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Appendix B
SURVIVORS OF ALLOGENEIC BONE MARROW TRANSPLANTATION

Long-term survivors of paediatric bone marrow transplantation (BMT) are at high risk of late adverse effects of treatment. This is due in part to
the intensive and high dose nature of treatment, 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 cytotoxic 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 important that
survivors of BMT undergo follow up in a setting that allows adequate opportunity for careful review of their physical, mental and psychological
health, with recognition 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 conditioning treatment 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-referenced instead to other
system 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 to 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 subclinical toxicity improves the outcome. Unfortunately, the
detailed prospective and longitudinal research necessary to understand the true significance of subclinical abnormalities is seldom available.

Table I 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 I) 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 I 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 II 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 to increase with time). Nevertheless, once a patient is 10 years post-BMT and at 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 I, 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 intended to help and guide busy clinicians, but not to replace clinical
judgement nor to be proscriptive. 
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Quality of Life
Functional impairment

Family, social
Emotional, relationships
Education, employment
Sexual relationships

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)

Haematology
Immune-mediated cytopenia

Immunology
Delayed immune reconstitution 
� increased risk of infection
Auto-immune disease (often
associated with cGvHD) - hypo- and
hyperthyroidism, myasthenia gravis,
diabetes, hepatitis

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

At Long Term Follow Up clinic

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

At Long Term Follow Up clinic

Routine evaluation needed even in absence of overt symptoms
1) Symptoms and signs of bone marrow dysfunction
2) FBC
At Long Term Follow Up clinic
Routine evaluation 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)
3) Further investigation may include auto-antibodies, endocrine

function tests, LFTs, where appropriate
At Long Term Follow Up clinic

See Quality of Life

See Secondary Malignancy

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

immunomodulation (eg IVIg)

1) Anti-infective prophylaxis, including IVIg, 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 after completion of treatment)
4) Referral to Immunologist or Endocrinologist as

appropriate

OUTCOMES HIGHER RISK FACTORS b FREQUENCY OF FOLLOW UP c,d,e FURTHER ACTION c,f
CAUSES a CLINICAL EVALUATION c

Any treatment

Chronic complications, especially cGvHD

Radiotherapy (RT), including TBI (� solid
tumours)
Chemotherapy, particularly alkylating agents
and topoisomerase II inhibitors (especially
epipodophyllotoxins) (� AML / MDS)
Immunosuppressive treatment
Familial cancer predisposition syndromes,
including Fanconi anaemia
Young age
Cranial / craniospinal RT
High RT dose
cGvHD
Any allogeneic BMT

cGvHD
Any allogeneic BMT
Prolonged immunosuppression

Mismatched donor BMTs
Unrelated donor BMTs
cGvHD

SYSTEM

TABLE 1 - LATE ADVERSE EFFECTS OF BONE MARROW TRANSPLANTATION
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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.
c) Cross references denoted in italics refer to 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 introductory 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.
f) 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

6TG 6-thioguanine
AML acute myeloid leukaemia
ARF acute renal failure
AVN avascular necrosis
BMD bone mineral density
BO bronchiolitis obliterans
BOOP bronchiolitis obliterans with organising pneumonia
cGvHD chronic graft-versus-host disease
C-HUS cancer-associated haemolytic uraemic syndrome
CMV cytomegalovirus
CVA cerebrovascular accident
CXR chest X-ray
FA Fanconi anaemia
FBC full blood count
GIT gastrointestinal tract
GH growth hormone
HbA1c glycosylated haemoglobin
IP interstitial pneumonia
LFTs liver function tests
MDS myelodysplasia
OC osteochondroma
RT radiotherapy
SCC squamous cell carcinoma
T4 thyroxine
TBI total body irradiation
TFTs thyroid function tests
TLI total lymphoid irradiation
TSH thyroid stimulating hormone
U+Es urea, creatinine and electrolytes



