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Abstract: In 2014, a committee of clinicians and nuclear medicine experts issued 
the recommendations for lymphoma staging and restaging based on the use of 
positron emission tomography/computed tomography (PET/CT). These recom-
mendations were immediately adopted in the Western countries and have 
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become part of the routine clinical use. In contrast, the adoption of these recom-
mendations has been gradual in many non-Western countries, and around the 
world in general, depending on the availability of dedicated and skilled technicians 
and doctors, and on the accessibility to economic resources in the healthcare sys-
tem for the reimbursement of the cost of the procedure. This chapter presents a 
portrait of the adoption and accessibility of PET/CT in Uruguay, Argentina, 
Ukraine, and Saudi Arabia. The chapter concludes with a section on the repro-
ducibility of SUV-related indexes for PET/CT reporting in lymphoma.

Keywords: PET/CT for lymphoma in Uruguay; PET/CT for lymphoma in 
Argentina; PET/CT for lymphoma in Ukraine; PET/CT for lymphoma in Saudi 
Arabia; SUV-related indexes for PET/CT

INTRODUCTION

The Lugano classification for initial evaluation, staging, and response assess-
ment of Hodgkin and non-Hodgkin lymphoma has become a standard practice 
in the management of lymphoma (1). It is based on the use of Positron Emission 
Tomography/Computed Tomography (PET/CT). Since its introduction in 2014, 
most developed Western countries quickly adopted the recommendations, but 
this has not been the case for many non-Western countries. The adoption has 
been gradual, depending on the availability of technical expertise and economic 
resources. In this chapter, the authors report their experience on the use of PET/
CT for the overall management of lymphoma in their respective countries. In 
the first section, the authors describe the healthcare regulation to access the dif-
ferent applications of PET scanning according to the lymphoma subtype and 
disease status in Uruguay. In the second section, Argentinian onco-hematologists 
and nuclear medicine physicians jointly report their experience of PET scanning 
in Hodgkin Lymphoma (HL) and also the original data generated by an innova-
tive interim PET adapted clinical trial in all-stage HL. In the third section, 
Ukrainian onco-hematologists and nuclear medicine physicians report the 
modality of PET scanning in Diffuse Large B-Cell Lymphoma (DLBCL) as an 
archetype of availability and accessibility to PET scanning in all the lymphoma 
subsets in their country. They focus on the peculiarity of the healthcare system 
in Ukraine and their struggle for a public coverage of the cost related to a stan-
dard use of PET scan in 18F-fluorodeoxyglucose (FDG)-avid lymphoma in their 
country, according to the international guidelines. In the fourth section, the 
authors portray the use of PET scanning in lymphoma in Saudi Arabia with a 
spotlight on the national guidelines for one of the most frequent lymphoma 
subsets, the follicular lymphoma (FL). In the fifth section, the efforts toward the 
use of PET scanners in reproducible ways are described by the imaging core lab 
of the Italian Foundation on Lymphoma, who report their experience in the 
accreditation of more than 240 PET sites for clinical trials, both in western and 
non-western countries.
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PET/CT IN LYMPHOMA STAGING AND RESTAGING 
IN URUGUAY

The framework for PET/CT scanning of lymphoma in Uruguay was set in 2014. 
The national health authority has set a Uruguayan center for molecular imaging 
(CUDIM) (2) devoted to assistance, research, and training in molecular imaging 
that centralizes this imaging technique and concentrates the experience of image 
reading and reporting to satisfactorily respond to the demands of a population of 
three and a half million inhabitants. CUDIM is equipped with three PET/CT 
cameras and two cyclotrons to produce positron-emitting radiopharmaceuticals. 
About 4,000 18F-FDG PET/CT studies are performed annually for various 
oncological, neurological and cardiological indications. 

Lymphomas are the most frequent clinical oncological indication, representing 
25–28% of all studies with 18F-FDG. At this writing in October 2021, 325–350 
studies for HL and 690–700 studies for non-Hodgkin Lymphoma (NHL) were 
performed between January 2021 to October 2021, which is a decrease of about 
10% because of COVID-19 pandemic. When performed at baseline, PET/CT 
(bPET) allows a better display of tumor spread at diagnosis compared to standard 
radiological tools, especially of the disease spread to extra-nodal sites. When per-
formed interim during treatment (i-PET) it allows a timely assessment of the 
response to therapy, thus allowing a treatment intensity guidance based on early 
response assessment. When performed at the end of treatment (f-PET) it proved a 
useful tool to assess with a higher overall accuracy the depth of the response. 
Finally, PET/CT turned out to be useful to assess the extension of disease upon 
disease relapse. This paradigm shift applies also, and even more, to low-resource 
or developing countries, to rationalize the healthcare expenses and to improve the 
appropriateness of therapies. In particular, PET/CT allows to maintain a tradi-
tional and low-cost therapeutic program for good-prognosis patients while guid-
ing treatments to more aggressive and expensive drugs in the few patients with a 
very poor prognosis. In other words, investing in a complex but very useful diag-
nostic and prognostic tool in daily clinical practice, turned out as the best way to 
correctly allocate the available economic resources in a restricted indication for 
poor-prognosis patients deserving this kind of advanced but also very- expensive 
treatment. Despite the overall accuracy of PET/CT in treatment response assess-
ment, this advanced imaging technique cannot replace biopsy procedures which 
are indicated in cases of equivocal results in end-of-treatment PET/CT, especially 
in case of residual FDG uptake in the context of a CT-detected residual mass. 

