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Introduction 
Lymphomas constitute a heterogeneous group of hema-

tolymphoid neoplasms, accounting for approximately 4-5% of 
all new global cancer diagnoses, with increasing incidence due 
to improved diagnostics and demographic factors.1 Clinical and 
pathological classification is fundamental in determining prog-
nosis, follow-up, and therapy, evolving from morphological 
approaches to integrated models incorporating molecular data 
and functional imaging.2 The objective of this review is to con-
textualize the most recent developments in lymphoma classifica-
tion from a clinical and imaging diagnostic perspective, empha-
sizing implications for prognosis, follow-up, and therapy, with a 
focus on molecular aspects.3 Through the analysis of post-2020 
literature, it aims to provide an updated synthesis to guide per-
sonalized management in the era of immunotherapies and target-
ed therapies.4 

Methods 
This systematic review followed PRISMA guidelines for 

qualitative synthesis of medical literature.5 The search was con-
ducted exclusively on PubMed, from January 1, 2020, to 
November 16, 2025, to ensure relevance and timeliness in the 
post-COVID-19 era, which impacted clinical trials.6 Keywords 
used: (“lymphoma classification” or “WHO lymphoma 2022”) 
and (“PET/CT” OR “imaging lymphoma”) and (“molecular lym-
phoma” or “prognosis therapy lymphoma”), limited to full-text 
original articles in English or with English abstracts.7 Inclusion 
criteria: clinical studies or reviews on human lymphomas, focus-
ing on classification, positron emission tomography/computed 
tomography (PET/CT) imaging, molecular markers; n≥50 
patients for observational studies; reported outcomes: overall 
survival (OS), progression-free survival (PFS), hazard ratio 
(HR).8 Exclusion criteria: abstract-only, case reports, retracted 
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Abstract 
 

The classification of lymphomas represents a crucial element in the clinical management of these heterogeneous tumors, profoundly 
influencing prognosis, follow-up, and therapeutic strategies through the integration of clinical, imaging, and molecular aspects. The 
5th Edition of the World Health Organization Classification of Hematolymphoid Tumors (WHO-HAEM5) of 2022 introduced signif-
icant updates, recognizing new entities based on genomic and molecular data, such as high-grade B-cell lymphomas with MYC/BCL2 
rearrangements and subtypes with non-germinal center B-cell-like phenotype. Fluorodeoxyglucose positron emission 
tomography/computed tomography imaging remains the essential tool for staging, therapeutic response assessment, and relapse detec-
tion, with sensitivity exceeding 90% in aggressive lymphomas such as diffuse large B-cell lymphoma (DLBCL) and Hodgkin lym-
phoma, surpassing the limitations of conventional computed tomography and predicting outcomes using metrics like SUVmax and 
Deauville score. Molecular aspects, including MYD88/CD79B mutations in DLBCL and markers such as circulating tumor DNA, 
refine risk stratification, guiding targeted therapies such as Bruton’s tyrosine kinase inhibitors, venetoclax, or CAR-T cells. This sys-
tematic review synthesizes recent evidence (2020-2025) from PubMed literature, highlighting how an optimal multimodal approach 
reduces mortality and improves progression-free survival, incorporating radiomics and artificial intelligence for more accurate pre-
dictions. Challenges persist in access to advanced technologies and prospective validation, but the integration of these developments 
promises personalized management, reducing overtreatment and improving quality of life.
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studies (verified via Retraction Watch), pre-2020 publications, 
exclusive animal or in vitro studies.9 Two reviewers screened 
1,850 titles/abstracts, selecting 320 for full-text review; 30 arti-
cles were included based on relevance (≥80% focus on key 
themes).10 Data extracted: authors, year, DOI/PMID, findings on 
the World Health Organization (WHO) classification, imaging 
metrics SUVmax, metabolic tumor volume (MTV, Deauville), 
molecular markers as Next Generation Sequencing (NGS), fluo-
rescence in situ hybridization (FISH), outcomes.11 Thematic 
qualitative analysis; bias assessed using the QUIPS tool.12 No 
quantitative meta-analysis due to heterogeneity; tables summa-
rize evidence.13 

