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The Ann Arbor classification system for the staging of Lymphoma was 

originally established in 1971 using CT findings to evaluate and stage the 

disease in both the initial and post treatment stages. The utility of this 

modality was, however, limited to its anatomic evaluation with no functional 

information being offered. In 2014, the Lugano classification was established 

which incorporated 18F-Fluorodeoxyglucose-positron emission tomography 

as a means for objectively assessing the disease status with advantage of real 

time, functional information being incorporated which allowed for a true 

assessment of the disease status especially after treatment institution. 

To evaluate the utility of the Lugano against the Ann Arbor classification, we 

prospectively followed patients with Lymphoma referred to our institution for 

initial staging, interim treatment, or end of treatment scanning.

103 patients were include in this prospective study with a total of 155 scans. 

The Ann Arbor staging matched the Lugano stage in 122 scans (78.7%). Non 

concordance was seen in 33 (21.3%) with an up-staged seen in 17 (10.9%) 

and a down-staged in 16 (10.3%) using the Lugano classification.  

In conclusion it was seen that Lugano has a decided advantage over the Ann 
Arbor classification system, especially where patients were being scanned for 
treatment assessments and follow-up. 

Abstract

Result Parameters

Ann Arbor

The nodal lesion is defined as a lymph node that is 1.5cm or larger in its 
longest diameter.

Lugano
Lugano defines a nodal lesion as any lymph node with FDG uptake even if it is 
smaller than 1.5cm

Concordance
▪ Ann Arbor stage was matched to Lugano staging and 
Agreement/Concordance of the two staging systems was evaluated

▪Utility of the Lugano against the Ann Arbor classification was seen

❖ SPSS software was used to calculate Kappa coefficient for standardized 
measure of agreement of the categorical scores

Introduction

Research Questions 

o Primary Research Question
• To see for the concordance between 

the Ann Arbor and Lugano staging 
systems 

o Secondary Research Question

• To evaluate the utility of the Lugano 
against the Ann Arbor classification

o Research Methodology 

Patients with Lymphoma, referred to our 

institution, were prospectively followed  for 
initial  staging, interim treatment, or end of 
treatment scanning

Setting  

PET-CT Section, Dept Radiology, JPMC     
Karachi

Duration 
December 2020 to October 2022

Study Design
Longitudinal, prospective, observational        

study 

Sample Size and Sampling 

Purposive, criterion sampling

• 103 Patients, 155 Total scan

Inclusion Criteria 
All patients with Lymphoma that were 

referred for scanning for 
• initial baseline staging (pre-

treatment scan)
• interim, treatment response
• End of treatment evaluation
• Follow-up

Exclusion Criteria 
Not fulfilling the above

Methods and Materials

Concordance of the Ann Arbor and Lugano classifications are recorded in 

literature with similar results being reported (1-12). A good concordance for 

the baseline study was seen in our study which is also reported by Matika et 

al (2).  However, these authors lay emphasis on the bone marrow studies to 

rule out marrow involvement which is an advantage offered by PET-CT, also 

corroborated by our study as two patients were upgraded at their baseline 

scanning to have marrow involvement (Figure 1).  The study also showed 

advantage in identifying other organ involvement (e.g. spleen and liver) 

(Figure 2), which were not recognized on the CT.  Definitive advantage in the 

change of stage was seen for the post treatment and follow-up studies 

(figures 3 and 4), with an upgrade seen in 13 scans (8.4%  of scans.)  and a 

downgrade reported in 16 scans  (10.3 % of scans) . Similar study statistics 

have also been reported by others in literature. 

The advantage of PET over the CT is seen in relation to the ability of the 

modality to employ metabolic imaging which is real time whereas CT is only 

morphological and cannot attribute towards the functioning status of any 

lesion / area. However, this advantage is overrided by the costs and 

availability of PET, especially in economically struggling situations, as ours, 

where even basic health needs are compromised. The importance of proper 

evaluation of cancer patients need to be understood and the advantage 

offered by PET imaging system realized with efforts being made in facilitation 

by the Health Policy makers of the system.  

Discussion

Conclusion
▪Good concordance Baseline 

▪ Concordance suffers with follow-up after treatment 

PET-CT to be mandated wherever/ wherever possible

▪ Efforts made of education of patients/attendants towards importance of 

scanning and its subsequent follow-up, especially with treatment

Limitations
▪ Single Center Study

▪ Several variables / confounding variables which need to be  taken into 

consideration

▪ On-going study (follow-up will improve study statistics)

Future Directions 
Add Metabolic Tumor Volume (MTV), Tumor lesion Glycolysis (TLG) or 

Artificial Intelligence / Deep Learning

Conclusions, Limitations, Future 
Directions

Lymphoma, (Hodgkin’s {HL} and Non-Hodgkin’s {NHL}), is a malignant cancer of 

the lymphatic system. With advancement towards understanding of the disease 

and availability of innovative treatment regimens, the disease has become 

amiable to treatment. However, for the optimal treatment strategy and initial 

and follow-up assessment, an accurate and reproducible system for staging is 

crucial, as the treatments offered are not without their toxic and  adverse ill 

effects. Over the years staging has been done by the Ann Arbor with its 

modification to the Cotswold, which is primary morphological. Lugano which 

incorporates PET-CT, given in 2014 is functional / metabolic. The advantages 

offered by PET are

• stage before any treatment started, progressive restaging in response to 

therapy (interim scanning), and finally end of treatment.  It can also help in 

the follow-up of differentiation of scar from residual tumor mass

However the availability and cost issues has a major limiting issue for PET-CT, 

especially in a economically compromised country as ours.

• In this study we strive to see the concordance of the two staging systems 

within our set-up  and evaluate the advantages that may be offered by one 

over the other in terms of management.  

Results

Figure 1. Metabolically active lesions identified in the 

marrow, not seen on CT, resulting in upgrade of initial 
stage

Figure 4: - Complete resolution of abnormal 
tissue with no remnant activity seen in the right 
sub-mandibular gland and level II lymph node; 
Complete Metabolic Response (CMR)
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Chart 1. Label in 24pt Calibri.

Total Patients
n = 103

HL NHL
T-Cell 

Lymphoma
Mantle Cell 
Lymphoma

Males

n = 67

Age (Median) 

= 40 yrs

36 29 1 1

Females

n = 36 

Age (Median)

= 37.5 yrs

18 16 2 ---

Results (cont)

Results (cont)

Figure 2. - Metabolically active lesions identified in the liver 
and spleen, not seen in CT, resulting in upgrade of stage

Figure 3: - Persistent functional activity identified in 

the sub-sternal lesion which appears to have decreased 
in size on CT; Partial Metabolic Response (PMR).
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