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Setting up a national infrastructure for survivorship care after
treatment for Hodgkin lymphoma

Despite high cure rates, life expectancy and quality of life

of Hodgkin lymphoma (HL) survivors are often reduced

by the occurrence of late adverse effects of treatment.

Common late effects include second malignancies (Schaap-

veld et al, 2015), cardiovascular disease (Maraldo et al,

2015), thyroid dysfunction, reduced fertility, premature

menopause, fatigue and psychosocial problems. Most HL

survivors experience one or more physical and/or psy-

chosocial effects. While HL generally occurs at young

(adult) ages and survivors potentially have a long life

expectancy, structured survivorship care for HL survivors

is lacking. A well-organized survivorship care programme

may prevent late adverse treatment effects or detect them

early (McCabe et al, 2013; Barbui et al, 2014). In the

Netherlands, the BETER consortium (Better care after

Hodgkin lymphoma: Evaluation of long-term Treatment

Effects and screening Recommendations) developed a

nationwide structured survivorship programme for 5-year

HL survivors with the aim to reduce morbidity and mor-

tality from late effects. The consortium consists of hae-

mato-oncologists, radiation oncologists, epidemiologists and

nursing specialists from 31 hospitals throughout the coun-

try, as well as a general practitioner and patient represen-

tatives (Appendix S1). The following steps were taken.
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The BETER consortium, cooperating with external experts,

has developed guidelines for the most frequent adverse events

after HL treatment, based on available scientific evidence and

in line with other guidelines (Mulder et al, 2013; Armenian

et al, 2015) (Table 1). When no evidence was available, rec-

ommendations were based on expert consensus. Each guide-

line provides an overview of the magnitude of the risks, risk

factors, effectiveness of available screening methods, screen-

ing recommendations, and recommendations for treatment

and lifestyle, where appropriate. These guidelines are pub-

lished in the Dutch national database for medical guidelines

for secondary care (richtlijnendatabase.nl). An English trans-

lation and patient versions will be published on our BETER

website (www.beternahodgkin.nl). To facilitate the use of the

guidelines, an online calculator generates risk-based screening

recommendations based on gender, age at diagnosis and HL

treatment.

In the Netherlands, regular surveillance for recurrence of

HL ends 5 years after treatment. Therefore, 5-year HL sur-

vivors, aged 15–60 years at diagnosis and currently aged

<70 years, are eligible for survivorship care in the partici-

pating centres. The so-called BETER clinics are spread

throughout the Netherlands and are staffed by a haematolo-

gist, radiation oncologist, or both, and in some hospitals

also nursing specialists. When necessary, HL survivors are

referred to dedicated specialists, such as cardiologists,

gynaecologists and psychologists. The BETER clinics pursue

a close cooperation with the patients’ general practitioner

(GP); GPs particularly play a role in screening and treat-

ment of cardiovascular risk factors, thyroid dysfunction and

psychosocial issues. To facilitate this cooperation, a sur-

vivorship care plan intended for survivor and GP is being

developed. It consists of a summary of relevant medical his-

tory and treatment data, observed adverse events, and

recommendations for screening and treatment of adverse

events.

Survivors were identified through the Netherlands Cancer

Registry, which has national coverage of all cancer diagnoses

since 1989. In order to identify HL survivors diagnosed

1965–1989, we used hospital tumour registries, the Dutch

Pathology Database and HL research databases (Schaapveld

et al, 2015). Around 9000 eligible 5-year HL survivors were

identified, of whom approximately 5500 were still alive. For

all eligible HL survivors, data managers collected detailed

data on treatment and adverse events from medical records.

Survivors are invited to visit the BETER clinic in the hos-

pital where they were treated for HL, but may attend another

BETER clinic at their convenience. Survivors with the highest

risks of late effects, e.g. young women treated with chest

radiotherapy, are given priority. When inviting a previously

discharged survivor (~50% of all eligible HL survivors), clinic

personnel check whether he/she is still alive and collects his/

her current address through the Netherlands Personal

Records Database.

Prior to visiting, all survivors are asked to complete a

questionnaire on their current health status, medication,

medical history, family history and lifestyle, as well as psy-

chosocial and socio-economic problems. This helps the

healthcare providers to focus on actual symptoms of late

effects and lifestyle.

The BETER board negotiated reimbursement of the sur-

vivorship care with the responsible authorities, because reim-

bursement can constitute a major obstacle for

implementation (Barbui et al, 2014). An adapted care pro-

duct was approved in 2016.