50

REFERENCES

Reviews

Specific

1) Brennan BMD, Shalet SM. Endocrine late effects after bone marrow transplant. Br J Haematol 2002; 118: 58-66.
2) Leiper AD. Non-endocrine late complications of bone marrow transplantation in childhood: Part I. Br J Haematol 2002; 118: 3-22.
3) Leiper AD. Non-endocrine late complications of bone marrow transplantation in childhood: Part II. Br J Haematol 2002; 118: 23-43.
4) Socie G, Salooja N, Cohen A, et al. Nonmalignant late effects after allogeneic stem cell transplantation. Blood 2003; 101: 3373-3385.
5) Sanders JE. Endocrine complications of high-dose therapy with stem cell transplantation. Pediatr Transplant 2004; 8 (Suppl 5): 39-50.
6) Skinner R, Leiper A. Bone Marrow Transplantation. In Wallace WHB, Green DM, eds. Late Effects of Childhood Cancer. London, Arnold, 2004, 304-320.

Quality of Life
1) Badell I, Igual L, Gomez P, et al. Quality of life in young adults having received a BMT during childhood: a GETMON study. Bone Marrow Transplant 1998; 21 (Suppl 2): S68-
S71.
Secondary Malignancy
1) Socie G, Curtis RE, Deeg HJ, et al. New malignant diseases after allogeneic marrow transplantation for childhood acute leukemia. J Clin Oncol 2000; 18: 348-357.
Haematology
1) Klumpp TR, Block CC, Caligiuri MA, Rabinowe SN, Soiffer RJ, Ritz J. Immune-mediated cytopenia following bone marrow transplantation. Case reports and
review of the literature. Medicine 1992; 71: 73-83.
Immunology
1) de Vries E, van Tol MJD, Langlois van den Bergh R, et al. Reconstitution of lymphocyte subpopulations after paediatric bone marrow transplantation. Bone
Marrow Transplant 2000; 25: 267-275.
2) Pegg KS, Mackinnon S. Immune reconstitution following haemopoietic stem cell transplantation. Br J Haematol 2004; 124: 407-420.
Chronic GvHD
1) Sullivan KM, Agura E, Anasetti C, et al. Chronic graft-versus-host disease and other late complications of bone marrow transplantation. Semin Hematol 1991; 28: 250-259.
Visual
1) De-Marco R, Dassio DA, Vittone P. A retrospective study of ocular side effects in children undergoing bone marrow transplantation. Eur J Ophthalmol 1996; 6: 436-439.
Auditory
1) Punnett A, Bliss B, Dupuis LL, Abdolell M, Doyle J, Sung L. Ototoxicity following pediatric hematopoietic stem cell transplantation: A prospective cohort study.
Pediatr Blood Cancer 2004: 42: 598-603.
Dental / craniofacial, oral
1) Dahllof G, Forsberg CM, Ringden O, et al. Facial growth and morphology in long-term survivors after bone marrow transplantation. Eur J Orthod 1989; 11: 332-340.
2) Dahllof G, Bagesund M, Ringden O. Impact of conditioning regimens on salivary function, caries-associated microorganisms and dental caries in children after bone marrow
transplantation. A 4-year longitudinal study. Bone Marrow Transplant 1997; 20: 479-483.
Endocrine / growth
1) Cohen A, Rovelli A, Bakker B, et al. Final height of patients who underwent bone marrow transplantation for hematological disorders during childhood: A study
by the Working Party for Late Effects - EBMT. Blood 1999; 93: 4109-4115.
Gonadal / reproductive
1) Sarafoglou K, Boulad F, Gillio A, Sklar C. Gonadal function after bone marrow transplantation for acute leukemia during childhood. J Pediatr 1997; 130: 210-216.
2) Sanders JE, Hawley J, Levy W, et al. Pregnancies following high-dose cyclophosphamide with or without high-dose busulfan or total-body irradiation and bone
marrow transplantation. Blood 1996; 87: 3045-3052.
Neurological
