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Abstract  

Background 

The impact of infection with HIV on the risk of cancer in children is uncertain, particularly 

for those living in sub-Saharan Africa. In an ongoing study in a paediatric oncology centre in 

Malawi, children *cigf"ø"37"{gctu+"with known or suspected cancers are being recruited and 

tested for HIV and their mothers or carers interviewed.  This study reports findings for 

children recruited between 2005 and 2008. 

Methods  

Only children with a confirmed cancer diagnosis were included.  Odds ratios (OR) for being 

HIV positive were estimated for each cancer type *ykvj"cflwuvogpv"hqt"cig"*>7"{gctu."œ"7"

years) and sex) using children with other cancers and non-malignant conditions as a 

comparison group (excluding the known HIV-cuuqekcvgf"ecpegtu."McrqukÓu"ucteqoc"cpf"

lymphomas, as well as children with other haematological malignancies or with confirmed 

non-cancer diagnoses). 

Results 

Of the 586 children recruited, 541 (92%) met the inclusion criteria and 525 (97%) were tested 

for HIV.  Overall HIV seroprevalence was 10%.  Infection with HIV was associated with 

Kaposi sarcoma (29 cases; OR=93.5, 95% CI 26.9 to 324.4) and with non-Burkitt, non-

Hodgkin lymphoma (33 cases; OR=4.4, 95% CI 1.1 to 17.9) but not with Burkitt lymphoma 

(269 cases; OR=2.2, 95% CI 0.8 to 6.4).   
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Conclusions 

In this study, only Kaposi sarcoma and non-Burkitt, non-Hodgkin lymphoma were associated 

with HIV infection.  The endemic form of Burkitt lymphoma, which is relatively frequent in 

Malawi, was not significantly associated with HIV. While the relatively small numbers of 

children with other cancers, together with possible limitations of diagnostic testing may limit 

our conclusions, the findings may suggest differences in the pathogenesis of HIV-related 

malignancies in different parts of the world. 

Background  

People infected with HIV have been found to be at increased risk of developing certain 

cancers [1-5] including Kaposi sarcoma, non-Hodgkin lymphoma and conjunctival carcinoma 

[6]. To date, however, the majority of evidence has been based on studies of adults; the 

impact of infection with HIV on the risk of cancer in children is less certain.  Studies in 

developed countries, have suggested approximately 2.5% of children infected with HIV will 

develop cancer, lower than the proportion seen among infected adults [3].
 
Cancers described 

as being associated with HIV in children include Kaposi sarcoma, non-Hodgkin lymphoma 

and leiomyosarcoma [3, 7, 8] but to date, there are few data from sub-Saharan Africa, where 

the majority of HIV infected children live.  Here, we examine the association between HIV 

infection and cancer among children in Blantyre, Malawi. 

Results  

Out of a total of 586 suspected cases of childhood cancer, 541 were recruited into the study. 

All children who did not have a documented diagnosis were excluded (n=27, 4.6%). Of the 

children included in the study, 284 (52%) were diagnosed with Burkitt lymphoma, 53 (10%) 

with nephroblastoma, 34 (6%) with Kaposi sarcoma, 36 (7%) with non-Burkitt non-Hodgkin 

lymphomas, 28 (5%) with rhabdomyosarcoma and 22 (4%) with retinoblastoma (Table 1).  
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Children diagnosed with other types of cancer and non-malignant conditions comprised 15% 

of the children included in the analysis (84 children). There were no children diagnosed with 

leiomyosarcoma.  

 

There was a preponderance of male children in the sample (59% overall) and most children 

(69%) resided in rural regions of the country (Table 1). The majority of the children were 

diagnosed after their fifth birthday (65%), a pattern observed for most of the cancer 

groupings, except for those with nephroblastoma or retinoblastoma; 35 children had missing 

age data.  Overall, 62% of the cases had laboratory confirmed diagnoses and 37% had the 

diagnosis made on clinical grounds alone. Ten percent of all children (n=54) tested positive 

for HIV, although HIV prevalence varied by cancer type, ranging from 0% among children 

with retinoblastoma and rhabdomyosarcoma to 77% (n=24) among children with Kaposi 

sarcoma.  Of the 506 children whose age was known, 25 children were under 18 months, and 

all were HIV seronegative.   

