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ABSTRACT

Objective: Neurofibromatosis 1 is an autosomal dominant inherited tumor susceptibility syn-
drome. Individuals with neurofibromatosis 1 have a 4-5 times increased risk of malignancy 
compared to the general population. Central nervous system and soft tissue tumors are com-
mon non-hematological malignancies in individuals with neurofibromatosis 1. Although the 
association of leukemia and non-Hodgkin lymphoma as hematologic malignancies in neurofi-
bromatosis 1 has been reported frequently in the literature in these individuals, association with 
Hodgkin lymphoma has been reported very rarely.

Materials and Methods: We presented a patient with neurofibromatosis 1 who further devel-
oped Hodgkin lymphoma and reviewed the literature.

Conclusion: Although rare, Hodgkin lymphoma can develop in individuals with neurofibroma-
tosis 1. Hodgkin lymphoma should be kept in mind in cervical/supraclavicular lymphadeno-
megalies when evaluating patients with neurofibromatosis 1.

Keywords: Neurofibromatosis, Hodgkin lymphoma, cancer predisposition, pediatrics

Neurofibromatosis 1 (NF) is a tumor susceptibility syndrome with an autosomal dominant 
inheritance with an incidence of 1 : 2500-1 : 3000 individuals worldwide.1 The mutation 
responsible for the development of the syndrome occurs in the NF1 gene located on the 17th 
chromosome. The NF1 gene encodes the neurofibromin tumor suppressor protein that func-
tions as a Ras-GTPase activating protein. Mutations in NF 1 gene cause overactivation of the 
RAS/Raf/ERK signaling pathway, which is related to the development of the neoplasms in 
neurofibromatosis type 1.2 The risk of developing cancer in individuals with NF1 is increased 
4-5 times compared to the general population.3 In the literature, the most common nonhe-
matologic malignancies associated with NF1 are gliomas, malignant peripheral nerve sheath 
tumor (MPNST), pheochromocytomas, rhabdomyosarcoma, gastrointestinal stromal tumors 
(GIST), breast cancers, melanomas, and hematologic malignancies such as leukemias and 
non-Hodgkin lymphomas (HLs).4 The association of HL with NF1 is very rare and only 10 cases, 
including ours, have been reported in the English literature.5-11 We present a young adult 
patient with NF1, who was treated for optic glioma as a child, who further developed HL as 
an adolescent and we review the literature.

A 6-year-old girl presented to the pediatrics clinic with decreased visual acuity. She was 
reported to have multiple café-au-lait spots on the trunk since the age of 18 months. On the 
MRI, fusiform thickening consistent with optic glioma involving the prechiasmatic component 
of the left optic nerve and the entire right optic nerve was observed. Hamartomas in bilateral 
cerebellar hemispheres, brachium pontis, and left pontomesencephalic neural parenchyma 
were also detected. She was diagnosed with optic glioma.

Chemotherapy, consisting of vincristine and carboplatin, was started due to the progres-
sion of the right chiasmatic lesion compared to previous imaging studies and deterioration 
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What is already known 
on this topic?
Neurofibromatosis 1 (NF1) is a 
tumor susceptibility syndrome. 
The most common malignan-
cies associated with NF1 are glio-
mas, malignant peripheral nerve 
sheath tumor, pheochromocy-
tomas, rhabdomyosarcoma, 
gastrointestinal stromal tumors, 
breast cancers, melanomas, and 
hematologic malignancies such 
as leukemias and non-Hodgkin 
lymphomas (HLs).
However, HL is very rare in indi-
viduals with NF 1.