 
 

Recent developments in lymphoma  
classification 

The 5th Edition of the WHO Classification of 
Hematolymphoid Tumors (WHO-HAEM5) of 2022 redefined 
lymphoma classification, incorporating genomic and molecular 
insights for over 100 entities, with emphasis on familial hierar-
chies (e.g., mature B-cell neoplasms) (Table 1).2 Entities such as 
follicular lymphoma 3B are now separated as follicular large cell 
lymphoma, while lymphoplasmacytic lymphoma (LPL) requires 
testing for MYD88/CXCR4 mutations.14 In cutaneous lym-
phomas, new subcategories reflect genomic peculiarities, with 
low prevalence of non-germinal center B-cell-like (GCB) in thy-
roid and gastrointestinal tract.15 For Hodgkin lymphoma (HL), 
classification refines nodular lymphocyte-predominant HL and 
classical HL, integrating Epstein-Barr Virus and 9p24.1 amplifi-
cations.16 In Ukraine, the adoption of the WHO 2016/2022 iden-

tified 36 subtypes, with 24% of cases reclassified, improving 
diagnostic accuracy.17 Artificial intelligence (AI) supports classi-
fication using markers such as CD20 and BCL6 to predict sub-
types.18 In T-cell lymphomas, the WHO 2022 divides precur-
sor/mature, with peripheral T-cell lymphoma, not otherwise spec-
ified, as a diagnosis of exclusion.19 Updates on lymphoblastic 
leukemia/lymphoma include DUX4, MEF2D, and ZNF384 
rearrangements as definitive entities.20  

 
 

Advances in lymphoma imaging diagnostics 
Fluorodeoxyglucose F-18 PET/CT (18F-FDG PET/CT) is the 

standard for staging and response assessment in non-HL (NHL), 
with a sensitivity of 84-97% for bone marrow involvement 
(BMI) (Table 2).21 Over 25 years, PET/CT has transformed lym-
phoma management, predicting outcomes in diffuse large B-cell 
lymphoma (DLBCL) and HL.22 Long-axial field-of-view 
PET/CT reduces scan times and improves detection in lym-
phomas.23 Baseline PET/CT parameters, SUVmax, MTV, total 
lesion glycolysis (TLG) predict PFS/OS in HL/DLBCL, with HR 
up to 11.20 for high MTV.24 Radiomics from baseline PET/CT 
diagnoses, BMI, and predicts response, with shape-based fea-
tures prognostic for OS.25 In CAR-T therapy, radiomics predicts 
efficacy, with MTV independent (area under the curve 0.74).26 
For immunotherapy, early/late PET/CT assesses response, with 
Deauville score superior to International Harmonization Project 
criteria (HR 3.73 for PFS).27 FDG PET/CT is essential pre/post 
CAR-T, identifying BMI without bone marrow biopsy (BMB).28 
Artifacts and physiological variants require interpretive cau-
tion.29 FDG PET/CT detects BMI in aggressive NHL with a neg-
ative predictive value 95%, avoiding routine BMB.30 

Review

Table 1. The World Health Organization 2022 classification of major lymphomas and correlated clinical features. 

Lymphoma type          Main subtype                      Clinical features                                     Molecular implications 
Indolent B-cell            Follicular lymphoma         Nodal, indolent, low FLIPI                  t(14;18) IGH::BCL2, KMT2D mutations 
Aggressive B-cell        DLBCL                              Extranodal 40%, B symptoms             MYC/BCL2 rearrangements, TP53 del(17p) 
High-grade B-cell       HGBCL double-hit            Blastoid, leukemic                               MYC+BCL2/BCL6 rearrangements, IRF4 
T/NK-cell                    Classical HL                      Cutaneous, systemic                            RHOA G17V, TET2 mutations 
Hodgkin                      Classical HL                      Mediastinal nodes, young patients       Epstein-Barr Virus-associated, 9p24.1  
                                                                                                                                          amplification 
DLBCL, diffuse large B-cell lymphoma; HGBCL, high-grade B-cell lymphoma; HL, Hodgkin lymphoma. References 2,15,16,19,20. 
 
