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ABSTRACT

Mycosis fungoides (MF), the most common cutaneous T-cell lymphoma, is associated with an
increased occurrence of additional hematologic neoplasms, although the strength of evidence
varies markedly between entities and the underlying biology remains unresolved. We critically
synthesized the literature and integrated descriptive observations from 39 patients with MF, or
Sézary syndrome and an associated hematologic neoplasm or clonal disorder followed at a Greek

center of expertise for cutaneous lymphomas.

Population-based and pooled data most consistently support excess Hodgkin lymphoma and non-
Hodgkin lymphoma, whereas associations with CLL/SLL, plasma cell disorders and myeloid
neoplasms rely mainly on institutional series and case reports. Two pathogenetic models are
considered: immune permissiveness, favoring independent primary neoplasms in a host with
impaired tumor surveillance, and a shared clonal progenitor. Distinct T- and B-cell clonotypes do
not by themselves exclude an earlier common ancestor, but comprehensive paired tumor-normal
genomic studies have not been performed systematically. In our cohort, B-lineage disorders
predominated; antecedent diagnoses were most frequent, while synchronous and subsequent
disorders were also well represented. Management should emphasize diagnostic precision,

preservation of immune competence, and lifelong but proportionate clinical vigilance.
Key words

mycosis fungoides; cutaneous T-cell lymphoma; second primary neoplasms; Hodgkin lymphoma;

chronic lymphocytic leukemia; clonal hematopoiesis
MNEPIAHYH

H omoyyoegidong poxkntioon (MF), 1o cuyvotepo deppatikd T-kuttopikd AEpempo, cuvoseTal Le
aLENUEVN ELEAVIOT] OEVTEPOTOODV OLOTOAOYIK®Y VEOTAAGUAT®V, OV KoL 1 1oY0E TNG
TEKUNPIOONG O10PEPEL CNUOVTIKA PLETAED TOV ETUEPOVS OVIOTNTMOV KO 1) VITOKEILEVT Broloyia
napopével acagns. [paypatoromoape avackonnon s PrpAoypaeiog Kot EVEOUATOCLE
neprypapikéc mopatnproelg and 39 acbeveic pe MF, 1 cuvdpopo Sézary kot Guvodo
OLLOTOAOYIKO VEOTAOG LA 1] KA®VIKN dtatapayn o€ EAANvViKS kévipo eumelpoyvmopochivng yio ta

OEPLOTIKA AEUPDULOTAL.



[TAnBvopokd Kot cuyKeEVTP®TIKG ded0UEVE VTOGTNPILOVY TEPIGGOTEPO TNV AVENUEVT GLYVOTNTO
Aepopopatog Hodgkin ko un-Hodgkin Aeppopatog, v o1 ovoyetioelg pe CLL/SLL, datapoyég
TAOCUOTOKVTTAP®V Kot VEOTAAGHOTA TOV PuedoD otnpilovial Kuplog o€ oelpég achevav Kot
pepovouéves avaeopés. EEetdlovton 600 maboyeveTikd LOVTEAD: 1) VOGOAOYIKT
EMTPEMTIKOTNTO KOl 0 KOOGS KAOVIKOG TpOYovos. Ataxprtoi T- ko B-kuttapikoi kKAwvotvmotl dev
ATOKAEIOVY OO LOVOL TOVG EVAV TPOYEVESTEPO KOWVO TPHYOVO, AALL GLGTNUATIKES GVLEVYIEVES
YOVIOIOUOTIKEG AVOADGELS TOV GYKOV KOl TOL PLGIOAOYLKOD 16TOV eV £XOVV TPOUYUATOTOMOEL.
21 ogpd pog emtkpatnoay ot B-kuttoapikéc dtatapoyés: o1 Tpoimdpyovces SloyvMGELS NTOV
OLYVOTEPEC, EVMD GUYYPOVES KOl LETAYEVESTEPEG dlatapayE ftav eniong mapovoes. H
QVTILETOMION TPEMEL VAL SIveEL EPPacT) 6T S1oyveoTIKY akpipeta, T dtatipnon g

OVOGOAOYIKNG ETAPKELNG Kot TN Ot Blov avaAioyn KAWVIKNY emaypOTyNnon.
Ag&Eg1c-KAEO1G

OmOYYoEWNS pukntioon: deppotikd T-Kuttapikd Aéppopa: deuteponadr| veorhdcpoto:

Méppopa Hodgkin: ypovia Aepgokvttaptkn Agvyoupio: KAOVIKY oplomoinon

1. INTRODUCTION

Mycosis fungoides (MF) is the most frequent primary cutaneous lymphoma and the prototype of
cutaneous T-cell lymphoma (CTCL).! Most patients present with patches and plaques and follow
an indolent course over many years; a minority develop tumors, erythroderma, nodal or blood
involvement, large cell transformation (LCT) or visceral dissemination. Sézary syndrome (SS) is a
distinct leukemic CTCL defined by erythroderma, lymphadenopathy and circulating malignant T
cells. Current classification and management emphasize clinicopathologic correlation, TNMB
staging and recognition of variants such as folliculotropic MF, pagetoid reticulosis and

granulomatous slack skin. !

Because many patients survive for years or decades, long-term complications have become
clinically important, and additional primary neoplasms have attracted particular attention.
Population-based studies, institutional cohorts and meta-analyses agree that patients with MF and
other CTCLs develop additional cancers more often than expected, with the clearest hematologic
signal involving lymphoid neoplasms.*” Hodgkin lymphoma (HL), non-Hodgkin lymphoma
(NHL), chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL), diffuse large B-



cell lymphoma (DLBCL) and, less often, plasma cell or myeloid neoplasms have been described

before, at approximately the same time as, or after MF.

