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PET-CT scan can be a reliable 
alternative to bone marrow 
Biopsy? Comparison of PET CT 
scan and marrow biopsy finding in 
diagnosed cases of lymphoma for 
staging

Anashia Kayani1*, Raheel Khan1,  
Najwa Zahoor1, Sara Khan1, Asma Afzal2,  
Gul Sanam1, Aleena Ayesha3

ABSTRACT

Objectives: To determine the diagnostic accuracy of 18F-labeled fluoro-2-deoxyglucose (18FDG) positron emission tomography/
computed tomography (18FDG-PET/CT) scan for identifying bone marrow involvement in diagnosed patients with lymphoma 
keeping bone marrow biopsy (BMB) as gold standard. 

Study Design: cross-sectional study. 

Setting: Department of Radiology, Armed Forces Institute of Radiological Imaging (AFIRI), Rawalpindi from April 26, 2021 to 
October 25, 2021. 

Materials & Methods: A total of 128 cases of lymphoma of age 20-85 years and both genders were included. Patients who had 
taken treatment for lymphoma or were using bone marrow-stimulant factors or drugs before undergoing PET/CT scanning were 
excluded. 

PET/CT imaging was done at AFIRI 6 HD True point PET/CT 1 hour after intravenous injection of 0.2 mCi/kg 18FDG. PET acquisition 
was performed for 4 minutes per bed position for seven to eight bed positions. Bone marrow was classified into three types based 
on signal intensity and localization by FDG uptake on PT/CT as diffuse involvement, focal involvement, and normal bone marrow. 
Findings from 18FDG PET/CT were compared with BMB results for determining the diagnostic accuracy of abdominal FDG PET-CT. 

Results: Overall sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of 18FDG-PET/CT 
scan for identifying bone marrow involvement in diagnosed patients with lymphoma keeping BMB as gold standard was 95.45%, 
93.55%, 94.03%, 95.08%, and 94.53%, respectively.

Conclusion: This study concluded that the diagnostic accuracy of 18FDG-PET/CT scan for identifying bone marrow involvement in 
diagnosed patients with lymphoma is very high.  

Keywords: Lymphoma, positron emission tomography/computed tomography, sensitivity. 

Received: 23 June 2022        Revised: XXXX        Accepted:  13 November 2022
Correspondence to: Anashia Kayani
*Armed Forces Institute of Radiology and Imaging, Military Hospital, Rawalpindi, Pakistan.
Email: anashiak@gmail.com
Full list of author information is available at the end of the article.

Introduction 
Lymphomas take place when cells of lymphatic system 

proliferate in an uncontrolled fashion [1] and can be 

divided into two main categories Hodgkin lymphoma (HL) 

and non-HL which are derived from immune cells like 

B-cells, T-cells, and natural killer (NK) cells [2]. Non-HL 

is seen as the sixth most common malignancy of both men 

and women with prevalence reported, respectively, about 

9.6/100,000 and 7.2/100,000 [3]. In 2016, most common 

cancer cases of Pakistan are breast, leukemia, and HL 

and non-HL. The prevalence of HL is 4.9% and non-HL 

4.7% [4]. High prevalence of lymphoma in any country 

is directed to increased frequency of extra nodal involve-

ment. Pakistan and Saudi Arabia are presented in the lym-

phoma belt, extra nodal lymphoma in these countries is 

noted to be above 50% [5]. 

Even though bone involvement can occur as originat-

ing in progressive stage of lymphoma arising from other 

sites, lymphoma which initially arises in the bone than 
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any other place of body is known as primary bone mar-

row lymphoma (PBL). In our country patients of all age 

groups, diffuse large B cell lymphoma (DLBCL) is the 

most common type of PBL. Involvement of hip bone fol-

lowed by femur is more commonly observed, with male 

pattern of predominance [6]. 