The CUDIM participated in local research projects to reduce treatment-related 
morbidity in pediatric HL identifying four textural features in the bPET as candi-
dates for predicting early response to chemotherapy at iPET (3). Analyses were 
used for optimal cut-off values to separate responders at iPET according to the 
Dauville score. The Dauville score at iPET was useful for differentiating PFS rates. 
The center has also participated in a multicenter prospective study for demon-
strating that the use of a regular field of view (R-FOV) (from eyes to thighs) when 
compared to the recommended total-body FOV (from vertex to toes) is not 
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inferior in defining the clinical stage of the disease or treatment definition (4). 
As  so, R-FOV for both staging and interim PET/CT scans could be performed 
providing significant advantages in decreasing radiation exposure and scanning 
time, potentially improving image quality, and reducing anesthesia time. This 
consideration may be quite impactful in developing countries where there are 
limited pediatric PET/CT scanners available. Major strengths of this study were 
that this was the biggest series of cases of pediatric lymphoma patients enrolled in 
an international multicenter trial spanning differing socioeconomic layers as 
defined by the World Bank to include low-middle, upper-middle, and high-
income countries. 

Accessibility 

Uruguay has a National Integrated Health Service (SNIS) since 2005 (5). The 
Comprehensive Health Care Plan (PIAS) is a catalog of benefits and programs 
the providers from the SNIS must provide (6). Many of the health benefits 
not included in the PIAS are covered by the National Resource Fund (FNR) (7). 
The FNR is a non-state public body regulated by law. It grants financial coverage 
to highly specialized medical procedures, as well as high-cost drugs, with proven 
effectiveness. It is governed by its own regulatory framework, thus guaranteeing 
accessibility to all citizens, and offers free and universal coverage, irrespective of 
public or private healthcare provider. Since 2010 Uruguay has incorporated the 
access to PET/CT scanning in a centralized way under the financial coverage of 
FNR. This coverage has been extended to the entire population that requires it 
and establishes a regulation and normative to access PET/CT scanning in the over-
all lymphoma management.

The adoption of a given imaging technique requires indeed well-defined regu-
lations and strategies for indications and evaluation of responses, in order to result 
in a well-balanced diagnostic tool between quality, equity and sustainability. The 
regulatory framework is based on bibliographic reviews of available evidence of 
national and international recommendations, which are periodically reviewed to 
adapt them to the evolution of scientific evidence. The Uruguayan Group of 
Lymphomas (GULI) created by the Uruguayan Society of Hematology (SHU) 
(8) discusses and updates the diagnostic tools and therapeutic options, for both 
clinical practice and clinical research purposes. The FNR-funded procedures are 
summarized in the following sections.

•	 Staging 
	 o	� bPET for staging purpose is indicated for patients with a confirmed 

diagnosis of HL or NHL. The following histological variants are excluded: 
Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma, 
Lymphoplasmacytic Lymphoma, Waldenström’s Macroglobulinemia, 
Mycosis Fungoides.

•	 Evaluation of therapeutic response
	 o	 �Interim PET in HL: Patients with a confirmed diagnosis of HL after at least two 

cycles of chemotherapy when performed for treatment intensity adaptation. 
	 o	 �Interim PET in NHL: Patients with a confirmed diagnosis of NHL after at 

least two cycles of chemotherapy if disease progression is suspected after 
IHD and the results would determine a change in therapeutic behavior.



PET imaging in lymphoma in nonwestern world 121

	 o	 �EoT- PET in HL and NHL: Within three months after completing the treat-
ment appropriate to the pathology and stage of the patient. The Deauville 
5-point scale is recommended as interpretation key. EoT-PET can be 
repeated later in case a complete remission (CR) is not reached. In 
patients reaching CR in interim or EoT-PET, follow-up with PET is not 
indicated.

•	 Re-staging
	 o	� When tumor recurrence or persistence is suspected if it determines a 

change in therapeutic behavior. Furthermore, the bPET study is neces-
sary to interpret the degree of response both at EoT- and i-PET.

Specific considerations according to the type of B Cell Lymphoma

According to the Lugano2014 criteria (1,10–11), routine Bone Marrow biopsy 
(BMP) can be omitted if the pattern of FDG uptake is consistent with a focal infil-
tration. In case of a diffuse or low intensity infiltration, or negative PET, BMP is 
required to exclude discordant pathology or reactive infiltration. However, at this 
writing in October 2021, the normative in Uruguay for Diffuse large B-Cell 
Lymphoma (DLBCL) is mandatory trephine BMP to assess the presence of disease 
in this anatomic district. Although the time of i-PET after the 2nd or 4th cycle is 
considered, there are studies that show greater diagnostic profitability after the 
4th treatment cycle (12–14). But treatment escalation cannot be recommended in 
routine clinical practice based on iPET, except in those cases in which disease 
progression is confirmed (13,14). iPET assessment should be performed using the 
visual Deauville scale. EoT PET is highly recommended after primary or second-
line treatment. In particular, several meta-analyzes stress the great prognostic 
value of EoT PET for predicting evolution after autologous stem cell transplanta-
tion (15,16). PET/CT is strongly discouraged in the follow-up of patients with 
DLBCL according to Lugano 2014 recommendations. 

In Follicular Lymphoma (FL) The detection of hypermetabolic foci with high 
uptake intensity in a patient with indolent NHL should raise suspicion of histo-
logical transformation to a more aggressive NHL variant and warrants for a diag-
nostic biopsy. The changes in stage revealed by the staging PET/CT are of special 
relevance in those patients with suspected localized disease, in whom radiother-
apy is the indication for treatment. Regarding extra nodal disease, PET/CT is able 
to detect a greater number of affected locations compared to Contrast-enhanced 
CT (CeCT). PET cannot substitute the BMP performed for staging purpose (15); 
the latter remains the most sensitive tool to detect bone marrow invasion by dis-
ease. An iPET is not currently recommended in FL (10,11). PET CT should not be 
used as a follow-up technique in patients with indolent lymphomas, with the 
notable exception of cases with a clinical suspicion of histological transformation. 
EoT-PET is the recommended technique for evaluating the response at the end of 
treatment.

