, an ABVD chemotherapy regimen is used, which
consists of doxorubicin, bleomycin, vinblastine and dacarbazine.
In addition, radiation therapy may be used. Higher stage lym-
phoma is an indication for treatment with chemotherapy alone.
A combination of chemotherapy and radiotherapy can be used
in exceptional situations, such as large tumor size, i.e. in the
mediastinum above 10 cm, and when a tumor above 2.5 cm re-
mains after chemotherapy [45].

The choice of treatment also depends on the patient’s age.
In patients older than 60 years who would not be able to receive
standard doses of chemotherapy, brentuximab vedotin can be
used [46]. It can be combined with dacarbazine or with doxoru-
bicin, vinblastine or dacarbazine (AVD) [47, 48].

Radiation therapy is not routinely used as the sole treat-
ment for patients with Hodgkin’s lymphoma. The radiation dose
applied to the involved lymph nodes ranges from 30 to 36 Gy
[49-51]. Tumor infiltration that localizes close to important or-
gans is an indication to consider proton therapy, which will limit
radiation and protect important structures [52]. The usual radia-
tion therapy regimen involves consecutive irradiation of three
groups of lymph nodes. The first group consists of neck, thoracic
and axillary lymph nodes, the second group consists of nodes
around the aorta and spleen, and the third group consists of
pelvic lymph nodes [49-51].

In patients with early favorable HL, an ABVD regimen (doxo-
rubicin, bleomycin, vinblastine and dacarbazine) for 3 to 6 cy-
cles or an ABVD regimen for 2 to 4 cycles with the additional
use of IFRT at a dose of 20 Gy or 30 Gy is used. When there are
contraindications to chemotherapy (mainly in the elderly), radi-
ation therapy alone may be used [53-55]. The National Cancer
Institute of Canada conducted a study comparing the efficacy
of an ABVD regimen for 4-6 cycles with subtotal lymph node
irradiation [56]. The median follow-up period was 11.3 years.

During follow-up, no differences were seen in disease-free sur-
vival rates of 89% and 86% (p = 0.64) and overall survival (OS) of
98% versus 98% (p = 0.95). GHSG’s HD10 study, which compared
the use of 2 or 4 cycles of ABVD with the additional use of 30 or
20 Gy IFRT, showed no differences in 10-year progression-free
survival (PFS) or OS rates among the aforementioned patient
groups. PFS was 87%, OS was 94%, and the median follow-up
period was 8.2 years [57, 58]. In another study conducted by
GHSG, the ABVD regimen was modified by excluding dacarba-
zine, bleomycin or both drugs from treatment in combination
with the use of 30 Gy radiotherapy. After 5 years, significantly
worse treatment outcomes were observed in patients in the
groups without dacarbazine and/or bleomycin [59]. The use
of PET-CT to modify the treatment regimen is described in the
RAPID, EORTC H10F and HD16 studies [60-62]. Patients without
disease features on PET-CT after the second or third cycle of che-
motherapy ended treatment after the fourth cycle. In contrast,
patients with HL exponents on PET-CT receive additional cycles
of chemotherapy and nodal radiotherapy [63]. When treating
patients older than 60 years with early, favorable HL type who
needed more than 2 cycles of ABVD, bleomycin was omitted due
to its toxic effects on the lungs. Studies HD10 and HD13 showed
that the use of 2 cycles of ABVD with IFRT causes 2% lung dam-
age, 2 cycles of AVD with IFRT also causes 2% pulmonary toxic-
ity. In cases where 4 cycles of ABVD with IFRT are used, negative
pulmonary sequelae occur in 10% of patients [64].

