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SUPPLEMENTARY DATA 

Detailed clinical history of Case 1 developing cHL and AML 

 May 2013: diagnosis of nodular sclerosis classic Hodgkin Lymphoma, stage IVB,

EBV-negative.

 May 2013 – May 2014: As first-line therapy for cHL, the patient received 5 cycles of

ABVD regimen (doxorubicin: 25 mg/m2, days 1, 15; bleomycin: 10 mg/m2, days 1,

15; vinblastine: 6 mg/m2, days 1, 15; dacarbazine: 375 mg/m2, days 1, 15)1. PET- 

CT carried out after two cycles documented partial remission; the fifth cycle was

only partially administered due to stable disease revealed by PET-CT performed at

the end of the fourth cycle. The patient then received 3 cycles of IGEV salvage

regimen2 (ifosfamide 2000 mg/m2 on days 1 to 4; gemcitabine 800 mg/m2 on days

1 and 4; vinorelbine 20 mg/m2 on day 1; prednisolone 100 mg on days 1 to 4),

followed by collection of 10.9x106/Kg CD34+ peripheral blood hematopoietic stem

and progenitor cells (HSPCs) mobilized with G-CSF. The patient underwent

autologous hematopoietic stem cell transplantation (ASCT) of 5.45x106/Kg CD34+

HSPCs following the FEAM conditioning regimen (fotemustine 150 mg/m2 on days -

7, -6, etoposide 200 mg/m2 and cytarabine 400 mg/m2 on days -5, - 4, -3, -2;

melphalan 140 mg/m2 on day -1)3. G-CSF was administered at day +6 post-

infusion and engraftment occurred at day +8 post-infusion. Toxicity included: grade

2 mucositis and an infectious episode at day +4. Mediastinal mass radiotherapy

(total dose of 40 Gy) was performed after ASCT as consolidation. The patient

achieved a complete remission of cHL by PET-CT, which was durable in the

subsequent follow-up.

 February 2019: diagnosis of AML with normal karyotype carrying NPM1mut and

FLT3ITD mutations, including a leukemia cutis presentation.
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February – July 2019: AML induction therapy with “7+3” regimen (cytarabine 100 

mg/m2 on days 1 to 7; daunorubicin 60 mg/m2 days 1, 2, 3). A complete remission 

was achieved. A consolidation course with high-dose cytarabine (cytarabine 1.5 

g/m2 days 1, 3 and 5) plus midostaurin (50 mg orally twice daily, on days 8 through 

21)4 was then administered. Leukemia cutis relapsed about one month later and,

despite subsequent treatment with etoposide (100 mg/m2, from days 1 to 7) and

high-dose cytarabine (3 g/m2, days 1, 3, 5, 7), leukemic progression occurred

followed by death shortly after.

SUPPLEMENTARY DISCUSSION 

First description in cHL of mutations in epigenetic DNA-modifying genes 

cHL Case 1, which was the only EBV+ case with extensive tissue CH in our cohort, carried 

the hotspot DNMT3A variant R882H and represents, to the best of our knowledge, the first 

description of mutant DNMT3A  in the tumor cell clone of cHL. 

In individuals with CHIP and in patients with AML, DNMT3A mutations at codon 882, which 

are the most prevalent DNMT3A mutations and likely result in loss-of-function5-6, have 

been found in all blood cell lineages, including B cells, and are thus considered to occur in 

multipotent stem cells5-9. In mouse models conditionally knocking-out  Dnmt3a10-14 or 

knocking-in Dnmt3aR878H (the murine homologue to human DNMT3AR882H)15,16 in 

hematopoietic stem/progenitor cells, some biased differentiation potential through the B-

cell lineage10 and the development of mature B-cell tumors13,14 have been reported. 

However, in humans, mutations of DNMT3A, while relatively frequent in T-cell lymphomas, 

were very rarely reported in tumor cells of B-cell neoplasms, for example at frequencies 

<1%17 and <3%18 in diffuse large B-cell lymphoma (DLBCL) studied by WES (including 

526/574 and 601/1001 cases, respectively, analyzed in the absence of matched non-

neoplastic cells, whose sequencing could prevent the calling of CHIP-associated 

mutations). Intriguingly, in DLBCL presumably clonal DNMT3A mutations were found 

exclusively among EBV+ cases (no. 52 and 67 in ref. 19 and Table S9 therein) and were 

accompanied by mutations of the other epigenetic DNA modifier TET2 in the absence of 

histone-modifying gene mutations. This genetic configuration is similar to our cHL Case 5, 

whose EBV-infected tumor cell clone also carried a non-sense TET2 mutation (Q1274*) 

but had an otherwise almost null exome-wide somatic mutation burden (known to be low in 

EBV+ cHL20). 

Considering that Tet2 loss facilitates the neoplastic transformation of murine germinal 

center B cells21, and that TET2 mutations were observed more frequently in EBV+ than 
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EBV- DLBCL cases19, it will be interesting to determine whether DNMT3A and TET2      

co-mutation may play a tumor-cell intrinsic role in the pathogenesis of some EBV+ 

Hodgkin (and non-Hodgkin) B cell lymphomas. 