Proper therapy selection needs correct diagnosis and 

staging. More common staging system used for non-HL 

as well as HL is Ann Arbor staging system, Bone mar-

row involvement is not likely in initial stages (I and II) of 

HL therefore bone marrow biopsy (BMB) is not indicated 

for early stages, though it may be carried out in clinically 

advanced stages [7].

In non-HL, bone marrow involvement is seen in 18%-

36% of aggressive lymphomas and 40%-90% of indo-

lent lymphomas [2]. In HL, bone marrow involvement 

is detected in 5%-14% of cases [8]. Knowledge about 

bone marrow involvement plays a crucial role in decid-

ing the treatment of the patient. Therefore, evaluation 

of bone marrow infiltration can upstage the disease pro-

cess. BMB is routinely used in diagnostic and staging 

modality and is the most direct procedure as well, gold 

standard for detecting lymphoma infiltration, but it is an 

invasive method and is accompanied by complications 

such as pain and hemorrhage. Alternatively, 
18

F-labeled 

fluoro-2-deoxyglucose positron emission tomography/

computed tomography (
18

F-FDG-PET/CT) is an imaging 

modality, being non-invasive and can comprehensively 

evaluate the initial staging of lymphoma patients and 

the state of bone marrow involvement with sensitivity of 

98% and sensitivity of 95.6% [9]. 

Therefore, many clinical institutions put forward the 

suggestion of replacing BMB with PET-CT as the initial 

investigation in diagnosing bone marrow infiltration in 

lymphoma [10]. In this study, we compared the diagnostic 

accuracy of PET/CT scan with BMB for identifying bone 

marrow involvement in patients diagnosed with lym-

phoma and assessed whether it would be beneficial for the 

patients as it is a non-invasive and time-effective way for 

staging and initiation of treatment. 

Methodology
The study was conducted at Armed Forces Institute of 

Radiology and Imaging (AFIRI), Rawalpindi from April 

26, 2021 to October 25, 2021. Ethical approval was 

granted by ethical review committee via reference no. 

0010. Sample size was calculated by using open epi cal-

culator (https://www.openepi.com/SampleSize/SSPropor.

htm) and having 98% confidence level. About 128 patients 

with mean age mean age of 54.62 ± 9.65 years (age range 

20-85) presenting to AFIRI, Rawalpindi, fulfilling the 

inclusion criteria were selected by non-probability, con-

secutive sampling. Informed consent was taken from each 

patient. Prevalence of 67.58% [9] with 5% desired preci-

sion for sensitivity and specificity of 
18

FDG PET CT in 

diagnosing bone marrow involvement in lymphoma as 

95.6% and 98%, respectively. 

Inclusion criteria

•	 Diagnosed cases of lymphoma. 

•	 Age between 20 and 85 years. 

•	 Both genders. 

Exclusion criteria

•	 Patients who had started treatment for lymphoma or 

were using bone marrow stimulant factors or drugs 

before undergoing PET/CT scanning.  

•	 Patients with sepsis or active infection during PET/

CT scanning, as infection can affect the results. 

Patients fulfilling the inclusion criteria were included in 

the study after obtaining well informed written consent. 

All the data collection was conducted by the researcher to 

maintain data quality and compliance with the study pro-

tocol. Both 
18

FDG-PET/CT scan and BMB before treat-

ment were included in this study. Patients were staged 

based on the Ann Arbor staging system and classified 

according to the World Health Organization (WHO). Bone 

marrow biopsies of all patients who underwent unilateral 

iliac crest biopsy were reviewed by faculty pathologists at 

armed forces institute of pathology. Lymphoma involve-

ment is defined as the presence of abnormal lymphoid 

cells in the bone marrow and biopsy specimens were clas-

sified based on WHO classification. PET/CT imaging was 

done at AFIRI 6 HD True point PET/CT 1 hour after intra-

venous injection of 0.2  mCi/kg 
18

FDG. PET acquisition 

was performed for 4 minutes per bed position for seven to 

eight bed positions. Bone marrow was classified into three 

types based on signal intensity and localization by FDG 

uptake on PET/CT as diffuse involvement, focal involve-

ment, and normal bone marrow. Findings from 
18

FDG 

PET-CT and BMB results were compared for determin-

ing the diagnostic accuracy of FDG PET-CT. All the 

acquired information was entered in the proforma. Data 

were entered on computer software Statistical Package for 

the Social Sciences version 22. Quantitative variables like 

age were measured as mean ± SD. Qualitative variables 

like Gender, true positive (TP), true negative (TN), false 

negative (FN), and false positive (FP) were measured as 

frequency and percentages. A 2 × 2 Table was constructed. 