Mantle Cell Lymphoma (MCL) is FDG avid in most cases and PET-CT is indi-
cated in the initial staging, which must be supplemented with BMP (being essen-
tial in those cases with negative PET-CT) and in some cases with digestive 
endoscopy, more frequently colonoscopy. At the present time, there is insufficient 
evidence to recommend PET mid-treatment in patients with MCL. PET is sug-
gested at the end of treatment, with a high negative predictive value, and has 
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prognostic value. As for other lymphoma subsets, the use of PET-CT is currently 
not recommended for the follow-up of patients with MCL (10,11).

In Hodgkin Lymphoma (HL), baseline PET-CT makes it possible to omit the 
systematic performance of BMP (10,11), and this is included in the normative in 
Uruguay. Interim-PET, fundamentally after the second cycle, has a great prognos-
tic value. In limited-stage HL, a positive iPET (DS 4,5) justifies the escalation of 
treatment; a negative iPET (DS 1–3) supports the decision to omit. In advanced 
HL, the result of the interim PET allows to adapt the treatment––a negative iPET 
justifies de-escalation if treatment was started with BEACOPP escalated, and a 
positive iPET warrants escalation of treatment. In case of CT-detected residual 
mass, with no proven no FDG-avidity, no more treatment is required. In patients 
with a positive PET mass / lesion, biopsy can be recommended before considering 
other treatment options such as radiotherapy. Achieving a negative PET should be 
the goal of salvage therapy. The complete metabolic response before autologous 
bone marrow transplantation is associated with a better clinical outcome. PET-CT 
for follow-up is currently not recommended for the follow-up of the HL in CR 
after first-line treatment.

PET/CT IMAGING FOR HODGKIN LYMPHOMA 
IN ARGENTINA

The management of HL has become a success of the modern oncology after the 
introduction of the combined modality treatment of radiotherapy with chemo-
therapy. In 1987, Gianni Bonnadonna and his group established the superiority of 
ABVD over MOPP, which was the standard treatment for HL before ABVD. Later, 
the German group introduced a more intensive but also more toxic treatment, the 
BEACOPP escalated regimen, and a heated debate started on the management of 
advanced stage HL: ABVD vs. BEACOPP.

For decades, this debate has been the main object of scientific discussion 
among several cooperative working groups. Since 2005, the introduction of FDG-
PET/CT for treatment response assessment in HL opened new frontiers or research. 
PET was originally proposed for end-of-therapy treatment response evaluation 
and one year later for the early response assessment after few cycles of chemo-
therapy (iPET) as surrogate test of chemosensitivity. In this clinical setting iPET 
showed the highest overall accuracy among other prognostic factors to predict 
ABVD treatment outcome, and a new debate started then: to adapt or not to adapt 
the treatment to the iPET findings. PET/CT proved to be more sensitive and 
equally specific to CeCT in HL staging by portraying nodal, and most of all extra-
nodal tumor spread. Based on these new acquisitions, a significant progress was 
made in HL staging and response assessment, and the installation and use of PET 
scanners increased all around the world. 

In Argentina, the PET story started in 1991. That year, the first PET scanner 
was installed in the province of Mendoza, with a cyclotron for the production of 
radiotracers for clinical use. This was the first experience in Latin America, but 
unfortunately its use was limited by inconstant operativity of the scanner and by 
its localization in a remote region far from away from urban centers in Argentina. 



PET imaging in lymphoma in nonwestern world 123

Both conditions were a handicap for the patient access to PET scanning and for 
the distribution of radio-pharmaceutical around the country. 

In 2001, the National Atomic Energy Agency (CNEA, Comisión nacional de 
energía atómica) started the commercial production of FDG at the Ezeiza Atomic 
Center in the province of Buenos Aires, which made possible the installation of 
the first PET scanner in the city of Buenos Aires, where the largest number of 
health care centers in the country have historically been located. In March 2001, 
the first dedicated stand-alone PET scanner started operating, and fusion images 
with ceCT scans was performed separately with a dedicated software. 

In 2001 we started a difficult journey. The cyclotron had technical limitations, 
and daily production of the radiopharmaceutical was intermittent, leading to 
irregularities of FDG supply, which was the only radiotracer produced at that 
time. This situation caused serious problems in terms of scheduling sessions of 
PET scanning with an impact on new PET-adapted therapies, which in turn led to 
conflicts with both patients and referring physicians.

During the first years of its activity the cyclotron production had several inter-
ruptions for several reasons, mostly related to malfunction the accelerator engine 
and also because of a preplanned yearly stop in January for overhauling. Today it 
is hard to believe that FDG was not available for as long as 30 days and also that 
the PET scanner frequently suffered from malfunction. Technical problems were 
solved progressively in both equipment and functioning improved steadily result-
ing in a more fluid FDG production and a higher reliability of the PET scanner. 
In 2007, hybrid PET-CT scanners were installed for the first time in Argentina, 
and they gradually took over the old PET scanners; however, the FDG production 
was still unable to meet the demand.

In 2009–2010 three private cyclotrons were installed in Buenos Aires that led 
to a significant increase of FDG supply. At present, more than 25 PET scanners 
operate in the country. Once the new scanners were installed, the technical skill 
of the scanner operators, as well as the medical experience of nuclear medicine 
physicians grew, and this facility expanded in Argentina. The production and sup-
ply of FDG became reliable and sustained, and other radiopharmaceuticals 
were gradually introduced and produced, such as 18F-choline, 18F-DOPA, 
68Ga-DOTA-PePeptide, 68Ga-PSMA 18F-NAF, 11C-PIB, and others which are 
under development at this writing in October 2021. An example of the use of 
PET/CT before, during, and at the end of treatment of an advanced HL is pre-
sented in Figure 1.