 

HIV was strongly and positively associated with Kaposi sarcoma (OR=93.5, 95% CI 26.9 to 

324.4, p<0.001) and positively associated with non-Burkitt non-Hodgkin lymphoma 

(OR=4.4, 95% CI 1.1 to 17.9, p=0.04), but not with Burkitt lymphoma (OR=2.2, 95% CI 0.8 

to 6.4, p=0.13; Table 2). No other cancer site or type was significantly associated with HIV 

infection although to date, the numbers available for analysis remain small. None of the 8 

leukaemia cases and only 1 of the 10 cases of Hodgkin lymphoma were HIV seropositive. 

Discussion  

Relative to adults, there are few published analytical epidemiological studies of cancer in 

HIV infected children, particularly among those living in sub-Saharan Africa and the 
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spectrum of cancers affecting children may be different [4].  Unlike adults, the great majority 

of HIV-infected children acquire the virus in utero or in the first months of life when the 

immune system is at an early stage of development. The proportion of children with HIV 

infection who will go on to develop a malignancy is at present poorly defined [3]. This study, 

carried out in Malawi, has found clear evidence of positive associations between HIV 

infection and both Kaposi sarcoma and non-Burkitt non-Hodgkin lymphoma in children.  In 

contrast, we found little evidence of an association with Burkitt lymphoma in African 

children, although the numbers of HIV infected cases was small. 

 

While Kaposi sarcoma in Malawian children was relatively rare prior to the HIV epidemic 

[9], the number of cases has increased during the era of HIV [10-12].  In some sub-Saharan 

African countries, Kaposi sarcoma is now one of the most common cancers in children [13-

20].  This increase is likely to reflect the prevalence of HIV, although it is also in an area with 

a high background prevalence oh"vjg"wpfgtn{kpi"ecwucn"xktwu"McrqukÓu"ucteqoc-associated 

herpesvirus (KSHV) [21].  

 

The  increased risk for non-Burkitt non-Hodgkin lymphoma in association with HIV in 

Malawian children is of similar magnitude to that reported for adults in South Africa (OR= 

5.0, 95% CI 2.7 to 9.5, based on 128 cases), Rwanda (OR= 12.6, 95% CI 2.2 to 54.4, based 

on 26 cases), and Uganda (OR= 6.2, 95% CI 1.9 to 19.9, based on 21 cases) [22-25].  In these 

studies, the relative risk of non-Hodgkin lymphoma associated with HIV infection is an order 

of magnitude lower than those reported from developed countries [1, 26]. The reasons for this 

difference are not clear. Possible explanations for the apparent lack of non-Hodgkin 

lymphoma among HIV infected people in Africa include under-ascertainment of the 

malignancy and competitive mortality from other HIV-associated illnesses. It is important to 
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acknowledge, however, that 41% of lymphomas in this study were diagnosed on clinical 

grounds alone.  As these children may have had HIV-associated lymphadenopathy rather than 

a true malignancy, the relative risk for this group of malignancies may also have been 

overestimated.  

 

A case-control study from Uganda was the first to report an association between Burkitt 

lymphoma and infection with HIV among children living in an area where the tumour is 

relatively frequent [23] (note: a small subset of preliminary data from this study previously 

reported no association [27]). In 1994, no cases of Burkitt lymphoma were found in 78 HIV 

rqukvkxg"ejknftgp"kp"E»vg"fÓKxqktg[28], and no increase in the incidence of childhood Burkitt 

lymphoma after the onset of the HIV epidemic was noted in Zambia [16]. A preliminary 

analysis of data from Malawi, published in early 2008, identified an excess risk of Burkitt 

lymphoma Î based on 11 HIV infected cases and 228 without HIV (OR= 12.4, 95% CI 1.3 to 

116.2)[29]. In the updated analyses reported here, the odds ratio is lower and no longer 

statistically significant, although the adjusted prevalence of HIV is similar to that of non-

Burkitt non-Hodgkin lymphoma. However, the number of HIV positive children with Burkitt 

lymphoma reported in the literature to date is small and there remains substantial uncertainty 

about the role of HIV (if any) in the aetiology of this common malignancy among children in 

parts of sub-Saharan Africa. Our results and those of other African studies contrast with those 

from Western populations, where adults and children with AIDS are at least 1,000 times more 

likely to develop Burkitt-type lymphoma than the general population [1, 23, 30, 31], probably 

reflecting different pathogenetic mechanisms. 

