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Abstract: Hodgkin’s disease is curable in 90% of the cases diagnosed in early stages (I and II) 

and in 70% of all patients who suffer from the disease. Refractory disease occurs in 10%–15% 

of cases and is still a clinical challenge. Its treatment is based on intensive chemotherapy regi-

mens with transplantation, but there are patients who relapse after transplantation who have a 

poor prognosis. At this point in time, there is a lack of effective treatment options with proven 

efficacy and there is a real need to investigate new treatment drugs with different mechanisms 

of action. A persistent activation of mTOR signaling has been identified in leukemia, Hodgkin’s 

and non-Hodgkin’s lymphoma, and multiple myeloma. Everolimus, an mTOR kinase inhibitor, 

is being used as an option in these cases with encouraging results. Here, the authors report their 

experience with a patient treated with everolimus.
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Introduction
With improvements in radiotherapy techniques and the development of anticancer 

drugs, Hodgkin’s disease is curable in 90% of the cases diagnosed in early stages (I and II) 

and in 70% of all patients who suffer from the disease. Refractory disease, which is defined 

as failure to achieve a complete remission after first-line treatment, is a rare clinical 

situation occurring in only 10%–15% of cases, which remains a clinical challenge.

Treatment of refractory Hodgkin’s disease includes the application of intensive 

chemotherapy regimens with hematopoietic rescue; however, the median survival of 

these cohorts is around 16 months. A small percentage of patients (10%–20%) have 

prolonged survival after transplantation. Patients who relapse after transplantation 

have a poor prognosis. There is a clear need to investigate new drugs with different 

mechanisms of action due to a lack of treatment options with proven efficacy. Thus, 

this paper presents the authors’ experience with a patient treated with everolimus.

The mammalian target of rapamycin (mTOR) is a serine/threonine kinase that exists 

as a downstream component of numerous signaling pathways. Persistent activation 

of mTOR signaling has been identified in cell lines and samples from patients with 

leukemia, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, and multiple myeloma. 

Hence, following these lines, the authors’ experience with a patient treated with 

everolimus is reported here.1

Case report
A 27-year-old woman with no medical history of interest was diagnosed in 2004 

with classical interfollicular Hodgkin’s lymphoma with multiple supradiaphragmatic 
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mediastinal bulky disease. Chemotherapy was initiated with 

adriamycin, bleomycin, vincristine, and dacarbazine for 

six cycles, ending in April 2005. Subsequently, radiotherapy 

was administered to the bulky mass, with a total dose of 

40 Gy. A re-evaluation was performed after treatment 

using a computed tomography scan in September 2005. 

A mediastinal mass measuring 5.5 × 3 cm and mediastinal 

nodes, with activity on positron emission tomography – 

computed tomography, were apparent. A lymph-node biopsy 

confirmed the persistence of Hodgkin’s lymphoma.

A second line of chemotherapy was given with the 

etoposide, corticosteroids, arabinofuranosyl cytidine, and 

cisplatin scheme, with three cycles administered between 

January and March 2006. A partial response was observed. 

In March 2006, a mini-BEAM (Bis-chloroethylnitrosourea 

60 mg/m2 on day 1, Etoposide 75 mg/m2 on days 2–5, Ara-C 

100 mg/m2 every 12 hours on days 2–5, Melphalan 30 mg/m2 

on day 6) scheme was consolidated with autologous bone-

marrow transplantation on March 24, 2006.

In August 2006, enlarged laterocervical adenopathies 

were detected, which were confirmed as viable supradia-

phragmatic disease using positron emission tomography – 

computed tomography.

The patient reported pain in her left leg, and magnetic 

resonance imaging showed an infiltration of the bone 

marrow, with a suppression of the L5 and a bulging of the 

rear wall into the spinal canal, stenosis of the right conjunc-

tion foramen of L5–S1, and a decrease of the right con-

junction foramen of L4–L5. Radiotherapy with analgesic 

intention was administered, with a dose of 24 Gy, from 

March 17 to 25, 2007. Because of tumor progression, three 

cycles of chemotherapy were given with the gemcitabine 

750 mg/m2 and oxaliplatin 100 mg/m2 scheme from June to 

August 2007. A CT scan demonstrated a partial response of 

the mediastinal mass. A positron emission tomography scan 

showed supradiaphragmatic lymph node tumor viability. 

The patient refused to continue with active treatment and 

remained in remission.

In November 2008, a progression was observed at right 

axilla, as well as significant progression into the bone of the 

supraclavicular and right laterocervical nodes. The patient 

reported that the medial and distal left femur as well as the 

left humerus, left ischium, right femur, and L5 were causing 

pain. The patient began painkillers and started a new line of 

treatment with 5 mg everolimus per day orally as compas-

sionate use in September 2009. Upon evaluation, extensive 

partial response was present, with persisting deposits in the 

axillary lymphadenopathies and left humerus head that were 

low-intensity but with complete response in the laterocervical 

and mediastinal lymph nodes.

During this period, antalgic radiotherapy at the femoral 

lesion was provided.

Figures 1 and 2 show an important decrease of prevascu-

lar mediastinal involvement between March 2009 and April 

2011, under everolimus.

The most recent re-evaluation occurred in June 2011, 

with a diagnosis of stable disease. The patient remains on 

5 mg everolimus, which is well tolerated. The only side effect 

noted was initial weight loss, which has been controlled with 

dietary supplements.