The association creates three clinical problems and poses one biological question. Clinically, a
second neoplasm can be mistaken for MF progression and MF can be mistaken for cutaneous
spread of a systemic lymphoma; treatment directed at one disease may destabilize the other; and
standard MF follow-up does not address hematologic risk. Biologically, the question is whether
the two neoplasms share a clonal origin or arise independently in a host whose tumor surveillance

is impaired.

The literature is heterogeneous, and pooled standardized incidence ratios (SIRs) from population
registries are often discussed alongside single case reports as though they carried equal weight.
This article therefore uses a pragmatic evidence hierarchy to distinguish population-level signals
from institutional observations and case-level hypotheses, compares the two principal pathogenic
models against available clonality and genomic data, reports a descriptive single-center series of
39 patients from Greece, and derives clinical and research implications. Throughout, “antecedent”,
“synchronous” and “subsequent” denote an associated hematologic disorder diagnosed more than
3 months before, within +3 months of, or more than 3 months after MF/SS, respectively;
“composite lymphoma” denotes two distinct lymphomas in the same tissue specimen, whereas
“discordant lymphoma” refers to distinct lymphomas at separate anatomic sites. “Associated
hematologic disorder” is used for the full spectrum, while “hematologic malignancy” is reserved

for overt malignant entities.

2. METHODS

Literature. The synthesis was narrative and selective rather than systematic. Evidence for individual
associations was described as strong when supported by meta-analysis or reproducible population-
based data, moderate when supported by consistent institutional series without population
comparators, limited when based mainly on case reports or small series, and hypothetical when a
biologically plausible mechanism had not been tested adequately in paired tissues. This pragmatic

hierarchy is used for narrative interpretation.

Institutional series. The records of the 1st Department of Dermatology and Venereology, “Andreas
Syggros” Hospital, National and Kapodistrian University of Athens, were reviewed retrospectively

for patients with MF, folliculotropic MF or SS and a documented hematologic neoplasm, clonal



lymphoproliferative disorder or plasma cell disorder. Cases were assembled in two stages — a
narrative chart review (n = 12) and structured capture using the EORTC retrospective registry
template for CTCL with secondary hematologic neoplasia (n = 27) — with no overlap between the
two groups. Timing was classified as defined above, using calendar year of diagnosis. Data were
anonymized and analyzed descriptively. The study was conducted in accordance with the
Declaration of Helsinki and approved by the ethics committee of “Andreas Syggros” Hospital in
November 2025.

3. EPIDEMIOLOGY AND MAGNITUDE OF RISK

Reported frequencies vary widely because studies differ in population, follow-up, diagnostic
criteria, treatment era and whether solid tumors are counted together with hematologic neoplasms.
Two measures are routinely conflated and should be kept apart: the proportion of patients in a
cohort who develop any additional neoplasm, and the SIR, which compares observed with expected
cancers in a reference population. Across systematic-review data, 5.9-16.8% of patients with CTCL
developed a secondary malignancy;* in a 2025 comparative single-center study, secondary
neoplasms occurred in 13.9% of 252 patients with MF versus 3.6% of dermatologic controls,
although most were solid tumors and only five were hematologic.® These proportions describe
cohort frequency; they are not directly interchangeable with population-based relative-risk

estimates.

The strongest quantitative evidence comes from a meta-analysis of 10 studies (12 cohorts): the
pooled SIR was 2.18 for all malignancies, 15.25 (95% confidence interval [CI] 7.70-22.79) for HL
and 4.96 (95% CI 3.58-6.33) for NHL.* Registry analyses agree in direction. In Huang et al., the
HL SIR was 17.14 (95% CI1 6.25-37.26) in SEER-9 and 27.27 (95% CI 5.35-77.54) in the Stanford
cohort.> A SEER-18 analysis of 6,742 patients with MF reported an overall SIR for second cancers
of 10.15 (95% CI 9.29-11.07),° approximately five times the pooled meta-analytic estimate, a
discrepancy that reflects methodology rather than biology. A sex-stratified SEER analysis reported
higher relative risks of HL, NHL and CLL among women than among men.’ Large relative risks
must be read against low absolute incidence: a SIR of 15 for HL does not mean that patients with

MF commonly develop HL.

The Dutch nationwide cohort is the most informative single dataset, because every diagnosis was

histopathologically verified and neoplasms occurring before MF were also counted. Among 1,024



patients followed for a mean of 10 years, only cutaneous (odds ratio [OR] 2.54) and hematologic
neoplasms (OR 2.62, 95% CI 2.00-3.42) exceeded population expectations; solid-organ tumors
did not, and lung cancer was less frequent than expected (OR 0.54).” Within the hematologic
category, however, the excess was driven by lymphomatoid papulosis (LyP; OR 76.22) and HL
(OR 6.28), whereas NHL (OR 1.60), CLL (OR 1.86) and plasma cell neoplasms (OR 2.41) did not
reach statistical significance.” Institutional series confirm an excess without quantifying
hematologic-specific risk: among 672 patients with CTCL the risk of a subsequent cancer was

increased 1.79-fold, with excesses of HL, NHL and acute myeloid leukemia (AML).'"°

Age is a consistent modifier. In the 2025 comparative study, patients with a secondary neoplasm
had a higher mean age overall (62.71 vs 53.69 years; p = 0.003) and were older at MF diagnosis
(56.23 vs 44.52 years; p = 0.016) than those without a secondary neoplasm.® This is biologically
plausible because immunosenescence, clonal hematopoiesis and the background incidence of
lymphoid neoplasms all rise with age. Male predominance is common in MF cohorts, but sex has
not emerged as a consistent independent predictor of additional neoplasia;** the Dutch cohort found
no difference in the frequency or type of associated neoplasm between men and women,” whereas
a sex-stratified SEER analysis reported higher relative risks of several secondary cancers, including

CLL, HL and NHL, among women.’