In collaboration with the Dutch Haematology Patient Fed-

eration, we developed a website for HL survivors with infor-

mation about late effects of HL treatment (www.beternahod

Fig 1. Data flow from and to different sources and its use. BETER, Better care after Hodgkin lymphoma: Evaluation of long-term Treatment

Effects and screening Recommendations
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gkin.nl). Visiting HL survivors expressed high user satisfac-

tion and were shown to have increased knowledge of treat-

ment-related adverse effects (G.C.C. Sombroek, unpublished

data).

Data from medical records and questionnaires will be

combined after written informed consent in a national data-

base, together with data on screening results, diagnosis and

treatment of late adverse events, and data from national reg-

istries (e.g. second malignancies) (Fig 1). This database will

facilitate future research and may lead to the discovery of

unrecognised late adverse treatment effects. The database will

also be used to evaluate the effectiveness of the BETER clin-

ics, including guideline adherence and reasons for non-atten-

dance.

Funded by the Dutch Cancer Society, we are setting up a

national HL biobank (serum and DNA) for research pur-

poses.

Only 57% of the first 584 invited HL survivors attended a

BETER clinic (Aleman et al, 2017), similar to the attendance

rate in a UK programme on radiation-related risk of breast

cancer (Howell et al, 2009). Survivors who were not under

regular medical surveillance in the BETER centre were less

likely to attend. The most common reasons not to attend

were surveillance or treatment for adverse events elsewhere

and unwillingness to attend (e.g. due to emotional burden).

As Dutch healthcare insurance entails a mandatory deducti-

ble sum of €385 (2016–2019), personal financial circum-

stances also hamper participation.

In conclusion, we expect that implementation of the

BETER programme will lead to improved life expectancy and

quality of life for HL survivors. The experience gained with

the BETER programme may be used to develop effective, evi-

dence-based survivorship care for lymphoma survivors in

other countries and for survivors of other malignancies.
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Role of MFHAS1 in regulating hepcidin expression via the
BMP/SMAD and MAPK/ERK1/2 signalling pathways

Malignant fibrous histiocytoma amplified sequence 1

(MFHAS1 or MASL1) is a member of the human ROCO

protein family, characterized by a Ras of complex proteins

(ROC) and a C-terminal of ROC (COR) domain that is

ubiquitously expressed in various human tissue (Sakabe et al,

1999), as well as erythroid-lineage cell populations (Kum-

khaek et al, 2013a) and macrophages (Ng et al, 2011).

MFHAS1 has been shown to play a role downstream of Toll-

like receptor-dependent signalling in innate immunity (Ng

et al, 2011) and macrophage polarization (Zhong et al,

2017). Importantly, MFHAS1 was originally identified in a

human 8p23.1 amplicon detected in malignant fibrous histio-

cytomas (Sakabe et al, 1999). It has also been found to be a

potential oncogene for oesophageal/gastro-oesophageal carci-

noma, gastric cancer and B-cell lymphoma. Although these

findings suggest that regulation of MFHAS1 is important for

normal function, the precise mechanisms that regulate

MFHAS1 remain to be determined.

We previously demonstrated that MFHAS1 is upregulated

in terminal erythropoiesis through the Raf/MEK/ERK

pathway (Kumkhaek et al, 2013b). Further, downregulation

of MFHAS1 expression in macrophages has been reported to

strongly enhance interleukin (IL) 6 production following

their lipopolysaccharide or polyinosine-polycytidylic acid

stimulation (Ng et al, 2011). IL6 is one of the negative regu-

lators of erythropoiesis that inhibits the release of iron from

macrophages and mediates hepcidin expression rather late in

erythroid maturation (Nemeth & Ganz, 2006). However, the

role of MFHAS1 in regulating hepcidin expression has not

yet been explored. Based on our earlier work, we hypothesize

that MFHAS1 could directly (or indirectly) influence hep-

cidin expression. Methods are detailed in Appendix S1.

The BMP/SMAD and JAK/STAT3 pathways are important

transcriptional regulators of hepcidin expression. To examine

the contribution of MFHAS1 to the regulation of hepcidin

expression, we determined whether MFHAS1 affects the

BMP/SMAD or JAK/STAT3 pathways in the human hep-

atoma cell line HuH-7 and in normal primary human hepa-

tocytes. Because both of these types of cells express low

endogenous levels of MFHAS1, we overexpressed MFHAS1
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