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SURVIVORS OF ALLOGENEIC BONE MARROW TRANSPLANTATION

Long-term survivors of paediatric bone marrow fransplantation (BMT) are at high risk of late adverse effects of treatment. This is due in part fo
the infensive and high dose nature of freatment, often including radiotherapy (RT), received as part of the BMT process, and in part to the fact
that many BMTs are performed for poor prognosis disease. Such patients have already received a great deal of treatment before BMT, involving
several cyfotoxic drugs and frequently RT. Although BMT is felt to offer the best chance of cure in these children and adolescents, it is
acknowledged that considerable late toxicity may be inevitable in a relatively high proportion of patients. Therefore, it is imporfant that
survivors of BMT undergo follow up in a sefting that allows adequate opportunity for careful review of their physical, mental and psychological
health, with recognifion and appropriate management of any adverse effects. Nearly all of the published literature about the occurrence of late
adverse effects after haemopoietic stem cell transplantation describes patients who have received bone marrow as a source of stem cells rather
than peripheral blood or umbilical cord blood, but it is likely that the profile of adverse effects will be broadly similar after these newer
techniques due to the significant causative role of prior and condifioning freatment toxicity.

Most of the adverse effects of prior and conditioning chemotherapy and RT in paediatric BMT recipients are the same as those seen in children
receiving the same treatment in the non-BMT setting, and are not covered in detail in this section (being cross-eferenced instead to other
sysfem or site specific sections in this Statement). Nevertheless careful follow up is needed since high treatment doses and / or additive effects
may lead to unusual or accentuated toxicity. In addition, survivors of paediatric allogeneic BMT are also at risk of a range of severe and
potentially life-threatening manifestations of chronic graft versus host disease (cGvHD), other immune-mediated disturbances (eg
haematological cytopenias), and delayed immune reconstitution. A high index of suspicion is needed fo enable early detection and optimal
management of these complications.

Clinical investigation is complicated by the knowledge that there is a very wide range of severity of clinical abnormalities seen after BMT.
Furthermore, it may be unclear whether early diagnosis and perhaps treatment of subdlinical toxicity improves the outcome. Unfortunately, the
detailed prospective and longitudinal research necessary to understand the true significance of subclinical abnormalities is seldom available.

Table | summarises the characteristics, causes of and higher risk factors for late adverse effects of paediatric BMT, followed by recommendations
for clinical assessment, and initial further action that may be required. For each system or site, it is indicated whether routine evaluation (as
described in Table 1) is required in the absence of overt symptoms, or whether it is only needed in the presence of certain symptoms or signs.

In general, most of the long term follow up evaluations specified in Table | may be carried out in the context of
annual reviews, as indicated by the statement “At Long Term Follow Up clinic” in the Frequency column (see
footnote d). Table Il provides a suggested checklist for quick reference at such reviews. Some units may wish to
perform additional investigations in patients receiving BMT for specific or rarer indications. However, an increased
frequency of assessment is appropriate in some circumstances, notably during adolescence in view of the need to
monitor growth and pubertal development every 3 - 6 months, and also in patients with significant complications
(eg active ¢cGvHD) and in patients still within 5 years of transplant. Although the risk of developing a new onset of some late
adverse effects decreases with very long term follow up (eg in TBI recipients, the chance of developing primary hypothyroidism for the first time
diminishes once more than 10 years post-BMT), this is not true for some other complications (eg secondary malignancies, where the risk
continues fo increase with time). Nevertheless, once a patient is 10 years post-BMT and af final height, it may be possible to reduce the
frequency of follow up to every two years in carefully selected cases. Notwithstanding the above comments, there is very little clear published
evidence concerning the optimum frequency of evaluation, and it is recognised that this will vary according to clinical and local organisational
factors. Therefore, few defined intervals of evaluation are suggested in Table |, and those that are specified should be regarded as pragmatic
suggestions based on clinical experience and expert opinion, rather than high grade recommendations.

As for the Practice Statement as a whole, the information in both Tables is inended to help and guide busy clinicians, but not to replace clinical
judgement nor to be proscriptive.
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TABLE 1 - LATE ADVERSE EFFECTS OF BONE MARROW TRANSPLANTATION

SYSTEM CAUSES 0 CLINICAL EVALUATION ¢
* OUTCOMES HIGHER RISK FACTORS b FREQUENCY OF FOLLOW UP d¢ FURTHER ACTION ¢f

Quality of Life
Functional impairment

e Family, social

e Emotional, relationships
e Education, employment
e Sexual relationships

o Any freatment

Routine evaluation needed even in absence of overt symptoms
See Quality of Life

Chronic complications, especially cGvHD

At Long Term Follow Up clinic

See Quality of Life

Secondary Malignancy

® Solid tumours — especially brain,
thyroid, oral / salivary gland, skin;
typically later onset (median 4-8 yrs
post-BMT)
AML / MDS — predominantly after
autologous BMT, very rare in
children; usually earlier onset
(median 2.5 yrs post-BMT)

Radiotherapy (RT), including TBI (= solid
tumours)

(Chemotherapy, particularly alkylating agents
and topoisomerase Il inhibifors (especially
epipodophyllotoxins) (= AML / MDS)
I[mmunosuppressive freatment

Familial cancer predisposition syndromes,
including Fanconi anaemia

Routine evaluation needed even in absence of overt symptoms
See Secondary Malignancy

Young age

Cranial / craniospinal RT
High RT dose

GvHD

At Long Term Follow Up clinic

See Secondary Malignancy

Haematology
* |mmune-mediated cytopenia

Any allogeneic BMT

Routine evaluation needed even in absence of overt symptoms
1) Symptoms and signs of bone marrow dysfunction
2) FBC