 
Table 2. Role of imaging in lymphoma follow-up and therapy.  

Clinical phase                           Imaging modality              Key metrics                      Impact on therapy/           Evidence (sensitivity) 
                                                                                                                                           follow-up                             
Initial staging                          18F-FDG PET/CT            SUVmax,                        Upstaging 20%,                92-97% in aggressive 
                                                                                         Deauville score               avoids biopsies                  
Interim response                      PET/CT                            Score 1-3:                       Chemo escalation/            PFS predicted 80% 
                                                                                         metabolic CR                  de-escalation                      
Post-treatment follow-up        ctDNA+PET                     MRD negative                 6-12 month intervals         Reduces over-imaging  
                                                                                                                                                                          30% 
Relapse | MRI/PET                 New hypermetabolic        Switch to CAR-T/                                                    Early detection 88% 
                                               lesions                              targeted                                                                      

PET/CT, positron emission tomography/computed tomography; 18F-FDG PET/CT, fluorodeoxyglucose F-18 PET/CT; MRI, magnetic resonance imaging; CR, complete response; 
MRD, minimal residual disease; PFS, progression-free survival. References 21,22,24,27,30.



Molecular aspects influencing prognosis  
and therapy 

Personalized advances in follicular lymphoma include cere-
blon modulators and kinase inhibitors for relapsed/refractory 
cases (Table 3).31 In DLBCL, high-risk is identified by the 
International Prognostic Index and molecular features 
(MYC/BCL2), with optimized rituximab-based regimens.32 Real-
world DLBCL molecular determinants show DZsig (ex DHITsig) 
in 21% of GCB, associated with poor OS (57% at 2 years).33 
NGS in DLBCL reveals mutations for prognosis and targeted 
therapy.34 Clinicopathological analysis of DLBCL with molecu-
lar biomarkers confirms high non-GCB in extranodal sites.35 In 
mantle cell lymphoma (MCL), molecular updates guide prognos-
tication, with Bruton’s tyrosine kinase inhibitors (BTKi) 
upfront.36 Extranodal DLBCL shows high MCD-like subtypes 
(MYD88/CD79B), poor prognosis.37 Treatment of indolent B-cell 
lymphomas emphasizes watch-and-wait, with targeted therapy 
for high-risk.38 Intrinsic DLBCL biology supports novel thera-
pies for poor-prognosis subgroups.39 In newly diagnosed MCL, 
upfront CAR-T and BCL2 inhibitors improve OS.40 

 
 

Discussion 
The integration of the WHO-HAEM5 with imaging and molec-

ular data revolutionizes lymphoma management, shifting from mor-
phology to personalization.2 PET/CT predicts outcomes (OS 97% 
for DS<4 in HL), but challenges remain in low-avidity lym-
phomas.21 Molecular markers overcome imaging limitations, with 
NGS identifying MCD-like subtypes for targeted therapy.34 In extra-
nodal DLBCL, MYD88/TET2 mutations correlate with poor progno-
sis, guiding immunochemotherapy.37 AI and radiomics promise 
automation but require validation.18 Limitations of the study include 
heterogeneity among included studies and variable access to NGS. 
Consensus guidelines, such as the PRoLoG, help to standardize clin-
ical practice.27 Multimodal approaches reduce mortality, emphasiz-
ing genomics for trials.39 

 

 
Conclusions 

Recent developments in classification, PET/CT imaging, and 
molecular profiling are essential for optimizing prognosis, fol-
low-up, and therapy in lymphomas.2 Evidence confirms PET/CT 
as the gold standard, with molecular markers complementary for 

minimal residual disease.24 Genomics refines risk stratification, 
guiding targeted and CAR-T therapies.36 Future perspectives: AI 
for predictions, multicenter trials.18 An integrated approach 
improves survival, requiring multidisciplinary collaboration.40 
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Table 3. Molecular markers in lymphomas and prognostic correlations. 
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                                                                                                                                 poor OS 
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