Results 
Age range in this study was from 20 to 85 years with mean 

age of 54.62 ± 9.65 years. 

Majority of the patients 79 (61.72%) were between 

51 and 85 years of age as shown in Table 1. Out of 128 

patients, 95 (74.22%) were males and 33 (25.78%) were 

females with male to female ratio of 2.9:1 (Figure 1). In 

FDG PET-CT positive patients, 63 (TP) had bone marrow 

involvement and 04 (FP) had no bone marrow involvement 

on BMB. Among 61, FDG PET-CT negative patients, 03 
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(FN) had bone marrow involvement on BMB whereas 

58 (TN) had no bone marrow involvement on BMB (p 

= 0.0001). Overall sensitivity, specificity, positive predic-

tive value (PPV), negative predictive value (NPV), and 

diagnostic accuracy of 
18

FDG-PET/CT scan for identify-

ing bone marrow involvement in diagnosed patients with 

lymphoma keeping BMB as gold standard was 95.45%, 

93.55%, 94.03%, 95.08%, and 94.53%, respectively 

(Table 2). Receiver operative characteristic (ROC) curve 

is shown in Figure 2. 

Discussion
18

F-FDG PET-CT is an important diagnostic tool for 

pre-treatment staging before start of treatment includ-

ing radiotherapy/chemotherapy or surgery planning and 

afterward for treatment response assessment and is most 

commonly used for follow-up evaluation of head and neck 

squamous cell carcinomas [11]. Although 
18

F-FDG is the 

most commonly used PET tracer for cancer staging, but 

it has limitation due to physiological uptake of 
18

F-FDG 

by normal organs that may influence image interpretation. 

18
F-FDG uptake is a normal process of uptake of glucose 

which is further metabolized to release energy in normal 

tissue with various normal pattern in brain, vocal cords, 

salivary glands, cervical muscles, lymphoid tissue, and 

brown fat. This uptake is also seen in various benign tum-

ors, such as common pleomorphic adenoma [12]. Post-

operative inflammatory process or radiotherapy may 

even give an FP increase uptake of 
18

FDG-PET CT [13].
 

Limitation due to artifacts produces by metal implants or 

prosthesis limit the interpretation of images thus requiring 

non-attenuation corrected PET data evaluation software 

[14,15]. Recent introduction of whole-body PET-magnetic 

resonance imaging has offered greater functional-anatom-

ical details and has revolutionized clinical management of 

oncological patients [16,17].
  

This study has been conducted to determine the diag-

nostic accuracy of 
18

FDG-PET/CT scan for identifying 

bone marrow involvement in diagnosed patients with 

lymphoma keeping BMB as gold standard. In this study, 

sensitivity, specificity, PPV, NPV, and diagnostic accu-

racy of 
18

FDG-PET/CT scan for identifying bone marrow 

involvement in diagnosed patients with lymphoma keep-

ing BMB as gold standard was 95.45%, 93.55%, 94.03%, 

95.08%, and 94.53%, respectively. This is consistent with 

the meta-analysis done by Wu et al. [18], who included 32 

studies and found that PET/CT sensitivity and specificity 

Table 1. Age distribution of patients (n = 128). 

AGE (IN YEARS) NO. OF PATIENTS % AGE 

20-50  49 38.28 

51-85 79 61.72 

Total 128 100.0 

Mean ± SD = 54.62 ± 9.65 years.