It was a long and complex journey. At the beginning, the medical community 
did not have the minimal information or knowledge on how to use these new 
diagnostic tools and it took much time to obtain the authorization for reimburse-
ment of the cost of these tracers from the medical insurance companies. During 
the first years the only PET/CT reimbursed was the EoT-PET while insurances 
could not cover for the cost of a bPET performed for staging purposes. Later, 
when both the baseline and the interim PET/CT became more widely used based 
on the scientific evidence and improved overall HL management, both scans were 
reimbursed. So, we have been witnessing a progressive growth of the use of this 
imaging technique in lymphoma and of the tremendous improvement in the daily 
clinical practice of HL management. The clinical experience and the birth of 
multidisciplinary teams including radiologists and nuclear medicine physicians 
associated with the permanent dialogue with hematologists led to a better 
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understanding of the needs for evaluation or response in patients with HL. This in 
turn, led to improved personalized medical records oriented to the particular 
clinical status of each patient. In this context, the interest among treating physi-
cians for the clinical research grew exponentially in, and upon launch of new 
clinical trials in HL, these were considered by the hematologic community the 
best treatment approach for newly diagnosed HL patients in Argentina.

At the same time, the Argentine Group for the Treatment of Acute Leukemia 
(GATLA, Grupo argentino para el tratamiento de la leucemia aguda) was growing. 
GATLA is a non-governmental medical organization of onco-hematologists dedicated 
to the clinical research for improving the overall treatment of myeloid and lympho-
proliferative disorders in children and adults. This group was created in November 
1967 by Dr. A. Suarez, Dr. S. Pavlovsky, M. Eppinger-Helft and F. Sackmann Muriel. 
Since its creation, the lymphoma sub-commission focused on the optimization of the 
treatment of patients with HL in order to optimize efficacy and decrease toxicity. 
However, at this writing in October 2021, PET-CT is still not accessible to all patients 
throughout Argentina. GATLA representative currently are struggling to ease the 
implementation of a more homogeneous health care system for all the inhabitants in 
Argentina, from Salta in the North to Tierra del Fuego in the South.

Interim PET/CT adapted clinical trials for Hodgkin lymphoma in 
Argentina 

In 1996, the Hodgkin lymphoma sub-commission of GATLA proposed a new 
clinical trial, aimed to reduce ABVD treatment intensity in HL: briefly, patients 
with a favorable prognosis (i.e., stage I-IIA) in complete remission (CR) confirmed 
by a CeCT after 3 ABVD cycles stopped the therapy; and unfavorable group (stage 
I-IIA slow responders failing CR after 3 cycles of ABVD and stage III-IV) com-
pleted their treatment with 3 more ABVD for a total of 6 cycles followed by 
involved filed radiotherapy (IFRT). 601 HL patients were enrolled: 316 had stage 

Figure 1.  PET/CT. Patient with advanced HL having performed PET/CT at baseline (left), after 
two cycles of ABVD (center) and after further 4 cycles of esc-BEACOPP (right). The 
mediastinal lesion, even if decreased in both dimension and uptake show a residual uptake 
higher than the liver (partial metabolic response, Deauville score 4). Consequently, the 
patient was treated with esc-BEACOPP with no residual lesion at the end of treatment 
(complete metabolic response, Deauville score 1).
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III-IV and 285 were favorable patients, 60 (15%) of this latter (15%) were slow-
responders. The 5-years event-free survival (EFS) of patients entering CR after 
3 cycles of ABVD in the favorable group was significantly higher (89%) with 
respect to the slow responders (66%) and to the advanced-stage group (72%; 
P < .001) treated with 6 ABVD courses +/- IFRT (17).

After this first experience demonstrating the prognostic relevance of an early 
complete remission, and thanks to the scientific evidence of the very good out-
come of ABVD-treated patients in HL with a negative interim PET and the possi-
bility to easily access PET/CT scanning in Argentina, in 2005 GATLA launched the 
first PET adapted trial in HL patients, the LH-05 trial (17). This was a prospective, 
phase 2, non-randomized study conducted in 17 clinical sites in Argentina 
enrolling adult patients with newly classic HL. The trial was aimed to assess the 
effectiveness of an interim PET-adapted flexible strategy in all-stage disease. Four-
hundred-ninety patients, 300 with early stage (I-II) and 190 with advanced-stage 
(III-IV) HL were enrolled and treated, whatever their stage, with three ABVD 
cycles, followed by an iPET (PET3). Patients with a negative PET3 were consid-
ered in CR and received no further treatment. Patients with a positive PET3 in CR 
or PR received three more ABVD cycles followed by IFRT at the dose of 30 Gy to 
persistent hypermetabolic lesions, patients who were PET3-positive with stable 
disease (SD) or progressive disease (PD) received further salvage chemotherapy 
followed by autologous stem cell transplantation (ASCT). All the patients with a 
positive PET3 treated either with three more ABVD + RT or ASCT underwent final 
evaluation with an EoT-PET. After a median follow-up of 10 years, 338 out of 490 
enrolled patients (69%) achieved a negative and 152 (31%) a positive PET3. The 
5-years EFS and OS for all patients was 79.2% and 94.3%, respectively; the 
5-years OS was 97.3% and 87.3% for PET3 negative and PET3 positive patients, 
respectively. Patients with a negative PET3 had a 5-years EFS of 89% for localized 
and 80% for advanced stage, respectively; patients with a positive PET3 reached a 
5-years EFS of 63% (p <0.0001). A multivariate analysis for EFS including age, 
stage, IPS, bulky disease, extranodal areas and PET3 showed that PET3 status and 
age were the only parameters correlated to EFS (p=0.001 and 0.046 
respectively). 