 

The overall HIV seroprevalence of 10% found among children included in this analysis was 

as expected in a population of children admitted to hospital in Malawi [32], and is similar to 
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that seen in children with cancer in Uganda [23]. For some cancers the number of cases 

available at the time of writing, was too small to draw reliable conclusions. Our results are 

broadly in line with those reported elsewhere in Africa [9, 13, 23, 33-35], although data on 

cancer in HIV-infected children remains scant. In developed countries a positive association 

between HIV and leiomyosarcomas and primary brain lymphomas has been reported [3, 36-

40]. Brain tumours are difficult to diagnose in developing countries, although 4 cases with 

cranial tumours were reported here (all HIV seronegative). We found no cases of 

leiomyosarcoma. 

 

The results reported here are subject to the potential problems of incomplete diagnostic 

verification. Laboratory verification of cancer diagnosis by histology and cytology was 

available for 64% of all cancers. This proportion varied by cancer site; being higher if the 

tumour was easily accessible for biopsy. These results are typical of studies in developing 

countries, where laboratory services are limited and compares favourably with other cancer 

series reported from Africa [13, 14, 41]. On the other hand, our study had the advantage of a 

high ascertainment of HIV status among all children with cancer ( 97%,), which was 

consistently high across all cancer types, in contrast to a previous review of childhood cancer 

in Malawi [13]. It is possible, however, that children with both cancer and HIV were likely to 

die before a diagnosis could be made, potentially biasing our findings. 

Conclusions  

The impact of HIV on the risk of cancers other than Kaposi sarcoma and non-Burkitt non-

Hodgkin lymphoma remains uncertain and is the subject of further research. As data accrue 

from Malawi and elsewhere, the impact of HIV on the risk of other cancer types among 

children should be clarified.  
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Methods 

Recruitment and data collection 

All children aged 15 years or younger with a provisional diagnosis of cancer admitted to the 

paediatric wards at Queen Elizabeth Hospital in Blantyre, Malawi, are recruited into a study 

of childhood cancer. Here we present findings for children recruited between July 2005 and 

March 2008. Children with eye malignancies are cared for on a separate mixed adult and 

ejknftgpÓu"qrjvjcnoqnqi{"yctf."cpf"tgetwkvogpv"hqt"vjg"qrjvjcnoqnqi{"rcvkgpvu"ycu"qpn{"

carried out between July 2005 and July 2006. Preliminary clinical diagnoses of cancer were 

made by one investigator (EM) and confirmed by histology, cytology or other laboratory 

investigations where possible. All diagnoses were coded based on available information to 

the International Classification of Childhood Cancer, 3
rd

 edition [42].  Five local nurses were 

employed and trained to recruit children and their mothers into this study and to administer 

standardized questionnaires. The parent or guardian of each child was approached and invited 

to participate in the study and provide written informed consent for their child to be included.  

All children seen in the paediatric oncology ward with suspected cancer were routinely tested 

for HIV infection using Determine HIV (Abbott Laboratories, Illinois, USA) as a screening 

test and Uni-Gold
TM

 HIV (Trinity Biotech PLC, Ireland) as a confirmatory test, as used in 

other studies from Malawi [13, 29, 43]. Appropriately trained staff provided pre- and post-

HIV test counselling.  Ethical approval for the study was obtained from the Oxford Tropical 

Research Ethics Committee and the Malawian College of Medicine Research and Ethics 

Committee.  

Statistical analyses 

Initial descriptive analyses retained groupings of cancer types with at least 20 children 

diagnosed. Cancer types with fewer than 20 cases were included in a single group called 