Variant morphology influences clinical suspicion more than measured risk. Folliculotropic MF
follows a more difficult course than early classical disease, but the available data do not
demonstrate an independently increased risk of a second hematologic neoplasm once stage and age
are taken into account; in the Dutch cohort, classical and folliculotropic MF did not differ in the
frequency or type of associated malignancy.” Granulomatous slack skin is the recognized
exception, with a documented association with HL, and warrants careful long-term assessment
despite its rarity.? SS should be analyzed separately from MF wherever numbers permit, since its

blood involvement, immune dysfunction and treatment burden differ substantially.

Geographic comparisons require caution. Cohorts from the United States, the Netherlands, Turkey,
Poland and Greece differ in referral patterns, ethnic composition, access to specialist
dermatopathology, treatment era and completeness of cancer registration. Registry-based datasets
estimate relative risk more reliably, whereas specialist-center series provide richer

clinicopathologic detail at the cost of referral bias. These complementary designs explain why one



study may report a high proportion of secondary cancers with modest relative risks while another
reports a low absolute frequency but a high standardized ratio for a single subtype. They argue for

comparing like with like rather than pooling incompatible measures.

Three problems recur across the literature and account for much of the apparent disagreement.
First, case definitions differ. Some cohorts count lymphomatoid papulosis (LyP) and other CD30-
positive lymphoproliferative disorders among hematologic second neoplasms - in one 730-patient
MF series, LyP accounted for 22 of 36 hematologic second neoplasms'' - and many studies count
only neoplasms diagnosed after MF, excluding antecedent disease.”® Second, ascertainment is
unequal: excess risk is greatest near the time of CTCL diagnosis, when staging and medical contact
are most intensive,'? although elevated risk persists beyond the initial period.*"* Third, cohorts
labelled CTCL may pool MF with SS and other entities, diluting MF-specific estimates, while
registry coding may miss composite lymphomas or classify synchronous cancers inconsistently.
The reliable conclusion is therefore a pattern rather than a single percentage: MF carries a
reproducible excess of additional malignancy, and the hematologic component is driven mainly by

lymphoid neoplasms.

4. SPECTRUM AND TIMING OF ASSOCIATED HEMATOLOGIC DISORDERS

The disorders reported with MF are heterogeneous, and the distinction matters clinically: an
indolent CLL clone, an aggressive DLBCL, a plasma cell precursor state and a therapy-related
myeloid neoplasm have entirely different implications for treatment and survival. Table 1

summarizes the reported associations and the strength of the evidence supporting each.

Hodgkin lymphoma. Among overt hematologic malignancies, HL shows the largest and most
consistently reproduced relative-risk signal in MF/CTCL cohorts.*>7 It may precede, coincide with
or follow MF, and cutaneous HL has occasionally been reported in skin previously affected by
MF.'* Because Hodgkin and Reed-Sternberg cells are sparse, molecular analysis of whole-biopsy
DNA may fail to demonstrate clonality. In reported MF-cHL cases, microdissection of
Hodgkin/Reed-Sternberg cells has enabled demonstration of B-cell clonality alongside a distinct
T-cell clone in MF, supporting separate mature cellular origins.'* The practical difficulty is
distinction from CD30-positive transformed MF, which requires integration of morphology, B-

lineage markers such as PAXS, the background infiltrate and, when necessary, clonality studies.



B-cell neoplasms. CLL/SLL are among the B-cell neoplasms most frequently reported with MF,
in either temporal order and with intervals extending beyond a decade.!>!® Among 23 patients with
contemporaneous MF and a B-cell malignancy at one institution, MF was diagnosed first in 10, the
B-cell neoplasm in 7 and both simultaneously in 6; no therapeutic factor explained the
association.'® Two diagnostic pitfalls follow. First, CLL/SLL cells can express CD5 and CD43, so
these markers alone cannot assign lineage within a mixed infiltrate; complementary B- and T-cell
immunophenotyping and, in unresolved cases, molecular clonality analysis may be required. Gene-
rearrangement studies in patients with coexistent CTCL and B-CLL have confirmed separate clonal
B- and T-cell lineages.!” Second, an atypical cutaneous infiltrate in a patient with CLL/SLL should
not be assumed to represent leukemia cutis: in a series of 12 patients with CLL/SLL who developed
a distinct primary cutaneous lymphoma, four had MF (three classic and one folliculotropic) and
58% of the second cutaneous lymphomas were clinically aggressive.'® DLBCL is reported less
often but is clinically consequential. In a 2024 case, tumor-stage LCT MF and nodal double-
expressor DLBCL were diagnosed simultaneously, with a dominant T-cell clone in skin and a
separate B-cell clone in the lymph node.!® Hairy cell leukemia and indolent B-cell lymphomas are

documented mainly in case reports and small series.?%?!