When comparing the results of LH-05 with our previous clinical trial (LH-96) 
(17) there was no difference in EFS and OS at 5 years but in LH-05 only 31% 
received more than 3 cycles of ABVD and IFRT compared to 61% and 100% in 
LH-96, thus demonstrating that an iPET adapted approach reduces exposure to 
chemo and radiotherapy without compromising the long-term treatment 
outcome. 

However, the long-term follow-up of LH-05 trial demonstrated that there is 
still room for improvement, in order to identify PET3 negative patients, who ulti-
mately experience disease relapse and escalating treatment in PET3 positive 
patients, with the intention of improving outcome. GATLA is now designing a 
new trial with the aim to improve these two different risk groups. New PET-
derived parameters such as metabolic tumor volume (MTV), total lesion glycoly-
sis (TLG) and radiomics-derived parameters are currently under study to assess 
their feasibility in Argentina and the possibility to include them in the response 
assessment in patients enrolled in a new clinical trial on behalf of GATLA.
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PET/CT IMAGING FOR DIFFUSE LARGE B-CELL LYMPHOMA 
(DLBCL) MANAGEMENT IN UKRAINE

DLBCL is the most frequent subtype of NHL worldwide and accounts for approxi-
mately 30–58% of all NHL globally by different data registries (18–20). According 
to Ukrainian Lymphoma Registry and National Cancer Registry, DLBCL account 
for 24.7% of all the lymphomas and for 36% of NHL (21,22). The estimated inci-
dence of DLBCL in Ukraine is 4.2 per 100,000, compared to 5.6 and 3.8 per 
100.000 in the USA and Europe, respectively (18,19,21) Annually, more than 
3,500 new cases of NHL are diagnosed in Ukraine (23). However, differently from 
Western countries in which the 5-year relative survival rate (RSR) is higher than 
60% being as high as 63.9% in USA (19), in Ukraine this value is much lower, 
being only 45%. This value should be considered in the context of: (i) in Ukraine 
the DLBCL affects all age groups, being particularly frequent in older patients 
(range 19–85, median 51,5 years) (23); and (ii) the average life expectancy in this 
country is 72 years, which is approximately 10 years lower compared with that 
recorded in the Western world (24). 

Current PET-CT availability and diagnostic approaches for DLBCL 
in Ukraine

FDG-PET/CT has been available in Ukraine since 2011 with three active PET/CT 
centers, two of them being equipped for radiopharmaceuticals production. The 
first center is located in the “Feofaniya” clinical hospital in Kyiv, equipped with a 
cyclotron Siemens Eclipse RD and one scanner Siemens Biograph 64. Another 
center is based in the Kyiv City Oncology Center, and is equipped with a General 
Electric PET Trace cyclotron and two scanners: a Philips GEMINI TF and a GE 
Discovery STE. In 2014, another private oncology hospital in Kyiv, the “Lisod”, 
installed a Philips Gemini TF scanner. FDG is the only radiotracer now available 
for PET scanning in Ukraine. Since all PET/CT scanners are located in Kyiv the 
accessibility of PET scanning outside the capital is somewhat difficult. 

According to the World Health Organization’s Global Atlas of Medical Devices, 
only 4% of lower-middle income, and 3% of upper-middle income countries have 
at least one PET scanner per million people, compared to 29% of high-income 
countries (25,26). Unfortunately, Ukraine is not included in this list and at this 
writing in October 2021, only one PET scanner per approximately 11 million 
people is available. Importantly, one out of four PET scans performed is for tumor 
staging in lymphoma patients (27). Nonetheless, in Ukraine PET/CT for lym-
phoma staging is not routinely performed due to cost and availability constraints. 
Despite the Ukrainian national guidelines for lymphoma management consider-
ing PET/CT mandatory for staging, the following annotation is added: “Provided 
sufficient funding”. As a matter of fact, at this writing in October, the health care 
program in Ukraine does not cover 100% of expenses for baseline PET/CT, and in 
approximately 90% of the cases the patients have to pay for themselves. As a con-
sequence, one out of five lymphoma patients refuse PET/CT staging for two main 
reasons: (i) a long period of waiting, which can last for months; and (ii) because 
of the high cost (in average 500 US dollars), which, according to the official data 
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provided by State Statistic Service, corresponds to the average nominal salary of a 
full-time employee (approximately 490 US dollars) (28). 

Despite the above difficulties, over the past 5 years from 2016 to 2020, the 
number of PET/CT scans performed for DLBCL baseline staging raised from 
209 to 370 per year. In addition, the examination frequency per single patient 
increased over time. The available data from two PET centres show that the high-
est number of examinations of patients with DLBCL was registered in 2018: 110 
in the “Feofaniya” clinical hospital, and 262 in the Kyiv City Oncology Center. 
This thanks to the special support program provided by Ukrainian Association for 
patients with Lymphoproliferative Disorders offered during 2018 that covered the 
cost of PET/CT scanning. 

From 2015 to 2017, every new patient admitted underwent PET/CT scanning 
at least twice: for bPET and EoT-PET. From 2018 onward, a positive tendency to 
increase the number of PET/CT performed per patient was recorded. Namely, the 
average number was 2 scans per patient, mostly for bPET and EoT-PET. Thus, in 
2019, the breakdown of PET/CT performed in DLBCL patients at baseline, interim 
and end-of-treatment was 20%, 3%, and 77%, respectively. 