Patients with early, unfavorable Hodgkin lymphoma type
are treated with 4 cycles of ABVD chemotherapy and involved-
field radiotherapy (IFRT) (20 Gy to 30 Gy) [65—67] or 6 cycles
of ABVD [57, 60]. The National Cancer Institute of Canada
(NCIC) conducted a randomized, prospective study comparing
ABVD therapy for 4 to 6 cycles with ABVD for 2 cycles combined
with extended field radiotherapy (EFRT). The progression-free
rate was more favorable in the combination therapy group at
94% versus 86% (p = 0.006), but OS was better in patients us-
ing ABVD alone at 92% versus 81% in combination therapy (p
= 0.04) [60]. During the HD11 trial conducted by GHSG, the
following therapies were compared: 4 cycles of ABVD with 30
Gy IFRT, 4 cycles of ABVD with 20 Gy IFRT, 4 cycles of BEACOPP
(bleomycin, etoposide, doxorubicin, cyclophosphamide, vincris-
tine, procarbazine and prednisone) with 30 Gy IFRT, 4 cycles of
BEACOPP with 20 Gy IFRT. At follow-up (with a median follow-
up of 8.8 years), there was no difference in OS rates (93-96%)
in the aforementioned groups [62]. After treatment regimens
with 30 Gy IFRT, no difference was seen between therapies.
However, after administration of 20 Gy IFRT, it was noted that
the PFS of the ABVD regimen was 76% compared to 84% for
therapy with BEACOPP ((HR) 1.5 and 95% confidence interval
(ClI) 1.0-2.1) [68]. Based on this study, a treatment regimen of
four cycles of ABVD combined with 30 Gy IFRT or BEACOPP with
20 Gy radiotherapy was established. Another HD14 GHSG study
comparing the use of four cycles of ABVD in combination with
30 Gy IFRT or two cycles of BEACOPP followed by two cycles of
ABVD with 30 Gy IFRT showed that the first treatment regimen
was the preferred therapy. No difference in OS was observed
during follow-up (median 43 months) [66]. Another study indi-
cating the use of 4 cycles of ABVD with IFRT due to the toxicity
of other therapies is H9-U conducted by the European Organi-
zation for Research and Treatment of Cancer (EORTC). It com-
pared 3 therapies: 6 cycles of ABVD combined with 36 Gy IFRT,
4 cycles of ABVD with 36 Gy IFRT, and 4 cycles of BEACOPP with
36 Gy IFRT. No differences were observed during follow-up (me-
dian 64 months). EFS (adverse event-free survival rate) ranged
from 89% to 92% (p = 0.38) and OS rate 91-96% (p = 0.89) [67].
When a PET-CT scan performed after 2 cycles of chemotherapy
showed HL, brentuximab vedotin was added to the therapy reg-
imen and bleomycin was abandoned. In case of side effects after
bleomycin, a regimen of A + AVD therapy (brentuximab vedotin,
doxorubin, vinblastine and dacarbazine) with radiotherapy is
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implemented [69]. In patients with no features of HL on PET-CT,
it is possible to terminate radiotherapy after 2 cycles of chemo-
therapy. A randomized, prospective study conducted by EORTC
HIOU analyzed the use of PET-CT to modify treatment after 2
cycles of therapy [64]. In the absence of HL features on PET-CT
after two cycles of therapy, patients were randomly assigned
to a group receiving six cycles of ABVD or four cycles of ABVD
combined with radiotherapy to the involved lymph nodes. PFS
of patients in the first group was 94.7% compared to 99.2% of
patients in the second group (p = 0.026). No difference in OS
was observed. If features of HL were found on PET-CT after two
cycles of ABVD, patients were randomly assigned to a group of
4 cycles of ABVD combined with 30 Gy of radiotherapy or to
a group receiving 2 cycles of ABVD followed by 2 cycles of esca-
lated BEACOPP with 30 Gy of radiotherapy [70]. The percentage
of 5-year PFS was 91% for the regimen with BEACOPP, and 77%
for therapy with ABVD (p = 0.002). The percentage of 5-year OS
reached 96% when treatment with BEACOPP was administered
and 89% when ABVD was given (p = 0.02). This study indicates
a beneficial effect of adding BEACOPP to ABVD in patients with
early, unfavorable HL type with detectable HL features on PET-
CT after 2 cycles. A randomized prospective study of HD17 was
conducted by the GHSG. The aim of the study was to determine
whether radiation therapy could be omitted from the treatment
regimen for patients with complete disease regression on PET-
CT. The results of patients undergoing 2 cycles of BEACOPP with
gradual dose escalation were analyzed in comparison to a group
of patients who received a typical dose of BEACOPP. One group
underwent the described regimen in combination with radio-
therapy, while the other group was divided into two subgroups
after receiving the PET-CT result. Patients with HL features on
PET-CT in addition to the chemotherapy regimen received ra-
diotherapy to the involved lymph nodes. Patients whose PET-CT
scan showed HL were treated with chemotherapy alone [71].
The median follow-up period was 46.2 months. In combination
therapy, the 5-year PFS rate was 97.3% (95% Cl: 94.5-98.7), and
in therapy, the use of PET-CT PES control reached 95.1% (95% Cl:
92.0-97) (HR 0.523; 95% Cl: 0.23-1.21) [71]. It was concluded
that omitting radiotherapy in patients with complete metabolic
response after 4 cycles of BEACOPP-based chemotherapy does
not significantly affect PFS.