T-cell neoplasms and plasma cell disorders. Reports of MF with a second T-cell neoplasm,
including T-cell large granular lymphocytic (T-LGL) leukemia, are sparse but raise a specific
methodological problem: when both neoplasms are T-cell derived, a TCR-versus-IgH comparison
cannot adjudicate relatedness, and direct comparison of TCR clonotype sequences is required.
Plasma cell disorders span a continuum from monoclonal gammopathy of undetermined
significance (MGUS), a clonal precursor state, through smoldering disease to symptomatic
myeloma; precursor states and overt malignancy should therefore be reported separately. In a
heterogeneous cohort of 26 patients with a T-cell neoplasm and concomitant plasma cell dyscrasia,
treatment directed at the T-cell neoplasm eradicated the plasma cell clone in 15.4% and CTCL
outcomes did not differ from historical controls, but MF represented only a minority of the cohort
and MF-specific outcomes were not reported separately.?? The observation is biologically

interesting but cannot be generalized directly to MF.

Myeloid neoplasms. AML was among the malignancies observed in excess in a 672-patient
institutional CTCL cohort!® and has been reported synchronously with MF and DLBCL.?

Myelodysplastic neoplasia remains supported mainly by anecdotal evidence, including a 2025
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report of folliculotropic MF with concurrent MDS.?* Some myeloid neoplasms arise after cytotoxic
therapy and may be therapy-related, whereas others occur without prior leukemogenic exposure.
Given their rarity, these reports are more useful as mechanistic clues than as evidence for a common

clinical pathway.

Timing. Classifying associations as antecedent, synchronous or subsequent separates biologically
different scenarios. An antecedent B-cell malignancy establishes chronic immune dysfunction
before MF appears, and its treatment may itself contribute; a synchronous diagnosis raises the
question of shared predisposition but also of simultaneous ascertainment; a subsequent diagnosis
may reflect intrinsic immune dysregulation, aging, treatment exposure or a combination. No single
sequence predominates across the literature. In the Dutch cohort, 43 of 61 hematologic neoplasms
were diagnosed before MF,” a distribution that also reflects the diagnostic delay characteristic of

early MF, which may exceed several years.

5. PATHOGENESIS: TWO COMPETING MODELS
Two models can account for these associations (Table 3), and they are not mutually exclusive.

Model A: immune permissiveness. MF is accompanied by progressive local and systemic
immune dysfunction, including impaired cytotoxic T-cell and natural killer cell activity, defective
dendritic cell antigen presentation and expansion of regulatory T cells.>? Single-cell transcriptomic
analysis of MF skin describes a microenvironment organized for tolerance rather than rejection,
with chemokine-mediated recruitment of CCR4-positive malignant T cells through the CCR4-
CCL17/CCL22 axis, immunosuppressive myeloid and dendritic cell populations, and an activated,
angiogenic fibroblast compartment.”> The systemic component is probably more relevant to a
second hematologic neoplasm than the cutaneous one: reduced cytotoxic capacity and impaired
antigen presentation weaken surveillance outside the skin, so that a B-cell or myeloid clone which
would otherwise remain controlled can expand. In such a host, a second neoplasm need not share
any genetic lesion with MF; it need only escape surveillance. Cytokine cross-talk may add a second
layer, since neoplastic B cells and plasma cell clones can chronically stimulate T cells and may in

turn depend on T-cell-derived signals - an interaction that requires no shared clonal origin.?*?

Model B: a shared clonal progenitor. MF carries recurrent alterations in signaling, cell-cycle
control and chromatin regulation, involving pathways that also recur across hematologic

neoplasia.>?® In a small next-generation sequencing series of MF, DNMT3A was among the
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previously reported MF-associated pathogenic variants detected, illustrating overlap between MF
biology and genes also encountered in broader hematologic clonal processes.?® The hematogenous-
seeding model proposes that, in at least a subset of MF/SS, disease-initiating events may occur
earlier in T-cell development than traditionally assumed, with circulating precursors subsequently
colonizing permissive skin sites.?’ In principle, an early mutated hematopoietic progenitor could
generate T-, B- or myeloid descendants after lineage-specific second hits. However, the frequently
cited report of synchronous MF, DLBCL and AML does not demonstrate this mechanism: targeted
TET2 sequencing of the available MF and DLBCL tissues found no somatic TET2 mutation and
therefore provided no molecular evidence that those two malignancies arose from a common

TET2-mutated ancestor.>

Adjudication. Distinct B- and T-cell gene rearrangements have confirmed separate mature clonal
populations in coexistent CTCL/B-CLL,!” and separate T- and B-cell clones have also been
demonstrated in MF/DLBCL reports.!” These findings exclude simple transformation of one
mature neoplasm into the other, but they do not by themselves exclude a shared pre-lineage
ancestor because antigen-receptor rearrangement occurs after lineage commitment. A common
progenitor could therefore generate different TCR and IgH rearrangements after divergence. The
stronger test would be comprehensive paired genomic analysis of both tumors, ideally together
with germline DNA and sorted non-neoplastic hematopoietic cells, to determine whether shared
somatic variants predate lineage divergence. Such analyses have not been performed systematically
across MF-associated hematologic pairs. Timing is likewise non-discriminatory, because both
independent oncogenesis and a shared ancestral clone can produce antecedent, synchronous or

subsequent disease.