Table 2. Diagnostic accuracy of 18FDG-PET/CT scan for iden-
tifying bone marrow involvement in diagnosed patients with 
lymphoma keeping BMB as gold standard. 

 
POSITIVE 

RESULT ON 
BMB

NEGATIVE 
RESULT ON 

BMB
P-VALUE

Positive on 
FDG PET-CT 

63 (TP)a 04 (FP)c

0.0001
Negative on 
FDG PET-CT 

03 (FN)b 58 (TN)d

Sensitivity: 95.45%, Specificity: 93.55%, PPV: 94.03%, NPV: 
95.08%, Likelihood ratio for positive test result: 14.80, Likelihood 
ratio for negative test result: 0.05, and diagnostic accuracy: 
94.53%.
aTP = True positive; bFP = False positive; cFN = False negative; 
dTN = True negative.

Figure 1. Distribution of patients according to gender (n = 128). 

 

Figure 2. ROC curve.
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were 91.6% (95% CI, 85.1, 95.9) and 90.3% (95% CI, 

85.9, 93.7), respectively. PET/CT was found highly sen-

sitive and specific modality in detecting bone marrow 

involvement in lymphoma. 

 A study done by Cistaro et al. [19] has shown the sen-

sitivity of 
18

F-FDG PET/CT was found 96% (95% CI, 

89%-100%) while that of BMB was found 38% (95% CI, 

20%-57%). 

This is also consistent with the study done by 

Büyükşimşek et al. [20], who included 110 patients with 

HL and found PET/CT sensitivity was 91.3% (95% CI, 

71.96-98.93) compared to that of BMB which was 56.52% 

(95% CI, 34.49-76.81). 

Ruilong et al. [21] conducted a meta-analysis of 12 

studies and suggested that the pooled sensitivity, speci-

ficity, positive likelihood ratio (PLR), and negative like-

lihood ratio (NLR) of 
18

F-FDG-PET were 0.82 (95% 

CI: 0.76-0.87), 0.81 (95% CI: 0.66-0.90), 4.30 (95% CI: 

2.30-7.90), and 0.22 (95% CI: 0.16-0.30), respectively. 

Moreover, Zhang et al. [22] indicated that the pooled 

sensitivity, specificity, PLR, NLR, and diagnostic odds 

ratio of CT were 0.89 (95% CI: 0.88-0.91), 0.70 (95% CI: 

0.68-0.73), 2.88 (95% CI: 2.46-3.37), 0.16 (95% CI: 0.12-

0.21), and 23.83 (95% CI: 16.18-35.11), respectively.

Gordin et al. [23] reported sensitivity, specificity, PPV, 

NPV, and accuracy are 89%, 95%, 94%, 90%, and 92%, 

respectively, for PET/CT, compared with 92%, 18%, 51%, 

71%, and 54%, respectively, for conventional cross sec-

tional imaging. Purz et al. [24] compared the difference 

between BMB and 
18

FDG PET/CT in the detection of 

BMI in 175 HL pediatric patients all with stage more than 

IIA. They found that F-18 FDG PET/CT detected 22% of 

positive cases not detected by BMB and concluded that 

18
FDG PET may replace BMB in routine staging proce-

dure. In the meta-analysis done by Adams et al. [25] who 

included seven studies assessing PET/CT for detection of 

BMI in DLBCL. They found that the PET/CT sensitivity 

was 78.4% (95% CI, 69.9%-85.5%) and specificity was 

99.7% (95% CI, 98.3%-100%) when both focal and dif-

fuse uptake were considered positive for bone marrow 

involvement.
 

Conclusion
This study concluded that diagnostic accuracy of 

18
FDG-

PET/CT scan for identifying bone marrow involvement 

in diagnosed patients with lymphoma is very high. So, 

we recommend that 
18

FDG-PET/CT scan should be used 

routinely for identifying bone marrow involvement in 

diagnosed patients with lymphoma in order to take proper 

management steps for reducing the morbidity and mortal-

ity of our population.  
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