In patients with advanced classical Hodgkin’s lymphoma,
the treatment replaced the formerly used ABVD regimen with
A + AVD chemotherapy (brentuximab vedotin (antibody-drug
conjugate targeting DC30), doxorubicin, vinblastine, dacarba-
zine). This treatment was given in 6 cycles [72, 73]. A random-
ized prospective study involving patients with previously un-
treated advanced HL was conducted that compared the ABVD
regimen with A + AVD therapy. The 6-year OS rate was 93.9%
in the A + AVD group (95% confidence interval (CL) 91.6-95.5)
and 89.4% compared to the ABVD groups (95% Cl: 86.6-91.7)
(hazard ratio (HR) 0.59; ClI: 0.40-0.88; p = 0.009) [74]. Median
follow-up was 73 months. The 6-year PFS was 82.3% in patients
who received A + AVD (95% Cl: 79.1-85.0) and 74.5% when
ABVD was used (95% Cl: 70.8-77.7) (HR 0.68; 95% Cl: 0.53—-0.86;
p = 0.002). Use of A + AVD was associated with a higher inci-
dence of grade 3 or 4 peripheral neuropathy compared to the
ABVD regimen. 67% with A + AVD and 43% with ABVD [75]. Use
of the A + AVD regimen resulted in a partial or complete cure
in about 80% of patients. Lung lesions caused by ABVD contrib-
uted to 11 deaths. The use of ABVD for 6-8 months is consid-
ered the standard of care for patients with advanced Hodgkin’s
lymphoma. The OS rate is the same with other regimens such
as: BEACOPP (bleomycin, etoposide, doxorubicin, procarba-
zine and prednisone), BEACOPP in increasing doses, Stanford
V (doxorubicin, vinblastine, mechloretamine, etoposide, vin-
cristine, bleomycin and prednisone) and MOPP-ABV (mechlor-
ethamine, vincristine, procarbazine, prednisone/doxorubicin,
bleomycin and vinblastine) [76—83]. Three prospective studies

have failed to show a benefit of chemotherapy along with ra-
diotherapy on OS [84—87]. For patients with advanced stage HL,
the use of PET-CT after 2 cycles of ABVD to modify therapy has
been studied. During the randomized, prospective RATHL trial,
patients without HL features on PET-CT were divided into two
groups. The first received 4 consecutive cycles of ABVD, and the
second received 4 cycles of AVD (doxorubicin, vinblastine and
dacarbazine). At follow-up (median 41 months), there was no
difference in the 3-year OS rate. The ABVD regimen had an OS
of 97.2%; 95% Cl: 95.1-98.4, while the AVD group had an OS of
97.6%; 95% Cl: 95.6-98.7 [52]. The absolute difference between
ABVD and AVD in 3-year PFS was 1.6% (95% Cl: 3.2 to 5.3). Con-
tinuation of bleomycin treatment resulted in a slight increase
in PFS. However, the ABVD regimen resulted in significant lung
changes. We also studied the use of BEACOPP regimen after 2
cycles of ABVD in patients with HL features on PET-CT. No better
effect of the BEACOPP regimen was demonstrated compared to
typical ABVD treatment. The median follow-up was 41 months.
With BEACOPP therapy, the 3-year PFS rate was 67.5%, and the
OS rate was 87.8%. Treatment with brentuximab vedotin was
studied. Two doses of the drug were administered. 6 cycles of
AVD were followed by four more doses of brentuximab vedotin.
In patients over 60 years of age. The 2-year event-free survival
rate was 80%, PFS rate 84%, OS 93% [52]. Grade 3 and 4 toxicity
as a result of treatment occurred in 42% of patients.