PET/CT approaches in DLBCL in Ukrainian national guidelines 

Today, diagnosis and treatment of DLBCL in Ukraine is made according to 
Ukrainian national guidelines, as well as to the constantly updated ESMO, NCCN 
and other available international recommendations, with adaptation for Ukrainian 
realities. 

Based on the recent Lugano consensus recommendations for lymphoma stag-
ing, PET/CT in Ukraine is recommended as the “gold standard” for DLBCL 
patients staging and post-treatment assessment, with the following warning: PET/
CT at baseline is “recommended”, but not “necessarily required’ in the absence of 
financial and technical support. For an interim assessment, we would rather pro-
vide CT scan, but iPET/CT imaging could be offered to the patient after 3–4 cycles 
of therapy in case of suspected disease progression. However, in some difficult 
clinical cases, an individualized approach outside guideline recommendations is 
required. For example, PET/CT is not recommended during follow-up, but it 
could be provided in the suspect of an impending relapse when a specific site of 
disease could be visualized only by PET/CT scan. An example of a patient with 
DLBCL treated with RCHOPx6 performing PET at different timepoints of the 
treatment––at baseline, after 2, and after 6 RCHOP cycles––is given in Figure 2.

The implementation of the Ukrainian national guidelines for the diagnosis and 
treatment of lymphoproliferative disorders was the first important step toward a 
standardized lymphoma management across the country. Since 2009, a lot of 
painstaking work has been carried out to develop and improve standards for the 
management of patient affected by DLBCL. In Ukraine, the first patient with 
DLBCL underwent PET/CT examination in 2011, and since 2014, PET/CT has 
been included in Ukrainian national guidelines, considering the technical and 
financial capabilities of its availability and accessibility in Ukraine.

At the moment, the main task of the hematological society in Ukraine is to 
improve early diagnosis and a standard approach to DLBCL therapy in centers 
throughout the country to achieve survival rates comparable to the Western 
world. Despite the fact that currently the availability of PET/CT is limited for 



Gabus R et al.128

patients with DLBCL, we are trying to ensure the availability of PET/CT for all 
patients with DLBCL and other FDG-avid lymphomas with a special focus for 
baseline, interim and EOT PET/CT. A second task is to implement the close col-
laboration between hematologists and nuclear medicine specialists for a common 
PET reporting system, with the aim to answer the clinician questions in terms of 
disease spread at baseline and response assessment during and after treatment. 

However, the main reasons for the slow diffusion of nuclear medicine imaging 
and, in particular, of PET/CT in Ukraine are two: (i) the insufficient economic 
stability; and (ii)the bureaucratic over-regulation of the industry in the country. 
Currently, the state reform of medicine concerns emergency and primary care, 
and resources have not yet been invested in high-tech development of nuclear 
medicine diagnostic test at the national level. Today, private business is showing 
significant interest for investing in PET program development in Ukraine, because 
of the low offer of PET scanning to the population by the national healthcare 
system, with significant development perspectives. However, as expected, some 
limitations to the private investments in nuclear medicine centers have till now 
limited this opportunity: duration of construction, lack of personnel, difficulties 
with the production of a radiopharmaceutical and the lack of reimbursement at 
the national level.

To date, the Ministry of Health in Ukraine is now at work to update the main 
industry standards of medical care in oncology. PET/CT will be included in the 
recommendations for diagnosis in accordance with generally accepted interna-
tional guidelines. This will be considered in the future when reimbursing in 
oncology will certainly stimulate the investments of the industry.

Figure 2.  An example of DLBCL lymphoma with PET/CT scan. San performed at baseline (left), 
after 2 (center), and after 6 R-CHOP cycles, at the end of therapy (right). The uptake in the 
mesenteric lesions decreased greatly after 2 cycles (while the CT lesion, not shown, had only 
a small variation) with an uptake comparable to the liver (complete metabolic response with 
a Deauville score 3) and substantially disappear after 6 cycles (complete metabolic response 
with a Deauville score 1).
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PET/CT IMAGING FOR FOLLICULAR LYMPHOMA 
MANAGEMENT IN SAUDI ARABIA

Follicular lymphoma (FL) is a heterogeneous low-grade B-cell lymphoma, which 
constitutes 5% of all hematological malignancies (29), and 30–35% of NHL. FL is 
prevalent in middle to older age groups, and mostly located in nodal sites. 
However, extranodal sites, such as gastrointestinal, skin, thyroid gland, salivary 
gland, breast, and testis can also be involved (30–32). The majority of the patients 
(80–85%) present with advanced stage (32). The rate of histological transforma-
tion is 3% (33). In the Kingdom of Saudi Arabia, out of the 744 patients with a 
newly diagnosed non-Hodgkin lymphoma in 2011, 69 (9.3%) had a FL histology, 
42 males and 27 females (34). The cases declined to 25 out of 829 newly diag-
nosed non-Hodgkin lymphoma (3%), 14 males and 11 females. in 2015 (35). 
A study done in the eastern region of the country, reported a 6% prevalence of FL 
(35), mostly in the 41–60 age group. In general, the incidence of FL in Saudi 
Arabia is lower than that reported in the western world of 15–20% (36–38). 
According to the 2021 Global Cancer Observatory report, the overall incidence of 
NHL is 1698 (6.1%) in Saudi Arabia (39).