GvHD

At Long Term Follow Up clinic

1) Further investigation as appropriate
2) Consider immunosuppression (eg steroids) and / or
immunomodulation (eg IVlg)

Immunology

e Delayed immune reconstitufion
- increased risk of infection

e Autoimmune disease (often
associated with ¢GvHD) - hypo- and
hyperthyroidism, myasthenia gravis,
diabetes, hepatitis

Any allogeneic BMT
Prolonged immunosuppression

Routine evaluation needed even in absence of overt symptoms

1) Discuss risk, advise about appropriate responses fo symptoms of infection

2) Immune function tests — immunoglobulins, lymphocyte subsets
(especially (D4)

3) Further investigation may include auto-antibodies, endocrine
function tests, LFTs, where appropriate

Mismatched donor BMTs
Unrelated donor BMTs
GVHD

At Long Term Follow Up dlinic

1) Antiinfective prophylaxis, including IVlg, during risk
period; long term antibiotics (eg penicillin V)
recommended in TBI recipients

2) Infection surveillance

3) Reimmunisation as appropriate (see also Appendix
E, Immunisation affer completion of freatment)

4) Referral to Immunologist or Endocrinologist as
appropriate
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NOTES

a) Late adverse effects in patients who have undergone BMT may be due to treatment received before, during or after the BMT.

b) The shaded portion (“sub-row"”) of this column in each section (eg Quality of Life) refers specifically to Higher risk factors.

¢) Cross references denoted in ifalics refer o the other sections of this Practice Statement.

d) The statement “At Long Term Follow Up clinic” assumes that this will enable regular evaluation at yearly (or occasionally two-yearly)
intervals, unless there are specific indications for more frequent assessment (as discussed in the infroductory comments to this
Appendix, paragraph 5).

e) The shaded portion (“sub-row”) of this column in each section (eg Quality of Life) refers specifically to Frequency of follow up.

) Discussion with / referral to other specialists — although not explicitly stated, it is expected that paediatric specialists will be
consulted unless patient age (adolescent or young adult) or local circumstances or expertise dictate otherwise.

ABBREVIATIONS

616 6-thioguanine

AML acute myeloid leukaemia

ARF acute renal failure

AVN avascular necrosis

BMD bone mineral density

BO bronchiolitis obliterans

BooP bronchiolitis obliferans with organising pneumonia
(GvHD chronic graftversus-host disease
CHUS cancer-ussociated haemolytic uraemic syndrome
(Mv cytomegalovirus

(VA cerebrovascular accident

CXR chest X-ray

FA Fanconi ancemia

FBC full blood count

GIT gastrointestinal fract

GH growth hormone

HbAc glycosylated haemoglobin

P interstitial pneumonia

LFTs liver function fests

MDS myelodysplasia

0c osteochondroma

RT radiotherapy

SCC squamous cell carcinoma

T4 thyroxine

T8I total body irradiation

TFTs thyroid function tests

T total lymphoid irradiation

TSH thyroid stimulating hormone

U+Es ureq, creatining and electrolytes
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TABLE Il
CHECK LIST FOR HISTORY, EXAMINATION, SURVEILLANCE INVESTIGATION

Consider the following regularly* at Long Term Follow Up clinic
Additional investigations may be appropriate if abnormal symptoms / signs

History

School / employment

Quality of life

Growth

Nutrition, weight gain

Pubertal development } at appropriate

Fertility issues } age / fime

Joint pain (especially hip, knee)

Vision

Dental health

Compliance with medications eg anti-infective prophylaxis
Immunisation up to date (as appropriate)

Health education as appropriate, including smoking, sunlight, breast examination

Examination

Height (including sitting height if possible), ~ } 3-6 monthly until
weight, calculate height velocity } puberty and
Pubertal assessment (Tanner stage) } growth completed
Skin (cGvHD, naevi, suspicious lesions) — consider clinical photography
Thyroid palpation

(NS examination
Ophthalmoscopy (cataracts)
Blood pressure

NB Wide variety of symptoms / signs of cGvHD

Investigations

FBC

Biochemical profile (incl U+Es, LFTs, albumin, protein, calcium, phosphate, magnesium)
Thyroid function tests (Ts, TSH)

LH, FSH, oestradiol” / testosterone } after 10 years
Inhibin B (if available) } age

Fasting glucose and lipids

HbA1c

Immunoglobulins, lymphocyte subsets (only if clinical concem about delayed or poor immune reconstitution)
GF-1 } in TBI recipients if concem

Bone age } about growth

Urinalysis (haematuria, proteinuria, glycosuria)

?Urine cytology

Echocardiogram (annually if abnormal, 3-5 yearly if normal)

Pulmonary function tests (annually if abnormal or if new symptoms, 3-5 yearly if normal and no symptoms)
Chest X-ray (if symptomatic or PFTs severely abnormal)

?Bone mineral density by DEXA (especially in patients treated for GH deficiency or hypogonadism)

*eg yearly (see infroductory notes above) except where indicated otherwise — see Table | for further details
1 not helpful if on hormone replacement freatment




	correct1: Routine evaluation may be needed even in absence of overt symptoms
1)  Discuss risk, advise about appropriate responses to symptoms of    
      infection
2)  Immune function tests – immunoglobulins, lymphocyte subsets 
     (especially CD4) as clinically indicated (until evidence of satisfactory 
     recovery)
3)  Further investigation may include auto-antibodies, endocrinefunction 
     tests, LFTs, where appropriate