What this study adds on 
this topic?
We present a patient with neuro-
fibromatosis 1 (NF1) who further 
developed Hodgkin lymphoma 
(HL). We also reviewed the litera-
ture and brought together all the 
reported cases. Thus, it is aimed 
to keep in mind that HL may 
develop in the follow-up of indi-
viduals with NF.
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in visual acuity. During treatment, regression of the thicken-
ing of the optic nerve and improvement in visual acuity was 
achieved. Treatment was stopped after 1 year of chemother-
apy. She presented with a swelling on the left forearm when 
she was 14 years old. MRI was consistent with a neurofibroma, 
in the multidisciplinary tumor board, it was decided to follow-
up with the orthopedic surgeons. It has been stable since then. 
At the age of 18 years, she presented with lymphadenopathies 
in the cervical and supraclavicular region. Ultrasonographic 
investigation showed lymph nodes, the largest of which was 
3 cm in diameter with increased vascularity. A positron emis-
sion tomography-computed tomography scan revealed an 
intensely 18F-fluorodeoxyglucose-avid bilateral cervical, 
supraclavicular, mediastinal, and abdominal lymph nodes 
and a lesion in the spleen. An excisional biopsy of the cervical 
lymph node revealed HL classic type, mixed cellularity subtype. 
Immunostaining was positive for CD30, Pax-5, EBV-LMP, and 
fascin and negative for CD15. She was diagnosed as HL-stage 
IIIsA. She was treated with 4 courses of adriamycin, bleomycin, 
vinblastine, and dacarbazine (ABVD) according to our institu-
tional protocol.12 After 2 courses of ABVD, a full metabolic and 
anatomic response was attained. After 4 courses the patient 
was discussed in the tumor board, due to the risk of radiother-
apy-induced secondary malignancies in NF1, no radiotherapy 
was used. The patient is under regular follow-up with no evi-
dence of disease for 28 months. This was the only case with NF1 
and HL in our cohort of 237 HL cases (0.4%), and the only case 
with HL in our cohort of 81 (1.2%) NF1 and malignancy cases 
diagnosed over 27 years. 

Neurofibromatosis is a neurocutaneous disorder and tumor 
predisposition syndrome that occurs as a result of autosomal 
dominant mutations in the NF1 gene on chromosome 17 and is 
characterized by hyperpigmented macules (café-au-lait mac-
ules), axillary and/or goin freckling and benign tumors of the 
nerve sheath (neurofibromas), Lisch nodules, bony dyspla-
sias, and optic pathway gliomas.1,2,13 With mutations in the NF1 
gene, the loss of function occurs in neurofibromin, which keeps 
the protooncogene Ras in inactivated diphosphorylated form 
causing an increase in Ras activity, especially in neurocutane-
ous tissues, leading to tumorigenesis. Apart from the germline 

mutations in NF1, somatic mutations of NF1 are also known to 
cause the development of various sporadic malignancies such 
as lung cancer, colon cancer, ovarian cancer, breast cancer, 
and leukemia.14 The overall risk of cancer for individuals with 
NF1 is found to be 2.7-4 times higher than in the general popu-
lation.15,16 The most common neoplasms observed in patients 
with NF1other than neurofibromas include low-grade gliomas, 
MPNST, breast cancer, high-grade gliomas, pheochromocy-
toma, GIST, and melanoma.17 Among hematological malignan-
cies, leukemias, and non-HL are found to be associated with 
NF1.18,19 Hodgkin lymphoma accompanying NF1 is extremely rare 
and there are only 10 cases of HL accompanying NF1 includ-
ing ours in the English literature (Table 1).5-11 In a retrospective 
review of the records of 16 564 childhood cancer cases, Narod 
et al5 reported that 90 of these patients had NF and 2 had 
developed HL. 

Compared to other lymphoma types, relatively little is known 
about the genetic background of HL. The malignant Hodgkin- 
and Reed- Sternberg (HRS) cells constitute a very small part 
of the tumor tissue, typically less than 1%.20 The relatively small 
number of HRS cells increases the feasibility of genetic testing 
in non-malignant tissue. Therefore, many genetic techniques 
fall short of revealing the underlying genomic defect. Thanks to 
advances in genomic technologies, the genetic cornerstones of 
HL are much better understood. Among these, the best-known 
genetic changes are mainly in TNF receptor–associated factors 
(TRAFs) Nuclear factor-κB (NF-κB) Janus kinase-signal trans-
ducer and activator of transcription (JakSTAT) pathways.21-23 
Until now, no relationship between HL and changes in NF1 
genetics has been demonstrated in the literature. 

In this paper, we reported a case of an 18-year-old girl with NF1 
and a history of treatment for optic glioma who has developed 
HL. NF-1 cases should be under regular follow-up due to the 
increased risk of malignancies. In NF-1 cases, neurofibromas, 
malignant peripheral nerve sheath tumors, sarcomas come to 
mind primarily when palpable lesions develop because they 
are more common in NF1. We want to emphasize that HL should 
be kept in mind in cervical/supraclavicular lymphadenomega-
lies when evaluating patients with NF1. 