Three considerations nevertheless favor host-level immune permissiveness as the more general
explanation. First, immune dysfunction and a tolerogenic tumor microenvironment are directly
documented in MF, whereas a shared hematopoietic ancestor remains unproven for most MF-
associated pairs. Second, patients with MF also show excesses of non-hematopoietic cancers such
as melanoma and keratinocyte carcinomas in some datasets,*’ which points to mechanisms
extending beyond a common hematopoietic progenitor; this does not exclude a shared ancestor in
selected hematologic pairs. Third, alteration of a candidate gene by itself is insufficient to prove
common ancestry: DNMT3A is one of several pathogenic variants reported in a small MF

sequencing series,?® while targeted TET2 analysis in the Miyatake MF/DLBCL case was negative

12



in the malignant tissues examined.?® A convincing common-progenitor model would require shared
somatic variants with a compatible phylogenetic pattern, not merely the presence of biologically
plausible candidate genes. Model B is therefore best regarded as a testable hypothesis, perhaps

most relevant to myeloid or multilineage presentations, rather than a general explanation.

Pathogenesis is thus best considered layered rather than binary. Host immune dysfunction reduces
surveillance; the cutaneous and systemic microenvironment supports survival and immune escape;
genomic and epigenetic abnormalities may create additional susceptible clones; therapy may add
mutagenic or immunosuppressive pressure; and in selected patients two malignant populations may
interact through cytokine or stromal signals.>»*>?® These mechanisms are not mutually exclusive,

and their relative importance probably differs from patient to patient.

6. CONTRIBUTION OF MYCOSIS FUNGOIDES-DIRECTED THERAPY

Treatment is a plausible modifier of risk but cannot be the principal driver, since second
hematologic neoplasms occur in patients who never received systemic therapy, frequently precede
MF, and remain in excess in population-based data. In the Dutch cohort, 43 of 61 hematologic
neoplasms antedated the MF diagnosis,” and in the Mayo Clinic series no therapeutic exposure

explained the co-occurrence.'®

Phototherapy. Narrowband UVB has a favorable long-term profile and has not been convincingly
linked to secondary hematologic malignancy, although very long follow-up data in MF remain
limited.> Cumulative psoralen plus UVA (PUVA) exposure is associated primarily with cutaneous
carcinogenicity at high treatment burdens; the evidence that PUV A independently causes systemic
hematologic neoplasia is weak.? In the 2025 comparative MF study, neither phototherapy modality
nor cumulative NB-UVB or PUVA dose was significantly associated with secondary neoplasm
development.®! PUVA should therefore be discussed primarily as a cumulative skin-cancer risk

rather than as an established cause of secondary leukemia or lymphoma.

Radiotherapy. Localized radiotherapy and total skin electron beam therapy give rapid cutaneous
control. One retrospective study reported an association between electron beam therapy and
secondary neoplasms (p = 0.032), but the signal arose within a subgroup of 44 patients who had
received no phototherapy, involved seven patients and predominantly non-hematologic tumors,

and was not significant in the cohort as a whole.® It should be read as hypothesis-generating;
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comparative long-term data for secondary hematologic cancers after modern lower-dose regimens

are lacking.

Systemic therapy. Alkylating agents, purine analogues and anthracyclines can damage marrow
progenitors and have recognized leukemogenic or immunosuppressive potential. Multi-agent
chemotherapy also tends to provide relatively short remissions in advanced MF and is reserved for
selected aggressive settings.>? When another hematologic malignancy is present, additive marrow
toxicity and infection risk become major practical constraints. Targeted and immunomodulatory
approaches - including brentuximab vedotin in appropriate CD30-positive disease,
mogamulizumab in suitable advanced MF/SS, interferon-based therapy and extracorporeal
photopheresis - can reduce reliance on nonspecific genotoxic chemotherapy, although long-term

second-cancer data for modern agents remain limited.>?

7. INSTITUTIONAL EXPERIENCE: A 39-PATIENT SERIES

Thirty-nine patients met the criteria (33 classical MF, 3 folliculotropic MF, 3 SS; 26 men and 13
women; median age at MF/SS diagnosis approximately 65 years, range 20—-83). Among the 27
patients whose stage was systematically recorded, 22 (81%) had stage IA—IB disease at diagnosis

and 5 (19%) stage IIIA or higher.

B-lineage disorders predominated (24 of 39, 62%), led by the CLL/SLL/monoclonal B-cell
lymphocytosis (MBL) spectrum (10, 26%) and HL (6, 15%), which together accounted for 41% of
all associations. Plasma cell disorders accounted for 7 cases (18%; 3 multiple myeloma and 4
MGUS or IgM paraproteinemia, none of which progressed during follow-up), T-lineage disorders
for 6 (15%; 5 T-LGL-spectrum clonal expansions and 1 peripheral T-cell lymphoma) and myeloid

neoplasms for 2 (5%; one chronic myeloid leukemia and one myelodysplastic syndrome).

The distribution by timing is shown in Table 2. The associated disorder was antecedent in 17
patients (44%), synchronous in 8 (21%) and subsequent in 10 (26%); timing was not determinable
in 4. Intervals extended beyond 30 years in both directions. Antecedent diagnoses were the most
frequent, but all three temporal categories were well represented. Because the associated disorder
was antecedent or synchronous in 25 patients (64%), MF-directed therapy cannot have caused it in
those cases. Treatment exposure was heterogeneous: most patients had received skin-directed
phototherapy at some point and subsets had received methotrexate, bexarotene, interferon-alpha or

topical mechlorethamine over many years, but these exposures cannot be interpreted causally for
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patients whose hematologic disorder was already present. All five T-LGL-spectrum expansions
were synchronous or subsequent; this distribution may partly reflect ascertainment during MF
staging or follow-up, including blood immunophenotyping and TCR clonality testing, and should

not be interpreted as evidence of a specific biological sequence.