Risk factors for recurrence of HL in patients with the recur-
rent, classic type of this disease are: lack of positive effect after
treatment, relapse in less than 12 months, lack of clinical com-
plete remission after reinduction, presence of B symptoms at
the time of relapse, extranodal disease, use of more than two
salvage regimens beforehand [88—-90]. The following drugs are
recommended for such patients: nivolumab or pembrolizumab,
brentuximab vedotin, brentuximab vedotin with nivolumab,
chemotherapy with stem cell transplantation, combination
chemotherapy, radiation therapy. Nivolumab and pembroli-
zumab are among the monoclonal antibodies directed against
the PD-1 receptor. The drugs are immune checkpoint inhibi-
tors. Both drugs are used to achieve complete clinical remission
of the disease prior to autologous or allogeneic bone marrow
transplantation. The randomized, prospective study compared
the efficacy of pembrolizumab and brentuximab vedotin in the
treatment of patients with relapsed HL or refractory HL who
were ineligible for autologous hematopoietic cell transplanta-
tion (SCT). The median follow-up period was 25.7 months. The
PFS of patients taking pembrolizumab was 13.2 months (95%
Cl: 10.9-19.4), and that of patients taking brentuximab vedotin
was 8.3 months (95% Cl: 5.7-8.8) (HR 0.65; 95% Cl: 0.48-0.88;
p=0.0027) [91]. 16% of patients taking pembrolizumab and 11%
of patients taking brentuximab vedotin experienced treatment-
related serious adverse events. Other studies of pembrolizumab
indicate an overall response rate in the 64—74% range and an
overall response rate of 22.4% (95% Cl: 6.9-28.6) [92, 93]. An
efficacy study of nivolumab showed an overall response rate in
the range of 65-87% and an overall response rate of 16-28%
[94-96]. A combination of nivolumab and brentuximab vedo-
tin was also studied. The objective response rate was 82%, and
the overall response rate was 61% [97]. Brentuximab vedotin is
a combination of an antibody that detects CD30 with a drug di-
rected against it [98—100]. The CD30 antigen is mainly found on
Reed-Sternberg cells of Hodgkin lymphoma. Studies of the use
of brentuximab vedetin in patients with HL relapse have shown
response rates as high as 75%, with complete remissions of
about 50% and a median PFS of 4 to 8 months [98-102]. The use
of brentuximab vedotin was studied in patients over 60 years of
age who could not receive chemotherapy due to poor health.
The overall response rate in these patients was 92%, and the
complete remission rate was 73% [50]. The AETHERA trial evalu-
ated the efficacy of brentuximab vedotin compared with a pla-
cebo. The median follow-up was 5 years. The 5-year PFS rate
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with brentuximab vedotin was 59% (95% Cl: 51-66) versus 41%
(95% Cl: 33-49) in the placebo group (HR 0.52; 95% Cl: 0.379—
0.717) [103, 104]. The use of brentuximab vedotin and benda-
mustine was tested. After 2 cycles, objective response rates
were 93% and 78%, and overall remission rates were 74% and
32% [105, 106]. Brentuximab vedotin is used for the same pur-
pose as nivolumab and pembrolizumab. High doses of chemo-
therapy are administered, followed by autologous or allogeneic
bone marrow transplantation [107-109]. Allogeneic transplan-
tation is indicated in patients with primary refractory disease.
It is estimated that using standard chemotherapy followed by
bone marrow transplantation will achieve long-term disease-