Table 1. Cases of Hodgkin Lymphoma in Patients with Neurofibromatosis Found in the Literature

References

Age at 
Diagnosis of 
HL (years) Sex

NF 
type

Hodgkin 
Subtype

Cancer stage 
at diagnosis Treatment Outcome

Status at Last 
Follow-up

Narod et al5 NA NA NF NS NA NA NA NA
NA NA NA NS NA NA NA NA

Natori et al6 70 Male NF1 NA NA MOPP+RT
(5 courses)

CR Died of other 
cause

Dang and Cohen7 32 Male NF 1 NA Stage I NA NA In remission
Vázquez-Osorio et al8 5 Male NF1 NA NA NA NA NA
İncecik et al9 8 Male NF1 NA NA NA NA NA
Bergqvist C10 30 Female NF1 NA NA NA NA In remission

NA Female NF1 NA NA NA NA
Cabrera et al11 16 Female NF1 NS Stage IIA ABVD (4 courses) CR In remission
Our case 18 Female NF1 MS Stage IIIsA ABVD (4 courses) CR In remission
NA, not available; HL, Hodgkin lymphoma; NF, neurofibromatosis; CR, complete remission; MOPP, nitrogen mustard, vincristine, procarbazine, prednisone; ABVD, 
adriamycin, bleomycin, vinblastine, dacarbazine; NS, nodular sclerosing; MS, mix cellularity; RT, radiotherapy.



NF-1 and Hodgkin Lymphoma Turk Arch Pediatr 2022; 57(5): 566-568

568

Informed Consent: Written and verbal informed consent was obtained 
from the patient’s family.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – R.K., Ü.M.Y.; Design – R.K., U.M.Y.; 
Supervision – R.K.; Materials – R.K., Ü.M.Y.; Data Collection and/or Pro-
cessing – R.K., U.M.Y.; Analysis and/or Interpretation – R.K.,U.M.Y.; Liter-
ature Review – R.K., U.M.Y.; Writing – R.K., U.M.Y.; Critical Review – R.K. 

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no  
financial support. 

REFERENCES

1. Kebudi R. Neurofibromatosis and cancer. Turk Arch Pediatr. 
2008;43:80-83.

2. Corsello G, Antona V, Serra G, et al. Clinical and molecular char-
acterization of 112 single-center patients with Neurofibromatosis 
type 1. Ital J Pediatr. 2018;44(1):45. [CrossRef]

3. Seminog OO, Goldacre MJ. Risk of benign tumours of nervous sys-
tem, and of malignant neoplasms, in people with neurofibroma-
tosis: population-based record-linkage study. Br J Cancer. 
2013;108(1):193-198. [CrossRef]

4. Varan A, Şen H, Aydın B, Yalçın B, Kutluk T, Akyüz C. Neurofibroma-
tosis type 1 and malignancy in childhood. Clin Genet. 2016;89(3):341-
345. [CrossRef]

5. Narod SA, Stiller C, Lenoir GM. An estimate of the heritable fraction 
of childhood cancer. Br J Cancer. 1991;63(6):993-999. [CrossRef]

6. Natori H, Tanaka K, Shiraishi K, et al. Hodgkin's disease in a patient 
with neurofibromatosis. Am J Hematol. 1994;45(4):349. [CrossRef]

7. Dang JD, Cohen PR. Segmental neurofibromatosis and malig-
nancy. Skinmed. 2010;8(3):156-159.

8. Vázquez-Osorio I, Duat-Rodríguez A, García-Martínez FJ, Tor-
relo A, Noguera-Morel L, Hernández-Martín A. Cutaneous and 
systemic findings in mosaic neurofibromatosis type 1. Pediatr Der-
matol. 2017;34(3):271-276. [CrossRef]

9. İncecik F, Altunbaşak Ş, Hergüner MÖ, Bayram İ, Küpeli S, Demir-
bilek H. Oncologic manifestations in children with neurofibroma-
tosis type 1 in Turkey. Turk J Pediatr. 2013;55(3):266-270.