Follicular lymphoma diagnosis

The histological diagnosis of FL is made according to the Saudi Lymphoma 
Group’s Clinical Practice Guidelines for Diagnosis, Management and Follow-up 
(34,40). Briefly, histological grading is made according to the the presence of cen-
troblast (cB) per high-power field (HPF): grade 1 (0‑5 cB per HPF), grade 2 (6‑15 
cB per HPF), grade 3A (>15 cB per HPF, cB with intermingled centrocytes), and 
grade 3B (>15 cB per HPF, pure sheets of blasts) (34). An example of different 
histology in FL patient is shown in Figure 3. The modern hybrid imaging diagnos-
tic modality with PET/CT in a single-shot scan (41) is the recommended diagnos-
tic tool to detect nodal and extranodal disease (1,42). Moreover, a PET/CT is 
essential to plan involved-site radiotherapy (ISRT) (43). An example of PET/CT 
before and after treatment in a FL patient is shown in Figure 4. 

Follicular lymphoma treatment

In general, and according to the Saudi Lymphoma Group Guidelines, FL manage-
ment is mainly based on Ann Arbor stage, but also on disease burden, age, 
histological grade, related symptoms, associated co-morbidities and patient pref-
erence (44).

A PET‑CT is recommended to guide lymph node biopsy. The recommended 
treatment regimens are single agent rituximab, R-CHOP, R-CVP, rituximab alone, 
fludarabine and mitoxantrone (RFM), rituximab and bendamustine (R-B) or 
obinutuzumab plus bendamustine (O-B) (34), as follows: 

•	 �Stage I and II: curative radiation therapy, with or without associated immuno-
therapy with Rituximab or chemotherapy 

•	 Stage I-II, non-bulky disease: observation only 
•	 Stage I-II with bulky disease: immunotherapy with or without radiotherapy 
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Figure 3.  Histology of follicular lymphoma. The WHO Classification utilizes a I-III grading system 
based on increased numbers of centroblasts counted per high-power field. Grade I-II FL have 
0 to  15 centroblasts (follicular mixed). A, Grade III FL has more than 15 centroblasts (follicular 
large cell). Grade III has been subdivided into grade IIIa, in which centrocytes are present, (B) and 
grade IIIb (C), in which there are sheets of centroblasts (Images courtesy of Saeed Shieban).
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•	 �Grade 3b histology according to World Health Organization (40): combined 
immunotherapy with rituximab plus cyclophosphamide, vincristine, doxoru-
bicin, and prednisone (R-CHOP)

•	 Stage III-IV: chemo-immunotherapy with bendamustine and rituximab (RB)
•	 Allogeneic transplantation: for young patients
•	 Relapsed or Refractory Disease is based on the indication. 

Follicular lymphoma follow-up evaluations

Post treatment, the patients are addressed to a clinical follow-up every three months 
for 2 years, then every six months for 3 years, and then annually. The follow-up 
visits include history, physical examination, complete blood count (CBC), lactate 
dehydrogenase (LDH), and thyroid‑stimulating hormone (TSH). For patients who 
received radiotherapy to the neck, a CT of neck and a CT of chest, abdomen, and 
pelvis (CAP) for all the patients along with a mammogram for women once a year 
after treatment end, and annual influenza immunization (34). 

Role of PET/CT imaging in follicular lymphoma 

FL is an FDG-avid disease in more than 95% of the cases. PET/CT is recom-
mended for baseline staging by international guidelines, as it is able to detect 
nodal and most of all extranodal disease, including bone marrow, with a superior 

Figure 4.  Follicular lymphoma with transformation. A 38-year-old male presented with follicular 
lymphoma. A, His initial PET/CT showed multiple involved nodes above and below the 
diaphragm showing moderate FDG uptake. Number of significantly avid nodes seen in the left 
para-aortic region extending down to the left pelvis, in keeping with transformation. B, Orange 
arrows show uptake in a left supraclavicular node with an SUVmax of 5. Red arrows show uptake 
in left para-aortic and pelvic nodes with SUVmax values of up to 11. C, Follow-up PET/CT after 
treatment showed a complete metabolic response (Images courtesy of Saeed Shieban).
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sensitivity (93%) and specificity compared to a CeCT, thus being able to upstage 
a significant proportion of the CeCT-staged patients and to ensure a more appro-
priate treatment for them (34,45,46). PET/CT was also useful to suspect a histo-
logical transformation to high-grade lymphoma, based on an elevated value of the 
maximum Standardized Uptake Value (SUVmax).

FDG-PET/CT is also the best tool to assess treatment response in FL, as a posi-
tive end-of-therapy PET is associated with a poor outcome (47). In an ongoing 
phase 3 trial the HOVON group explored the role of post-induction PET to guide 
treatment with anti-CD20 in untreated, high-burden FL (48), moving from the 
assumption that end-of therapy PET/CT has a predictive value on the long-term 
disease control in FL (49), and it is recommended to assess the response in follicu-
lar lymphoma patients (50). Moreover, the total metabolic tumor volume (TMTV) 
and Tumor lesion glycolysis (TLG) calculated in baseline PET proved also as 
strong predictive tools on treatment outcome (51). Strategies for PET/CT-guided 
therapy are currently being assessed by the FOLL-12, FOLL19 and PETReA trials 
(48,52).

In Saudi Arabia, FL patients are managed and evaluated based on the Saudi 
Lymphoma guidelines (34). Initial diagnosis is based on the excisional biopsy, and 
baseline staging is done by PET/CT. Histopathological review is mandatory for all 
referral cases. End of therapy assessment is done by PET/CT. PET/CT plays a sig-
nificant role in the staging process of FL, particularly if parameters such as mean 
tumor volume and TLG are used. In addition, PET/CT is routinely used to guide 
a biopsy when a transformation is suspected or at the end of therapy for response 
assessment to the treatment. However, interim adapted PET/CT is not part of daily 
practice in Saudi Arabia.