free survival in approximately 50% of patients with relapsed
HL [107]. A randomized trial was conducted that compared the
use of conventional chemotherapy and a combination of che-
motherapy and autologous hematopoietic SCT. This observa-
tion was carried out for patients with recurrent chemosensitive
HL type [110]. The 3-year freedom from failure of combination
therapy was 55% in transplant patients, and the rate of positive
results of chemotherapy alone reached 34% of patients. There
were no differences in OS nother study is a Cochrane meta-anal-
ysis, which showed that autologous stem cell transplantation af-
ter reinduction chemotherapy improved relapse-free survival by
20-30% compared to the use of chemotherapy alone. No differ-
ences in OS were observed [111]. The AETHERA trial evaluated
PFS in two groups of patients after autologous stem cell trans-
plantation. The first group received brentuximab vedotin, and
the second group received a placebo. The median follow-up was
5 years. The 5-year PFS rate in patients after brentuximab vedo-
tin was 59% (95% Cl: 51-66), and 41% (95% Cl: 33—49) in the
placebo group (HR 0.521; 95% Cl: 0.379-0.717) [103, 104]. The
majority of patients did not receive treatment lasting 16 months
because they developed progressive peripheral neuropathy. Its
resolution after brentuximab vedotin withdrawal was not com-
plete. An important element of treatment efficacy is the evalu-
ation of the initial effect of chemotherapy. Long-term survival
of up to 22-71% has been demonstrated in patients who expe-
rienced remission of more than one year [98, 112]. Long-term
survival of 11-46% was observed in patients who experienced
a remission of less than one year after chemotherapy [98, 99,
113]. It has been shown that patients over 60 years of age toler-
ated the combination of chemotherapy and radiotherapy better
than high-dose chemotherapy with subsequent bone marrow
transplantation [114]. Patients with relapsed HL who received
only high-dose radiotherapy as initial treatment have a good
prognosis. The use of combination chemotherapy in them re-
sults in a 10-year DFS rate of 57-81%, and OS reaches 57-89%
[98, 115, 116]. In a small group of selected patients, the use
of radiotherapy alone can achieve long-term survival in about
50% of cases [117]. Two chemotherapy regimens are used to
treat relapsed HL. The first includes ifosfamide, carboplatin and
etoposide (ICE), and the second includes GVD therapy (gem-
citabine, vinorelbine, liposomal doxorubicin). If this treatment
is not effective, pembrolizumab or nivolumab is introduced.
Treatment of Hodgkin’s lymphoma in pregnant patients dif-
fers from the generally accepted regimen. The method used to
assess the stage of the disease is MRI. The early stage, the loca-
tion above the diaphragm and the slow growth of the tumor
make it possible to limit ourselves only to vigilant observation
and to consider inducing early labor (at 32—36 weeks) in order
to undertake appropriate therapy [118]. Supra-diaphragmatic
radiotherapy with lead shielding can be used for treatment
[119, 120]. The administration of chemotherapy (usually the
ABVD regimen) during the first trimester of pregnancy is inad-
visable, as it is associated with birth defects in the child [121,
122]. Later in pregnancy, short-term radiation therapy can be
administered before delivery when there is a rapidly enlarging
tumor in the mediastinum that threatens the life of the mother.
Beginning in the second trimester of pregnancy, when neces-