10. Bergqvist C, Hemery F, Jannic A, Ferkal S, Wolkenstein P. Lym-
phoproliferative malignancies in patients with neurofibromatosis 
1. Orphanet J Rare Dis. 2021;16(1):230. [CrossRef]

11. Cabrera TB, Wang W, Yedururi S, et al. Coincidental expression of 
classic Hodgkin lymphoma and neurofibromatosis type I and lit-
erature review. J Pediatr Hematol Oncol. 2021;43(4):e535-e538. 
[CrossRef]

12. Kebudi R, Bay Buyukkapu S, Gorgun O, et al. Risk adapted treat-
ment in childhood Hodgkin's lymphoma: outcome and changing 
epidemiologic features in 25 years. Blood. 2016;128(22):4158. 
[CrossRef]

13. Boyd KP, Korf BR, Theos A. Neurofibromatosis type 1. J Am Acad 
Dermatol. 2009;61(1):1-15. [CrossRef]

14. Yohay K. Neurofibromatosis type 1 and associated malignancies. 
Curr Neurol Neurosci Rep. 2009;9(3):247-253. [CrossRef]

15. Walker L, Thompson D, Easton D, et al. A prospective study of neu-
rofibromatosis type 1 cancer incidence in the UK. Br J Cancer. 
2006;95(2):233-238. [CrossRef]

16. Zöller MET, Rembeck B, Odén A, Samuelsson M, Angervall L. 
Malignant and benign tumours in patients with neurofibromatosis 
type 1 in a defined Swedish population. Cancer. 1997;79(11):2125-
2131. [CrossRef]

17. Landry JP, Schertz KL, Chiang YJ, et al. Comparison of cancer 
prevalence in patients With neurofibromatosis type 1 at an aca-
demic Cancer Center vs in the general population From 1985 to 
2020. JAMA Netw Open. 2021;4(3):e210945. [CrossRef]

18. Rosenbaum T, Wimmer K. Neurofibromatosis type 1 (NF1)  
and Associated Tumors. Klin Padiatr. 2014;226(6-7):309-315. 
[CrossRef]

19. Stiller CA, Chessells JM, Fitchett M. Neurofibromatosis and child-
hood leukaemia/lymphoma: a population-based UKCCSG study. 
Br J Cancer. 1994;70(5):969-972. [CrossRef]

20. Brune MM, Juskevicius D, Haslbauer J, Dirnhofer S, Tzankov A. 
Genomic landscape of Hodgkin lymphoma. Cancers. 2021;13(4):682. 
[CrossRef]

21. Roemer MG, Advani RH, Ligon AH, et al. PD-L1 and PD-L2 genetic 
alterations define classical Hodgkin lymphoma and predict out-
come. J Clin Oncol. 2016;34(23):2690-2697. [CrossRef]

22. Tiacci E, Ladewig EM, Schiavoni G, et al. Pervasive mutations of 
JAK-STAT pathway genes in classical Hodgkin lymphoma. Blood. 
2018;131(22):2454-2465. [CrossRef]

23. Piris MA, Medeiros LJ, Chang KC. Hodgkin lymphoma: a review of 
pathological features and recent advances in pathogenesis. 
Pathology. 2020;52(1):154-165. [CrossRef]

https://doi.org/10.1186/s13052-018-0483-z
https://doi.org/10.1038/bjc.2012.535
https://doi.org/10.1111/cge.12625
https://doi.org/10.1038/bjc.1991.216
https://doi.org/10.1002/ajh.2830450419
https://doi.org/10.1111/pde.13094
https://doi.org/10.1186/s13023-021-01856-8
https://doi.org/10.1097/MPH.0000000000001811
https://doi.org/10.1182/blood.V128.22.4158.4158
https://doi.org/10.1016/j.jaad.2008.12.051
https://doi.org/10.1007/s11910-009-0036-3
https://doi.org/10.1038/sj.bjc.6603227
https://doi.org/10.1002/(SICI)1097-0142(19970601)79:11<2125::AID-CNCR9>3.0.CO;2-N
https://doi.org/10.1001/jamanetworkopen.2021.0945
https://doi.org/10.1055/s-0034-1382021
https://doi.org/10.1038/bjc.1994.431
https://doi.org/10.3390/cancers13040682
https://doi.org/10.1200/JCO.2016.66.4482
https://doi.org/10.1182/blood-2017-11-814913
https://doi.org/10.1016/j.pathol.2019.09.005