Post-therapy AML arising from a large pre-existing CH clone 

Among myeloid neoplasms arising from CHIP after cytotoxic treatments, including ASCT 

for lymphoma, it is important to recognize the genetically distinct cases of de novo AML 

carrying NPM1 mutations and normal karyotype (or anyway lacking therapy-related 

cytogenetic abnormalities) that can arise from a large pre-existing CHIP clone driven by 

DNMT3A, TET2 and/or ASXL1 mutations (this report and refs. 22, 23, 24). Such de novo 

AML may develop in a therapy-unrelated manner that depend just on the higher risk of 

neoplastic evolution intrinsic to a CHIP clone already considerably expanded (refs. 23, 25 

and this report); or in a manner that may be influenced by the previous treatment but 

through mechanisms distinct from those at play in the more frequent and typical cases of 

therapy-related myeloid neoplasms. Indeed, the latter usually carry an abnormal karyotype 

(often complex and/or including loss of chromosome 5 and 7) and evolve from a frequently 

less extensive CHIP sustained by mutations disabling TP53 and/or PPM1D, which confer 

resistance to cytotoxic treatments and are therefore often directly selected by 

therapy24,26-29. Although myeloablation during ASCT can promote the growth of pre-

existing CHIP clones due to their higher fitness in reconstituting hematopoiesis30, this 

phenomenon unlikely promoted AML development in our cHL patient (Case 1), as his CH 

was already massive before transplant. Anyway, further studies on larger number of cases 

are needed to better understand the specific pathogenetic mechanisms underlying the 

development of such atypical post-therapy myeloid neoplasms. 

Finally, it is interesting to note that, in Case 1, AML developed from a massive CH (VAF 

47%) 6 years after CH was identified in coincidence with cHL diagnosis at 45 years of age. 

Conversely, in another patient we recently described23, AML developed just one year after 

identifying at the same age a similarly massive CH (VAF 49%) and an angioimmunoblastic 

T-cell lymphoma evolved from it. Such different lag time in AML development in these two

patients, despite the very similar CH size identified at the same age, could be due at least

in part to the fact that in the former case only one gene mutation underlay CH

(DNMT3AR882H), whereas in the latter case the CH clone originating AML had multiple

mutations disrupting two genes23,25, 31 (TET2, likely in a biallelic manner, and ASXL123).
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Supplementary Table 1. Genes subjected to targeted deep sequencing

Gene Targeted exon(s)
ASXL1 12
BCOR All exons

BCORL1 All exons
BRAF 15
CALR 9
CBL 8-9

CEBPA All exons
CSF3R 10,14-18

DNMT3A All exons
EZH2 All exons
FLT3 14, 15, 20

GATA1 2
GATA2 4-6
HRAS 2.3
IDH1 4
IDH2 4
JAK2 12.14
JAK3 13

KDM6A 14
KMT2A 1,3,5-8,27 

KIT 2, 8-11, 13, 17
KRAS 2, 3
MPL 10

NPM1 12
NRAS 2, 3

PDGFRA 12, 14, 18
PHF6 All exons

PPM1D 5-6
PTEN 5, 7

PTPN11 3,13
RAD21 All exons
RUNX1 1-6
SETBP1 4 (partial)
SF3B1 13-16

SMC1A 2, 11, 16, 17
SMC3 10, 13, 19, 23, 25, 28
SRSF2 1
STAG2 All exons
TET2 3-11
TP53 2-11

U2AF1 2, 6
ZRSR2 All exons
WT1 7.9

Gene Targeted exon(s)
JAK1 14-26

STAT3 10-19, 20-21
STAT5b 9-14, 15-16
STAT6 9-14, 15-16
SOCS1 All exons
PTPN1 All exons

Table S1A: QIAseq Targeted DNA Custom panel-QIAGEN (CDHS: 13640Z-1040)

Table S1B: QIAseq Targeted DNA Custom panel-QIAGEN (CDHS: 16895Z-163)



Supplementary Table 2. CHIP-associated mutations observed by NGS in 40 cHL patients

AML onset

Reactive Neoplastic

Pt. # Age Time of 
sampling NGS technique Gene Chr Coordinate HGVS coding sequence name HGVS protein sequence name Replicate 1 Replicate 2 Replicate 1 Replicate 2 Pooled 

replicates 
Pooled 

replicates 
Bone 

marrow Blood B cells Blood T cells

DNMT3A 2 25457242 NM_175629.2:c.2645G>A NP_783328.1:p.Arg882His - - - - - 47% 
(475/1010)

16.4 % 
(687/4193)

12.2% 
(506/4152)

45.2% 
(509/1127)

48% 
(274/571)

6.9% 
(109/1584)

NPM1 5 170837543 NM_002520.6:c.859_860insTCTG NP_002511.1:p.Trp288CysfsTer12 - - - - - 40.6% 
(152/374)

PTPN11 12 112888210 NM_002834.3:c.226G>A NP_002825.3:p.Glu76Lys - - - - - 25.7% 
(143/556)