Òqvjgt"vwoqwtuÓ"*knnwuvtcvgf"kp"Vcdng"3+0"All children diagnosed with non-Burkitt non-Hodgkin 
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lymphomas (and unspecified lymphomas) were included in a single group ecnngf"Òqvjgt"

n{orjqocuÓ"*ujqyp"kp"Vcdng"3+.  For assessing the risk of having a specific cancer associated 

with HIV infection, children diagnosed with nephroblastoma (Wilms tumour), retinoblastoma 

and rhabdomyosarcoma were included with the smaller diagnostic groups due to small 

numbers of HIV positive children with these specific cancer diagnoses (an aggregate group 

ecnngf"Òcnn"qvjgt"ecpegtuÓ."as illustrated in Table 2).  Vjg"Òcnn"qvjgt"ecpegtuÓ"itqwr"*p?386+ and 

non-malignant diagnoses (n=23+"ygtg"itqwrgf"vqigvjgt"vq"hqto"c"ÒeqpvtqnÓ"qt"ÒdcugnkpgÓÓ"

group (n=187) of which 164 children had complete age, sex and HIV status data. A series of 

unconditional logistic regression models of the risk of each cancer group (Burkitt lymphoma, 

Kaposi sarcoma and non-Burkitt, non-Hodgkin lymphomas) being associated with HIV 

kphgevkqp"ycu"eqpuvtwevgf"d{"oczkowo"nkmgnkjqqf."cflwuvkpi"hqt"vjg"ejknfÓu"cig at diagnosis 

(under 5 years, and 5 years and over) and sex<"vjg"ÒdcugnkpgÓ"itqwr"ycu"wugf"cu"vjg"eqpvtqnu"

for each logistic regression.  The association between HIV status and the risk of being 

diagnosed with one of the other cancer types with more than 20 patients (nephroblastoma, 

rhabdomyosarcoma or retinoblastoma) was assessed by removing patients with the diagnosis 

of interest from the baseline group and comparing them to those patients remaining.  Kaposi 

sarcoma and lymphomas, which are known to be associated with HIV, were excluded from 

the comparison group, as were all other haematological malignancies (leukaemia n=8, 

Hodgkin lymphoma n=10 and small round blue cell tumours n=4) because of possible 

diagnostic overlap with lymphomas [44-46].  

List of abbreviations 

HIV (Human Immunodeficiency Virus), AIDS (Acquired Immunodeficiency Syndrome), OR 

(Odds ratio), CI (Confidence Interval)."MUJX"*McrqukÓu"ucteqoc-associated herpesvirus). 



 - 11 - 

Competing interests 

The authors declare that they have no competing interests. 

Authors' contributions 

NM, RN, EM and LMC conceived of the study, and participated in its design and 

coordination and helped to draft the manuscript. WTJ performed the statistical analysis. SK, 

EB, NM, GL, MB and HJ participated in drafting the manuscript.  

Acknowledgements  

The authors thank all those who took part in this study, providing questionnaire data and 

blood samples. Serological tests for HIV were performed in Malawi by R Fudzulani and K 

Khakhuta.  Recruitment staff in Malawi including K Banda, A Thundu, E Mumba, E Gonga, 

W Likoleche, A Chenjerani, F Bodole and Mrs Gondwe interviewed all the respondents and 

collected blood samples. Support for this work was provided by Cancer Research UK. The 

funders had no role in study design, data collection and analysis, decision to publish, or 

preparation of the manuscript. 

References 

1. Beral V, Peterman T, Berkelman R, Jaffe H: AIDS-associated non-Hodgkin 

lymphoma. The Lancet 1991, 337(8745):805-809. 

2. Beral V, Newton R: Overview of the Epidemiology of Immunodeficiency-

Associated Cancers. J Natl Cancer Inst Monographs 1998, 1998(23):1-6. 

3. Biggar RJ, Frisch M, Goedert JJ: Risk of cancer  in children with AIDS. Journal of 

the American Medical Association 2000, 284(2):205-209. 



 - 12 - 

4. Mueller BU: Cancers in Children Infected With the Human Immunodeficiency 

Virus. Oncologist 1999, 4(4):309-317. 

5. Mueller BU: Cancer  in Immunodeficiency virus-infected children. Journal of the 

National cancer Institute Monographs 1998, 23:31-35. 

6. Kuper H, Adami H-O, Trichopoulos D: Infections as a major  preventable cause of 

human cancer . J Intern Med 2000, 248(3):171-183. 

7. McClain KL, Leach CT, Jenson HB, Joshi VV, Pollock BH, Parmley RT, DiCarlo FJ, 

Chadwick EG, Murphy SB: Association of Epstein-Barr  virus with 

leiomyosarcomas in young people with AIDS. The New England Journal of 

Medicine 1995, 332(1):12-18. 