sary, intravenous vinblastine is usually given at a dose of 6 mg/
m? every 2 weeks until delivery [123, 124]. The use of the ABVD
regimen in the second half of pregnancy seems safe [125]. Ste-
roids are often used, which not only reduce the tumor mass but
also accelerate lung maturation in the fetus.

Nodular lymphocyte-predominant lymphoma (NLPHL) dif-
fers immunophenotypically from classical HL. NLPHL cells have
CD15-, CD20+, CD30-, while classic HL cells have CD15+, CD20-,
CD30+ receptors [126, 127]. The prognosis of NLPHL lymphoma
types is favorable. In some patients, follow-up and observation
of the patient is sufficient [128]. A retrospective study compar-
ing active observation with treatment showed a 5-year PFS rate
of 77% in the untreated group versus 85% when chemotherapy
was given [129]. The most commonly used treatment for early-
stage patients is radiation therapy [130-133]. This is usually
IFRT (involved-field radiation therapy) [134]. Another treatment
modality is the combination of chemotherapy and radiation
therapy. In early disease, an ABVD regimen (doxorubicin, bleo-
mycin, vinblastine, dacarbazine) for 2—3 cycles together with
IFRT is used [130, 135].

In the advanced state, R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine and prednisone) or R-CVP (ritux-
imab, cyclophosphamide, vincristine and prednisone) therapy is
chosen [136-138]. Rituximab can be used as the sole drug for ini-
tially diagnosed or relapsed NLPHL lymphoma. The study (median
follow-up — 9.8 years) showed that the PFS rate was 3 years after
induction of the drug. PFS reached 5.6 years when maintenance
therapy was given in addition to initial therapy [139].

Long-term follow-up of patients and biopsies are needed
if relapse occurs. 10% of patients with NLPHL develop tumor
transformation to diffuse large B-cell lymphoma (DLBCL) or
T-cell/histiocyte-rich large B-cell ymphoma (THRLBCL, T-cell/his-
tiocyte-rich large B-cell lymphoma) within 10 years [139-141].

CT is the most commonly used follow-up method in patients
with HL, as the radiation dose associated with it is lower than
that of PET-CT [142]. The absence of HL features on post-treat-
ment PET-CT indicates a low risk of Hodgkin’s lymphoma recur-
rence. Follow-up imaging is not recommended for patients with
this result [143]. Disturbing symptoms or abnormalities on labo-
ratory or imaging studies are an indication for diagnostic imag-
ing. The 5-year risk of recurrence is 5.6% for patients remaining
in remission for 2 years after treatment [144].

A 2015 U.S. study indicates that the 5-year survival rate for
patients with HL undergoing treatment is 90% [145].

Complications

The treatment used to eradicate Hodgkin’s lymphoma is as-
sociated with the possibility of long-term side effects for the pa-
tient. The drugs used can cause damage to internal organs and
subsequent impairment or loss of function. The therapy also
weakens the immune system. It is observed that patients who
have undergone treatment for lymphoma are more likely to de-
velop another malignancy. Regular screening is recommended
to detect cancer at an early stage. Cardiovascular disease and
pulmonary fibrosis are also more common in this group of pa-
tients [146, 147].

The alkylating drugs used may contribute to the develop-
ment of acute myeloid leukemia (AML) in a patient with Hodg-
kin’s lymphoma in remission. The risk of AML within 10 years
of completion of therapy is 3% in patients treated with a regi-
men containing mechlorethamine, vincristine, procarbazine and
prednisone (MOPP) [148, 149]. The use of doxorubicin, bleomy-
cin, vinblastine and dacarbazine (ABVD) is associated with a 10-
year AML risk of less than 1% [150].

The increased risk of developing AML after treatment with
chemotherapy and/or radiotherapy for solid tumors is particu-
larly true for pleural mesothelioma, cancers of the lung, breast,
head and neck, thyroid, gastrointestinal tract (esophagus, stom-
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ach, colon and rectum), bone and soft tissue and cervix [148, Summary
151-155]. The main cause of these cancers is radiation therapy.
With the passage of time, the risk of the disease increases. At 15
years, it is 13%, [148], and at 40 years, it is as high as 48% [156].

Autologous stem cell transplantation is associated with the
occurrence of distant complications such as second malignan-
cies, hypothyroidism, hypogonadism, heart disease, hemiplegia
and depression [157].

Other symptoms that occur after HL treatment include
chronic fatigue [158], impaired lung function [159, 160] and
bone necrosis [161].

The modern approach to the patient strives to individualize
therapy. The choice of the best treatment for patients with Hodg-
kin’s lymphoma depends on, among other things, the histological
type of HL, the presence of adverse prognostic factors, the clinical
stage, the patient’s age and performance status. After treatment,
regular follow-up of patients plays an important role. It makes
it possible to detect recurrence of the disease and determine
whether the patient has developed complications after therapy.

Source of funding: This work was funded from the author’s own resources.
Conflicts of interest: The authors declare no conflicts of interest.
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