Vital status was systematically available for the 27 registry-template patients, of whom 17 (63%)
had died. Among the 14 deaths with an attributed cause, 7 were due to MF/CTCL, 4 to the
associated hematologic neoplasm and 3 to other causes, with none attributed to treatment toxicity.
Counting the two deaths documented in the chart-review stage, observed mortality across the whole
cohort was at least 19 of 39. Two additional patients with LyP and classical HL were identified in

the same registry and excluded from this analysis.

These observations are descriptive and hypothesis-generating. Without a denominator they cannot
estimate prevalence or relative risk; they are subject to referral and survivor bias; and data
completeness differed between the two collection stages, particularly for vital status. Their value
lies in documenting the spectrum and timing of associations in a tertiary cutaneous lymphoma
center: B-lineage disorders predominated, antecedent disease was the largest temporal group while
synchronous and subsequent presentations were also common, and the associated neoplasm

accounted for a meaningful minority of attributed deaths.

8. DIAGNOSTIC AND PROGNOSTIC IMPLICATIONS

Diagnosis. The most useful practical rule is that neither disease should be assumed. A new nodule,
plaque or lymph node in a patient with MF should not automatically be labelled MF progression
when morphology, distribution or tempo is atypical, and a new cutaneous infiltrate in a patient with
CLL or DLBCL should not automatically be labelled secondary involvement by the known B-cell
neoplasm.'®! Conversely, a rapidly growing tumor in established MF may represent LCT and
requires evaluation for transformation while a second lymphoma remains in the differential. LCT
is defined histologically by large atypical cells comprising at least 25% of the infiltrate and is
associated with a more aggressive course.” Molecular abnormalities described in transformed
disease include disruption of TP53 and other cell-cycle or genomic-control pathways, and
transformed lesions may become strongly CD30-positive, creating overlap with other CD30-

positive lymphomas.°

15



CD30 expression does not assign lineage because it occurs in transformed MF, LyP, anaplastic
large cell lymphoma and HL. The decision to use CD30-directed therapy is phenotype-driven; the
decision to pursue clonality testing is context-driven and should arise when morphology, site or
clinical course remains unexpected after standard clinicopathologic assessment.? Diagnosis should
integrate clinical distribution, morphology and a broad immunophenotypic panel. Combined TCR
and IgH clonality studies can provide decisive supportive evidence when mixed T- and B-cell
infiltrates remain ambiguous; in HL, microdissection may be necessary because the neoplastic
Hodgkin/Reed-Sternberg cells can be sparse within a reactive background.'* T-cell/T-cell pairs
require direct comparison of clonotype sequences. Nodes requiring lymphoma classification should

generally be sampled by core or excisional biopsy rather than fine-needle aspiration alone.

Prognosis. Outcome data are confined to small, heterogeneous cohorts, and a single survival figure
would be misleading: early patch-stage MF with an asymptomatic monoclonal B-cell population
is a different disease from tumor-stage MF with DLBCL or AML. Small series of concurrent
CLL/SLL and CTCL suggest worse outcomes than expected for early MF alone, but the numbers
are too small for estimates.’ In 14 patients with CTCL and CLL, 10 had died at last follow-up,
from lymphoma, MF, pneumonia or respiratory failure — a distribution in which infection is as
prominent as tumor burden, consistent with the compounded T-cell and natural killer cell
dysfunction produced by both diseases and by their treatment.’? Population-level survival estimates
for specific MF—hematologic pairings do not exist, and the cause-of-death distribution in our own

series suggests a meaningful but not dominant contribution from the associated neoplasm.

9. CLINICAL MANAGEMENT AND SURVEILLANCE

No prospectively validated program exists specifically for detecting secondary hematologic
malignancy in MF. Surveillance therefore must distinguish evidence-based MF staging from
proportionate vigilance for a second disease. Routine extensive imaging, bone marrow examination
or repeated molecular testing in every asymptomatic patient with stable early-stage MF is not
supported by current evidence. The Dutch investigators likewise concluded that routine screening
with imaging and laboratory testing in the absence of clinical suspicion was of low additional

value.”

At diagnosis, history and full examination remain the foundation, including assessment of disease

extent, lymph node examination, constitutional symptoms, recurrent infection, previous
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malignancy and prior cytotoxic or radiation exposure. A complete blood count with differential
and lactate dehydrogenase are reasonable baseline investigations, and peripheral blood flow
cytometry is appropriate when erythroderma, lymphocytosis, atypical circulating cells or SS is
suspected.>? During follow-up, new persistent lymphadenopathy, unexplained cytopenias, marked
lymphocytosis, a monoclonal protein, organomegaly, constitutional symptoms or an unexpected
change in disease behavior should prompt targeted evaluation rather than attribution to MF.?
Vigilance should be lifelong, since associated neoplasms occur decades before and after MF, but
proportionate: an elevated relative risk does not justify intensive testing of asymptomatic patients
with stable early-stage disease. Closer coordination with hematology is reasonable for advanced
MF/SS, previous hematologic malignancy, large-cell transformation, unexplained blood
abnormalities or a high-risk variant such as granulomatous slack skin, and age-appropriate

screening for solid tumors should continue in parallel.