8. Pollock BH, Jenson HB, Leach CT, McClain KL, Hutchison RE, Garzarella L, Joshi 

VV, Parmley RT, Murphy SB: Risk factors for  Pediatr ic Human 

Immunodeficency Virus-Related Malignancy. Journal of the American Medical 

Association 2003, 289(18):2393-2399. 

9. IARC: Cancer  in Afr ica: Epidemiology and Prevention, vol. 153. Lyon: 

IARCPress Lyon; 2003. 

10. Banda LT, Liomba NG: Malawi National Cancer  Registry. In: International 

Incidence of Childhood Cancer, Vol II. Edited by Parkin MD, Kramárová E, Draper 

G, Masuyer E, Michaelis J, Neglia J, Qureshi S, Stiller CA, vol. 2. Lyon: IARC; 

1999: 31-34. 

11. Molyneux E: Childhood malignancies in Malawi 1967-76. East Afr Med J 1979, 

56(1):15-21. 

12. Mukiibi JM, Banda L, Liomba NG, Sungani FC, Parkin MD: Spectrum of childhood 

cancers in Malawi 1985-1993. East African  Medical Journal 1995, 72(1): 25-29. 



 - 13 - 

13. Sinfield R, Banda K, Borgstein E, Broadhead R, Hesseling P, Newton R, Casabonne 

D, Mkandawire N, Nkume H, Hodgson T et al: Spectrum and presentation of 

pediatr ic malignancies in the HIV era: Exper ience from Blantyre, Malawi, 1998-

2003. Pediatric Blood & Cancer 2007, 48(5):515-520. 

14. Wabinga H, Parkin MD, Wabwire-Mangen F, Mugwera JW: Cancer  in Kampala, 

Uganda, in 1989-91: Changes in incidence  in the era of AIDS. International 

Journal of Cancer 1993, 54:26-36. 

15. Chokunonga E, Levy LM, Bassett MT, Mauchaza BG, Thomas DB, Parkin MD: 

Cancer  Incidence in the Afr ican population of Harare, Zimbabwe: Second 

results from the Cancer  Registry. International Journal of Cancer 2000, 85(1):54-

59. 

16. Chintu C, Athale UH, Patil PS: Childhood cancers in Zambia before and after  the 

HIV epidemic. Archives of Disease in Childhood 1995, 73(2):100-104. 

17. Athale UH, Patil PS, Chintu C, B. E: Influence of HIV epidemic on the incidence of 

Kaposi' s sarcoma in Zambian children. J Acquir Immune Defic Syndr Hum 

Retrovirol 1995, 8(1):96-100. 

18. Dzamalala C, Mdokwe C, Mkula C, Liomba N: The Cancer  Epidemic in Malawi: 

2001-2003. In. Blantyre: Malawi Cancer Registry, Ministry of Health; 2005. 

19. Banda LT, Parkin.Max.D., Dzamalala CP, Liomba NG: Cancer  Incidence in 

Blantyre,Malawi 1994-1998. Tropical Medicine and International Health 2001, 

6(4):296-304. 

20. Ziegler LJ, Katongole-Mbidde E: Kaposi' s Sarcoma in childhood: An analysis of 

100 case from Uganda and the relationship to HIV infection. International 

Journal of Cancer 1996, 65(2):200-203. 



 - 14 - 

21. IARC: IARC Monographs on the evaluation of carcinogenic r isks to humans: 

Epstein Barr  Virus and Kaposi' s Sarcoma Herpesvirus/Human Herpesvirus 8, 

vol. 70. Lyon: International Agency for Research on Cancer, World Health 

Organization; 1997. 

22. Newton R, Grulich A, Beral V, Sindikubwabo B, Ngilimana P-J, Nganyira A, Parkin 

MD: Cancer  and HIV infection in Rwanda. The Lancet 1995, 345(8961):1378-

1379. 

23. Newton R, Ziegler JL, Beral V, Katongole-Mbidde E, Carpenter L, Wabinga H, 

Mbulataiye S, Appleby P, Reeves G, Jaffe H et al: A Case-Control study of Human 

Immunodeficiency Virus infection and cancer  in adults and children residing in 

Kampala, Uganda. International Journal of Cancer 2001, 92(5):622-627. 