STAT6 12 57496668 NM_003153.4:c.1249A>T NP_003144.3:p.Asn417Tyr - - - - - 36.9% 
(240/651)

STAT6 12 57496662 NM_003153.4:c.1255G>C NP_003144.3:p.Asp419His - - - - - 35.7% 
(257/720)

SOCS1 16 11349064 NM_003745.1:c.246_271delGCCCC
TGAGCGTGCACGGGGCGCACG NP_003736.1:p.Pro83AlafsTer25 - - - - - 98.6% 

(72/73)*

PPM1D 17 58740593 NM_003620.3:c.1498C>T NP_003611.1:p.Pro500Ser - - - - - NC 13.9% 
(1128/8124) NC NC NC NC

Case 2 30 2nd relapse
Whole-exome & 

targeted KRAS 12 25380279 NM_033360.2:c.179G>A NP_203524.1:p.Gly60Asp NA 60.3% 
(35/58)

35.1% 
(27/77) NC NC NA NA NA 22.9% 

(2243/10546)

Case 3 83 Onset Targeted CBL 11 119148903 NM_005188.3:c.1123G>A NP_005179.2:p.Gly375Ser NA NA 2.5% 
(321/13420)

Case 4 81 Onset Whole-exome & 
targeted TET2 4 106193995 NM_001127208.2:c.4460delA NP_001120680.1:p.Asn1487IlefsTer84 3.2% 

(8/247) - - NC NC 2.6 %  
(51/2002) NC

Targeted DNMT3A 2 25457242 NM_175629:c.2645G>A NP_783328.1:p.Arg882His 32.4% 
(2524/7797)

Targeted TET2 4 106180792 NM_001127208.2:c.3820C>T NP_001120680.1:p.Gln1274Ter 22.3% 
(1293/5799)

Whole-exome & 
targeted DNMT3A 2 25457242 NM_175629:c.2645G>A NP_783328.1:p.Arg882His 32.6% 

(30/92)
26.2% 
(16/61)

56.1% 
(55/98)

33.3% 
(44/132)

30.6% 
(2560/8374)

37.3% 
(4359/11702)

37.9%  
(1492 /3934)

Whole-exome & 
targeted TET2 4 106180792 NM_001127208.2:c.3820C>T NP_001120680.1:p.Gln1274Ter   5%  

(7/141)
13.3% 
(13/98)

29.9% 
(40/134)

32.7% 
(64/104)

10.6% 
(431/4052)

33% 
(1671/5062)

26.9% 
(614/2287) 

NA, sample not available
 -,   sample not analyzed
NC, variant not called
* Only one of the WGA replicates was evaluable (the coverage was too low in the other, but the mutation was then confirmed by Sanger Sequencing also in that replicate)

NA

Blood

NA

WHOLE EXOME SEQUENCING

 (Variant/Total Reads)

Blood 

Reactive Neoplastic

NA

NA
NA

Variant allele frequency Variant allele frequency

Microdissected lymphoid cellsMicrodissected lymphoid cells

BARCODED TARGETED SEQUENCING

Case 5 

68 Onset 

NA

73 1st relapse

Case 1 45 Targeted

(Variant/Total Reads)

Whole lymph 
node sections

NC

NA
NC

NC

cHL Onset 

NC

NA

BARCODED TARGETED SEQUENCING

AML remission

Variant allele frequency

NC NC

NA NA

 (Variant/Total Reads)

NA NA

NANC

NA



Microdissection of HRS cells and reactive cells from the cHL tissue.
(Left panel) Representative image of a frozen lymph node section stained with hematoxylin and 
eosin, showing one large HRS cell with its clear morphology (left panel, right green circle) among 
numerous small reactive cells, mostly of lymphoid morphology. A green line was drawn around both 
the HRS cell and reactive cells, to direct their laser cutting and subsequent catapulting (red lightning) 
out of the section (right panel).
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Tissue involvement by clonal hematopoiesis (CH) in cHL Case 3.
In this EBV-positive mixed cellularity cHL case, the reactive tissue microenvironment (abundant in T cells - not shown) showed the presence of a small 
clone featuring a CBLG375S mutation at a VAF of 2.5%. The HRS cell clone developed from an EBV-infected B cell not belonging to the CBL-mutant 
reactive clone. Because we could not analyze samples from patient blood or bone marrow, the presence and cell lineage involvement of CH in these 
latter tissues as shown in the figure are hypothetical.
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SUPPLEMENTARY FIGURE 3. T-cell receptor gamma gene rearrangement analysis in cHL
tissues with extensive clonal hematopoiesis (CH).
In all three cHL cases with significant tissue CH (VAF >10%), fragment length analysis of whole
sections showed polyclonal T-cell receptor gamma gene rearrangements (panels A-C). In panel D
and E, monoclonal and polyclonal controls are shown, respectively. This result implies that CH-
associated mutations detected in microdissected non-neoplastic cells (mainly of mature lymphoid
morphology and of T-cell phenotype – representative example in Figures 2C and S1) had occurred
in a bone marrow stem or progenitor cell before T-cell receptor gene rearrangement.
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