1) Ochonisky S, Verroust J, Bastuji-Garin S, Gherardi R, Revuz J. Thalidomide neuropathy incidence and clinico-electrophysiologic findings in 42 patients. Arch Dermatol 1994; 130: 66-69.
2) Padovan CS, Yousny TA, Schleuning M, Holler E, Kolb H-J, Straube A. Neurological and neuroradiological findings in long-term survivors of allogeneic bone
marrow transplantation. Ann Neurol 1998; 43: 627-633.
3) Padovan CS, Bise K, Hahn J, et al. Angiitis of the central nervous system after allogeneic bone marrow transplantation? Stroke 1999; 30: 1651-1656.
Neuropsychological
1) Kupst MJ, Penati B, Debban B, et al. Cognitive and psychosocial functioning of pediatric hematopoietic stem cell transplant patients: A prospective longitudinal
study. Bone Marrow Transplant 2002; 30: 609-617.
2) Christie D, Battin M, Leiper AD, Chessells J, Vargha-Khadem F, Neville BGR. Neuropsychological and neurological outcome after relapse of lymphoblastic
leukaemia. Arch Dis Child 1994; 70: 275-280.
Cardiovascular
1) Eames GM, Crosson J, Steinberger J, et al. Cardiovascular function in children following bone marrow transplant: A cross-sectional study. Bone Marrow Transplant 1997; 19: 61-66.
Respiratory
1) Cerveri I, Zoia MC, Fulgoni P, et al. Late pulmonary sequelae after childhood bone marow transplantion. Thorax 1999; 54: 131-135.
2) Palmas A, Tefferi A, Myers JL, et al. Late-onset noninfectious pulmonary complications after allogeneic bone marrow transplantation. Br J Haematol 1998; 100: 680-687.
Gastrointestinal / Hepatic
1) Patey-Mariaud de Serre N, Reijasse D, Verkarre V, et al. Chronic intestinal graft-versus-host disease: clinical, histological and immunohistochemical analysis of 17
children. Bone Marrow Transplant 2002; 29: 223-230.
2) McDonald GB, Shulman HM, Sullivan KM, Spencer GD. Intestinal and hepatic complications of human bone marrow transplantation. Part II. Gastroenterology 1986; 90: 770-784.
3) Peffault de Latour R, Levy V, Asselah T, et al. Long-term outcome of hepatitis C infection after bone marrow transplantation. Blood 2004; 103: 1618-1624.
Renal
1) Van Why SK, Friedman AL, Wei LJ, Hang R. Renal insufficiency after bone marrow transplantation in children. Bone Marrow Transplant 1991; 7: 383-388.
Musculoskeletal
1) Socie G, Cahn JY, Carmelo J, et al. Avascular necrosis of bone after allogeneic bone marrow transplantation: Analysis of risk factors for 4388 patients by the
Societe Francaise de Greffe de Moelle (SFGM). Br J Haematol 1997; 97: 865-870.
2) Nysom K, Holm K, Michaelsen KF, et al. Bone mass after allogeneic BMT for childhood leukaemia or lymphoma. Bone Marrow Transplant 2000; 25: 191-196.
Skin
1) Benton EC, Tidman MJ. Cutaneous complications. In Wallace WHB, Green DM, eds. Late Effects of Childhood Cancer. London, Arnold, 2004, 321-331.



51

TABLE II
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 / time
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
CNS 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 (T4, TSH)
LH, FSH, oestradiol† / testosterone }  after 10 years
Inhibin B (if available) }   age
Fasting glucose and lipids
HbA1c

Immunoglobulins, lymphocyte subsets (only if clinical concern about delayed or poor immune reconstitution)
IGF-1 }  in TBI recipients if concern
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 introductory notes above) except where indicated otherwise – see Table I for further details
†  not helpful if on hormone replacement treatment


	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