24. Sitas F, Bezwoda W, Levin V, Ruff P, Kew M, Hale M, Carrara H, Beral V, Fleming 

G, Odes R: Association between human immunodeficiency virus type 1 infection 

and cancer  in the black population of Johannesburg and Soweto, South Afr ica. 

Br J Cancer 1997, 75(11):1704-1707. 

25. Sitas F, Pacella-Norman R, Carrara H, Patel M, Ruff P, Sur R, Jentsch U, Hale M, 

Rowji P, Saffer D et al: The spectrum of HIV-1 related cancers in South Afr ica. 

International Journal of Cancer 2000, 88(3):489-492. 

26. Goedert JJ, Coté TR, Virgo P, scoppa SM, Kingma DW, Gail H, Mitchell., Jaffe ES, 

Biggar J, Robert., Group ftA-CMS: Spectrum of AIDS-associated malignant 

disorders. The Lancet 1998, 351(9119):1833-1839. 

27. Parkin MD, Garcia-Giannoli H, Raphael M, Martin A, Katongole-Mbidde E, 

Wabinga H, Ziegler JL: Non-Hodgkin lymphoma in Uganda: A case-control 

study. AIDS 2000, 14(18):2929-2936. 



 - 15 - 

28. Lucas SB, Diomande M, Hounnou A, Beaumel A, Giordano C, Kadio A, Peacock CS, 

Honde M, DeCock KM: HIV-Associated lymphoma in Afr ica: An Autopsy  study 

in Cote D'Ivoire. International Journal of Cancer 1994, 59:20-24. 

29. Mutalima N, Molyneux E, Jaffe H, Kamiza S, Borgstein E, Mkandawire N, Liomba 

G, Batumba M, Lagos D, Gratrix F et al: Associations between Burkitt Lymphoma 

among Children in Malawi and Infection with HIV, EBV and Malar ia: Results 

from a Case-Control Study. PLoS ONE 2008, 3(6):e2505. 

30. Cote T, Biggar R, Rosenberg P, Devesa S, Percy C, Yellin F, Lemp G: Non-

Hodgkin's lymphoma among people with AIDS: Incidence, presentation and 

public health burden. Cancer 1997, 73:645-650. 

31. Dal Maso L, Serraino D, Franceschi S: Epidemiology of AIDS-related tumours in 

developed and developing countr ies. European Journal of Cancer 2001, 

37(10):1188-1201. 

32. Rogerson S, Gladstone M, Callaghan M, Erhart L, Rogerson S, Borgstein E, 

Broadhead R: HIV infection among paediatr ic in-patients in Blantyre, Malawi. 

Trans R Soc Trop Med Hyg 2004, 98(9):544-552. 

33. Amir H, Kaaya E, Manji K, Kwesigabo G, Bibierfeld P: Kaposi' s sarcoma before 

and dur ing a human immunodeficiency virus epidemic in Tanzanian children. 

The Pediatric Infectious Disease Journal 2001, 20(5):518. 

34. Parkin MD, Wabinga H, Nambooze S, Wabwire-Mangen F: AIDS-related cancers in 

Afr ica: maturation of the epidemic in Uganda. AIDS 1999, 13(18):2563-2570. 

35. Cook-Mozaffari P, Newton R, Beral V, the late Burkitt DP: The geographical 

distr ibution of Kaposi' s sarcoma and of lymphomas in Afr ica before the AIDS 

epidemic. British Journal of Cancer 1998, 78(11):1521-1528. 



 - 16 - 

36. Caselli D, Klersy C, deMartino C, Gabiano C, Tovo PA, Aricò M: Human 

Immunodeficency Virus-Related Cancer  in Children: Incidence and treatment 

Outcome-repor t of the Italian Register . Journal of Clinical Oncology 2000, 

18(22):3854-3861. 

37. Evans JA, Gibb DM, Holland FJ, Tookey PA, Pritchard J, Ades AE: Malignancies in 

UK children with HIV infection acquired from mother  to child transmission. 

Archives of Disease in Childhood 1997, 76(4):330-333. 

38. Granovsky MO, Mueller BU: Malignancies in children with HIV infection. In: 

Pediatric AIDS: The challenge of HIV infection in infants, children and adolescents. 

Edited by Pizzo  P A, Wilfert  CM, 3rd edn. Baltimore Pennsylvania: Lippincott 

Williams & Wilkins; 1998: 443-459. 