Discussion
Most patients with Hodgkin’s lymphoma have complete 

remission of the disease after f irst-line chemotherapy 

treatment. However, up to 15% of stage I and II patients 

with a favorable prognosis2 and up to 40% of patients with 

advanced stage relapse.3

The relapse occurs within the first 12 months in half of 

these cases.4 A select group of patients with poor prognosis 

after the first or second relapse or those patients with refrac-

tory disease may benefit from bone marrow transplantation 

prior to induction with salvage chemotherapy regimens. 

Several clinical trials have shown that negative positron 

emission tomography scans before transplantation and 

after induction have a significant predictive value, with a 

progression-free survival at 2 years of 93%.5–7 Relapse after 

hematopoietic transplantation has a very poor prognosis, 

and there are no treatments with proven clinical efficacy in 

these situations; these patients are candidates for palliative 

treatments.

Figure 1 Computed tomograph scan of thorax-abdomen, March 7, 2009. Wide 
prevascular mediastinal involvement.
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Currently, the phosphatidylinositol 3-kinase (PI3K)/

protein kinase B (Akt)/mTor pathway is gaining importance 

as a therapeutic target. Several clinical trials have been con-

ducted with mTOR inhibitors (see Table 1), such as everoli-

mus, temsirolimus, and sirolimus.8–10 The basis for the use of 

this pathway is based on mTOR, a serine threonine kinase 

that plays a key role in regulating cell cycle progression, cell 

growth, and protein synthesis, through interactions with vari-

ous signaling pathways such as PI3K/Akt, B-cell receptor/

V-abl Abelson murine leukemia viral oncogene homolog 1, 

rat sarcoma (Ras), and T-cell leukemia/lymphoma protein 1. 

mTOR is composed of two components, mTORC1 and 

mTORC2. mTORC1 is inhibited by everolimus and its 

analogs because it is thought that mTORC2 is activated by 

routes other than PI3K/Akt.11 An important alteration of 

the PI3K/Akt pathway has been observed in hematological 

malignancies such as Hodgkin’s lymphoma, which gives a 

rational basis for the use of these drugs.12

A persistent activation of mTOR signaling is observed 

in cell lines from Hodgkin’s lymphoma, as well as diffuse 

large B-cell lymphoma and mantle lymphoma.

Some lymphomas express high levels of Ras homolog 

enriched in brain (Rheb), a Ras homolog that binds to 

tuberous sclerosis complex (TSC). When Akt is activated, 

Rheb is disassociated from TSC, resulting in the activation 

of TSC and thereby permitting its interaction with mTOR. 

Thus, the expression of Rheb is associated with increased 

activation of mTOR.1

Activation of PI3K is frequently associated with the dele-

tion or mutation of phosphatase and tensin homolog (PTEN) 

in many tumors. However, in Hodgkin’s lymphoma, other 

mechanisms activate the pathway, including activation of 

CD30, CD40, and Receptor Activator of Nuclear Factor κ 

B receptors, mutations in the p85a subunit of PI3K and inac-

tivation of PTEN function through phosphorylation. CD40, 

a member of the tumor necrosis factor receptor family, is 

expressed on the surface of B cells, from pro-B to plasma cell 

stages. The inhibition of this line with antibodies to CD40 

(SNG-40 and CHIR-12.12) results in apoptotic effects of 

antibody-dependent cellular cytotoxicity.13

In addition to its direct antitumor effect, everolimus and 

its family induce immune responses that enhance the clinical 

response by inhibiting angiogenesis.14 Cytostatic and cyto-

toxic effects have been demonstrated both in vivo and in vitro 

for malignant cells following treatment with everolimus.15 

As shown in Table 1, which summarizes the existing clinical 

trials to date with everolimus, acceptable response rates have 

been observed, particularly when considering that this group 

has undergone a great amount of prior treatment.8–10 The 

highest rate of response was generally obtained in Hodgkin’s 

lymphoma, when stratifying by subgroups.

Figure 2 Computed tomograph scan of thorax-abdomen, April 6, 2011. Important 
decrease of prevascular mediastinal involvement.

Table 1 Trials with everolimus on Hodgkin’s lymphoma

Trial Design Patients  
(N)

Histological  
subtypes

Median age  
(years)

Prior  
therapies

Complete  
responses (%)

Partial  
responses (%)

Time to  
progression 
(months)

Witzig  
et al9

Phase II 145 77 NHL 
17 HL 
8 lymph T 
41 indolent lymph

NA 4 NA 33 in all subgroups 
53 in HL

4.3

Johnston  
et al8

Phase II 19 HL 100% 
16% I/II 
84% III/IV

37 6 0 47 7.2

Reeder  
et al10

Phase II 37 20 DLBCL 
14 mantle 
2 high grade 
1 folicullar

72 4 2.7 29.7 5.5

Abbreviations: NA, not available; HL, Hodgkin’s lymphoma; NHL, non-Hodgkin’s lymphoma; DLBCL, diffuse large B-cell lymphoma; lymph, lymphoma.
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Thus, the authors believe the improved response to 

everolimus in the patient discussed (the longest response 

maintained in the history of her disease) is due to the persistent 

activation of the mTOR signal that may be present in her tumor 

cells. A study by Johnston et al8 of patients with Hodgkin’s 

lymphoma showed a time to progression of 7.2 months, which 

is shorter than the time to progression of the patient in the pres-

ent study, who, at the time of writing, has a time to progression 

of  22 months and a good quality of life.

Future research is ongoing based on the combination 

of mTOR with conventional chemotherapy (eg, sorafenib, 

perifosine), with the goal of avoiding resistance to adminis-

tered drugs that could increase efficacy by complementing 

the different mechanisms of action.

Disclosure
The authors declare no potential conflicts of interest relevant 

to this article.
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