Treatment decisions should be multidisciplinary and governed by the need to avoid unnecessary
additive immunosuppression while treating the biologically dominant disease. Early-stage MF
coexisting with an indolent hematologic disorder that does not itself require treatment - for example
CLL under observation or MGUS - can usually be managed with skin-directed therapy.>* When
DLBCL, acute leukemia or another aggressive systemic neoplasm is active, control of that disease
generally takes priority while MF therapy is simplified to preserve skin comfort and barrier
function. Where both diseases require systemic treatment, less myelotoxic MF-directed options
may be preferable to multi-agent chemotherapy when clinically appropriate. In erythrodermic
MEF/SS, extracorporeal photopheresis or interferon-based strategies may be attractive when deep
immunosuppression is undesirable. Allogeneic hematopoietic cell transplantation remains the only
potentially curative option for selected advanced or refractory MF/SS: pooled 1-year and 3-year
overall survival are 51% and 40%, relapse occurs in 47% and non-relapse mortality is 18%.%
Current European recommendations emphasize early transplant consultation for eligible patients
with advanced-stage, transformed, relapsed or refractory disease and N3 nodal involvement.** A
coexisting hematologic neoplasm complicates eligibility, conditioning and treatment sequencing

and requires joint planning by cutaneous lymphoma, hematology and transplant teams.
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10. CONTROVERSIES, GAPS AND RESEARCH PRIORITIES

Five questions remain open. The first is the true magnitude of risk for individual entities: population
data are robust for HL and for NHL as a category but unreliable for rarer pairings, and many series
come from tertiary centers where advanced MF and complex second malignancies are
overrepresented. The second is causality. Treatment-related carcinogenesis is an attractive
explanation, but antecedent and synchronous diagnoses are too common for it to be the unifying
mechanism; prospective studies should capture cumulative exposure — psoralen plus UV A session
counts and dose, radiation fields and dose, systemic agents, transplant conditioning — so that

treatment effects can be separated from age, stage and immune dysfunction.

The third question is clonal relatedness, and it is the most tractable. Comprehensive paired
sequencing of MF and the associated neoplasm, combined with germline control and, where
possible, sorted non-neoplastic hematopoietic cells, has not been performed systematically across
MF-associated pairs. Such studies should integrate TCR/IgH clonality with genomic phylogeny
and targeted analysis of clonal-hematopoiesis genes. The answer need not be uniform: some
patients may share an ancestral hematopoietic clone while others may have two unrelated cancers
favored by the same host environment. The fourth gap is prognosis: reliable survival estimates for
specific pairings such as MF-CLL, MF-HL or MF-DLBCL remain absent, and future analyses
should report overall and disease-specific survival, infection-related mortality, transformation and
cause of death with the stage and treatment of both diseases specified. The fifth gap is surveillance,
where current proposals are extrapolated mainly from MF staging and clinical experience.
Prospective work should test whether age, stage, variant, blood involvement, persistent LDH
elevation, previous hematologic malignancy, treatment exposure or measurable clonal
hematopoiesis identify a subgroup in whom additional screening is justified. Once sufficiently
large multicenter datasets exist, interpretable prediction models - including machine-learning
approaches - could integrate clinical, treatment and paired molecular variables, but such models

should follow rather than substitute for standardized prospective data collection.

Underlying all five is terminology. Studies should distinguish antecedent, synchronous and
subsequent disease; separate overt malignancy from precursor states such as MBL and MGUS;
exclude or report LyP explicitly; and differentiate large-cell transformation from a true second

lymphoma. As the Dutch data show, the inclusion of LyP alone can dominate an estimate of

18



hematologic risk. A prospective multicenter registry with harmonized definitions, systematic stage
and treatment capture and paired tissue banking would address the epidemiologic, mechanistic and

prognostic gaps simultaneously.

11. CONCLUSIONS

The excess of HL in MF is established and the excess of NHL as a broad category is well supported,
whereas associations with CLL/SLL, plasma cell disorders and myeloid neoplasms remain much
less precisely quantified. Associated hematologic disorders can precede, coincide with or follow
MF/SS; in the Syggros series antecedent diagnoses were the largest group, but all three temporal
patterns were represented. This breadth of timing, together with population-level excess risk in
patients without a uniform treatment exposure, makes a purely therapy-driven model inadequate.
Host immune permissiveness is the better-supported general framework, while a shared clonal
progenitor remains biologically plausible in selected patients but requires properly designed paired

genomic studies before it can be accepted as a common mechanism.

In practice, the implications are straightforward: maintain a low threshold for biopsy when lesions
or nodes behave unexpectedly; use molecular clonality as an adjunct when morphology and
immunophenotype do not resolve lineage; choose treatment sequences that minimize avoidable
additive immunosuppression; and maintain lifelong but proportionate clinical vigilance rather than
a fixed intensive screening schedule for every patient. The institutional cohort adds descriptive
support to the international literature by demonstrating B-lineage predominance, wide temporal
variability and clinically meaningful mortality attributable to the associated hematologic neoplasm,

while remaining unable to estimate population risk.
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TABLES

Table 1. Hematologic neoplasms reported in association with mycosis fungoides, with the

strength of the supporting evidence.