39. Granovsky MO, Mueller BU, Nicholson HS, Rosenberg PS, Rabkin CS: Cancer  in 

human immunodeficiency virus-infected children: a case ser ies from the 

Children's Cancer  Group and the National Cancer  Institute. J Clin Oncol 1998, 

16(5):1729-1735. 

40. Serraino D, Franceschi S: Kaposi' s sarcoma and non-Hodgkin's lymphomas in 

children and adolescents with AIDS. AIDS 1996, 10(6):643. 

41. Newton R, Ngilimana P-J, Grulich A, Beral V, Sindikubwabo B, Nganyira A, Parkin 

MD: Cancer  in Rwanda. International Journal of Cancer 1996, 66(1):75-81. 

42. Steliarova-Foucher E, Charles Stiller, Brigitte Lacour, Peter Kaatsch: International 

Classification of Childhood Cancer , third edition. Cancer 2005, 103(7):1457-1467. 

43. Bronzan R, Taylor T, Mwenechanya J, Tembo M, Kayira K, Bwanaisa L, Njobvu A, 

Kondowe W, Chalira C, Walsh A et al: Bacteremia in Malawian Children with 

Severe Malar ia: Prevalence, Etiology, HIV Coinfection, and Outcome. The 

Journal of Infectious Diseases 2007, 195(6):895-904. 



 - 17 - 

44. Dal Maso L, Franceschi S: Epidemiology of non-Hodgkin lymphomas and other  

haemolymphopoietic neoplasms in people with AIDS. The Lancet Oncology 2003, 

4(2):110-119. 

45. Clifford GM, Polesel J, Rickenbach M, on behalf of the Swiss HIV Cohort Study, Dal 

Maso L, Keiser O, Kofler A, Rapiti E, Levi F, Jundt G et al: Cancer  Risk in the 

Swiss HIV Cohor t Study: Associations With Immunodeficiency, Smoking, and 

Highly Active Antiretroviral Therapy. J Natl Cancer Inst 2005, 97(6):425-432. 

46. Biggar RJ, Jaffe ES, Goedert JJ, Chaturvedi A, Pfeiffer R, Engels EA: Hodgkin 

lymphoma and immunodeficiency in persons with HIV/AIDS. Blood 2006. 

 

Tables 

Table 1 - General characteristics of 541 children with cancer diagnosed in Blantyre, 

Malawi   

Table 2 - The association between HIV infection and specific cancer types 

Additional files 

Additional file 1 Î General characteristics of 541 children with cancer diagnosed in 

Blantyre, Malawi. 

 
 

 

 

 

 

 



 - 18 - 

Table 2 ÎThe association between HIV infection and specific cancer types
̆
. 

Adjusted prevalence of HIV infection (% )
à 

 Estimate 95% CI* 

Burkitt lymphoma (n=269) 9.1 (6.0 to 13.2) 

Kaposi sarcoma (n=29) 81.8 (63.1 to 93.6) 

Non-Burkitt non-Hodgkin lymphoma (n=33) 8.9 (1.8 to 24.0) 

All other cancers (n=164) 3.5 (1.3 to 7.6) 

Odds ratio for  having the specific cancer  given HIV infection compared to baseline
§
 group

 

 Odds ratio 95% CI p-value 

Burkitt lymphoma (n=269) 2.24 (0.78 to 6.43) 0.132 

Kaposi sarcoma (n=29) 93.45 (26.92 to 324.37) <0.001 

Non-Burkitt non-Hodgkin lymphoma (n=33) 4.41 (1.09-17.85) 0.038 
̆
Individual logistic regression models of the risk of having a specific cancer based on HIV 

ugtqrtgxcngpeg" eqorctgf" vq" vjg" Òcnn" qvjgt" ecpegtuÓ" itqwr"ygtg" cflwuvgf" hqt" cig" encuu" cpf" igpfgt="
patients diagnosed with nephroblastoma, retinoblastoma and rhabdomyosarcoma have been included 

in the all other cancers group; patients with missing age, gender or HIV status have been excluded. 

 
à
Prevalence standardised to a population 50% female and 50% over 5 years old 

*Exact binomial confidence limits 
§
Baseline group ipenwfgu"Òcnn"qvjgt"ecpegtuÓ"cpf"pqp-malignant conditions.  
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