Reproducibility of SUV-related indexes for PET/CT reporting 
in lymphoma

To assure the highest reliability of the PET/CT reporting by imaging experts, 
the PET/CT scanner, as any other radiological device, must undergo repeated 
quality controls, as recommended by national or international guidelines. 
Moreover, since PET is intrinsically a quantitative imaging method, it could 
also be calibrated in such a way that the Standardized Uptake Value (SUV), is 
reproducible within the same PET/CT scanner at different timepoints. SUV is 
the ratio between the activity measured in a region of interest (ROI) in a tissue 
or in the tumor and the total activity injected normalized to the patient body 
weight. Unfortunately, the reproducibility of SUV values across different scan-
ners, that would allow to compare the SUV values in the same patient regard-
less of the scanner the images were acquired by and to compare the SUV values 
measured in different patients is low as demonstrated in several multi-centre 
clinical trials (53–56). The principal limit for using SUV is the error that it 
associated to its measure. The latter is affected by several factors, some of them 
related to the patient, others to the procedure for patient preparation and scan-
ning and others to the PET/CT scanner. By adopting a harmonization protocol 
for PET/CT tumour imaging such as that issued by the European (57) and by 
the American Societies of Nuclear Medicine (58) and thanks to a program of 
scanner equalization as the one proposed by the European Association of 
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Nuclear Medicine (EANM) (59,60), by the UK PET Clinical Trial Network 
(CTN) (61), by the American College of Radiology Imaging Network (ACRIN) 
(62), by the CTN of Society of Nuclear Medicine and Molecular Imaging 
(SNMMI) (63,64), by the GELTAMO consortium in Spain (65) and by the 
Italian Foundation of Lymphoma (66) it has been demonstrated that it is pos-
sible to achieve PET scan images associated with a SUV variability as low as of 
10–20% (67). Another important factor to consider when comparing images 
semi-quantitatively is the partial volume effect (PVE). PVE is due to the limited 
(about 4–5 mm) spatial resolution of the PET image system that cause an 
apparent loss of uptake in a region whose dimension is about 2–3 times the 
spatial resolution. A 1 cm diameter lesion with a real uptake with a SUV of 3 
would be measured with a SUV of 2. The loss of uptake, and hence of sensitiv-
ity, when decreasing the lesion size is described by the recovery curves shown 
in Figure 5. Modern reconstruction algorithms mitigate this effect modelling 
the noise and the signal (68) giving the possibility to the user to tune some 
parameters of the algorithm in order to obtain an image that could be reported 
with the best accuracy by the nuclear medicine physician. But this tuning will 
affect the reproducibility of SUV for small lesions across different scanner. 
Consequently, to compare images across different scanners, the tuning shall 
produce recovery curve that are within an acceptable range, as the one depicted 
in dashed line in Figure 5. A simple and complimentary recommendations for 
PET/CT sites would be to always reconstruct the images in two ways: the one 
used in medical practice (that is often the one with the “best” reconstruction 
algorithm available) and a harmonized one, to match the recovery curve limit 
as shown in Figure 5. These latter could be hence used to compare a subse-
quent PET/CT done with another scanner with a different technology, at the 
condition that it is also harmonized. 

Should the above recommendations be exported to the daily clinical practice, 
a full comparability of SUV values measured from different scanner could be 
reached also outside clinical trials. This in turn could allow to scan the patients in 
any hospital the patients were admitted to for their healthcare. Indeed, common 
standards help promote the use of PET/CT imaging and increase the value of pub-
lications and their contribution to evidence-based medicine and potentially enable 
the role of semi-quantitative and quantitative image interpretation since the 
numeric values would be consistent between platforms and institutes that acquire 
the data. Moreover, it would be possible to exploit the use of quantitative PET 
metrics as described in another chapter of this book (https://doi.org/10.36255/
exon-publications.lymphoma.2021.radiomics). To understand to what extent 
quantitative measurements are carried out in nuclear medicine practice we carried 
out a survey among 22 nuclear medicine centres in Argentina, Bosnia / Herzegovina, 
Brazil, Croatia, Egypt, Greece, Honk Kong, Indonesia, Israel, Mauritania, 
Mauritius, Morocco, Nigeria, Saudi Arabia, Slovenia, Venezuela, and Vietnam. 
Thirteen of them were equipped with PET/CT hybrid scanners: all of them use 
semi-quantitative parameters such as SUV to compare the scans performed in 
the  same patient at different timepoints, 10 use SUV variation (∆SUV), and 5 
declare to report also MTV in specific cases. This is a clear demonstration of the 
need for performing inter-scanner equalization procedures and demonstrate the 
reproducibility of semi-quantitative metrics such as SUVmax in clinical trials and, 
possibly, in the daily practice.
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CONCLUSION 

In this chapter, the authors report the PET/CT implementation in lymphoma across 
different regions or the world outside the western countries. The differences in the 
approval of PET/CT use in lymphoma by the national regulatory agencies, as well 
as the coverage of the cost by welfare, the technical program raised by radiotracer 
production and delivery to PET/CT sites have been thoroughly reported and 
included in the complex panorama of PET/CT scanning implementation across 
countries with different economic income. All the contributors agreed that thanks 
to PET/CT, the overall lymphoma management definitely improved the standard of 
care of patients affected by this disease, but several technical and economic factors 
still represent a hurdle to offer this innovative imaging technique to all lymphoma 
patients in full compliance with standard international guidelines. As a matter of 
fact, in some cases, onco-hematologists are still obligated by budget constraints to 
limit the access to PET scanning for their lymphoma patients to one or two scans 
per patient or even asking the patients for self-financing. For this reason, it would 
be desirable that the local scientific community could cooperate with international 
experts to make the local health stakeholders aware on the medical but also social 
and economic advantages of PET/CT scanning for lymphoma patients in the con-
text of new therapeutic strategies such as PET/CT-driven treatments or selection of 
patients requiring expensive treatment.
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