22



Associated Principal evidence Key data Strength of
neoplasm evidence
Hodgkin lymphoma | Meta-analysis; population Pooled SIR 15.25 (95% Cl17.70- Strong

registries; molecular case

studies

22.79)* SIR 17.14 in SEER-9 and
27.27 in the Stanford cohort’; OR 6.28
in the Dutch cohort’; MF-cHL reports
support distinct mature B- and T-cell

clones'

Non-Hodgkin

Meta-analysis; population

Pooled SIR 4.96 (95% CI 3.58-6.33)%;

Strong overall;

lymphoma (as a registries . . . 56 heterogeneous by
increased risk in SEER analyses™”, but
group) dataset
not statistically significant in the Dutch
cohort (OR 1.60)’
composite-lymphoma . . .
. years!>!®; higher relative risk among
reports; sex-stratified
registry analysis women in one SEER analysisg; OR
1.86 (not significant) in the Dutch
cohort’
DLBCL and other Case reports and small Synchronous LCT MF and nodal Limited
B-cell lymphomas; series .
. . DLBCL with separate T- and B-cell
hairy cell leukemia
clones'?; hairy cell leukemia reported
with CTCL/MF?%2!
T-cell neoplasms (T- | Case-level Relatedness requires comparison of Limited
LGL spectrum, . .
PTCL) literature; single- TCR clonotypes rather than TCR-
center observations | versus-IgH logic; MF-specific
population estimates are unavailable
Plasma cell disorders | Mixed T-cell cohort; case Limited

(MGUS, myeloma)

reports

Plasma cell clone disappeared in 15.4%
after T-cell-directed therapy in a
heterogeneous T-cell-neoplasm
cohort??; MF-specific results not

separately reported
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Myeloid neoplasms Institutional cohort; case AML in excess in one 672-patient Limited
(AML, MDS, CML) | reports 10
CTCL cohort'”; synchronous
MF/DLBCL/AML reported without
evidence of a shared TET2-mutated
origin®*; MDS evidence remains

anecdotal®

CI, confidence interval; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; DLBCL, diffuse large B-cell lymphoma;
IgH, immunoglobulin heavy chain; LCT, large cell transformation; MDS, myelodysplastic syndrome; MGUS, monoclonal gammopathy
of undetermined significance; OR, odds ratio; PTCL, peripheral T-cell lymphoma; SIR, standardized incidence ratio; TCR, T-cell
receptor; T-LGL, T-cell large granular lymphocytic leukemia.

Table 2. Distribution of associated hematologic disorders by timing relative to MF/SS

diagnosis in the institutional cohort (n = 39).

Associated

hematologic n Antecedent Synchronous Subsequent Not determinable
disorder

Hodgkin lymphoma 6 2 2 2 0
CLL/SLL/MBL 10 5 ) 1 2
spectrum

Indolent B-cell NHL

(marginal zone, 4 2 0 2 0
follicular)

B-cell NHL, other or

not otherwise 3 3 0 0 0
specified

Hairy cell leukemia 1 0 0 0 1
Multiple myeloma 3 2 0 1 0
MGUS /IgM | 4 2 2 0 0
paraproteinemia

T-LGL leukemia /

clonal T-cell 5 0 2 3 0
lymphoproliferation

Peripheral T-cell

lymphoma, NOS ! 0 0 ! 0
Chronlc_ myeloid 1 1 0 0 0
leukemia

Myelodysplastic 1 0 0 0 1
syndrome

Total 39 17 8 10 4

Antecedent, >3 months before MF/SS; synchronous, within +3 months; subsequent, >3 months after; not determinable, year of diagnosis
missing for one of the two disorders. MBL, monoclonal B-cell lymphocytosis; MGUS, monoclonal gammopathy of undetermined

significance; NHL, non-Hodgkin lymphoma; NOS, not otherwise specified; T-LGL, T-cell large granular lymphocytic leukemia.
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Table 3. Two non-exclusive models for the association between mycosis fungoides and

concomitant hematologic neoplasia.

Model A: immune permissiveness

Model B: shared clonal progenitor

Proposition

Two independent primary neoplasms arise in
a host with impaired tumor surveillance.

An early mutated hematopoietic progenitor
gives rise to both neoplasms after lineage-
specific divergence and additional hits.

Supporting evidence

Documented immune dysfunction and a
tolerogenic/angiogenic MF
microenvironment>%*; excess of non-
hematopoietic malignancies in several
datasets*’.

MF sequencing studies demonstrate
genomic/epigenetic alterations including
DNMT3A among multiple pathogenic
variants?’; early-development/hematogenous-
seeding models have been proposed for
MF/SS?".

Interpretation of distinct TCR and IgH
clonotypes

Consistent with independent oncogenesis.

Also compatible with a pre-lineage common
ancestor because antigen-receptor
rearrangement occurs after lineage
commitment; distinct clonotypes exclude one
mature tumor directly transforming into the
other, not necessarily an earlier ancestor.

Timing prediction

Any sequence; risk may accumulate with age
and immune dysfunction.

Any sequence; latency depends on lineage
divergence and acquisition of additional
lesions.

Most informative future test

Paired tumors show no shared founding
somatic variants beyond unrelated
background alterations.

Shared somatic variants with a compatible
phylogeny in both tumors, assessed with
germline control and, where feasible, sorted
non-neoplastic hematopoietic cells.

Current status

Better supported as a general explanation for
most patients.

Biologically plausible in selected cases but
unproven as a general mechanism; the
Miyatake MF/DLBCL/AML case found no
somatic TET2 mutation in the analyzed MF
and DLBCL tissues®.

AML, acute myeloid leukemia; DLBCL, diffuse large B-cell lymphoma; IgH, immunoglobulin heavy chain; MF, mycosis fungoides;

TCR, T-cell receptor.
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